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Abstract
An ex vivo ATP-based Tumour Chemosensitivity Assay (ATP-TCA) has been used here
to assess the chemosensitivity of uveal and cutaneous melanomas biopsies. As has
previously been seen in other tumour types there is a large degree of heterogeneity of
response to chemotherapy in both melanoma types. Cutaneous melanoma samples were
more sensitive than the uveal melanomas, mirroring the results achieved in clinical
trials. However the number of each tumour type resistant to all drugs tested was similar
with 12% of uveal and 18% of cutaneous melanomas.

The combination of treosulfan and gemcitabine was found to be the most effective
combination using the ATP-TCA, and clinical trials of this combination in both uveal
and cutaneous melanomas are now taking place as a consequence of this work, with
promising early results.

69 ovarian adenocarcinomas were also tested using the ATP-TCA as part of a phase II
and a randomised phase III trial of the ATP-TCA. The 69 ovarian adenocarcinoma
samples had all previously been treated with platinum containing drugs and were
clinically resistant. 97% of the ovarian adenocarcinoma samples tested showed ex vivo
resistance to cisplatin with the ATP-TCA.

Two experimental drugs, XR5000 and liposomal doxorubicin, were also assessed using
the ATP-TCA in cutaneous melanoma and ovarian adenocarcinoma. The results of this
has been used to plan further laboratory and clinical trials of these and similar acting
agents.

The results presented throughout this thesis highlight the usefulness of the ATP-TCA
for many different studies including drug and regimen design and development, patient
treatment, identifying potential molecular correlates of resistance, and directing future
research.

Contents
Page number
Abstract

.....................................................................................................

2

Table of Contents .......................................................................................

3

List of Tables and Figures ..........................................................................

11

Abbreviations

17

...........................................................................................

Acknowledgement ......................................................................................

20

Sponsorship

...............................................................................................

20

Declaration

................................................................................................

20

1.

Introduction .........................................................................................

21

2.

Materials and Methods .........................................................................

73

3.

General ATP-TCA results / data interpretation ...................................

98

4.

Uveal melanoma results ......................................................................

110

5.

Cutaneous melanoma results ...............................................................

166

6.

Comparison of uveal and cutaneous melanoma ..................................

209

7.

Ovarian adenocarcinoma results ..........................................................

225

8.

Developmental Drug Results ................................................................

256

9.

General Discussion and Conclusions ..................................................

273

References....................................................................................................

278

Appendices...................................................................................................

311

Publications ................................................................................................

319

Contents
Page number
Chapter 1 Introduction
1.1

Uveal melanoma

............................................................................

21

1.1.1

Clinical Description

...........................................................................

21

1.1.2

Occurrence / Incidence

.......................................................................

21

1.1.3

Aetiology

........................................................................................

22

1.1.4

Genetics and Oncogenes

....................................................................

22

1.1.5

Treatment - primary disease..................................................................

24

1.1.6

Treatment-metastatic disease .............................................................

25

1.1.7

Prognosis

26

1.2

Cutaneous Melanoma

1.2.1

Disease Characteristics and Progression

1.2.2

Occurrence / Incidence

1.2.3

Aetiology

1.2.4

Genetics and Oncogenes

1.2.5

...........................................................................................
..........................................................................

29

............................................

29

........................................................................

29

.......................................................................................

30

.....................................................................

30

Treatment

............................................................................................

32

1.2.6

Prognosis

............................................................................................

34

1.3

Ovarian Adenocarcinoma

....................................................................

35

1.3.1

Occurrence / Incidence ..........................................................................

35

1.3.2

Aetiology

35

1.3.3

Genetics and Oncogenes

1.3.4

..........................................................................................
.....................................................................

35

Treatment

............................................................................................

35

1.3.5

Prognosis

............................................................................................

36

1.4

Chemotherapy

1.4.1

Tumour Therapy

1.4.2

DNA Damaging Agents

1.4.3

Anti-metabolites

1.4.4

Topoisomerase Inhibitors

1.4.5

Anti-microtubule Inhibitors

1.4.6

Interferon a2b

1.4.7

Antisense Technology

1.4.8

Liposomal Drug Preparations

....................................................................................

38

..................................................................................

38

......................................................................

39

.................................................................................

48

....................................................................

49

.................................................................

51

......................................................................................

52

.........................................................................
..............................................................

53
54

Contents
Page number
1.4.9

XR5000

1.5

Mechanisms of Drug Resistance

1.5.1

Multidrug Resistance

1.5.2

Increased Drug Inactivation

1.5.3

Increased / Decreased Drug Target

1.5.4

Up-regulation of DNA repair mechanisms

1.5.5

Up regulation of anti-apoptotic mechanisms

1.5.6

Reduced Influx / Increased Efflux

1.6

Cytotoxicity Assays

1.6.1

The need for Cytotoxicity Assays

1.6.2

Dye Exclusion Assays / DiSC Assay

1.6.3

Clonogenic Assays

1.6.4

Thymidine Incorporation Assay / Kern Assay

.....................................

66

1.6.5

The MTT Assay .....................................................................................

66

1.6.6

The FMCA Assay ..................................................................................

68

1.6.7

The Sulphorhodamine B Assay...............................................................

68

1.6.8

ATP Bioluminescence Assay

...............................................................

69

1.7

Experimental Hypothesis and Aims .......................................................

72

5
.........................................................

55

..........................................................................

55

.................................................................
......................................................

57
57

..........................................

58

.......................................

59

........................................................

60

.............................................................................

61

........................................................

61

....................................................

64

...............................................................................

64

Chapter 2 Materials and Methods
2.1

Introduction

...........................................................................................

73

2.2

Materials and Methods ...........................................................................

73

2.2.1

Cell Culture Media .................................................................................

73

2.2.2

Transportation of Tumour Material ........................................................

74

2.2.3

Tumour Material

...................................................................................

74

2.2.4

Enucleated Eye Preparation ....................................................................

75

2.2.5

Preparation of Cutaneous Melanoma andOvarian Adenocarcinoma
Specimens ...............................................................................................

76

2.2.6

ATP based Tumour Chemosensitivity Assay (ATP-TCA) .....................

76

2.2.7

Enzymatic Tumour Dissociation

...........................................................

76

2.2.8

Preparation of Solid Tumour Specimens ................................................

77

2.2.9

Trypan Blue Exclusion Method .............................................................

78

2.2.10 Ficoll - hypaque Density Gradient Separation ........................................
5

78

Contents
Page number
2.2.11 Preparation of Chemotherapeutic Test Drugs ......................................

79

2.2.12 Choice of Drugs for ATP-TCA

...........................................................

80

2.2.13 Ovarian Adenocarcinoma Drug List ....................................................

84

2.2.14 Cutaneous Melanomas Drug List .........................................................

85

2.2.15 XR5000 Drug List

...............................................................................

85

2.2.16 Preparation of 96-well Microculture Plates .........................................

86

2.2.17 Addition of Tumour Cells to the 96-well Microculture Plate ...............

86

2.2.18 ATP Extraction .....................................................................................

86

2.2.19 Preparation of Luciferin-Luciferase Counting Reagent ........................

87

2.2.20 ATP Standard Curve

..................................................................

2.2.21 Evaluability Criteria

.............................................................................

88

2.2.22 Reading ATP Levels from Assay Plates ................................................

88

2.2.23 Calculation and Interpretation of LuminometryResults .........................

88

2.2.24 Up-regulation of p53 and PCNA in Response toChemotherapy .............

90

2.3

Cell Line Assays .....................................................................................

90

2.3.1

Cell Lines

90

2.3.2

Cell Culture Media

2.3.3

Storage of Cell Lines in Liquid Nitrogen

...............................................

91

2.3.4

Stability of ATP after Extraction ............................................................

92

2.3.5

Quality Assurance for Ovarian Trial

92

2.3.6

The use of c-myc Antisense to Enhance the ex vivoEffect of

...............................................................................................

Chemotherapy

.................................................................................

......................................................

87

91

........................................................................................

93

2.3.7

Flow Cytometry .......................................................................................

94

2.3.8

Immunohistochemistry

96

...........................................................................

Chapter 3 General TCA Results
3.1

Introduction

............................................................................................

98

3.2

Materials and Methods ............................................................................

98

3.3

Results

99

3.3.1

Comparison of Luminometers

3.3.2

Efficiency of Luciferin-Luciferase Counting Reagent and ATP

....................................................................................................
................................................................

Extraction ................................................................................................

99

99

Contents
Page number
3.3.3

Definition of Sensitivity and Resistance ................................................

102

3.3.4

IC25, IC50, IC75, IC90 Values ..............................................................

102

3.3.5

Quality Assurance for Ovarian Adenocarcinoma Trial ..........................

105

3.4

Discussion ...............................................................................................

107

3.4.1

Comparison of Luminometers ................................................................

107

3.4.2

Efficiency of Luciferin-Luciferase Counting Reagent and ATP
Extraction

...........................................................................................

3.4.3

Definition of Terms and Parameters

3.4.4

% Inhibition

107

.....................................................

108

...........................................................................................

108

3.4.5

IndexAuc and IndexsuM ...........................................................................

109

3.4.6

Discussion of IC Values ..........................................................................

109

3.4.7

Quality Assurance

109

..................................................................................

Chapter 4 Uveal Melanoma Results
4.1

Introduction

............................................................................................

110

4.2

Materials and Methods

4.3

Results

4.3.1

Patient Characteristics

...........................................................................

Ill

4.3.2

Specimen Evaluability

...........................................................................

Ill

4.3.3

Single Agents ex v/vo Chemosensitivity

4.3.4

Interferon a2b

4.3.5

...........................................................................

Ill

...................................................................................................

Ill

...............................................

112

.......................................................................................

121

Comparison of Similar agents

...............................................................

121

4.3.6

Combination Chemotherapy

.................................................................

125

4.3.7

Treosulfan and araC or gemcitabine

.......................................................

125

4.3.8

Other Drug Combinations in Uveal Melanomas .....................................

136

4.3.9

Multidrug Cross-sensitivity / Multidrug Resistance ................................

146

4.3.10 Up-regulation of p53 and PCNA in Response to Chemotherapy .............

146

4.3.11 c-myc Levels and Correlation with Sensitivity .......................................

149

4.3.12 Discussion

150

..............................................................................................

4.3.13 Patient Characteristics
4.3.14 Evaluability Rate

...........................................................................

150

...................................................................................

150

4.3.15 Single Agent ^x v/vo Chemosensitivity
4.3.16 DNA Damaging Agents

.................................................

150

..........................................................................

151

7

Contents
Page number
4.3.17 Topoisomerase Inhibitors

...................................................................

152

.......................................................................

154

................................................................................

155

...................................................................................

157

4.3.18 Microtubule Inhibitors
4.3.19 Anti-metabolites
4.3.20 Interferon a2b

4.3.21 Combination Chemotherapy

...............................................................

4.3.22 Treosulfan and a Cytosine Analogue

.................................................

158
158

4.3.23 Addition of paclitaxel to treosulfan and a Cytosine Analogue ............

160

4.3.24 Other two-drug Combinations

............................................................

160

.........................................................................

161

4.3.25 Multidrug Resistance

4.3.26 Up-regulation of PCNA and p53

162

4.3.27 c-myc correlation ...............................................................................

165

Chapter 5 Cutaneous Melanoma Results
5.1

Introduction

.........................................................................................

166

5.2

Materials and Methods

........................................................................

166

5.3

Results

5.3.1

Patient Characteristics

.........................................................................

167

5.3.2

Specimens and Evaluability ..................................................................

167

5.3.3

Single Agents cx v/vo Chemosensitivity ...............................................

167

5.3.4

Interferon a2b .......................................................................................

176

5.3.5

Comparison of Similar Acting Drugs ...................................................

176

5.3.6

Combination Chemotherapy ................................................................

180

5.3.7

Multidrug Cross-sensitivity / Multidrug Resistance .............................

191

5.3.8

c-myc Levels and Correlation with Sensitivity ....................................

194

5.3.9

Anti sense c-myc Treatment of Cutaneous Melanoma Cell Lines

194

5.4

Discussion .............................................................................................

196

5.4.1

Patient Characteristics ...........................................................................

196

5.4.2

Evaluability Rate ...................................................................................

196

5.4.3

Single Agent ex v/V<9 Chemosensitivity ................................................

197

5.4.4

DNA Damaging Agents

.......................................................................

197

5.4.5

Topoisomerase Inhibitors

.....................................................................

200

5.4.6

Microtubule Inhibitors

..........................................................................

201

5.4.7

Anti-metabolites ...................................................................................

...............................................................................................

8

167

202

Contents
Page number
5.4.8

Interferon a2b

.....................................................................................

5.4.9

Combination Chemotherapy

...............................................................

203

5.4.10 Treosulfan and gemcitabine

...............................................................

203

.........................................................

203

.......................................................................

205

5.4.13 Multidrug Resistance ............................................................................

205

5.4.14 c-myc Correlation

206

5.4.11 Paclitaxel and a vinca Alkaloids
5.4.12 Cisplatin and paclitaxel

...............................................................................

5.4.15 Antisense c-myc Treatment of Cutaneous Melanoma Cell Lines ...

202

207

Chapter 6 Comparison of Uveal and Cutaneous Melanoma Chemosensitivity
6.1

Introduction

........................................................................................

6.2

Materials and Methods

6.3

Results

209

........................................................................

209

..................................................................................................

209

6.4

Discussion ..............................................................................................

217

6.4.1

Evaluability Rate

217

6.4.2

Ex vivo Chemosensitivity

......................................................................

217

6.4.3

Better Detoxification Mechanisms in Uveal Melanoma ........................

218

6.4.4

More Efficient Multidrug Resistance in Uveal Melanoma ....................

219

6.4.5

Lower Growth Rate of Uveal Melanomas .............................................

220

6.4.6

Better Growth Arrest Ability in Uveal Melanomas ...............................

220

6.4.7

Greater Impairment of DNA Repair in Cutaneous Melanoma ...............

222

6.4.8

Multidrug Resistance / Sensitivity

........................................................

223

6.4.9

Further Work and Conclusion ................................................................

224

...................................................................................

Chapter 7 Ovarian Adenocarcinoma Results
7.1

Introduction

..........................................................................................

225

7.2

Materials and Methods

7.3

Results

7.3.1

Patient Characteristics and Evaluability

................................................

226

7.3.2

Single Agent ex v/vo Chemosensitivity

...............................................

226

7.3.3

Comparison of Similar Acting Agents

................................................

234

7.3.4

Combination Chemotherapy

.................................................................

237

7.3.5

Multidrug Cross-sensitivity / Multidrug Resistance ..............................

246

..........................................................................

225

...................................................................................................

225

Contents
Page number
7.4

Discussion

...........................................................................................

251

.........................................................................

251

7.4.1 Patient Characteristics
7.4.2 Evaluability Rate

...........................................................................

7.4.3 Ex vivo Chemosensitivity

......................................................................

7.4.4 Multidrug Cross-sensitivity / Multidrug Resistance

251
252

.............................

255

..........................................................................................

256

Chapter 8 Developmental Drug Results
8.1

Introduction

8.2

Materials and Methods

8.3

Results

..........................................................................

256

...................................................................................................

257

8.3.1 XR5000

2

8.3.2 Doxorubicin x5
8.4

Discussion

.....................................................................................

266

.............................................................................................

270

8.4.1 XR5000
8.4.2 Doxorubicin x5

2
......................................................................................

271

Chapter 9 Discussion / Future Work
9.1

General Conclusions

9.2

Determination of Sensitivity

9.3

Development of New Drugs and Regimens

9.4

Future Work

References

.............................................................................
.................................................................

273
274

.........................................

274

.........................................................................................

275

.......................................................................................................

278

Appendices
10.1

Uveal Melanoma Patient Details

............................................................

311

.....................................................

314

10.3 Ovarian Adenocarcinoma Patient Details ...............................................

317

Publications ......................................................................................................

319

10.2 Cutaneous Melanoma Patient Details

10

List of Tables and Figures
Chapter 1
Table 1.1

Chemotherapy for metastatic uveal melanoma

Table 1.2

Chemotherapy for cutaneous melanoma

Table 1.3

Chemotherapy for recurrent ovarian adenocarcinoma

Table 1.4

List of drugs currently in clinical use for cancers

Table 1.5

Common resistance mechanisms and drugs effected by them

Table 1.6

Advantages and disadvantages of chemosensitivity assays

Table 1.7

Clinical trials completed using the ATP-TCA

Chapter 2
Table 2.1

Which dissociating enzyme was used for each tumour type?

Table 2.2

Storage and TDC for drugs used in the ATP-TCA

Table 2.3

Standard luminescence values for 1.028 ng/ml

Table 2.4

Sequence of c-myc anti sense and control oligonucleotides

Table 2.5

Primary antibody data used for detection of PCNA and p53

Figure 2.1

96-well plate layouts used in the ATP-TCA

Chapter 3
Table 3.1

parameters calculated from the data shovm in figure 3.3

Table 3.2

data from table 3.1 converted into pg/ml

Table 3.3

Pharmacokinetic data calculated from figure 3.4

Table 3.4

IndexsuM results from the three independent laboratories

Figure 3.1

ATP standard curves from the 3 luminometers used with the ATP-TCA

Figure 3.2

The effects of time and ATP concentration on luminescence

Figure 3.3

% Inhibition curves for doxorubicin tested at two different
concentrations in the same tumour

Figure 3.4

Artificially created % inhibition curves

Figure 3.5

Example of % inhibition curve from a quality assurance assay

Chapter 4
Table 4.1

Summary of patient details who were enucleated between July 1997 and
December 1999

11

Table 4.2

Summary of the IndexsuM values for all the single agents tested in the
uveal melanoma samples with the ATP-TCA

Table 4.3

Summary of the IndexAuc, IC50 and IC90 values for the single agents
tested in the uveal melanoma samples with the ATP-TCA

Table 4.4

Statistical data comparing IndexsuM results from similar acting agents

Table 4.5

Summary of the IndexsuM values for the drug combinations tested in the
uveal melanoma samples with the ATP-TCA

Table 4.6

Summary of the IndexAuc, 1C50 and IC90 values for the drug
combinations tested in the uveal melanoma samples with the ATP-TCA

Figure 4.1

Examples of % inhibition curves from single agents tested in the uveal
melanomas using the ATP-TCA

Figure 4.2

Histograms showing the distribution of IndexsuM values from the single
agents tested in the uveal melanoma samples using the ATP-TCA

Figure 4.3

Examples of % inhibition curves for four uveal melanomas tested in the
ATP-TCA showing the range of effects seen

Figure 4.4

Graphs showing the differences in IndexsuM values for different drugs in
the uveal melanoma samples tested

Figure 4.5

Examples of % inhibition curves for a uveal melanomas tested with
treosulfan and araC showing the combination analysis graphs

Figure 4.6

Examples of % inhibition curves for a uveal melanomas tested with
treosulfan and gemcitabine showing the combination analysis graphs

Figure 4.7

Graph showing the effects of adding treosulfan and araC at different
timepoints during the ATP-TCA

Figure 4.8

Graph showing the effects of adding treosulfan and araC at different
timepoints during the ATP-TCA including the combination analysis
graphs for a uveal melanoma

Figure 4.9

Examples of % inhibition curves for a uveal melanomas tested with
treosulfan and paclitaxel showing the combination analysis graphs

Figure 4.10

Examples of % inhibition curves for a uveal melanomas tested with
treosulfan and doxorubicin showing the combination analysis graphs

Figure 4.11

Examples of % inhibition curves for a uveal melanomas tested with
doxorubicin and paclitaxel showing the combination analysis graphs

Figure 4.12

Examples of % inhibition curves for a uveal melanomas tested with
mitoxantrone and paclitaxel showing the combination analysis graphs
12

Figure 4.13

Examples of % inhibition curves for a uveal melanomas tested with the
combination of treosulfan, araC and paclitaxel and the combination of
treosulfan, gemcitabine and paclitaxel

Figure 4.14

Histograms showing the distribution of IndexsuM values from the
combinations of agents tested in the uveal melanoma samples using the
ATP-TCA

Figure 4.15

Graphs showing the increased staining for p53 and PCNA in a uveal
melanoma cells treated with treosulfan and gemcitabine alone and in
combination

Figure 4.16

% inhibition curve for the uveal melanoma (98M059) which was used
for the investigation shown in figure 4.15 (see section 4.3.10)

Chapter 5
Table 5.1

A summary of patient details from cutaneous melanomas assessed by
ATP-TCA

Table 5.2

Summary of the IndexsuM values for all the single agents tested in the
cutaneous melanoma samples with the ATP-TCA

Table 5.3

Summary of the IndexAUC, IC50 and IC90 values for the single agents
tested in the cutaneous melanoma samples with the ATP-TCA

Table 5.4

Statistical data comparing IndexsuM results from similar acting agents

Table 5.5

Summary of the IndexsuM values for the drug combinations tested in the
cutaneous melanoma samples with the ATP-TCA

Table 5.6

Summary of the IndexAUC, IC50 and IC90 values for the drug
combinations tested in the cutaneous melanoma samples with the ATPTCA

Figure 5.1

Examples of % inhibition curves from single agents tested in the
cutaneous melanomas using the ATP-TCA

Figure 5.2

Histograms showing the distribution of IndexsuM values from the single
agents tested in the cutaneous melanoma samples using the ATP-TCA

Figure 5.3

Examples of % inhibition curves for four cutaneous melanomas tested in
the ATP-TCA showing the range of effects seen

Figure 5.4

Graphs showing the differences in IndexsuM values for different drugs in
the cutaneous melanoma samples tested

Figure 5.5

Examples of % inhibition curves for a cutaneous melanomas tested with
cisplatin and paclitaxel showing the combination analysis graphs
13

Figure 5.6

Examples of % inhibition curves for a cutaneous melanomas tested with
cisplatin and paclitaxel showing the combination analysis graphs

Figure 5.7

Examples of % inhibition curves for a cutaneous melanomas tested with
cisplatin and paclitaxel showing the combination analysis graphs

Figure 5.8

Examples of % inhibition curves for a cutaneous melanomas tested with
treosulfan and gemcitabine showing the combination analysis graphs

Figure 5.9

Examples of % inhibition curves for a cutaneous melanomas tested with
treosulfan and gemcitabine showing the combination analysis graphs

Figure 5.10

Examples of % inhibition curves for a cutaneous melanomas tested with
paclitaxel and vinorelbine showing the combination analysis graphs

Figure 5.11

Examples of % inhibition curves for a cutaneous melanomas tested with
paclitaxel and vinorelbine showing the combination analysis graphs

Figure 5.12

Histograms showing the distribution of IndexsuM values from the
combinations of agents tested in the cutaneous melanoma samples using
the ATP-TCA

Figure 5.13

Venn diagrams showing numbers of cutaneous melanomas which show
cross-sensitivity to different agents in the ATP-TCA

Figure 5.14

Pie charts showing the percentage of cutaneous melanomas sensitive to
either one, two or neither of a pair of drug combinations in the ATPTCA

Figure 5.15

Examples of % inhibition curves showing the effects of adding antisense
c-myc to cisplatin and IFNa2b in a cutaneous melanoma cell line (A375)

Chapter 6
Table 6.1

Summary of the patient and assay data for uveal and cutaneous
melanomas

Table 6.2

Summary of ATP-TCA results obtained in uveal and cutaneous
melanoma samples, including statistical analysis

Figure 6.1

Pie charts showing the percentage of uveal and cutaneous melanomas
that are sensitive in the ATP-TCA to either, single agents and
combinations, combinations only or are not sensitive to any agents that
were tested either alone or in combination

Figure 6.2

Bar charts showing the differences in IndexsuM results for uveal and
cutaneous melanoma samples when tested in the ATP-TCA
14

Chapter 7
Table 7.1

Summary of patient characteristics with ovarian adenocarcinoma

Table 1.2

Summary of the IndexsuM values for all the single agents tested in the
ovarian adenocarcinoma samples with the ATP-TCA

Table 7.3

Summary of the IndexAuc, IC50 and IC90 values for the single agents
tested in the ovarian adenocarcinoma samples with the ATP-TCA

Table 7.4

Statistical data comparing IndexsuM results from similar acting agents

Table 7.5

Summary of the IndexsuM values for the drug combinations tested in the
ovarian adenocarcinoma samples with the ATP-TCA

Table 7.6

Summary of the Indexauc, IC50 and IC90 values for the drug
combinations tested in the ovarian adenocarcinoma samples with the
ATP-TCA

Figure 7.1

Examples of % inhibition curves from single agents tested in the ovarian
adenocarcinoma samples using the ATP-TCA

Figure 7.2

Histograms showing the distribution of IndexsuM values from the single
agents tested in the ovarian adenocarcinoma samples using the ATPTCA

Figure 7.3

Graphs showing the differences in IndexsuM values for different drugs in
the cutaneous melanoma samples tested

Figure 7.4

Examples of % inhibition curves for an ovarian adenocarcinoma sample
tested with mitoxantrone and paclitaxel showing the combination
analysis graphs

Figure 7.5

Examples of % inhibition curves for an ovarian adenocarcinoma sample
tested with cisplatin and gemcitabine showing the combination analysis
graphs

Figure 7.6

Examples of % inhibition curves for an ovarian adenocarcinoma sample
tested with epirubicin and treosulfan showing the combination analysis
graphs

Figure 7.7

Examples of % inhibition curves for an ovarian adenocarcinoma sample
tested with epirubicin and paclitaxel showing the combination analysis
graphs

Figure 7.8

Examples of % inhibition curves for an ovarian adenocarcinoma sample
tested with treosulfan and gemcitabine showing the combination analysis
graphs
15

Figure 7.9

Examples of % inhibition curves for an ovarian adenocarcinoma sample
tested with etoposide and topotecan showing the combination analysis
graphs

Figure 7.10

Histograms showing the distribution of IndexsuM values from the
combinations of agents tested in the ovarian adenocarcinoma samples
using the ATP-TCA

Figure 7.11

Venn diagrams showing numbers of ovarian adenocarcinoma samples
which show cross-sensitivity to different agents in the ATP-TCA

Figure 7.12

Pie charts showing the percentage of ovarian adenocarcinoma samples
sensitive to either one, two or neither of a pair of drug combinations in
the ATP-TCA

Chapter 8
Table 8.1

Summary of XR5000 IndexsuM results in cutaneous melanomas

Table 8.2

Summary of XR5000 IndexsuM results in ovarian adenocarcinomas

Table 8.3

Summary IndexsuM results for doxorubicin x5 data in ovarian
adenocarcinoma

Figure 8.1

% inhibition curve for an ovarian adenocarcinoma sample tested with
two batches of XR5000, one new and one stored at -20°C for 9 months

Figure 8.2

% inhibition curves showing the differing effects of XR5000 tested as a
single agent in cutaneous melanoma and ovarian adenocarcinoma
samples using the ATP-TCA

Figure 8.3

% inhibition curves showing the similar sensitivity caused by XR5000
tested as a single agent and the combination of etoposide and topotecan
in a cutaneous melanoma and ovarian adenocarcinoma sample using the
ATP-TCA

Figure 8.4

% inhibition curves for XR5000 tested in combination with various
chemotherapeutic drugs in cutaneous melanoma samples

Figure 8.5

% inhibition curves for XR5000 tested in combination with various
chemotherapeutic drugs in ovarian adenocarcinoma samples

Figure 8.6

% inhibition curves for doxorubicin tested at the standard TDC and at 5x
the standard TDC in ovarian adenocarcinoma samples

Figure 8.7

% inhibition curves for high dose doxorubicin tested in combination with
gemcitabine in an ovarian adenocarcinoma sample
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Chapter 1 - Introduction
1.1 Uveal melanoma
1.1.1 Clinical Description
Uveal malignant melanoma is the most common primary intraocular malignant
neoplasm in adults and can occur in any part of the uveal tract - the iris, the choroid or
ciliary body. More than 80% of uveal melanomas occur in the choroid, whilst iris
melanomas account for between 5 and 10%, and ciliary body melanomas account for the
remainder, although large peripherally located choroidal melanomas can also have
ciliary body involvement.

Uveal melanoma may partially fill the globe, affecting the vision in that eye, with the
severity depending upon the size and location within the eye. The presence of the
tumour can cause other eye problems such as retinal detachment, cataract or choroidal
detachment. Affected vision usually prompts the individual to visit an optician or
ophthalmologist where examination of the eye by indirect ophthalmoscopy may reveal
the tumour. The treatment options depend upon the size and location of the tumour (see
section 1.1.5). The main cause of death in uveal melanoma patients is liver metastasis,
with up to 95% of patients developing liver métastasés (Einhom et al, 1974).

Although metastasis to other sites such as lungs, bone, skin, and lymph nodes do occur,
patients rarely develop brain métastasés, which occurs frequently with cutaneous
melanoma. In one retrospective study, median survival for patients with liver
involvement was 7 months compared to 19 months when the liver was not the first site
of metastasis (Kath et al, 1993). The 5, 10, and 15 year survival rates after diagnosis
were 65%, 52%, and 46% respectively in a study carried out in Finland (Raivio, 1977).
Once metastasis occurs the survival rates decrease rapidly with an overall survival rate
of only 13% at 1 year (Gragoudas et al, 1991), and a median survival of between 5 and
7 months after métastasés develop (Albert et al, 1992; Bedikian et al., 1995).

1.1.2 Occurrence / Incidence
Uveal melanoma is classed as a rare tumour because it is not ranked in the top 10 cancer
types diagnosed. In the Western world the incidence of uveal melanoma is 7 cases for
every 1,000,000 individuals per year (Egan et al, 1998). The incidence is much less in
black skinned individuals who are 8 times less likely to develop uveal 1melanoma than
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white skinned individuals (Egan et al, 1998). The majority of studies show an average
age of diagnosis of uveal melanoma of 55 years old, with the incidence continuing to
rise to seventy years old before decreasing (Woll et al, 1999). Fewer than 4% of uveal
melanomas occur in people under the age of 30 years, with approximately 1% occurring
in the under 20 year olds (Shields et al, 1991a).

1.1.3 Aetiology
There have been many factors that have been suggested to increase an individual’s risk
of uveal melanoma. These include pre-existing naevi (Hammer et al, 1996), gender,
hair colour, eye colour, sunlight exposure (Dolin et al, 1994), social class and chemical
exposure (Lutz et al, 1999). Although these factors have been proposed to increase the
risk there is no strong evidence for any of them in the aetiology of uveal melanoma.

1.1.4 Genetics and Oncogenes
It is rare for uveal melanoma to occur in families with only 0.6% of all uveal melanomas
occurring in a family setting (Singh et al, 1996a, 1996b). Unlike many familial cancers
familial uveal melanoma rarely extends over more than one generation. Familial uveal
melanoma cases have been analysed but no strong correlation with any attributes of a
cancer predisposition syndrome were found (Singh et al, 1996b).

Chromosomal Abnormalities
Three chromosomal abnormalities are regularly detected in tumour material from uveal
melanomas: monosomy of chromosome 3, additional copies of 8q (Sisley et al, 1997)
and alterations to chromosome 6, particularly the deletion of 6q (Guan et al, 1998,
Metzelaar-Blok et al, 1999). Abnormalities in chromosome 3 and 8 have been shown to
exist in 50% and 54% of cases respectively (Sisley et al, 1997). Structural alteration of
chromosome 6 have been found in 86% of cases, but this was in melanoma cell lines
and so could be misleading (Guan et al, 1998).

Abnormalities of chromosomes 7q, 9p and 13q have all been identified as abnormal in
uveal melanomas (Gordon et al, 1994) but less frequently than for chromosomes 3, 6
and 8.
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Several oncogenes/tumour suppressors have been demonstrated to play a major role in
cancer development. Mutations of the p53 gene are among the commonest genetic
abnormalities found in human cancers (Levine et al, 1991). However there does not
appear to be any evidence for the involvement of p53 in the development of uveal
melanoma. Most uveal melanomas either show no positivity for p53 (Ghana et al,
1999) or are weakly positive, 0.5-5% positive cells (Kishore et al, 1996). Low p53
expression in a proportion of these cells is more likely to reflect a stress response,
perhaps due to ischaemia, rather than a mutation.

Bcl-2 was first implicated in follicular lymphomas (Tsujimoto et al, 1985) where higher
than normal levels seemed to play a large role in transformation. Bcl-2 differs from
other oncogenes because it blocks apoptosis, at the mitochondrial level, rather than
stimulating cell proliferation (Hockenbery et al, 1990). The levels of expression of Bcl2 in uveal melanomas has been found to vary depending on the antibodies used for
detection. One study reported that 100% of uveal melanoma cells expressed Bcl-2 (Jay
et al, 1996), others have found less than 70% expression (Ghana et al, 1999).
Nevertheless, these results strongly imply that Bcl-2 is involved in uveal melanoma, and
may contribute to the lack of apoptosis seen in these tumours. Bcl-2 has also been
implicated in other cancers including small-cell lung cancer (Ben Ezra et al, 1994).

c-myc is known to stimulate several cellular functions including cell proliferation (Evan
& Littlewood 1993, Bouchard et al, 1998) and paradoxically apoptosis (Evan et al,
1992). Depletion of c-myc occurs once a cell has committed itself to differentiation and
this reduces the susceptibility of the cell to apoptosis (Spencer & Groudine., 1991,
Marcu et al, 1992). c-myc is known to be expressed by uveal melanoma cells (Ghana et
al, 1999, Royds et al., 1992). The c-myc gene is located on chromosome 8q, and as
stated above this chromosome is commonly duplicated in uveal melanomas. Duplication
of chromosome 8 has been correlated with growth in uveal melanomas (Sisley et al,
1997) and this might be due to amplification of c-myc. c-myc has also been found to be
associated with many other cancer types (Riou 1988, Ogunbiyi et al, 1993, Joensuu et
al, 1994, Ohbu et al, 1997). Various cellular factors involved in regulation of the cell
cycle have been implicated in a number of different cancers. A recent study has
implicated loss of heterozygosity for the pi 6 gene (GDKN2/MTS-1/INK4A) in uveal
melanomas (Merbs et al, 1999).
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1.1.5 Treatment of Primary Disease
There is no universally accepted first line treatment for primary uveal melanomas.
Treatment is dependent upon the location and size of the tumour within the eye. Careful
and frequent observation is the first option if the diagnosis is equivocal or the tumour is
small and apparently not growing; if the patient is over 65 years old with the tumour
having only a small effect on vision; or if the tumour is in the only remaining eye of a
chronically ill or elderly patient. In the United Kingdom observation of the primary
tumour is normally the only course of action for patients who present with liver
metastasis. However, enucleation (excision of the globe) may be required to control
ocular symptoms.

Enucleation was the commonest treatment for eyes with large melanomas especially if
vision had been severely affected (Hungerford 1993, 1995). More recently several other
forms of treatment have gained popularity. Other treatments are often used for first line
therapy with enucleation only being performed when the tumour severely affects the
sight or starts to cause pain in the eye. There is also some evidence that enucleation may
actually assist in the development of metastasis (Shields et al, 1991b, McLean et al,
1982).

Radiotherapy is another option for treatment of primary uveal melanomas (Finger 1997).
Local radiotherapy involves attaching a plaque of radioactive isotope to the external
surface of the eye separated from the tumour by the sclera. Frequently used isotopes are
iodine-125 and cobalt-60, both gamma emitting isotopes, and ruthenium-106 which is a
beta emitting isotope. During radiotherapy the tumour receives a fixed constant dose of
radiation. Patients treated with plaque radiotherapy have survival rates as good as if not
better than patients treated by enucleation (Seddon et al, 1990, Shields et al, 1991b). A
second form of radiotherapy, proton beam irradiation, is used to bombard the tumour
with heavy ions (Finger 1997). This method of radiotherapy has several advantages over
plaque radiotherapy. Firstly, the beam can be highly focused onto the tumour so that the
tumour gets a uniform dose of radiation applied to the whole of the tumour and not
predominately to one side, allowing for treatment of thicker tumours. However the
equipment required for proton beam therapy is expensive and is only available in a few
centres. Proton beam therapy produces more complications than plaque radiotherapy
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but they are used in different circumstances and so are not easily comparable, and each
has advantages and disadvantages (Finger 1997).

There are two other surgical options available for the treatment of melanoma: local
resection and orbital exenteration (Hungerford 1993). Local resection has been
successfully used for some iris and ciliary body melanomas for many years (Vail 1971,
Foulds 1973). If the surgery is successful then the vision in the eye is retained and the
eye is cosmetically unchanged. There are fewer long term complications associated with
local resection compared with radiotherapy. However, acute problems with local
resection include vitreous bleeding, retinal detachment and cataract, which are rarely
seen with radiotherapy. Orbital exenteration is a controversial course of treatment for
uveal melanoma: this is only used in cases where there is extensive extrascleral
extension.

1.1.6 Treatment of Metastatic Uveal Melanoma - Chemotherapy
Owing to the rarity of uveal melanoma there are very few clinical trials of chemotherapy
in metastatic disease. Most chemotherapy for uveal melanoma has been based on
cutaneous melanoma regimens. One series treated with DTIC based regimens reported a
less than 1% response rate (Bedikian et al, 1995). A selection of clinical trials of
chemotherapy for metastatic uveal melanoma are summarised in the Table 1.1 below.

The number of patients followed in each study was relatively small ranging from two up
to 87 in the examples shown in Table 1.1, with over half involving less than 40 patients.
Low numbers of patients may have a large effect on the overall response rates quoted
with small changes in responding patients resulting in a large change in the percentage
response rate. Infusion of the liver with fotemustine is the most effective single agent
tested to date in uveal melanoma métastasés with a response rate of 40% (n=30)
(Leyvraz et al, 1997). This is a higher response rate than many of the combinations of
chemotherapy tested systemically and had a relatively long duration, 11 months,
compared to most agents tested see Table 1.1. Only chemoembolization of the liver
using polyvinyl sponges impregnated with single agent cisplatin has achieved a higher
response rate (46%) and an equivalent survival time as fotemustine in clinical trials of
patients with uveal melanoma métastasés (Mavligit et al, 1998).
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Apart from the combination of melphalan and TNFa (Alexander et al., 1998), the
combination of DTIC, lomustine, vincristine, bleomycin and IFNa (BOLD+IFNa) has
produced promising results with one study achieving a 50% response rate (Pyrhonen et
al, 1992). However this trial only involved 4 patients and a median overall survival
time was not quoted. This combination has been further tested by Nathan and co
workers (Nathan et al, 1997) and the European Organisation for Research and
Treatment of Cancer (EGRTC) ophthalmic oncology group (Protocol no.88941). Nathan
et al, achieved a 20% response rate (Nathan et al, 1997) while the EGRTC phase 11
trial failed to show efficacy of the combination and this trial has now been stopped. The
responses seen in patients with uveal melanoma métastasés are generally short lived
with median survival times ranging from 4.5 months (Albert et al, 1992) up to 15
months (Cantore et al, 1994).

There has been a lot of interest in the use of biotherapy, the treatment of cancers using
biological molecules such as interferon alpha 2b (lFNa2b) and interleukin 2, for the
treatment of melanoma. At present the main focus of biotherapy has been on cutaneous
melanoma, but several small studies have been performed on uveal melanoma patients.
Two trials reported no complete or partial responses with interleukin-2 (Dorval et al.,
1992, Keilholz et al, 1994). A third trial of lFNa2b with or without interleukin-2
produced two minor responses and two stable disease outcomes, but no complete or
partial responses were seen in 14 patients studied (Woll et al, 1999). There are currently
several ongoing trials of combinations of biotherapy and chemotherapy for treatment of
uveal melanoma métastasés.

1.1.7 Prognosis
There are many prognostic factors associated with uveal melanoma (reviewed by Mooy
& de Jong, 1996, Woll et al, 1999). Poor prognosis is associated with old age (Kath et
al, 1993, Sato et al, 1997), maleness (Woll et al, 1999), spindle cell type (McLean et
al, 1982), a large tumour diameter (McLean et al, 1982), ciliary body tumours
(McLean et al, 1982), genetic abnormalities especially chromosomes 3 and 8 (Sisley et
al, 1997, Prescher et al, 1996), low c-myc expression (Ghana et al, 1998) and having
the liver as the metastatic site (Kath et al, 1993). However, these prognostic factors are
generally of limited use in individual patients.
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Table 1.1. A summary of clinical trials for the treatment of metastatic disease in uveal melanoma patients
Drug Regimen

to

Number

% Response

Median survival

(CR and PR)

(months)

Reference

Surgery

2

100

36 and 12 month

Fournier e/fl/., 1984

Systemic DTIC regimens

87

1.1

na'

Bedikian

DTIC/BCNU

25

16

6

Einhome^fl/., 1974

DTIC or cisplatin

64

9

5

Katatoe^a/., 1995

Various
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5

4.5

Rajpale/fl/., 1983

DTIC/CCNU/ vincristine/bleomycin/IFN

20

20

NA^

Nathan

DTIC/CCNU/ vincristine/bleomycin/IFN

4

50

NA^

Pyrhonen

Various (3 received intra arterial liver perfusion resulting
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0

9

Kath et al, 1993

Intra-arterial carboplatin

8

38

15

Cantore et al, 1994

Intra-arterial fotemustine

30

40

13

Leyvraz er a/., 1997

Intra-hepatic chemoembolization with cisplatin and

30

46

11

Mavligit er a/., 1988

7

57

NA'

Alexander e/fl/., 1998

fl/., 1995

a/., 1997
ûî/., 1992

<1

in 1 PR of 6 months)

polyvinyl sponge
Intra-arterial TNF and melphalan as a hyperthermic
perfusion

Table 1.1 continued. A summary of clinical trials for the treatment of metastatic disease in uveal melanoma patients
Drug Regimen

Intra-arterial therapy (various cisplatin combinations,

% Response

Median survival

(CR and PR)

(months)

38

5

na'

Bedikian et al., 1995

44

36

na‘

Bedikian et a/., 1995

20

25

na‘

Bedikian et al,, 1995

Number

Reference

DTIC combinations, IL-2 or IFN)
First Line Chemoembolization (cisplatin ± vinblastine /
vincristine, + DTIC, + dactinomycin)
Second line and subsequent chemoembolization (cisplatin
± vinblastine, DTIC or dactinomycin
w

oo

Median survival times were not reported

1,2 Cutaneous Melanoma
1.2.1 Disease Characteristics and Progression
As with uveal melanoma, cutaneous melanoma is a malignant tumour of melanocytes.
Cutaneous melanoma occurs predominantly in adults with a different site distribution
between men and women. In women, melanomas occur more commonly on the
extremities whilst in men they occur predominantly on the trunk or head and neck.
There are several different classification methods for cutaneous melanomas including,
Breslow’s thickness which uses the maximum vertical height of the tumour (Breslow
1970), Clark’s classification which uses microscopic dermal invasion (Clark et al,
1969), and staging which assesses the size of the primary tumour along with regional
and distant métastasés.

Métastasés for cutaneous melanoma can be divided into two groups regional and distant.
Regional métastasés involve lymphatic spread of the tumour to lymph nodes draining
the primary site of the tumour. Distant métastasés occur at site further from the primary
tumour site and generally involve haematological spread. Common sites for cutaneous
melanoma métastasés are the lung, liver, the skin and the brain. Once métastasés have
developed the outlook for the patient is poor with median survival between 6 - 1 0
months, and 5-year survival rates are about 6% (Barth et al, 1995).

There are several treatment options for patients with cutaneous melanoma including
surgery, radiotherapy and chemotherapy. If detected early enough (stage I - III) surgery
for cutaneous melanoma can be curative. There have been many trials involving
different regimens of chemotherapy for cutaneous melanoma, however the standard
therapy is based on DTIC, or on combination therapy including DTIC (Lee et al, 1995).

1.2.2 Occurrence/Incidence
Cutaneous melanoma is the third commonest type of skin cancer, behind basal cell and
squamous cell cancer. In the south east of England in 1996 melanoma of the skin was
the flfthteenth most common cancer in men and women, accounting for 1% of all
cancers diagnosed (Thames Cancer Registry 1996). The crude incidence rate per annum
for skin melanoma in 1996 was 5.5 per 100,000 in men and 6.7 per 100,000 in women
in the south east of England. The chances of developing melanoma before the age of 75
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years was 1 in 233 in men, whilst women had a slightly higher chance of 1 in 227
(Thames Cancer Registry 1996).

1.2.3 Aetiology
There are several genetic risk factors associated with cutaneous melanoma and the genes
involved are described below (section 1.2.4). There are other factors that increase the
risk of developing sporadic skin melanoma, which accounts for the worldwide
distribution of the disease. The most important environmental factor is exposure to UV
radiation from sunlight, especially during childhood. It has been suggested that 90% of
cutaneous melanomas in Australia are caused by UV exposure (Armstrong and Kricker
1993). Other risk factors include the inability to tan, fair skin, blond or red hair,
freckling, non-melanoma skin cancers, childhood sunbuming, family history, and
number and distribution of naevi on the skin (MacKie 1991, 1998, Bliss et al, 1995,
Ford et al, 1995). Episodic sunburn during childhood is one of the greatest risk factors
(Elwood & Jopson 1997, Lew et al, 1983). The incidence of cases of skin melanoma in
individuals with black skin is 40 fold less than that of white skinned individuals.

1.2.4 Genetics and Oncogenes
There have been many studies trying to identify genetic abnormalities and predisposition
genes/proteins associated with cutaneous melanoma. Approximately 10% of cutaneous
melanomas occur in a familial setting, suggesting a possible genetic predisposition
(Newton 1994, Greene 1997, 1998). Dysplastic naevus syndrome has been found to be a
precursor to cutaneous melanoma (Bataille et al, 1996, 1998) also implicating a genetic
background.

There are four chromosomes that have been implicated in cutaneous melanoma. They
are chromosomes 1, 9p21, 6q, and 12ql3, however several others have also been found
to be abnormal in studies. A predisposition gene for cutaneous melanoma was proposed
to exist on chromosome 1 (Bale et al, 1989) but several subsequent studies have failed
to confirm this (Cannon-Albright et al, 1990, Kefford et al, 1991, Nancarrow et al,
1992).

There is much stronger evidence for mutations on chromosome 9p21. In one study
approximately half of familial melanoma families exhibit mutations in the 9p 13-22
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region (Cannon-Albright et al, 1992). The presence of a human melanoma
predisposition gene on chromosome 9p was further confirmed by Nancarrow et al
(Nancarrow et al, 1993). In one study mutations were found in 86% of human
melanomas and cell lines at chromosome 9p21, strongly suggesting the presence of a
predisposition gene for cutaneous melanoma (Fountain et al, 1992). Two candidate
genes have been found in this region which may be involved in cutaneous melanoma.
These genes encode three proteins, pl4ARF, pi 5 and pi 6, each of which are involved in
regulation of the cell cycle (Michalides, 1999). Loss of function of these gene products
can result in unregulated cell growth. Several studies have identified mutations in the
pi 6 gene in sporadic and familial melanoma samples (Soufir et al, 1998, Kumar et al,
1999, Newton Bishop et al, 1999).

Mutations of chromosome 6 have been suggested to play a role in cutaneous melanoma.
Cytogenetic alterations and loss of hetereozygosity have been discovered in sporadic
and familial cutaneous melanoma cases (Walker et al, 1994). It is possible that a
cutaneous melanoma gene is located on chromosome 6q, but no candidate gene has been
identified.

p53
Unlike many tumour types the over-expression of p53 in cutaneous melanoma is a rare
event (Cristofolini et al, 1993, Barnhill et al, 1994, Florenes et al, 1994, SaenzSantamaria, et al, 1995). Expression of p53 has been found in benign skin lesions
(Cristofolini et al, 1993). Some immunohistochemical studies have shown high
expression levels of p53 in tumour samples but this has been suggested to be due to
inhibition of the degradation pathway rather than mutation of p53 (Whiteman et al,
1998).

c-myc
c-myc has been found to be expressed in cutaneous melanoma samples but at variable
levels (Miracco et al, 1998, Schlagbauer-Wadi et al, 1999). Increased levels of c-myc
have been suggested to result in more aggressive growth behaviour of cutaneous
melanomas and cells expressing high levels have a greater potential to form métastasés
(Schlagbauer-Wadl

fl/., 1999).
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Bcl-2

As stated in section 1.1.4 above, Bcl-2 blocks apoptosis rather than stimulating
proliferation within the cell. Studies have shown that although Bcl-2 is expressed in
melanocytes, there is reduced, or no expression of Bcl-2 in cutaneous melanoma cells
(Tron et al, 1995, Tang et al, 1998, Ramsay et al, 1995, Saenz-Santamaria, et al,
1994). These studies concluded that reduced expression Bcl-2 in malignant melanoma
may be related to the independent growth characteristics of malignant melanoma.

1.2.5 Treatment
If cutaneous melanoma is identified at stage I, II or III it can potentially be surgically
treated which can prevent the development of further disease. However, if the primary
lesion is deep or if there is nodal involvement there is a high risk of distant métastasés
with a poor prognosis. As with uveal melanoma, the poor prognosis highlights the
resistance of this malignancy to current treatment, with response rates of 50% at best for
combined chemotherapy, although this does not generally lead to improved survival in
most series (Chowdhury et al, 1999).

The main cytotoxic agents with known activity against melanoma are dacarbazine
(DTIC), platinum analogues, nitrosoureas and tubular toxins. These agents generally
have response rates ranging from 12 - 25%, which are almost always partial and short
lived (Lee et al, 1995). In the case of dacarbazine, response rates are around 20% with a
median survival of only 20 - 24 weeks (Serrone et al, 2000). The mechansisms of
actions of these agents are described in more detail in the chemotherapy section (section
1.4). Fotemustine has been extensively tested in Europe where response rates of up to
25% have been achieved in patients with brain metastasis (Jacquillat et al, 1990).
Paclitaxel is an option for second or third line therapy, because of its relative ease of
administration and different mode of action, although costs make this an unlikely
treatment in the UK. Clinical trials for novel agents are currently ongoing and include
temozolomide, an oral form of DTIC (Bleehen et al, 1995, Middleton et al, 2000a).

Combination therapy is more commonly used to treat melanoma than single agent
therapy. Table 1.2 below contains a selection of clinical trials of single agent and
combination chemotherapy in cutaneous melanoma.
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Table 1.2. Summary of chemotherapy trials in cutaneous melanoma patients.
Drug Regimen

Number

% Response

Median Survival References

(CR and PR)

(months)

DTIC

149

12.1

6.4

Middleton et al., 2000

Temozolomide

156

13.5

7.7

Middleton et al., 2000

Temozolomide

55

21

5.5

Bleehen et al., 1995

Fotemustine

153

24.2

5

Jacquillat et al., 1990

Cisplatin

17

29

NA*

Mechl & Krejci 1983

Paclitaxel

28

14

NA*

Einzig et al., 1991

BCNU + Hydroxyurea + DTIC

89

27

NA*

Costanzi et al., 1975

Cisplatin+DTIC

28

10.7

7

Agarwala et al., 1999

Cisplatin+DTIC+tamoxifen

28

14.3

4.6

Agarwala et al., 1999

Bleomycin + Vindesine + Lomustine

21

45

NA*

Young et al., 1985

Cisplatin + DTIC

30

37

7

Fletcher et al., 1988

Cisplatin + BCNU + DTIC + Tamoxifen

79

15

9

Margolin et al., 1998

+ DTIC

Median survival times were not reported

A third approach to treatment or an adjunct to existing treatment is the use of
immunotherapy with IFNa alone or in combination with chemotherapy. An overview of
trials of single agent IFNa found response rates varied between 0 and 27% with an
overall response rate of 15% (Legha 1997). There have also been many studies
investigating IFNa in the adjuvant setting for metastatic melanoma. Perhaps the most
important of the many trials of IFNa in an adjuvant setting are ECOG1684 and
ECOG1690 (Kirkwood et al, 1996, 2000). When the data from these two trials are
looked at together they suggest that although IFNa increases the relapse free survival it
does not significantly increase the overall survival of the patients treated (Chowdhury et
a/., 1999).

There are several studies of IFNa combined with various single agent and combinations
of chemotherapeutic agents (reviewed by Lee et al, 1995, Chowdhury et al, 1999).
Although initial trials of combined chemotherapy and IFNa produced promising results
further trials failed to show statistically significant benefits due to the addition of IFNa.

Although many chemotherapeutic agents have produced some responses in metastatic
melanoma none have been shown to be superior to DTIC, either alone or in
combination, in large scale phase 111 trials, despite promising early results.

1.2.6 Prognosis
There are several prognostic factors associated with cutaneous melanoma. As stated
above tumour thickness is a good prognostic indicator (Balch et al, 1992, Prade et al,
1982, van der Esch et al, 1981). The patients age, sex and site of primary tumour are
also valuable prognostice factors (Balch et al, 1992). Molecular correlates with
prognosis have also been identified with a poor prognosis associated with high levels of
c-myc expression (Grover et al, 1997), and Bcl-2 over expression (Grover et al, 1996).
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1.3 Ovarian Adenocarcinoma
1.3.1 Occurrence / Incidence
Ovarian cancer is the fourth commonest cause of cancer related death in women. In the
south east of England in 1997 ovarian carcinoma accounted for 4.5% of all cancers
diagnosed in women (Thames Cancer Registry 1997). The crude incidence rate per
annum for ovarian carcinoma in the south east of England in 1997 was 16 per 100,000
women (Thames Cancer Registry 1997). There appears to be higher incidence rates for
ovarian carcinoma in developed countries, with the exception of Japan, with the highest
incidence rates in Scandinavian countries (Parazzini et al, 1991).

1.3.2 Aetiology
There are many risk factors associated with ovarian cancer, these include nullparity
(Riman et al, 1998), increasing age with a greater risk over the age of 60 (ClarkePearson et al, 1991), and familial history of the disease (Clarke-Pearson et al, 1991).
However, early age of first pregnancy, early menopause, and use of oral contraceptives
appear to reduce the risk of developing ovarian cancer (Riman et al, 1998).

1.3.3 Genetics and Oncogenes
There are many reports of chromosomal abnormalities associated with ovarian cancer,
implicating most chromosomes (Boyd & Rubin 1997, Taetle et al, 1999). The most
frequent allelic losses have been identified on chromosomes 6p, 1Ip, 13q, 14q, 17p,
17q, 16q, 18q and Xp (Boyd & Rubin 1997). Of particular note are chromosomes 17q
and 13q which contain the genes for BRCAl and 2 which have been implicated in a
number of hereditary cancers including breast cancer (Claus et al, 1998).

1.3.4 Treatment
Surgical cytoreduction followed by chemotherapy is the standard first line therapy for
ovarian carcinoma. Standard chemotherapy for ovarian carcinoma in Europe and North
America is based on cisplatin or carboplatin, with the combination of carboplatin with
paclitaxel fast becoming the combination of choice (NHS National Institute of Clinical
Excellence). As with all cancers the response rates to chemotherapy depend on the stage
of the cancer when it is treated. The response rate for primary disease treated with
cisplatin + paclitaxel is 73% (McGuire et al, 1996). Similar results have been achieved
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when substituting carboplatin for cisplatin in the combination although less toxicity
occurs with carboplatin (Ncijt et al, 2000).

Unfortunately many patients develop resistance to platinum based treatment and relapse.
Patients who relapse late (>1 year) can be re-induced with platinum based therapy but
more often a different second line treatment is used. Table 1.3 below summarises a
selection of clinical trials of second line chemotherapy in ovarian cancer patients.

1.3.5 Prognosis
There are several factors that have been found to have a detrimental effect on the
prognosis of a patient with ovarian cancer, these include stage at diagnosis, expression
levels of CA125, histological type, expression or mutation of various oncogenes and
several other pathological features including mitotic activity index (Brinkhuis et al,
1995).
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Table 1.3. A summary of clinical trials for the treatment of ovarian cancer in patients who have received prior chemotherapy.

w

Drug Regimen

Number

% Response (CR and PR)

Median survival (months)^’^ Reference

Cisplatin + etoposide

57

40

NA

Reichman

Mitoxantrone + paclitaxel

18

78

NA

Kurbacher e/fl/., 1997a

Paclitaxel

138

28

9.6

Trope

1998

Topotecan

139

14

11

Bookman

fl/., 1998

Mitoxantrone (IP)

17

29

NA

Markman g/ a/., 1993

Gemcitabine

36

14

6.7

Friedlander

Paclitaxel + anthracycline

22

27

10

Kurtz

Liposomal doxorubicin

35

26

11

Mxxggm et al, 1997

Vinorelbine

24

21

NA

Bajetta e/fl/., 1996

Treosulfan

80

19

41

Groppe/a/., 1998

Etoposide (oral)

41

24

10

Seymour e /ûf/., 1994

«/., 1989

fl/., 1998
1998

(doxorubcin or epirubicin)

NA - media survival either not reported or not obtained in the patients treated when results published
Median survival times reported in weeks have been converted into months for ease of comparison

1.4 Chemotherapy
1.4.1 Tumour therapy
There are three main options available to the oncologist for the treatment of cancer:
surgery, radiotherapy and chemotherapy, all of which are widely used. Surgery involves
the removal or debulking of tumour material from the patient and is the primary
treatment for most solid tumours. Care has to be taken to remove the whole of the
tumour as any tumour cells left behind have the potential to grow back, and would
therefore require further surgery or other forms of treatment.

Radiotherapy uses radiation to induce DNA strand breaks through the generation of free
radicals and hence kill the cells. It may be used as the primary treatment, but often it is
used in combination with surgery and / or chemotherapy. The delivery of radiation to the
tumour can occur in several ways; the radiation can be aimed at the tumour from an
external source, or can be from an internal source, where a radioactive implant is
inserted directly into the tumour for a set period of time, delivering a known dose of
radiation before being removed. As stated in section 1.1.5, one option for the
radiotherapy treatment of uveal melanoma often involves the attachment of a radioactive
plaque to the surface of the eye.

Chemotherapy uses drugs either to kill cancer cells (a cytotoxic effect), or to halt
proliferation (a cytostatic effect). There are several classes of chemotherapeutic agents
which act by preventing the tumour cells from dividing. Many chemotherapeutic agents
act by interacting with the cells nucleic acids or with specific proteins involved in cell
division. Chemotherapy works most effectively on tumour cells which are dividing
rapidly, more rapidly than host cell division. However, some host cell populations also
divide rapidly such as those in bone marrow, gut and reproductive/germ cells. These
host cell populations are damaged by chemotherapeutic agents leading to problems such
as neutropenia, sickness and sterility. Tumour cells are high metabollically active cells,
which are continually duplicating their DNA, RNA and proteins providing a large
number of therapeutic targets.
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Cytotoxic drugs fall into four broad categories according to their mode of action:
1) DNA damaging agents
2) Antimetabolites
3) Topoisomerase inhibitors
4) Plant alkaloids.
Table 1.4 contains a list of commonly used chemotherapeutic agents, along with a brief
description of their mechanisms of action and the malignancies most commonly treated
with them.

1.4.2 DNA Damaging Agents
Alkylating agents were the first cytotoxic agents involved in clinical trials in humans
that had a broad spectrum of activity. Alkylating agents can be one of two types, those
which require metabolic activation before they can attack DNA, and those which do not.

The first discovery that alkylating agents were active against cancer was in 1943 by Drs
Goodman, Gilman and others (Goodman et al, 1946, Rhoads 1946). A lymphoma
patient treated with nitrogen mustard (mechlorethamine or HN2 ) a derivative of mustard
gas, underwent partial regression. After this initial discovery that alkylating agents were
active against cancer the search was started for derivatives of nitrogen mustard, as
nitrogen mustard is an unstable compound with multiple toxicities. The majority of
compounds synthesised were less active than mechlorethamine but four derivatives were
discovered which exhibited greater stability, a greater spectrum of activity and were
more cytotoxic to the tumours treated. These were cyclophosphamide, melphalan,
chlorambucil and ifosphamide (Tew et al, 1996).

Two of the derivatives cyclophosphamide and ifosphamide have no intrinsic alkylating
capability and therefore require in vivo activation by hepatic microsomes (Connors et
al, 1970, Kivisto et al, 1995). The other two derivatives in common use - chlorambucil
and melphalan do not require activation. These 4 drugs, cyclophosphamide, melphalan,
chlorambucil and ifosphamide, cause cytotoxicity by alkylating DNA at the

position

on guanine residues of DNA (Tew et al, 1996). Resistance to nitrogen mustard
derivatives is predominantly through two pathways, either enhanced repair by the O^Methylguanyl-methyltransferase (MGMT) DNA repair system (Tew et al, 1996), or
through the glutathione detoxification system (Barone & Tew 1996).
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Table 1.4. A summary of the mechanisms of action of commonly used chemotherapeutic agents and the cancers commonly treated by them
Cytotoxic agent

Mechanism of action

Azathioprine

Converted to 6-mercaptopurine which inhibits the production of purines, and is ALL^

(6-mercaptopurine)

subsequently incorporated into DNA

Carboplatin / cisplatin

Binds to individual bases of DNA disrupting its function. Protein binding may

Ovarian, Germ Cell and lung

also occur resulting in toxicity

cancers and, lymphomas

Alkylates DNA via the production of reactive intermediates that attack

Brain tumours, non-

nucleophilic sites on the host DNA

Hodgkin’s lymphomas,

Carmustine (BCNU)

Cancers commonly treated

Hodgkin’s disease, multiple
myeloma, melanoma
Cytosine arabinoside (AraC,

Binds to and inhibits DNA polymerases involved in repairing damaged DNA

Non-Hodgkin’s lymphoma,

Cytarabine)

and is also incorporated into DNA (and presumably RNA) resulting in chain

ALL*, meningeal leukaemia

termination.

and carcinomatosis

Requires activation, acts via direct méthylation of nucleic acids, also inhibits

Melanoma, sarcoma,

synthesis of purines

Hodgkin’s disease

Dacarbazine (DTIC)

Table 1.4 continued. A summary of the mechanisms of action of commonly used chemotherapeutic agents and the cancers commonly treated by
them
Cytotoxic agent

Mechanism of action

Cancers commonly treated

Doxorubicin (Adriamycin)

Pleiotropic effects including:

Leukaemia, lymphomas,

1. Inhibition of DNA topoisomerase II

sarcomas and breast, lung,

2. Activation of protein kinase C signal transduction cascades

pancreatic, stomach and

3. Generation of reactive oxygen intermediates

thyroid cancer

4. Stimulation of apoptosis
Epirubicin

Topoisomerase II mediated DNA strand breakage and free radical production

Breast cancer

Etoposide (VP-16)

Inhibition of DNA topoisomerase II

Lymphomas, SCLC^, breast
cancer

5-Fluorouracil (5-FU)

Three main mechanisms of action:

Colon, breast, ovarian,

1) Incorporation of fluorouridine triphosphate (a metabolite of 5-FU) into the

gastric, and pancreatic

RNA interferes with synthesis and function of RNA
2) Inhibition of thymidylate synthase by Euorodeoxyuridine monophosphate
(a metabolite of 5-FU) leads to depletion of deoxythymidine phosphates
3) Incorporation of fluorodeoxyuridine triphosphate and deoxyuridine
triphosphate into DNA may affect the stability of the DNA

cancer

Table 1.4 continued. A summary of the mechanisms of action of commonly used chemotherapeutic agents and the cancers commonly treated by
them
Cytotoxic agent

Mechanism of action

Cancers commonly treated

Fotemustine

Alkylates DNA via the production of reactive intermediates that attack

Melanoma

nucleophilic sites on the host DNA
Gemcitabine

4-HC^ (Cyclophosphamide)

Binds to and inhibits DNA polymerases involved in repairing damaged DNA

Lung, breast, colon,

and, is also incorporated into DNA (and presumably RNA) resulting in chain

pancreatic and ovarian

termination.

cancer

Alkylates DNA via the production of reactive intermediates that attack

Leukaemias, lymphomas,

nucleophilic sites on the host DNA

and breast, lung, ovarian,
head and neck cancers.

Interferon a 2b

Mechanism not specifically known but divided into two broad categories:

Uveal melanoma trial, skin

1) Direct anti-proliferative effects on the tumour cells, via reduction in

melanoma, renal

functional capacity and/or induction of differentiation

adenocarcinoma

2) Indirect induction of host anti-tumour mechanisms
Irinotecan

Potent inhibitor of DNA topoisomerase I

Gastro-intestinal cancers

Methotrexate (MTX)

Folic acid analogue. Inhibits dihydrofolate reductase leading to the partial

ALL, breast cancer, lung

depletion of reduced folates, required for deoxythymidine monophosphate

cancer, head and neck

(dXMF) synthesis

cancer sarcomas, meningeal
and leukaemia

Table 1.4 continued. A summary of the mechanisms of action of commonly used chemotherapeutic agents and the cancers commonly treated by
them
Cytotoxic agent

Mechanism of action

Cancers commonly treated

Mitoxantrone

Binds with high affinity directly to nucleic acids and inhibits DNA and RNA

Breast and ovarian cancer

synthesis, also inhibits topoisomerase II
Mitomycin C

Binds to DNA via mono- or bifunctional alkylation inhibiting DNA synthesis,

Breast, lung, colon, stomach,

requires reduction, normally by DT-diaphorase before the drug is active

pancreatic, and bladder
cancers

Taxanes

Binds with high affinity to microtubules which stabilises the microtubule

Ovarian, breast and bladder

against depolymerisation, causing the inhibition of mitosis and probably

cancer, SCLC^ and nSCLC^,

intracellular transport

germ cell malignancies, and

4^

U)

head and neck cancers
Temozolomide

Hydrolysed under physiological conditions to give decarbazine, see

Glioma, melanoma and

decarbazine for action

astrocytomas

Topotecan

Potent inhibitor of DNA topoisomerase I

Ovarian cancer

Treosulfan

Bifunctional alkylating agents which can cross-link DNA

Breast and ovarian cancer

Vinblastine

Inhibits the polymerisation of microtubules therefore inhibiting mitosis

Hodgkin’s disease, head and
neck cancer

Table 1.4 continued. A summaiy of the mechanisms of action of commonly used chemotherapeutic agents and the cancers commonly treated by
them
Cytotoxic agent

Mechanism of action

Cancers commonly treated

Vincristine

Inhibits the polymerisation of microtubules therefore inhibiting mitosis

Lymphomas, ALL,
childhood sarcomas

Vindesine

Inhibits the polymerisation of microtubules therefore inhibiting mitosis

N SC Ld

Vinorelbine

Inhibits the polymerisation of microtubules therefore inhibiting mitosis

NSCLC^ and breast cancer

Abbreviations
' ALL - Acute lymphocytic leukaemia, ^ SCLC - Small Cell Lung Cancer, ^nSCLC - non- Small Cell Lung Cancer

Nitrosoureas
Nitrosoureas were developed after the discovery that methylnitrosoguanidine and
methylnitrosourea had antitumour activity against experimental animal models of
tumours (Tew et al, 1996). Nitrosoureas have the ability to cross the blood-brain barrier
and so are used in the treatment of brain tumours as well as several other tumour types.
There are two main nitrosoureas used clinically, they are carmustine (BCNU) and
lomustine (CCNU). A third nitrosourea that is currently used for some malignancies,
including melanoma is fotemustine.

Nitrosoureas act by alkylating DNA at nucleophilic sites after the production of active
metabolites (Tew et al, 1996). The cytotoxicity of these drugs is thought to be due to
alkylation at the

position on guanine residues in DNA (Tew et al, 1996). Resistance

to these drugs can be through several mechanisms, however the MGMT DNA repair
system may be of greatest importance as it specifically repairs the damage caused by
these drugs (Wedge et al, 1996).

Treosulfan
Treosulfan was synthesised nearly 40 years ago (Feit 1961). Despite structual similarity
to busulfan, treosulfan has a distinct mechanism of action involving the formation of
mono- and di- epoxy compounds (Feit et al, 1970). The formation of the mono- and di
epoxy compounds is non-enzymatic and occurs under physiological conditions (Hartley
et û/., 1999). As treosulfan has the ability to form two active epoxides it is capable of
forming two bonds, one at either end of the molecule with DNA so intra- and interstrand
cross linking can occur (Hartley et al, 1999).

Treosulfan is unlike other alkylating agents, with the exception of busulfan, in that it
alkylates DNA predominantly at the N^ position on guanine residues (Hartley et al,
1999). Most alkylating agents act at the

position on guanine residues in DNA (Tew

et al, 1996, Friedman et al, 1996). Treosulfan is therefore not susceptible to the
MGMT DNA repair mechanism (Hartley et a/., 1999).

Treosulfan is also not affected by over expression of P-glycoprotein regulated multidrug
resistance (Kugler et û;/., 1998) (see multidrug resistance below, section 1.5.1), but may
be affected by glutathione detoxification (Reber et al, 1998). Treosulfan has been found
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to be active against a number of tumours, most notably ovarian (Gropp et al, 1997) and
breast carcinomas (Kopf-Maier & SaB, 1992).

Dacarbazine and Temozolomide
Dacarbazine (DTIC) is a mono-functional alkylating agent, which forms one active
moiety. DTIC requires activation before it can alkylate DNA. Activation of DTIC is by
oxidation in the liver by cytochrome p450 to produce 5(3 -methyltriazeno) imidazole-4carboxamide (MTIC) (Reid et a/., 1999) which tautomerizes to release the active
methyldiazonium ion (CHgN'^'^N). Non-liver cells may also have enough cytochrome
p450 to activate DTIC (Stevens M. personal communication). The intermediates in the
pathway from DTIC to MTIC may also have cytotoxic capabilities and may contribute
to the effects seen with DTIC (Friedman et al, 1996). The methyldiazonium ion then
attacks DNA and alkylates at the
only the alkylation at the

and the N^ positions on guanine residues, but it is

position that is thought to be cytotoxic (Friedman et al,

1996).

DTIC is at present the current drug of choice in the treatment of cutaneous melanoma
(Chowdhury et al, 1999, Lee et al, 1995) and has activity in the treatment of Hodgkin’s
disease (Frei et al, 1972). Combination chemotherapy containing DTIC has been
heavily investigated in cutaneous melanoma with some combinations being
recommended as standard treatment (see cutaneous melanoma chemotherapy section
1.2.5).

Temozolomide is a prodrug of MTIC (Newlands et al, 1997). Unlike DTIC,
temozolomide does not require oxidative activation, instead small pH changes are
required firstly above pH 7 and then below pH7 for activation (Denny et al, 1994). Like
DTIC the active MTIC produced by temozolomide produces a methyldiazonium ion
which alkylates at either N^ or

on guanine residues on DNA, with the

alkylation

predominantly producing cytotoxicity. Clinical trials have indicated similar activity of
temozolomide and DTIC against cutaneous melanoma (Middleton et al, 2000).
Temozolomide has also been found to effective against gliomas and astrocytomas
(Bower cr a/., 1997, O’Reilly era/., 1993).
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Resistance to both DTIC and temozolomide is probably due to upregulation of the
MGMT DNA repair system, which repairs the alkylated

position on the guanine

residues in DNA, see section 1.5.

Platinum analogues
The anti-growth effects of platinum compounds on cells were discovered by accident.
Bacterial cells treated with electric currents passed through platinum electrodes
produced growth characteristics similar to cells treated with radiation (Rosenberg et al,
1965, 1967, 1969). Further investigation showed that a platinum compound
Pt(ll)(NH3 )2 Cl2 (cw-diamminedichloro-platinum(ll)) was responsible for the growth
effects. This compound is more commonly known as cisplatin.

The anti-tumour effects of cisplatin are mainly due to binding to DNA (Go & Adjei
1999). In aqueous solution cisplatin undergoes aquation with the two chlorine atoms
being replaced by water molecules (Go & Adjei 1999). This aquation reaction is
favoured in low chloride concentrations found in the cytoplasm of cells and is unlikely
to take place in the blood, where cisplatin remains relatively unreactive (Jennerwein &
Andrews 1995). The hydrated cisplatin binds preferentially to the N^ position on
guanine and adenine residues in DNA causing cytotoxicity (Pinto et al, 1985). The
presence of two sites of attack on the cisplatin molecule allows it to form inter- and
intra- strand cross-links. The commonest cross-links have been shown to be between
adjacent guanine residues and adenine adjacent to a guanine residue (Eastman 1983,
Fichtinger-Schepman er ûf/., 1985).

Resistance to cisplatin is predominantly due to inactivation of the drug by binding to
sulphur containing compounds such as glutathione and metallothionein (Hromas et al,
1987, Andrews et al, 1987). Reduction of intracellular glutathione by buthionine
sulfoximine has been shown to potentiate cisplatin sensitivity (Hrubisko et al, 1993,
M q\]QX et al, 1990).

One of the major problems of cisplatin is its neurotoxicity. Further development of
platinum compounds led to the development of carboplatin (cz5-diammine(l,lcyclobutanedicarboxylato)platinum(ll)). Carboplatin has similar activity to cisplatin but
does not produce as much toxicity (Go & Adjei 1999). Both cisplatin and carboplatin
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form the basis of treatment for a number of malignancies, including ovarian cancer and
small cell lung carcinoma (Go & Adjei 1999).

1.4.3 Antimetabolites
There are many chemotherapeutic drugs which act by mimicking molecules involved in
a number of cellular processes required for the correct functioning of the cell. These
drugs are known as antimetabolites. There are many enzymes that make ideal targets for
chemotherapy, such as the DNA polymerases, and the enzymes involved in the synthesis
of the nucleotides. The biggest group of antimetabolites is the nucleotide analogues
which includes cytarabine (araC), gemcitabine, 5-fluorouracil (5-FU) and azathioprine.

The nucleotide analogues have different mechanisms of action depending on which
nucleoside they are based on (see Table 1.4). AraC and gemcitabine are analogues of
cytosine and have similar mechanisms of action. Once phosphorylated to the
triphosphate derivative they can inhibit DNA polymerase or can be incorporated into
DNA and cause chain termination (Chabner 1996). Despite similarities in the structures
of araC and gemcitabine they behave differently in the cell. AraC is incorporated into
DNA at a greater rate than gemcitabine, but once incorporated gemcitabine is harder to
remove (Chabner 1996). Gemcitabine also inhibits ribonucleotide reductase which
reduces the intracellular deoxynucleotide content, which araC cannot (Plunkett et al,
1996). This affects the incorporation of the phosphorylated drug into DNA; when
ribonucleotide reductase is inhibited the drug is incorporated into replicating DNA,
when ribonucleotide reductase is not inhibited the drug is predominantly incorporated
by DNA repair mechanisms (Iwasaki et al, 1997). This means that araC is
predominantly incorporated into DNA by repair mechanisms while gemcitabine is
normally incorporated by a replicative mechanism, although if the repair mechanisms
are up regulated (by DNA damage) then both drugs are incorporated to the same extent
(Iwasaki e /ûf/., 1997).

Azathioprine is a purine analogue and acts by inhibiting the metabolism of the purines,
and can be incorporated into DNA and RNA which can cause strand breaks.
Azathioprine is converted into 6-mercaptopurine which is phosphorylated by the cell
before it becomes active (Hande & Garrow 1996). 6-mercaptopurine is further
metabolised to 6-thioguanine nucleotides by enzymatic processes and is then
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incorporated into DNA. These two metabolites are responsible for the activity of
azathioprine, 6-mercaptopurine ribose phosphate inhibits purine synthesis and 6thioguanine nucleotides are incorporated into DNA and RNA causing errors. It is
thought that the incorporation of 6-thioguanine into DNA is predominantly responsible
for the cytotoxic activity of azathioprine.

5-FU is also activated by the cell, firstly it is ribosylated and is subsequently converted
to the deoxyribosyl- derivative. This derivative is then phosphorylated to form 5-fluoro2'-deoxyuridine 5'-phosphate (FdUMP) which inhibits thymidylate synthase resulting in
inhibition of thymidine nucleotide synthesis, which in turn inhibits DNA synthesis. A
second phosphorylated derivative, 5-fluorouridine triphosphate is incorporated into
RNA, interfering with the function of RNA (Grem 1996).

Methotrexate is an analogue of folate and as such inhibits a number of cellular processes
that require folate. Methotrexate inhibits dihydrofolate reductase which leads to a
depletion in intracellular folate (Allegra et al, 1986). Folate is required for
deoxythymidine monophosphate (dTMP) synthesis. DNA synthesis and repair requires
dTMP and so methotrexate indirectly causes inhibition of these processes.

1.4.4 Topoisomerase inhibitors
DNA under physiological conditions consists of two strands wound around each other.
In order for cellular processes such as DNA replication and RNA synthesis to occur, one
of the strands must unwind. When the strands of DNA unwind the torsional strain
within the DNA is increased. This leads to one side of the unwound section containing
more turns (positive supercoiling) or less turns (negative supercoiling) than normal. If
the correct torsion is not maintained in the DNA then it can not function properly (Liu
1989, Wang 1996).

To allow the DNA strands to unwind without altering the tension within the DNA the
cell uses a family of enzymes called topoisomerases. The topoisomerases act by
breaking one or two of the DNA strands and allowing them to rotate about each other to
relax the extra turns (positive supercoiling) created by the unwinding. Mammalian cells
possess two types of topoisomerases differing in the method employed to relax the
increased coiling of the DNA.
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Topoisomerase I
Topoisomerase I is expressed in nearly all mammalian cells (Kunze et al, 1991) with an
estimated 10^ copies per cell. Topoisomerase I acts by creating transient single strand
breaks and rotating the unbroken strand through the break and then rejoining the break
(Liu 1989). Which way the unbroken strand is rotated determines whether negative or
positive supercoiling is relieved. The precise role of topoisomerase I has not fully been
determined but it is thought to play a role in RNA synthesis (Zhang et al, 1988). There
are several inhibitors of topoisomerase I with irinotecan and topotecan most frequently
used clinically.

Topoisomerase I inhibitors all work in the same way. Firstly they bind to the
topoisomerase I enzyme once it has bound to DNA. This stabilises the enzyme/DNA
complex and locks it in place on the DNA. As the DNA replication fork moves along
the DNA it comes into contact with the topoisomerase I/DNA complex. This results in
breakage of the unbroken DNA strand producing a double strand break, which is
cytotoxic (Takimoto & Arbuck 1996).

Topoisomerase II
Topoisomerase type II acts by creating transient double stranded breaks and rotating
both strands to relax supercoiling before rejoining the broken ends. There are two
human isoforms of topoisomerase II, alpha (a) and beta (p).The two isoforms are
expressed at different points in the cell cycle, topoisomerase Ila is maximally expressed
at S/G2 whereas topoisomerase Iip is maximally expressed at Gi/Go (Pommier et al,
1996). It has been observed that certain drugs are more active against one, or other of
the two topoisomerase II isotypes.

Certain topoisomerase II inhibitors, including doxorubicin and mitoxantrone, act by
intercalating into the DNA between the bases to elicit their effects on the enzyme and
induce doublestrand breaks. Other drugs, such as etoposide, act directly on the enzyme
to produce DNA strand breakages (Pommier et al, 1996).
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1.4.5 Anti-microtubule inhibitors
Microtubules are traditionally associated with the mitotic spindle. They also play an
integral part in maintaining the cell shape, contractility, intracellular skeleton, the
structure of various organelles, transferring signals from the cell surface to the nucleus
and intracellular transport (Burkhardt 1998, Elbaum et al, 1999, Gundersen & Cook
1999,). Microtubules are made up from dimers of a- and p- tubulin, which form hollow
tubes within the cell. Each a- and P- tubulin monomer is associated with a molecule of
GTP when part of the tubulin dimer. When polymerisation of the dimers has occurred
the GTP is hydrolysed to GDP, the energy is not required for binding but produces a
tighter binding (Rowinsky & Donehower 1996).

Each microtubule has a positive and negative end, dimers of a- and p- tubulin are lost
from the negative end of the tubule and join on to the positive end depending on the
intracellular concentration of the individual subunits. Various substances within the cell
alter the rate of microtubule ‘cycling’. Mg^"^ ions, GTP and free tubulin dimers enhance
polymerisation of microtubules, whereas Ca^^ ions inhibit assembly (Rowinsky &
Donehower 1996). There are two classes of microtubule inhibitors with different
mechanisms of action in clinical use as anti-cancer drugs, these are the vinca alkaloids
and the taxanes.

Vinca alkaloids
Vinca alkaloids affect the cell in several ways, including disruption of microtubules,
inhibition of DNA, RNA and protein synthesis and disruption of many other metabolic
pathways. Although the vinca alkaloids have several cellular effects they might all be
related to the disruption of microtubules, which has been shown to be the cause of their
cytotoxicity (Correia 1991). Vinca alkaloids cause the assembled microtubules to
unravel and prevent the reassembly of the individual dimers (Correia 1991). The
binding site for vinca alkaloids is different to that of GTP, taxanes and traditional
microtubule disrupters such as colchicine (Correia 1991).

Until the early 1990s only two vinca alkaloids were in common use, vinblastine and
vincristine. A third vinca alkaloid, vindesine was introduced in the 1970s, but was not
universally approved and is used rarely compared to vinblastine and vincristine. In the
early 1990s a fourth semi-synthetic vinca alkaloid, vinorelbine was approved for the
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treatment of non-small cell lung cancer. Vinorelbine has been of particular interest as
cross-resistance with the other vinca alkaloids does not always occur (Cros et al, 1989).
Also it has been found that vinorelbine more specifically disrupts mitotic microtubules
where the other vinca alkaloids are known to disrupt axonal microtubules as well (Binet
et al, 1990).

Resistance to the vinca alkaloids is generally thought to be through either the multi-drug
resistance phenotype (MDR) or through mutations in the subunits of the microtubules
preventing drug binding, see drug resistance section 1.5.1.

The taxanes
The taxanes bind to and affect microtubules in a different manner to the vinca alkaloids.
Taxanes actually enhance the polymerisation of the tubulin dimers and stabilise them
against depolymerisation (Schiff & Horwitz 1980). Stabilisation of the microtubules
prevents intracellular transport within the cell, which causes cytotoxicity (Wang et al,
2000). The binding site for the taxanes is different to that of the vinca alkaloids, GTP
and colchicine (Rowinsky & Donehower 1996), instead taxanes bind to the N-terminal
region of the p-tubulin subunit only when it is part of a microtubule, and do not bind to
the individual dimers (Rowinsky & Donehower 1996).

There are two taxanes in current clinical use, paclitaxel and docetaxel. Paclitaxel was
first isolated from the bark of the pacific yew tree (Taxus brevifolia). The second taxane
in clinical use is docetaxel, which is derived from 10-deacetylbaccatin III. Both
paclitaxel and docetaxel are thought to bind at the same site on the p-tubulin subunit,
but the site has a greater affinity for docetaxel (Diaz & Andreu 1993).

1.4.6 Interferon alpha 2b (IFNa2b)
IFNa2b is a member of a complex group of proteins. In humans there are three types of
interferon, IFNa, IFNp and IFNy. IFNa has been found to down-regulate the expression
of angiogenic factors such as basic fibroblast growth factor (bFGF) in cell line and in
animal models (Dinney et al, 1998, Slaton et al, 1999, Witt et al, 1996).

Current clinical trials of IFN’s in cancer patients has been dominated by adjuvant
chemotherapy trials on cutaneous melanoma patients (Agarwala & Kirkwood 1998).
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Two large trials (ECOG 1684 and ECOG 1690) have been conducted by Kirkwood et
al, (1996, 2000) using different doses and administration schedules of IFNa in
melanoma patients. These trials have shown differing effects. Firstly ECOG 1684
showed an increased regression free survival and overall survival (Kirkwood et
al, 1996). However, ECOG 1690 confirmed the regression free survival but did not
confirm the overall survival benefit of IFNa as an adjuvant treatment in this disease
(Kirkwood et al, 2000).

1.4.7 Antisense Technology
The use of short single-stranded oligomeric DNA sequences, complementary to the
mRNA sequence of a specific gene, to ‘knock-ouf the gene is not new. Previous
research has used this antisense approach to prevent the gene expression of many genes
in vivo and in vitro, in a diverse range of diseases and developmental conditions. These
include P-glycoprotein (Motomura et al, 1998), Bcl-2 (Zangemeister-Wittke et al,
1998, Keith et al, 1995), c-myc (Citro et al, 1998, Leonetti et al, 1999), and tubulin
(Kavallaris et al, 1999). There are currently a number of clinical trials investigating the
uses of antisense molecules as therapy in a range of different cancers including prostate,
breast, ovarian, pancreas, colon, lung and acute and chronic myeloid leukemia (Agrawal
& Kandimalla, 2000).

The effectiveness of an antisense molecule depends on several factors. Firstly the
oligonucleotide has to be complementary to part of the mRNA molecule. The binding of
the anti sense to the mRNA is dependent on the 3D structure of the mRNA, so some
parts of the mRNA may be more susceptible to antisense binding than others. The
sequence chosen for the antisense must not interfere with other mRNA molecules in the
cell, so it must be specific to the target gene (Agrawal & Zhou 1998). The method of in
vitro delivery for the antisense molecule is also an important factor. There are two main
methods, either naked DNA is used or the DNA is coated in cationic lipids. There seems
to be no gold standard for delivery with similar results achieved with both methods, but
the cationic lipid method has the advantage of requiring a much smaller amount of
DNA. The majority of studies using antisense oligonucleotides use phosphothiorated
oligonucleotides as this prevents their degradation by the cell.
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c-myc
The c-myc oncogene has been implicated in many cellular processes including
regulation of proliferation, mitogenesis, differentiation and apoptosis (Bouchard et al,
1998, Evan et al, 1992, Spencer & Groudine 1991). c-myc expression has been linked
to many tumour types including breast cancer (Watson et al, 1993), colon cancer
(Smith et al, 1993), ovarian cancer (Tashiro et al, 1992) and squamous cell carcinoma
(Ogunbiyi

a/., 1993).

The prognostic significance of c-myc in uveal and cutaneous melanoma has previously
been investigated (Grover

1997, Ghana gr a/., 1998, 1999). The prognostic

significance of c-myc is different for each melanoma type, with high expression
associated with a poor prognosis in cutaneous melanoma, and a good prognosis in uveal
melanoma. Antisense therapy used to ‘knock-out’ c-myc in melanoma cells has resulted
in enhanced cytotoxicity with cisplatin suggesting a role for c-myc in determining
cisplatin sensitivity (Citro et al, 1998, Leonetti et al, 1999).

1.4.8 Liposomal Drug Preparation
The use of high doses of certain chemotherapeutic agents, such as doxorubicin, has been
hampered by the extreme toxicity that is produced when used at high doses. One way to
circumvent this toxicity is to encapsulate the drug in a liposome (Lasic, 1998).
Liposomal preparations of doxorubicin were developed in 1996 (Lasic, 1996).
Liposomal doxorubicin (Caelyx Schering Plough, Doxil Sequus) increases the intratumoral concentration of doxorubicin, producing concentrations 4-16 fold greater than
those obtained with traditional preparations of the drug (Gabizon et al, 1994, Vaage et
al, 1994, Gabizon et al, 1998, Symon et al, 1999). This increase in doxorubicin
concentrations is accompanied by a reduction in the cardiotoxicity, but other toxicities,
such as neutropenia remain (Skubitz & Skubitz, 1998).

Liposomal preparations of doxorubicin have shown clinical activity in a range of
tumours including Kaposi’s sarcoma (Northfelt et al, 1997 & 1998, Stewart et al,
1998), breast carcinoma (Ranson et al, 1997, Muggia et al, 1998, Vogel & Nabholtz,
1999) and ovarian cancer (Muggia et al, 1997, Alberts, 1999).
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1.4.9 XR5000
XR5000 (Xenova), is one of a new group of dual topoisomerase inhibitors. XR5000,
also known as N-[2-(Dimethylamino)ethyl]acridine-4-carboxamide (DACA), is one of a
series of tri-cyclic carboxamide drugs developed by the Cancer Research Laboratories,
Auckland, New Zealand (Atwell et al, 1987). XR5000 is a DNA damaging drug which
can induced DNA strand breaks by the action of either topoisomerase I or by
topoisomerase II (Finlay et al, 1996). Unlike other topoisomerase inhibitors, XR5000 is
not affected by the common multidrug resistance mechanism caused by up-regulated Pglycoprotein. Due to XR5000 being active with both types of topoisomerase it may
avoid the resistance due to down-regulation of one isoform and up-regulation of the
second isoform which has been found to confer resistance to other topoisomerase
inhibitors (see section 1.5.3). Phase I studies with XR5000 have recently been
completed (Twelves et al, 1999) and phase II are currently being undertaken (Xenova).

1.5 Mechanisms of Drug Resistance
The treatment of cancers by chemotherapy is dependent on the inherent resistance and
the acquired resistance of the cancer to the drugs used. There are many different
mechanisms that a cancer cell can employ to avoid chemotherapeutic agents. The six
most common mechanisms are:

1)

Multidrug Resistance (MDR)

2)

Increased drug detoxification

3)

Increased / decreased drug target

4)

Up regulation of DNA repair mechanisms

5)

Up regulation of anti-apoptotic mechanisms

6)

Reduced transport/increased efflux

It is unlikely that only one of the above mechanisms is responsible for resistance to a
particular drug

1.5.1 Multidrug Resistance
Multidrug resistance is a mechanism that confers resistance to a number of different
chemotherapeutic agents. Multidrug resistance is a defence mechanism employed by the
cell to eliminate xenobiotics and prevent harm to the cell. However, this also means that
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a number of chemotherapeutic agents are also affected by this mechanism. The drugs
that have been found to be affected by multidrug resistance include anthracyclines,
taxanes, epipodophyllotoxins and vinca alkaloids (Doroshow 1996, Pommier et al,
1996, Rowinsky & Donehower 1996). The MDR phenotype is caused by the increased
expression of one or more of a family of transporter proteins including: P-glycoprotein,
Multidrug resistance-associated protein (MRP) and Lung resistance-related protein
(LRP) (Hrycyna et al, 1996, Zaman & Borst 1996, Scheper et al, 1996). The most
studied of these is P-glycoprotein.

P-glycoprotein is a transmembrane, ATP-dependent efflux pump (Hrycyna et al, 1996,
Schinkel 1997). A binding site on the cytoplasmic face of the P-glycoprotein molecule
can act as a pump for a diverse range of compounds including the range of drugs stated
above. P-glycoprotein has been shown to be associated with multidrug resistance in a
number of cancer biopsies and cancer cell lines (Norgaard et al, 1998, Gamelin et al,
1999, Whelan et al, 1992, Mimnaugh et al, 1991). Verapamil, a calcium ion influx
inhibitor, has been found to reverse drug resistance to vincristine by competing for the
binding site on the P-glycoprotein molecule (Yusa et al, 1996). There are also several
new compounds that are being developed to inhibit drug efflux due to P-glycoprotein
(Hiessbock ^M/., 1999, Roe er a/., 1999, Mistry er a/., 2001).

MRP is similar to P-glycoprotein in that it is a transmembrane glycoprotein which
functions as an efflux pump (Zaman & Borst 1996). There is evidence that MRP acts in
association with the glutathione system described below (section 1.5.2) in order to pump
out drugs that have been conjugated with glutathione (Zaman & Borst 1996). It has been
shown that depletion of intracellular glutathione reverses multidrug resistance due to
MRP consistent with this hypothesis (Zaman et al, 1995,Versantvoort et al, 1995).
However depletion of glutathione does not appear to affect the multidrug resistance
associated with P-glycoprotein.

The third member of the multidrug resistance family is LRP. LRP is also a
transmembrane protein but does not appear to be associated with the plasma membrane,
instead it is associated with various intracellular membranes, including the nuclear
membrane (Scheper et al, 1996). It has been hypothesised that LRP acts by preventing
the drugs from reaching the DNA by pumping them out of the nucleus, and also by
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pumping them into vesicles which are subsequently eliminated from the cell (Scheper et
al, 1996).

1.5.2 Increased Drug Inactivation
One of the major detoxification mechanisms employed by cancer cells is the glutathione
system, consisting of glutathione and a series of glutathione S-transferases (GST)(alpha,
gamma, mu and pi) (Barone & Tew 1996). Different members of the GST family are
up-regulated in different tissues and some are known to be up-regulated in cancer cells
(Barone & Tew 1996). The GSTs catalyse the conjugation of glutathione and the target
molecule, either drug or xenobiotic, which is then pumped out of the cell (Barone &
Tew 1996). Glutathione is known to be involved in the detoxification and resistance of a
number of varied chemotherapeutic agents. These include cisplatin (Perez et al, 1998),
melphalan (Dulik et al, 1991), treosulfan (Reber et al, 1998), and many other agents
(Barrone & Tew, 1996).

Several studies have tried to inhibit the glutathione resistance mechanism in order to
potentiate chemotherapy. The main approaches to inhibiting the glutathione system are
either to deplete cellular glutathione or to inhibit the GSTs. The commonest way to
deplete cellular glutathione is to inhibit its synthesis. Inhibition of y-glutamylcysteine
synthetase, an enzyme required for glutathione synthesis, has been found to be the most
effective method of inhibiting glutathione synthesis (Barone & Tew 1996). Buthionine
sulfoximine acts by inhibiting y-glutamylcysteine synthetase (Campbell et al, 1991).
Buthionine sulfoximine has been shown to enhance the activity of a number of varied
drugs. These drugs include treosulfan (Reber et al, 1998) and cisplatin (Pendyala et al,
1997, Perez et al, 1998).

Inhibition of glutathione-S-transferases (GSTs) has also been studied as a method to
increase the efficacy of a number of chemotherapeutic agents. Ethancrynic acid (Caffrey
et al, 1999) and glutathione derivatives (Nakanishi et al, 1997) have all been used to
inhibit GSTs and to enhance the activity of a wide range of chemotherapeutic agents.

1.5.3 Increased / Decreased Drug Target
The resistance to a number of drugs is due in part to the increased or decreased
expression of the target protein. A classic example of this is over expression of the
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dihydofolate reductase gene conferring resistance to methotrexate (Chu & Allegra
1996). The over expression of dihydrofolate reductase is normally due to a large
amplification of the gene. Treatment of cultured cancer cells with methotrexate can lead
to up to 1000 copies of the dihydro folate reductase gene being present in the genome
(Chu & Allegra 1996). The increased amount of dihydrofolate reductase produced by
the cell means that even in the presence of methotrexate there is still sufficient enzyme
present to reduce dihydrofolate allowing the cell to function normally. This gene
amplification is unstable and reverts to the normal copy number after growth in the
absence of methotrexate.

As stated previously topoisomerase inhibitors act by causing DNA strand breaks
through the action of the topoisomerases. If the specific topoisomerase is downregulated then DNA strand breaks cannot occur in the presence of the drug, but the cell
still has a requirement for topoisomerase activity. To get around the effects of
topoisomerase inhibitors, some cancer cells have the ability to down-regulate the
enzyme which is being inhibited and up-regulate the alternate enzyme (Takimoto &
Arbuck 1996, Pommier et al, 1996, Doroshow et al, 1996). For example, if a cell is
treated with epirubicin, a topoisomerase II inhibitor, then the cell will down-regulate
topoisomerase II and up-regulate topoisomerase I.

1.5.4 Up-regulation of DNA repair mechanisms
The cell possesses several mechanisms to repair damage to its DNA. These DNA repair
mechanisms either act directly on the damaged bases (direct repair), or they remove a
section of DNA containing the damaged bases (indirect repair). Mechanisms which
repair individually damaged bases usually require only a single enzyme. DNA repair
which removes a section of DNA requires numerous different classes of enzymes,
including DNA polymerases and DNA ligase (Barret & Hill 1998).

The best example of direct repair is by 0^-methylguanine-DNA methyltransferase
(MGMT), also known as 0^-alkylguanine-DNA alkyltransferase (AGAT). MGMT
removes methyl groups from the

position on guanine residues of DNA. Many

alkylating agents act by alkylating DNA at the

position on guanine residues,

including DTIC, temozolomide, and the nitrosoureas (Friedman et al, 1996, Tew et al,
1996).
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Up-regulation of MGMT has been shown to cause resistance to DTIC (Friedman et al,
1996), temozolomide and the nitrosoureas (Wedge et al, 1996). Several studies have
used inhibitors of MGMT in combination with an

alkylating agent to enhance the

cytotoxicity. The commonest of these is 0^-benzylguanine, which has been shown to
enhance the activity of temozolomide (Tentori et al, 1997) and nitrosoureas (Wedge et
al, 1996). However, in one study 0^-benzylguanine has been shown not to enhance the
activity of DTIC and may in fact inhibit the metabolic activation of DTIC by
cytochrome p450 through competitive inhibition, as both 0^-benzylguanine and DTIC
require activation by cytochrome p450 (Toft et al, 2000).

Nucleotide excision repair (NER), an example of indirect repair, is a more complicated
process and requires the co-ordinated effects of a series of enzymes to firstly cut-out the
damaged section of DNA, and secondly to fill in the gap left (Araujo & Wood 1999).
Enzymes involved in NER include, DNA polymerase, DNA ligase, endonucleases,
topoisomerases, and several replication factors such as PCNA (Araujo & Wood 1999).
NER is thought to be partly responsible for resistance to a number of drugs which
damage DNA including treosulfan, cisplatin, and many of the other alkylating agents
(Barret & Hill 1998).

There are two other major types of DNA repair that exist in human cells, they are base
excision repair (BER) and mismatch repair, which may also be involved in drug
resistance. In common with NER these repair mechanisms both require DNA
polymerases, DNA ligase and endonucleases in order to repair damaged DNA
(Kolodner 1995, Seeberg et al, 1995). BER is similar to NER in that it removes the
damaged DNA and then fills in the gap, however BER only removes the damaged base
and not a section of DNA either side of the damage (Seeberg et al, 1995). Unlike NER
and BER which repairs damaged DNA producing drug resistance, loss of mismatch
repair is thought to confer resistance upon the cell to a number of different
chemotherapeutic agents (Lin & Howell 1999, Colella et al, 1999, Lage & Dietel
1999).

1.5.5 Up regulation of anti-apoptotic mechanisms
A number of proteins that are over expressed in many cancers are known to be involved
in the regulation of the cell cycle, including p53, c-myc and Bcl-2. When a cell’s DNA
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is damaged, the cell has two main options, either to growth arrest and repair the damage,
or to enter the apoptosis pathway. In response to damage the cell normally up-regulates
p53 which initiates growth arrest. Whether growth arrest is caused by p53 depends on
reaching a threshold level of p53 expression dependent on the cell type. Only once this
threshold is reached does p53 acts as a switch and depending on the damage and several
other factors the cell is either entered into apoptosis or continues with the cell cycle. The
expression of Bcl-2 by a tumour cell confers a survival advantage on the cell by
preventing the cell from entering the apoptosis pathway. Inhibition of Bcl-2, using
anti sense techniques, has been found to enhance the activity of chemotherapeutic agents
(Keith g/ a/., 1995).

1.5.6 Reduced Drug Influx
Some drug are lipophilic and so enter the cell without the need for a specific transport
mechanism. Other drugs require a specific transporter or carrier to enter the cell. As has
already been stated the multi drug resistance phenotype plays a large role in resistance to
a number of drugs by pumping them out of the cell. The same is true of reduced
transport of drug into the cell. If a drug can not effectively get into a cancer cell then the
observed effects will be less than if the drug can freely enter the cell. There is some
evidence that reduced influx may be partially responsible for resistance to cisplatin
(Gately & Howell 1993). A study by Chau & Stewart (1999) has also found that efflux
of cisplatin from a resistant cell line is greater than a sensitive cell line, immediately
after introduction of cisplatin.

The six drug resistance mechanisms described above contribute to the resistance to most
of the chemotherapeutic agents used, either singularly or as a combination of two or
more mechanisms. Table 1.5 below summarises the resistance mechanisms that have
previously been found to contribute to the resistance of the different agents that have
been tested during the course of these studies.

60

Table 1.5. A list of common drug resistance mechanisms and drugs used during these
studies that have been found to be affected by them.
Resistance Mechanisms

Drugs effected

MDR

paclitaxel, vinblastine, vinorelbine,
doxorubicin, etoposide, mitoxantrone

NER

Cisplatin, treosulfan, mitomycin C

MGMT mediated DNA repair

BCNU, DTIC, temozolomide

Glutathione detoxification

Cisplatin, treosulfan

Decreased drug influx

cisplatin

Target protein mutation / up-regulation

AraC, azathioprine, gemcitabine,
doxorubicin, mitoxantrone, etoposide,
topotecan, paclitaxel, vinca alkaloids

1.6 Cytotoxicity Assays
1.6.1 The need for cytotoxicity assays
Cancer treatment has predominately been determined by histological findings and
cancer type. However histology can not identity drugs to which the cancer will be
sensitive or resistant. If the cancer is resistant to the first line drug treatment it may
desensitise the cancer to other similar drug types to which the cancer may have initially
been sensitive. Several in vitro chemosensitivity assays have been developed to assess
the response of a tumour to a range of chemotherapeutic agents (Bellamy 1992,
Bosanquet 1993, Fruehauf & Bosanquet 1993, Cree & Kurbacher 1997).

Assessing the chemosensitivity of individual tumours could be greatly beneficial to
patient survival, as drugs which are active against the tumour can be identified and
administered to the patient. Conversely drugs to which the tumour is resistant can also
be identified. If a combination that is in common use for a specific tumour type contains
drugs that an individual tumour exhibits in vitro resistance they could be exchanged for
less resistant drugs or eliminated altogether and the remaining drug concentrations
increased without increasing the overall toxicity.
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There are three main points that need to be considered when assessing the results
obtained from chemosensitivity testing.

• Are the results obtained from in vitro assays comparable to in vivo responses?
• Are the responses observed in vitro for a particular histological type of tumour
similar to the responses seen clinically in the same type of tumour?
• Can individualising the choice of chemotherapy by the use of chemosensitivity
assays increase patient survival?

These three questions, particularly the latter, can only be answered by clinical trials
utilising in vitro chemosensitivity assays to direct patient treatment and comparing the
response rates with a control group of patients. The advantages and disadvantages of the
most common chemosensitivity assays are stated in Table 1.6 and these assays are
described in more detail below.
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Table 1.6 A summary of the advantages and disadvantages of the various
chemosensitivity assays described below.
Assay

Advantages

Disadvantages

Dye-exclusion/

Results within 7 days

Labour intensive

D isc assay

Published clinical correlations

Thymidine

Results available in 4-5 days

Requires use of radioactivity

incorporation

Not specific for tumour

assay/Kem assay

cells, may label normal cells
Requires cells to be cycling

Clonogenic assay

Large number of published

Not all tumours will grow in

clinical correlation studies

agar, labour intensive
Results take at least 14 days
Examines total cell
population within a tumour
not only cancer cells

MTT assay

Results available in 4-5 days

Tétrazolium dye not

Potential for automation

metabolised well in all cell
types
Some drugs interfere with
the tétrazolium dye

FMCA

Quick, results available in 3 days

May not observe late effects

Suitable for automation

of drugs (eg apoptosis)

Sulphorhodamine

Suitable for automation and hence

No clinical correlations

B assay

drug screening programs

Measures all protein
including dead cells

ATP

Very sensitive, requires relatively

Total inhibition reflects

bioluminescence

small amounts of tumour

complete kill, while lesser

assay

High evaluability rates for clinical

effects may reflect partial

samples

kill or toxicity in cells which

Results available within 7 days

remain viable.

Potential for automation
Increasing clinical correlation data
including positive phase II studies
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1.6.2 Dye Exclusion Methods / DISC Assay
Cell viability testing relies on the phenomenon that living cells exclude various dyes
whilst dead or dying cells do not. An example of this is trypan blue exclusion which is
commonly used in cell culture to assess cell numbers. A major drawback of this method
of assessment is the poor correlation between the ability of a cell to divide and it’s
ability to exclude dye.

The differential staining cytotoxicity (DiSC) assay is a modification on earlier dye
exclusion methods (Weisenthal et al, 1983, Weisenthal & Kern 1991). Biopsies are
dissociated to obtain a single cell suspension, which are cultured for 4 to 6 days in
liquid media with or without the test drug. After culture the cells are subjected to either
a fast green or a fast green/nigrosin dye which stains dead or dying cells bright green,
while the live, viable cells remain unstained. The cells are counter-stained with
haematoxylin and eosin to differentiate between tumour and non-tumour cells. The cells
can then be assessed as either tumour or non-tumour cells by cytology (which is
difficult, in most cases this requires immunocytochemistry) and as either live/viable or
as dead/dying cells, to determine the sensitivity or resistance to the tested agents. As the
state and type of cell needs to be determined by eye the results are subject to the bias of
the individual assessor. An advantage of this assay is that it is completed in a relatively
short period of time (maximum 6 days). In clinical studies more than 70% of specimens
have been tested for sensitivity to at least one drug or combination (Weisenthal et
a/., 1983).

1.6.3 Clonogenic assays / Human Tumour Cloning Assays
Also known as the human tumour stem cell assay, clonogenic assays were developed
from antibiotic sensitivity testing in bacteria. Cells are incubated with the
chemotherapeutic agent and plated out on soft agar (Hamburger & Salmon 1977, Selby
et al, 1983). The cells are incubated for up to two weeks and the number of colonies
that have formed are counted and compared to control samples. The test specimen,
either a tumour biopsy or a cell line, is subjected to a mild digestion to give a single cell
suspension. The cell suspension is divided into two parts, one for treatment with the test
drug and one as control. The cells are incubated with or without test drug at 37°C for
one hour. Following incubation, the cells are washed, plated out on a two-layer soft agar
system, and incubated for up to 14 days at 37°C. In most methods the cells are only
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exposed to the test drug for one hour. Alternatively the drug is incorporated into one of
the agar layers, thus keeping the cells in contact with the drug the total time of the assay
(Kern & Weisenthal 1990). The number of colonies formed after incubation can be
counted by an automated image analysis system, or by eye. The number of colonies is
compared with the control plates of cells that were not exposed to test drug and
sensitivity or resistance to test agent can then be assessed.

The clonogenic assay has been regarded as something of a “gold standard” since it was
first used for assessing chemosensitivity of tumour material, but it does have several
problems (Selby et al, 1983). Firstly, the assay requires large numbers of cells for the
assay to be performed but problems are caused if too many cells are plated out. The
number of colonies produced is proportional to the number of cells plated out, so that if
too many cells are plated out, the cells can not proliferate sufficiently and visible
colonies are not seen. The culture conditions also affect the results obtained in several
ways. Firstly the conditions do not always support the growth of certain tumour cells.
Approximately one third of all tumours will not grow in the agar media and so the assay
is not feasible for those tumours. Secondly, the conditions may favour certain cells
within the heterogeneous population of the tumour cells and so select them over the rest
of the cells. As with other methods the requirement for a single cell suspension can
cause problems as the enzymic digestion can cause cellular damage, which can increase
the efficiency of the drug’s damaging effects. If the digestion is not complete and cell
clumping occurs, the number of cells plated out can not be determined accurately, and
the numbers can vary considerably, Finally the clonogenic assay is very labour
intensive, including the two week incubation period, and requires considerable technical
skill.

There have been many clinical studies comparing the in vitro and in vivo sensitivity of
tumours using the clonogenic assay. A review of 54 different correlation trials found
that a 69% true positive (samples sensitive in vitro were also sensitive in vivo) and a
91% true negative (samples were resistant in vitro and in vivo) rate was found overall
(Von Hoff 1990). The Southwest Oncology Group (SWOG) conducted a study using the
human tumour cloning assay to predict responses in ovarian cancer patients and to direct
therapy in a group of patients (Von Hoff et al, 1991). The patients treated on the basis
of their sensitivity using the assay had an increased response rate (28% versus 11% for
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patients treated by physicians choice) but did not have an improved overall survival.
This study also found a 100% true positive and a 100% true negative rate, although this
was only in seven evaluable patients. A third study on a range of tumour types, using a
modified methodology, found that patients treated on the basis of assay results had a
better response rate, but once again there was no difference in overall survival (Von
W oïïetal, 1990).

1.6.4 Thymidine incorporation assay/Kern assay
The thymidine incorporation assay, also known as the Kern assay, is a modification of
the clonogenic assay described above (Hildebrand-Zanki & Kem 1987, Weisenthal &
Kem 1991). Instead of using the number of colonies produced after incubation as an
indicator of sensitivity, the Kem assay relies on the incorporation of radiolabelled
thymidine ([^Hjthymidine) into the DNA of proliferating cells. It is assumed that the
incorporated

thymidine is indicative of DNA synthesis and hence proliferation.

The Kem assay has advantages over the standard clonogenic method described above in
that the assay is carried out over 5 days instead of 14 days. Also the Kem assay only
identifies new cell growth, whereas the normal clonogenic method can produce false
results from the counting of clumps of cells resulting from an incomplete digestion not
producing a single cell suspension.

A review of clinical studies using the Kem assay has shown that the assay is very good
at predicting drug resistance with greater than 99% specificity with only one patient out
of 127 described as resistant by the assay going on to respond to chemotherapy (Kem &
Weisenthal 1990). A later study correlated the results of the Kem assay with cisplatin
and paclitaxel with the clinical response in patients with primary ovarian cancer
(Eltabbakh et al, 1998). Eltabbakh et al, found that resistance to paclitaxel in the assay
did not mean that the combination of paclitaxel and cisplatin would not produce a
response, and that further investigation was needed to establish the validity of using the
Kem assay to direct therapy in primary ovarian cancer patients.

1.6.5 The MTT assay
The MTT assay (Black & Speer 1954, Carmichael et al, 1987) relies on the reducing
potential of the cells that have been treated with chemotherapeutic agents. Once again
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the cells to be tested are cultured in liquid media with or without the test drugs for 4 to 5
days. After culture an aqueous solution of MTT (3-[4,5-dimethyl (thiazol-2-yl)-3,5diphenyl] tétrazolium bromide), which is a yellow colour, is added to the cells. If the
cells have any reductive capacity (i.e. if the cells are alive and metabolising) then the
MTT is reduced by the action of mitochondrial succinate dehydrogenase to give a
formazan product that has a blue-purple colour that can be detected. The formazan
product is insoluble in water and has to be dissolved in DMSO (dimethylsulfoxide).
This coloured solution can then be measured using a spectrophotometer. The greater the
number of cells that are metabolising, then the greater the amount of MTT converted to
the formazan product, giving a DMSO solution with a greater absorbance. Therefore the
effect of the chemotherapeutic drugs on the viability of the cells can be compared
between different drugs to find the most effective drug, i.e. the drug which produces the
DMSO + formazan solution of lowest absorbance.

A variation of the MTT assay is the XTT assay, which uses XTT (2,3-bis (2-methoxy-4nitro-5-sulfophenyl)-5-[(phenylamino) carbonyl]-2//-tetrazolium hydroxide) as the
tétrazolium reagent. The XTT assay has the advantage that the formazan product is
soluble in aqueous solution and so DMSO extraction is not required before the results
are obtained. One disadvantage of the XTT assay over the MTT assay is that several cell
lines do not metabolise XTT as well as they do MTT (Scuderio et al, 1988), so the
MTT assay remains the assay of choice in this situation.

The results obtained for cell lines with the MTT assay correlate well with the other
methods of assessing viability such as the dye exclusion assay, protein measurements
and clonogenic assays. However there is evidence that cells that are unable to exclude
vital dyes, i.e. cells that are dying, can still metabolise MTT to give the formazan
product. However there are several other disadvantages of the MTT assay. Firstly, the
colour of the formazan product fades within a short time of forming so the results need
to be read immediately after solubilisation of the formazan in DMSO. Secondly, the
reduction of the MTT is affected by several factors such as the pH of the media and
chemical interference or chemical reduction of MTT by factors in the growth media,
including some drugs. Thirdly, the metabolic condition of the cells affects the reduction
of MTT. For example, if the cells are lacking a vital metabolite, such as glucose, they
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may not be able to produce reducing agents capable of reducing the MTT. Fourthly, the
MTT assay can not be used to distinguish between cytotoxic and cytostatic effects.
Despite these difficulties, the MTT assay has been used to predict the response of
patients to chemotherapy in a number of studies (Stute et al, 1999, Xu et al, 1999,
Yamaue

«/., 1992, 1996).

1.6.6 The Fluorometric Microculture Cytotoxicity Assay (FMCA)
The Fluorometric Microculture Cytotoxicity Assay (FMCA) is another cytotoxicity
assay which relies on the metabolic activity of live cells after incubation with test drug.
The hydrolysis of fluorescein diacetate to fluorescein by live cells produces fluorescence
which is measured and is proportional to the number of cells present (Larsson & Nygren
1993). Similar to the MTT assay the tumour cells are incubated with drug in 96-well
plates for a set period of time, normally 72 hours. At the end of this time the media is
removed from the cells and fluorescein diacetate is added to the cells. The resulting
fluorescence is measured using a fluorimeter and the proportion of live cells present in
relation to suitable controls can be calculated.

The FMCA has been evaluated in a number of different tumour types including ovarian
carcinoma (Csoka et al, 1994), acute myelocytic leukaemia (Nygren et al, 1992,
Larsson et al, 1992, Kristensen et al, 1999), and kidney and urinary carcinomas
(Nygren et al, 1999). The results obtained with the FMCA correlate well with results
obtained in parallel with the DiSC assay (Csoka et al, 1994). The FMCA has also been
used to evaluate new agents such as vinorelbine in relation to current drugs (Fridborg et
a/., 1996).

1.6.7 Sulphorhodamine B Assay
The Sulphorhodamine B assay determines the protein content of a sample and uses this
as an indicator of cell growth and viability. As with the MTT assay, the tumour cells are
grown in 96-well plates and cultured in the presence of drug for a set period of time.
After the incubation period, the cells are fixed in situ and stained using
sulphorhodamine B which is a bright pink stain and is quantified using a
spectrophotometer.
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The sulphorhodamine B assay has been found to compare favourably with the MTT
assay, with better sensitivity (Keepers et al, 1991, Rubinstein et al, 1990), and
currently forms the basis of the NCI drug screening program (Skehan et al, 1990,
Monks et al, 1991). However, there are concerns that debris from dead cells being
stained by the dye may produce false results (Keepers et al, 1991) but these seem to be
minimised if readings are taken 24 hours after staining in cell line culture. The end point
of the sulphorhodamine B assay, the bright pink staining, has the advantage of being
long lasting and so does not need to be quantified immediately once the cells are lysed.

1.6.8 ATP bioluminescence assay
Firefly luciferin-luciferase has been used as a means of quantifying amounts of ATP and
hence estimation of biomass (Lundin et al, 1986). This phenomenon forms the basis of
the ATP bioluminescence assay which has been used in various forms by several groups
to determine in vitro and ex vivo chemosensitivity (Kangas et al, 1984, Môllgârd et al,
2000, Maehara

û(/., 1986, Kumitz era/., 1986, Crouch era/., 1993, Andreotti era/.,

1995). The hydrolysis of ATP to AMP by luciferase produces light that is proportional
to the amount of ATP hydrolysed, so the concentration of ATP can be determined for
comparison between samples.

As ATP is the major intracellular source of energy required for metabolism, it is
considered a valid indicator of living cells (biomass). When cells die, either through an
apoptotic route or by necrosis, they rapidly lose their ATP. During apoptosis, ATP is
hydrolysed to produce the energy required for the enzymic processes involved in cell
death. When necrosis occurs, the cell membrane deteriorates and ATP leaks out of the
cell where it is rapidly degraded by ATPases.

The method of testing chemosensitivity is similar to that of the MTT assay. The method
described here is that of Andreotti et al (Andreotti et al, 1995), currently sold as a kit
(TCA-100) by DCS Innovative Diagnostik Système, Hamburg, Germany (see ‘Materials
and Methods’ Chapter 2). The tumour sample is subjected to a gentle enzymic
dissociation to produce a single cell suspension. The cells are then cultured in liquid
media in 96 well polypropylene plates with or without the test drugs. Two controls are
included, a maximum inhibitor (MI) is added to wells which kills all the cells present
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giving a zero ATP count and no inhibitor (MO), which equates to 100% viable cells.
The cells are cultured for 6 to 7 days at 37°C with 5% CO2 .

A commercial extraction reagent is used to lyse the cells and inhibit the ATPases
contained within the cells, which prevents ATP degradation. ATP quantification takes
place by adding the luciferin-luciferase counting reagent to the cell lysate. The amount
of light produced is measured with a luminometer. By comparing the readings obtained
for the controls, with the results for the cells cultured with drugs, the effects of the drugs
on the tumour can be assessed. If the ATP levels for the drug treated cells are lower than
the 100% ATP control then the drug is showing an inhibitory effect on the growth of the
tumour cells, i.e. the tumour is sensitive to the drug. The degree of sensitivity to the
drugs can be quantified by comparing the readings of drug treated cells to the controls.
Indices of efficacy such as IC50 and IC90 can be calculated from the data.

The ATP assay is more sensitive than all the other assays described here, requiring as
few as 1000 tumour cells per well to obtain an evaluable reading. This compares
favourably with the MTT assay, which, for example, requires at least 25000 cells to give
evaluable readings (Petty et al, 1995). The ability of the ATP assay to measure the
presence of <5 viable cells/well means that drugs can be compared for their ability to
kill all of the tumour cells present (Andreotti et a/., 1995, Cree & Kurbacher 1997). A
further advantage of the ATP assay is that interference from non-tumour cells is
minimised by the use of polypropylene plates for cell culture which inhibit cell
adherence, thereby selecting tumour cell survival over non-tumour cell survival. The
specialised media is also designed to eliminate non-tumour cell growth (Andreotti et al.,
1995). There is one problem with the ATP assay in that the observed reduction of ATP
in response to drug treatment may be due to several factors, either fewer cells are
present (cytotoxic effect) or there is the same number of cells with less ATP per cell
than the no drug control (a cytostatic effect).

The ATP tumour chemosensitivity assay has shown good correlation between ex vivo
sensitivity and clinical response in a number of tumour types. Table 1.7 below
summarises some of these results.
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Table 1.7. A summary of recent studies using the ATP tumour chemosensitivity assay
Tumour site

Summary of results

Reference

Breast

97% evaluabilitily rate for sugical biopsies.

CvQQetal, 1996

Response predicted correctly in 76% of
specimens (22 out of 29)
Breast

Ovarian

94.5% evaluability rate for surgical

Kurbacher et al,

biopsies

1996

89% evaluability rate for clinical

Konecny et al,

specimens. 76% of patients were classed as 2000
sensitive ex vivo (to the drug regimen used
clinically), and had a significantly longer
progression free survival than those
patients classed as resistant ex vivo (to the
drug regimen used clinically)
Ovarian

Ovarian

Greater than 90 % accuracy for predicting

Andreotti et al,

cisplatin resistance

1995

93% evaluability rate for clinical

Kurbacher et al,

specimens. 64% overall response rate

1998

compared to 37% in control group with
increased progression free survival and
overall survival
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1.7 Experimental Hypothesis and Aims
1.7.1 Hypothesis
This thesis examines the hypothesis that the ATP-TCA is able to discriminate the levels
of resistance for uveal (highly clinically resistant) versus cutaneous melanoma (less
clinically resistant), and that this assay can be used to compare new agents with existing
agents as an aid to drug and regimen development.

1.7.2 Aims
1. To determine the ex vivo chemosensitivity of uveal and cutaneous melanoma
samples using the ATP-TCA and compare and to contrast the results,
2. To determine the ex vivo chemosensitivity of ovarian adenocarcinoma samples as
part of a phase III clinical trial comparing assay directed therapy with physicians
choice,
3. To evaluate high dose doxorubicin in ovarian adenocarcinoma samples as an
equivalent to liposomal doxorubicin,
4. To evaluate the new drug XR5000 using the ATP-TCA with cutaneous melanoma
and ovarian adenocarcinoma samples.
5. To assess the effects of an antisense oligonucleotide targetted against c-myc as a
modulator of various chemotherapeutic agents on cutaneous melanoma cell lines
using the ATP-TCA.

72

Chapter 2 - Materials and Methods
2.1 Introduction
This Chapter describes the various methods that have been used during the course of
this PhD. The main method used is the ATP based chemosensitivity assay (ATP-TCA)
which is described in Chapter 1.6. The ATP-TCA was used to assess the ex vivo
chemosensitivity of uveal and cutaneous melanoma, ovarian adenocarcinoma samples,
and various cell lines. The ATP-TCA was also used to evaluate new drugs and drug
combinations and the use of antisense technology to enhance chemosensitivity of
different drugs in human cancer specimens.

The percentage of uveal and cutaneous melanoma cells expressing the c-myc
oncoprotein was assessed by FACS analysis. All of the FACS analysis was carried out
by Dr Paul Tulley and co-workers at the RAFT Institute of Plastic Surgery, England.
The method for this is also included.

Immunohistochemistry has been used for several different purposes throughout this
study; to determine cell type, and to investigate expression levels of different proteins
during the course of an ATP-TCA and exposure to different drugs. All of the
immunohistochemistry used here was carried out by the staff of the Histology
laboratory. Institute of Ophthalmology, predominantly by Dee Homall. The method
used is also included here.

2.2 Materials and Methods
2.2.1 Cell Culture media
All chemosensitivity assays were performed in Complete Assay Medium (CAM) (DCS
Innovative Diagnostik Système, Hamburg, Germany). CAM is serum free and does not
contain growth factors. This media was supplemented with 100 lU/ml penicillin and
100 mg/ml streptomycin (Gibco BRL, Paisley UK, 15140-114) and 10 mM HEPES
(Sigma Chemical CO Ltd, Poole, Dorset, England. H9136).

Excess tumour cells were cultured in Dulbecco’s Modified Eagles Medium (DMEM)
(Sigma D5671) supplemented with 100 lU/ml penicillin and 100 mg/ml streptomycin
(Gibco BRU 15140-114), 10% Foetal Calf Serum (FCS) (Gibco BRL 10109 - 064) and
2 mM glutamine (Sigma G7513).
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2.2.2 Transportation of Tumour Material
Tumour material was transported in sterile universals containing 10ml Dulbecco’s
Modified Eagle’s Medium (DMEM) (Sigma D5671) to which 100 lU/ml penicillin and
100 mg/ml streptomycin (Gibco BRL 15140-114) and 10 mM HEPES (Sigma H9136)
had been added.

Up to 225 ml of ascites and pleural fluid were transported in 250 ml bottles, containing
25 ml (DMEM) (Sigma D5671) to which 250 lU/ml penicillin and 250 mg/ml
streptomycin (Gibco BRL 15140-114) and 250 mM HEPES (Sigma H9136). 5000 lU
heparin sodium (Monoparin®, CP Pharmaceuticals Ltd, Wales) was added as a
precaution to prevent blood clots forming whilst in transit. Tumours that required
overnight delivery were packed in a polystyrene box containing an ice pack, with the
specimen separated from the ice pack by paper towels to prevent freezing of the
specimen, which results in cell death and an inadequate sample for assay.

2.2.3 Tumour Material
Fresh tumour material from the following centres was obtained under sterile conditions:
Enucleations from uveal melanoma patients
• Moorfield’s Eye Hospital
• St Bartholomew’s Hospital

Liver biopsies from metastatic uveal melanoma patients
• Addenbrookes Hospital, Cambridge

Cutaneous melanoma biopsies from metastatic deposits
• Addenbrookes Hospital, Cambridge
• Royal London Hospital, London
• Western Infirmary, Glasgow
• Mount Vernon Hospital, Middlesex
• Southend General Hospital, Essex
• St Mary’s Hospital, Portsmouth
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Ovarian adenocarcinoma (ascites and solid tumour)
• Southend General Hospital, Essex
• Royal Preston Hospital, Lancashire
• Airedale General Hospital, West Yorkshire
• Dorset Cancer Centre, Poole Hospital, Dorset

If they passed the entry criteria and patient consent was obtained, ovarian
adenocarcinoma specimens from platinum-refractory patients requiring second line
chemotherapy were entered into a randomised trial comparing physician’s choice
chemotherapy against chemosensitivity assay directed therapy (Kurbacher et al,
1997b).

Ethics committee approval was granted from Moorfields Eye Hospital Ethics
Committee for the use of tissue not required for diagnosis. Individual trials received
approval from the Local Regional Ethics Committee (LREC) for the areas submitting
tissue, and the TCA Ovarian Cancer trial also had Multi-centre Regional Ethics
Committee (MREC) approval.

2.2.4 Enucleated eye preparation
As the enucleated eyes were primarily for diagnosis all the handling of the uncut eye
was performed by a pathologist for diagnostic and insurance reasons. Three pathologists
were routinely involved in the handling and cutting of fresh eyes: Dr Ian Cree,
Professor Philip Luthert and Dr Brian Clark. Enucleated eyes were examined externally
and by trans-illumination using a fibre-optic light source to locate the tumour. The eye
was then placed in a sterile steel eyecup and sectioned posteriorly starting at the cornea
on one side of the mid-line continuing to the same side of the optic disk. The larger
anterior-posterior block including the optic nerve was placed immediately into 4%
buffered formaldehyde for histopathology, while the calotte was examined further.

Tumour material was scraped from the calotte and placed into 10ml DMEM to which
100 lU/ml penicillin and 100 mg/ml streptomycin and 10 mM HEPES had been added.
In certain cases, such as iris melanomas and when the smaller calotte was required for
diagnosis, the whole of the eye was placed into 4% buffered formaldehyde and no
tumour was taken for chemosensitivity testing.
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2.2.5 Initial preparation of cutaneous melanoma and ovarian adenocarcinomas
Upon receipt of cutaneous melanoma and ovarian adenocarcinoma biopsies, a small
piece of tumour material was cut from the biopsy and placed into 4% buffered
formaldehyde for histopathological examination to ensure that the specimen contained
neoplastic cells. The hospital sending the sample kept the majority of the sample so that
a pathology report could be obtained for patient management and only material not
required for diagnosis was sent for testing. The remaining tumour material was digested
as described below (Section 2.2.7). Drop-preparations of ascites and pleural effusion
samples were prepared so that an immunohistochemical diagnosis could be made to
confirm that neoplastic cells were present (Section 2.3.8).

2.2.6 ATP based Tumour Chemosensitivity Assay (ATP-TCA)
The ATP based Tumour Chemosensitivity Assay (ATP-TCA) was performed as
previously described (Andreotti et al 1995). The protocol is that for the TCA-100 as
produced by DCS Innovative Diagnostik Système, Hamburg Germany. The method is
described below.

2.2.7 Enzymatic tumour dissociation
Depending on the tumour type either uveal or cutaneous melanoma or ovarian
adenocarcinoma, the correct dissociation enzyme (either Tumour Dissociation Reagent
or collagenase) was reconstituted with 10ml complete assay medium (CAM, DCS
Innovative Diagnostik Système, Hamburg, Germany) and diluted. The enzyme solution
was then filter sterilised into a 30ml sterile universal using a 0.22 pm filter and 10ml
syringe.

Two different enzymes were used to digest the tumour specimens, they were
collagenase (Sigma C8051) or Tumour Dissociation Reagent (TDE) (DCS, Innovative
Diagnostik Système, Hamburg Germany). Table 2.1 below shows which enzyme was
used for which tumour type.
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Table 2.1. The different tumours were dissociated with different enzymes as shown.
Dissociation enzyme

Tumour

Collagenase 0.375-0.75 mg/ml

Uveal melanoma. Cutaneous
melanoma*

Tumour Dissociation Reagent 1:1, 1:2 or 1:4

Ovarian Adenocarcinoma,

dilution

Cutaneous melanoma*

*98C002, 98C003, 98C005, 98C006, 98C007, 98C008, 98C017, 98C018 (half the
sample), were digested using a collagenase solution, the remaining cutaneous
melanomas were digested using diluted TDE.

2.2.8 Preparation of Solid Tumour Specimens
The tumour specimen was placed in a 100 x 15 mm petri dish and dissected within a
class II safety cabinet. Using sterile scalpels excess fat and connective tissue (and skin
in the case of some cutaneous melanoma métastasés) was excised. With the ovarian and
cutaneous melanoma specimens this tissue was placed into 4% buffered formaldehyde
along with the small piece of tumour material for histopathological diagnosis. The
specimens were then minced using the scalpels into 0.5 - 2.0 mm^ pieces and
transferred into the universal containing the previously prepared enzyme solution. If the
tumour sample was large, i.e. greater than 5 x 1 0 x 1 0 mm, then more than one digest
was set up with equal amounts of tumour material going into each digest. The tumour
and enzyme solution was then incubated for a minimum of 2 hours but generally
overnight, at 37°C. If for any reason the tumour needed to be digested quickly over 2-4
hours, then neat or 1:2 dilution of TDE was employed. The mixture was shaken /
inverted (not vigorously) at intervals to disrupt the specimen and encourage the
dissociation.

Once a cell suspension was evident the preparation was centrifuged at 200g for 10
minutes and the supernatant discarded. The cells were then washed twice by
resuspending in 10 ml CAM and centrifuging at 200g for 10 minutes. The supernatant
was kept separate from the sample after each wash until the cells had been counted.
After the second wash the cells were resuspended in 10ml CAM (less if the specimen
was small) and the universal stood vertically to allow any undigested material to
sediment out.
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The cell viability and concentration were then assessed using the trypan blue exclusion
method. If the cell viability was below 50%, if there was a large amount of debris, or
blood cells were present, the viable cells were separated using Ficoll - Hypaque density
gradient separation (see section 2.2.10).

In the case of ascitic or pleural fluid samples, the specimen was centrifuged at 200g for
10 minutes and resuspended in CAM before assessing cell number and viability. The
majority of ascites specimen contained a large amount of blood cells that were removed
by Ficoll - Hypaque density gradient separation (see section 2.2.10).

2.2.9 Trypan Blue Exclusion Method
Cell number and viability were routinely assessed using a haemocytometer and the
trypan blue exclusion method. Equal volumes of cell suspension and a 0.4% solution of
trypan blue (Sigma T8154), normally 20 pi, were mixed in an eppendorf and pipetted
onto the haemocytometer. Dead or dying cells are unable to pump trypan blue out of the
cytoplasm and so appear blue under the microscope with viable cells remaining clear
(Kaltenbach et al, 1958).

This method also allowed the amount of non-tumour cells in the sample to be estimated.
The commonest non-tumour cells in samples were red blood cells. Excess red blood
cells were removed by Ficoll - Hypaque density gradient separation (see section
2.2.10). The specialised media (CAM) and the culture plates ensured that lymphocytes
and other non-malignant cells did not survive in culture and therefore did not interfere
with the assay results (see Chapter 1.6).

2.2.10 Ficoll - Hypaque Density Gradient Separation
Ficoll-Hypaque density gradient (Boyum 1968) separation was performed following
manufacturers instructions as described below. 10ml of Ficoll-Hypaque (up to February
1999 Lymphoprep, Nycomed, March 1999 onwards Histopaque Sigma 1077-1) was put
into a sterile 30ml universal. An equal volume of the digested specimen was layered on
top of the Ficoll-Hypaque using a sterile Pasteur pipette, taking care not to mix the two
layers. The sample was then centrifuged at 400g for 30 minutes at room temperature.
After this period the blood cells should have formed a pellet, leaving the tumour
derived cells forming an interface between the Ficoll-Hypaque and CAM. The interface
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was transferred using a sterile Pasteur pipette into another sterile 30ml universal. The
cells were then washed twice with 10ml CAM by centrifugation at 200g for 10 minutes.
The cell number and viability were then reassessed using the trypan blue exclusion
method.

2.2.11 Preparation of Chemotherapeutic Test Drugs
All of the chemotherapeutic drugs or combinations were tested in triplicate at 6
dilutions (all of the 1997 samples were tested in triplicate at 7 dilutions, see below for
different plate design), corresponding to 200%, 100%, 50%, 25%, 12.5% and 6.25% of
the estimated Test Drug Concentration (TDC). The TDC is based on the peak plasma
concentration and the protein binding for the individual drugs (Andreotti et a/., 1995). In
each 96-microwell culture plates four drugs could be tested. The remaining wells in the
plate were used for maximum inhibitor (MI) and no drug (MO) controls. The two plate
designs used are shown in Figure 2.1. The plate layout was changed to have only six
drug concentrations to allow for more negative and positive controls. The original plate
design shown in Figure 2.1a has the MO wells next to the highest concentration of
drugs three and four. There is some evidence that at the highest concentration, some of
the chemotherapeutic drugs are volatile and can cross over from adjacent wells and
have cytotoxic effects on their surrounding wells (Andreotti et a/., 1995). This potential
diffusion effect in the plate could result in lower than expected values for the MO wells.
Therefore the plate layout shown in Figure 2.1b, is a safer design with the MO wells
(row H) beside the lowest drug concentration wells (row G). Also there are 12 MO
wells which will reduce any error from drug contamination from other wells. As only a
few of the drugs are volatile the design in Figure 2.1b reduces the risk of cross
contamination as MO wells are adjacent to all four of the different test drugs.

All the chemotherapeutic drugs were prepared following manufacturers instructions and
divided into aliquots which were then stored at either room temperature, 4°C, -20°C or 70°C (Hunter et al, 1994). A list of all the drugs used including the stock and test drug
concentrations and the storage conditions can be found in Table 2.2.

An 800% TDC solution of each drug to be tested was prepared by diluting the stock
solution into either 5 or 10ml CAM. Table 2.2 shows the volume that needs to be added
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to 5ml CAM to obtain an 800% TDC solution, as well as the TDC for all the drugs
used.

2.2.12 Choice of Drugs for ATP-TCA
The panel of drugs used for each assay were chosen to represent different mechanisms
of action by Dr Cree in consultation with colleagues in oncology. The drugs panel
tested with the uveal melanoma samples was regularly changed to cover a larger
number of drugs with the limited material available. The drugs tested in the ovarian and
cutaneous melanoma samples formed part of a set drug list due to their inclusion in
clinical trials. The set drug lists are shown below. The current protocol produced by
DCS for the TCA-100 includes changes to some of the TDC values see Chapter 7.
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Table 2.2. The Test Drug Concentrations, stock drug concentrations of the drugs used in
the ATP-TCA, as well as their storage conditions (RT = Room temperature)
Chemotherapeutic

Test Drug

Stock

pi of stock drug

drug

Concentration

drug

solution added to conditions

(TDC) pg/ml

solution

5 ml CAM to

mg/ml

give 800% TDC

Storage

(°C)

test solution
75 ng/ml

0.6

5.0

-20

Carmustine (BCNU)

2.0

3.3

24.0

-20

Cisplatin

3.0

1.0

120.0

RT

Cytosine arabinoside

12.0

20.0

24.0

-20

Dacarbazine (DTIC)

10.0

10.0

40.0

-20

Doxorubicin

0.5

2.0

10.0

-20

Epirubicin

0.5

2.0

10.0

-20

Etoposide

16.0

20.0

32.0

-20

Gemcitabine

12.0

40.0

12.0

-20

1000 lU/ml

100000

400.0

-20

Azathioprine

Interferon Alpha-2b

lU/ml
Mitoxantrone

0.95

2.0

38.0

RT

Mitomycin C

0.7

1.0

56.0

-20

6.8 increased to

6.0

45.5 increased to

RT

Paclitaxel

13.6 (01/01/98)

91.0 (01/01/98)

Temozolomide

10.0

20.0

20.0

-20

Topotecan

0.75

1.0

30.0

-20

Treosulfan

20.0

50.0

16.0

-20

Vinblastine

0.5

1.0

20.0

-20

Vincristine

0.4

1.0

16.0

-20

Vinorelbine

1.0

10.0

48.0

-20

XR5000

1.2

1.0

50.0

-20
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1

2

3

4

5

6

7

8

9

10

11

12

A

MI

MI

MI

MI

MI

MI

MO

MO

MO

MO

MO

MO

B

DRUG 1

DRUG 1

DRUG I

DRUG 2

DRUG 2

DRUG 2

DRUG 3

DRUG 3

DRUG 3

DRUG 4

DRUG 4

DRUG 4

200% TDC

200% TDC

200% TDC

200% TDC

200% TDC

200% TDC

200% TDC

200% TDC

200% TDC

200% TDC

200% TDC

200% TDC

C
D
E
F
G
H

DRUG 1

DRUG 1

DRUG I

DRUG 2

DRUG 2

DRUG 2

DRUG 3

DRUG 3

DRUG 3

DRUG 4

DRUG 4

DRUG 4

100% TDC

100% TDC

100% TDC

100% TDC

100% TDC

100% TDC

100% TDC

100% TDC

100% TDC

100% TDC

100% TDC

100% TDC

DRUG 1

DRUG I

DRUG I

DRUG 2

DRUG 2

DRUG 2

DRUG 3

DRUG 3

DRUG 3

DRUG 4

DRUG 4

DRUG 4

50% TDC

50% TDC

50% TDC

50% TDC

50% TDC

50% TDC

50% TDC

50% TDC

50% TDC

50% TDC

50% TDC

50% TDC

DRUG 1

DRUG I

DRUG I

DRUG 2

DRUG 2

DRUG 2

DRUG 3

DRUG 3

DRUG 3

DRUG 4

DRUG 4

DRUG 4

25% TDC

25% TDC

25% TDC

25% TDC

25% TDC

25% TDC

25% TDC

25% TDC

25% TDC

25% TDC

25% TDC

25% TDC

DRUG 1

DRUG I

DRUG I

DRUG 2

DRUG 2

DRUG 2

DRUG 3

DRUG 3

DRUG 3

DRUG 4

DRUG 4

DRUG 4

12.5% TDC

12.5% TDC

12.5% TDC

12.5% TDC

12.5% TDC

12.5% TDC

12.5% TDC

12.5% TDC

12.5% TDC

12.5% TDC

12.5% TDC

12.5% TDC

DRUG 2

DRUG 2

DRUG 3

DRUG 3

DRUG 3
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Figure 2.1a. The above figure shows the original plate layout used for the ATP-TCA. The four drugs are tested at seven concentrations ranging from
3.13% up to 200% of the TDC. The plate also has six no drug controls (MO) and six maximum inhibitor wells (MI) to allow for percentage growth
inhibition values for each drug at each concentration to be calculated at the end of the assay.
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Figure 2.1b. The above figure shows the second plate layout used for the ATP-TCA. The four drugs are tested at six concentrations ranging from

6.25% up to 200% of the TDC. The plate has 12 no drug controls (MO) and 12 maximum inhibitor wells (MI) to allow for percentage growth
inhibition values for each drug at each concentration to be calculated at the end of the assay.

2.2.13 Ovarian Adenocarcinoma drug list
There were two drug lists for ovarian adenoearcinoma assays depending on whether the
patient was being assayed on or off the trial.

Trial drug list

Plate 1

Plate 2

1. Cisplatin

1. Mitoxantrone

2. Treosulfan

2. Epirubicin

3. Paclitaxel

3. Gemcitabine

4. Mitoxantrone + paclitaxel

4. Cisplatin + gemcitabine

Plate 3
1. Epirubicin + treosulfan
2. Etoposide
3. Topotecan
4. Epirubicin + paclitaxel

The drug list for ovarian adenocarcinomas tested off-trial was more variable to suit the
previous treatments that the patient had previously received. The off-trial drug list
involved the following:

1. Cisplatin
2. Gemcitabine
3. Cisplatin + gemcitabine
4. Treosulfan
5. Treosulfan + gemcitabine
6. Mitoxantrone
7. Paclitaxel
8. Mitoxantrone + paclitaxel
9. Etoposide
10. Topotecan
11. Etoposide + topotecan
12. Doxorubicin x5 (equivalent to liposomal doxorubicin)
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2.2.14 Cutaneous Melanomas Drug List
The majority of the cutaneous melanomas were tested as part of a phase II trial and as
such had a set drug list.

Plate 1

Plate 2

1. Cisplatin

1. Treosulfan

2. Paclitaxel

2. Gemcitabine

3. Cisplatin + paclitaxel

3. Treosulfan + gemcitabine

4. Vinorelbine + paclitaxel

4. Vinorelbine

Plate 3
1. Dacarbazine
2. Temozolomide
3. Interferon alpha 2b
4. Vinblastine

2.2.15 XR5000 Drug List
In certain cases of cutaneous melanoma and ovarian adenocarcinoma when there were
enough cells a fourth plate of test drugs was set up. This fourth plate was used to
evaluate the sensitivity to an experimental drug, XR5000. The four drugs /
combinations tested were as follows
1. XR5000
2. XR5000 + cisplatin
3. XR5000 + gemcitabine
4. XR5000 + paclitaxel
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2.2.16 Preparation of 96-well Microculture plates for addition of tumour cells
All ATP-TCAs with tumour cells were performed in round bottomed polypropylene
culture plates (Costar cat no.3790) 100pi of maximum inhibitor reagent (DCS
Innovative Diagnostik Système, Hamburg, Germany, or 0.02% Triton X-100 in
DMEM) was added to the MI wells, see Figure 3. To the remaining wells of the plate,
including the MO wells, lOOpl of CAM was added.

lOOpl of the 800% PPC solution of each drug was added in triplicate to row B of the
96-well plate. Using a multichannel pipette the drugs were serially diluted down the
plate from row B to either row 0 or H, depending on which plate design was being
used, the excess lOOpl remaining after the serial diluting was discarded. The plate was
now ready for addition of the tumour cells.

2.2.17 Addition of tumour ceils to the 96-well plate
The tumour cells were diluted in CAM to give a final concentration of 200,000 cells per
ml. For ovarian ascites and pleural fluid the cells were diluted to 100,000 cells per ml,
as the percentage of neoplastic cells is normally >90%, whereas in solid tumours less
tumour cells are present. 100 pi of cells was then added to each well of the 96 well
plate. The final cell concentration in each well was 20,000 for solid tumour specimens
and 10,000 for the ascites and pleural fluid. The plates were incubated in a 95%
humidified, 37°C, 5% CO2 incubator for 6-7 days. The plates were checked periodically
for overgrowth and infection.

Any cells that were not required for ATP-TCA were put into 25 cm^ culture flasks with
DMEM supplemented with 100 lU/ml penicillin and 100 mg/ml streptomycin, 10%
FCS and 2mM glutamine, in an attempt to create primary cultures for other
experiments. After the incubation period the ATP was extracted from the cells and
measured.

2.2.18 ATP extraction
ATP was extracted from the cells by the addition of 50pl of ATP extraction reagent
(DCS Innovative Diagnostik Système, Hamburg, Germany) to each of the wells of the
96 well plate. The cells were immediately mixed by gentle pipetting 4-6 times using a
multichannel pipette. Pipette tips were discarded after each drug triplicate. Plates were
incubated at room temperature for a minimum of 20 minutes and a maximum of one
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hour before the ATP was read. If the ATP was not going to be read immediately then
the plates were stored at -20°C and thawed out fully when they were to be read.

2.2.19 Preparation of Luciferin-Luciferase Counting Reagent
The ATP in the wells was measured using a luciferin-luciferase counting reagent (DCS
Innovative Diagnostik Système, Hamburg, Germany, or ASD Fort Lauderdale, USA).
The ATP was measured using a Dynatech MLl 100 plate reader (Dynex, Billingshurst,
Sussex, England), an E&G Berthold LB953 (EG&G Berthold GmBH, Wildbad,
Germany, now part of Perkin Elmer), or a Berthold Diagnostic Systems MPLl
(Berthold Diagnostic Systems, Pforzheim, Germany). All luminescence measurements
were performed following manufacturer’s instruction for each luminometer.

A bottle of lyophilised luciferin-luciferase counting reagent was reconstituted with
21ml of Dilution buffer (DCS Innovative Diagnostik Système, Hamburg, Germany),
which allowed for four 96 well plates to be read as well as an ATP standard curve. The
bottle was inverted several times to mix and incubated at room temperature for at least
30 minutes before use. The reconstituted luciferin-luciferase was protected from light at
all times.

2.2.20 ATP standard curve
An ATP standard curve was performed prior to reading any ATP-TCA plates as a
quality control to ensure that all reagents and equipment were working properly. A vial
of lyophilised ATP standard (DCS Innovative Diagnostik Système, Hamburg,
Germany) was reconstituted with 2 ml of dilution buffer to give a stock ATP
concentration of 250 ng/ml. A serial dilution of the ATP standard was performed in the
first 9 wells of a white walled 96 well plate (Dynatech, Cat no 7905), with each well
containing 50pl of a 1:3 dilution of the ATP from the previous well to give ATP
concentrations of 83.33, 27.76, 9.253, 3.084, 1.028, 0.342, 0.114, 0.038 and 0.012
ng/ml. 50pl of the previously prepared luciferin-luciferase counting reagent was added
to each well and then the luminescence read using a luminometer. Plotting the log of
ATP concentration against the log of luminescence counts produced a straight standard
curve (graph 3.1, Chapter 3).
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2.2.21 Evaluability Criteria
For an assay to be evaluable the average MO luminescence had to be at least as high as
the luminescence produced by 1.028 ng/ml ATP in the standard curve. The
luminescence produced by 1.028 ng/ml of ATP varied with the age of the ATP
standard, and the luciferin-luciferase counting reagent. Table 2.3 below summarises the
values that were considered standard results for evaluability of the average MO
luminescence.

Table 2.3. standard luminescence values produced by 1.028 ng/ml of ATP assessed in
three luminometers using the method described above for the ATP standard curve.
Luminometer

Luminescence of 1.028 ng/ml ATP (counts)

LB953

20,000

MLl 100

0.1500

MPLl

1000

2.2.22 Reading ATP Levels from Assay Plates
To read the ATP levels in the ATP-TCA plates following cell lysis (ATP extraction),
50pl from each well of the 96 well culture plate was transferred into a white walled 96
well plate, using fresh pipette tips for each drug. To each well, 50pl of the previously
prepared luciferin-luciferase counting reagent was added and then the luminescence
was read using the luminometer, following the manufacturer’s operating instructions.
After reading, the remaining extracted cells were stored in the 96 well culture plate at 20°C until the data had been analysed and the plate did not need to be read again.

2.2.23 Calculation and Interpretation of Luminometry results
The data produced from each ATP-TCA plate was entered into an Excel (Microsoft)
spreadsheet that calculated the percentage tumour growth inhibition at each
concentration, the IC50, IC90 and the area under the concentration vs inhibition graph
(Index^uc) for each drug. The % inhibition at each drug concentration was used to plot
% inhibition curves for each drug or combination. As the variation between the wells
that were averaged to calculate % inhibition is small (typical coefficient of variance of
less than 10%), error bars have not been included on any of the graphs shown here as
they are often smaller than the markers on the graphs.

The percentage tumour growth inhibition was calculated as follows:
(TEST) - (MI)
1.0 - '

X 100 = Percent tumour growth inhibition
(MO) - (MI)

(TEST) = mean counts for test drug wells
(MI)

= mean counts for maximum inhibitor wells

(MO)

= mean counts for no drug controls

For ease of comparison between different tumours a sensitivity index Indexg^^ for each
drug in each tumour was calculated. This involved summing the percentage tumour
growth inhibition and subtracting this figure from 600 (in the case of 6 drug dilutions)
or 700 (in the case of 7 drug dilutions). The Excel spreadsheet calculates the
sensitivity index automatically for each drug or combination.

IndeXguM = 600 - Sumllnhibition^ js

200]

or
IndeXsuM = 700 - Sumflnhibitiouj ....
13

200

I

A second sensitivity index Index^uc was calculated using the trapezoidal rule to
calculate the area under the % inhibition curve for each drug. The effects of
combinations of drugs compared to the constituent single agents are also analysed in the
Excel spreadsheet using the methods determined by Poch et al (Poch et al, 1990, 1995),
which compares the expected (additive) effect with the achieved effect at each drug
concentration. The results are presented graphically, e.g. Figure 4.5b. The methods of
Poch et al are better suited to the data produced by the ATP-TCA than other methods
commonly used to evaluate combination effects such as those of Chou and Talalay
(Chou & Talalay 1984).

The data was also entered into an Access (Microsoft) database.
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2.2.24 Up-regulation of p53 and PCNA in Response to Chemotherapy
A pilot experiment to assess the cellular response to chemotherapeutic drug insult was
performed as described below. The proportion of uveal melanoma cells expressing p53
and proliferating cell nuclear antigen (PCNA) were determined, before and during
incubation with chemotherapeutic drugs. A single plate ATP-TCA was set up with
primary cultures of uveal melanoma cells and three drugs, treosulfan, gemcitabine and
the combination of treosulfan and gemcitabine, at 50% of their TDCs as described
above. 50 pi were removed from each condition (MO, treosulfan, gemcitabine, and
treosulfan + gemcitabine) in the ATP-TCA at specific time points and pipetted onto an
APES (Sigma A3648) coated glass slide and air dried and subsequently fixed in acetone
(see section 2.3.8). The cells used were excess cells from a uveal melanoma sample,
98M059, that had been cultured in DMEM supplemented with 10% FCS, 2mM
glutamine and antibiotics. The cells were washed and resuspended in CAM (DCS,
Innovative Diagnostik Système, Hamburg Germany) before the assay was set up. The
time points chosen were 0, 24, 48, 96 and 144 hours after the addition of the cells to the
drugs. The slides were collected together and batch stained using
immunohistochemistry with the specific antibodies (see section 2.3.8).

The percentage of cells staining positively for either p53 or PCNA were determined
using a light microscope. 100 cells were counted in three different fields (at x400
magnification, area of field 0.23mm^) on the slide and the percentage stained positively
was calculated.

2.3 Cell line assays
2.3.1 Cell Lines
The MCF7 breast cancer cell line and the acute lymphoblastic leukaemia CCRF-CEM
cell line were purchased from the ATCC. SKMEL28, MM96L and MeWo melanoma
cell lines were kindly supplied by David Jackson, ICRF, Leeds, England. A375 cells
were provided by Paul Tulley, Gray Laboratories, Mount Vernon Hospital, Northwood,
Middlesex, England. The A365, MM96L, MeWo and SKMEL28 cell lines were
supplied as growing cultures. The MCF7 and CCRF-CEM cell lines were supplied as
frozen aliquots. All cell lines grew as adherent cultures with the exception of the CCRFCEM cells which grew in suspension.
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2.3.2 Cell Culture Media
The MCF7, A375, MM96L, MeWo and SKMEL28 cell lines were cultured in DMEM
supplemented with 100 lU/ml penicillin and 100 mg/ml streptomycin (Gibco BRL,
Paisley, UK, 15140-114), 10% Foetal Calf Serum (FCS) (Gibco BRL 10109 - 064), 2
mM glutamine (Sigma G7513) and 1% non-essential amino acids (NEAA) (Sigma
M7145).

The CCRF-CEM cell line was cultured in RPMI 1640 (Sigma R7638) supplemented
with 100 lU/ml penicillin and 100 mg/ml streptomycin (Gibco BRL 15140-114), 20%
Foetal Calf Serum (FCS) (Gibco BRL 10109 - 064) and 2 mM glutamine (Sigma
G7513).

Cell lines were started from frozen aliquots and passaged into 25 cm^ flasks and
cultured at 37°C, 5% COj. Cultures were grown to confluence and passaged into either
75 cm^ or 175 cm^ (Falcon) flasks. Cultures were passaged regularly when between 8095% confluent.

2.3.3 Storage of Cell Lines in Liquid Nitrogen
Early passage number cells were divided into aliquots of about 10^ cells per ml and
stored in a liquid nitrogen dewar. The method used was that suggested by the European
Collection of Cell Cultures (ECACC, Centre for Applied Microbiology & Research,
Salisbury, Wiltshire, England). The method for freezing and restarting cell cultures is
described below.

Cells were passaged into a 175 cm^ flask and allowed to reach confluence. When
confluent the adherent cells were trypsinised using Ix trypsin/EDTA (Gibco BRL
35400-027). Following trypsinisation the flask the trypsin was inhibited by the addition
of growth media containing foetal calf serum, and the cells pelleted by centrifugation at
200g for 10 minutes. The cells were resuspended and washed twice in growth media to
remove any trypsin. The cells were counted using the trypan blue exclusion method as
described above. The cells were adjusted to 1x10^ cells per ml in growth media
containing 10% dimethylsulphoxide (DMSO) (Sigma D5879). The cells were then
divided into aliquots of 1 ml in polypropylene cryovials (Coming cat no.430658 or
430659) and placed in a ‘Mr Frosty’ cryo-container (Nalgene cat no. 5100-0001) and
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then immediately placed in a -70°C freezer. After 24 hours in a -70°C freezer the
cryovials containing cells were transferred to a rack in a liquid nitrogen dewar.

To restart a culture of frozen cells an aliquot was removed from the liquid nitrogen
dewar and defrosted under cold running water. Once defrosted the vial was wiped with
an alcohol soaked towel and placed into the biohazard hood. The cells were added drop
wise to a universal containing 10ml of pre-warmed growth media. The cells were
centrifuged at 200g for 10 minutes, the supernatant discarded and the cells washed
twice in fresh media, by resuspending the pellet and centrifuging at 200g for 10
minutes. The pellet was finally resuspended in 10 ml of growth media and transferred to
a 25 cm^ flask and incubated in an incubator at 37°C. After 48 hours the cells were
generally confluent (depending on the cell line some take longer) and could be passaged
and handled as normal.

2.3.4 Stability of ATP after Extraction
The manufacturers recommended time to leave a sample after extraction and before
reading is between 20 and 60 minutes. To verify this time a single 96 well plate was
prepared with doubling dilution of MCF7 cells starting with 35,000 cells in row A and
finishing with 274 cells in row H. The volume in each well was made up to 200 pi with
DMEM medium (Sigma D5671). 50 pi of ATP extraction reagent was added to each
well and pipetted up and down several times to mix. As soon as possible after extraction
50 pi of extracted cells from 3 columns was transferred to the first two columns of a
white walled plate. 50 pi of luciferin-luciferase counting reagent was added and the
luminescence measured. Readings were taken every 20 minutes for 3 hours, reading
three complete columns of extracted cells each time. A further plate of extracted cells
was stored at -20°C for 168 hours (7 days). After defrosting at room temperature the
ATP was assessed once as described above. The luminescence readings were plotted as
Log luminescence against Log cell number for each time point. The assay was repeated
three times. The results of this are shown in Chapter 3.

2.3.5 Quality Assurance for Ovarian Trial
To ensure that intra-laboratory results were comparable a quality assurance scheme was
started between the three laboratories involved in the ovarian adenocarcinoma trial.
2 X25 cm^ flasks of CCRF-CEM cells and 100 ml of culture media was sent out to each
of the laboratories taking part in the ovarian trial. Each laboratory upon receipt of the
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cells set up an ATP chemosensitivity assay with the cells, using the above standard
protocol with some modifications. Instead of CAM the assays were performed in
CCRF-CEM media with 10% FCS (normally contains 20% FCS). Cells were plated out
at 1000 cells per well.

Only one plate was set up for the quality assurance with the following drugs:
1. Cisplatin
2. Doxorubicin
3. Vinblastine
4. 5FU
The results from each laboratory were sent to Dr Ian Cree for comparison.

2.3.6 The use of c-myc Antisense to enhance the ex vivo Effect of Chemotherapy
The effect of ‘knocking-out’ c-myc in cutaneous melanoma cells was studied using an
antisense approach. The effect of an antisense c-myc oligonucleotide on the sensitivity
of four cutaneous melanoma cell lines was tested using the ATP-TCA. The four cell
lines tested were A375, MeWo, SKMEL28 and MM96L. The cells were grown to
confluence in DMEM supplemented with 10% FCS, 2mM glutamine, lOmM HEPES
and antibiotics, penicillin and streptomycin and then trypsinised. The cell number was
assessed and the cells plated out at 5000 cells per well in 96 flat well cell culture coated
polystyrene plates (Falcon 3072), and incubated overnight at 37°C to allow the cells to
adhere.

The media was then removed from each well and replaced with 100 pi pre-warmed
DMEM containing 2mM glutamine, lOmM HEPES and antibiotics. The FCS was
removed from the media, as it is known to interfere with antisense oligonucleotides
(Paul Tulley personal communication). To the MO control wells another 100 pi of non
serum containing media was added. 100 pi of Ml was added to the Ml control wells.

The cells to be treated with antisense had 50 pi of a 100 pM solution of either the c-myc
antisense oligonucleotide (Genosys, Cambridge, England) or the control
oligonucleotide (Genosys) added, to give a final assay volume of 25 pM. The wells to
be treated with only chemotherapy drug had 50 pi of non-serum containing media
added. The sequences of the c-myc antisense and the control oligonucleotide are shown
in Table 2.4 below.
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Table 2.4. Sequence of c-myc antisense and control oligonucleotides for antisense
assays
Oligonucleotide

Sequence

c-myc antisense

5 ’-AACGTTGAGGGGCAT-3 ’

‘4G’ Quartet control

5 ’-AAGCATACGGGGTGT-3 ’

After 24 hours incubation 50 pi of pre-diluted drug, either cisplatin or IFNa2b, was
added to the appropriate wells in the plates so each drug was tested alone and in
combination with the c-myc antisense and the control oligonucleotide. The test drugs
were pre-diluted in a sterile 96 well plate at double the normal TDC so that the final
concentration in the test plate was correct.

The plates were incubated at 37°C for a further 5 days before ATP extraction and
reading as described above for clinical samples.

2.3.7 Flow Cytometry
The percentage of cells expressing the c-myc oncoprotein in both uveal and cutaneous
melanoma samples was assessed by flow cytometry using the FACScan system and
software (Becton Dickinson, San Jose CA). All flow cytometry was performed by Dr
Paul Tulley and co-workers at the RAFT Institute of Plastic Surgery, Mount Vernon
Hospital, Northwood, Middlesex, England. The method below is a summary of that
used.

Four 35 pm sections were cut from each block of paraffin-embedded melanoma tissue,
applied to Sellotape and then stuck onto glass slides. Slides were stored at 4°C until
rehydration. Each slide was compared to a haematoxylin and eosin stained serial section
and non-tumour material excised from the test section so as to limit c-myc analysis to
only tumour tissue.

Samples were dewaxed in conical glass tubes and the Sellotape removed using 5 ml of
xylene (BDH, Poole, UK) for 10 minutes. This process was repeated. The specimens
were rehydrated through a series of successive increasingly hydrated alcohols, starting
with 100 % ethanol (Hayman Ltd, UK), 90 %, 70 % and finishing with 50 % solutions.
In each step the sample was kept in 5 ml of the alcohol solution for 10 minutes prior to
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centrifugation at 1100 rpm for 5 minutes. The samples were stored at 4°C in 50 %
ethanol until they were assessed for c-myc oncoprotein levels.

Nuclei were extracted from the samples by incubation at 37°C for 45 minutes with
pepsin at 4 mg/ml in 0.1 M hydrochloric acid. The resulting suspension was filtered
through a 35 pm nylon mesh. Nuclear concentration was estimated using a
haemocytometer and adjusted to 10^ nuclei/mm\ The suspension was then divided into
two and washed in phosphate buffered saline (PBS), centrifuging at 2000 rpm for 5
minutes between washes.

The c-myc antibody used for the detection of c-myc in these samples was a rabbit
polyclonal antibody to myc oncoproteins (Cambridge Research Biochemicals Ltd,
Cheshire UK). The antibody was raised against a synthetic oligopeptide (Ala-Pro-SerGlu-Asp-Ile-Ttp-Lys-Phe-Glu-Leu-Cys) which is common to c-, L- and N- myc
proteins.
One pair of nuclei samples was analysed for c-myc content, one a test and one a control.
The test sample’s nuclear pellet was incubated with the pan-myc antibody (Cambridge
Research Biochemicals Ltd, Cheshire UK) for 1 hour at room temperature. The
antibody was diluted 1:25 in 100 pi of a solution of PBS containing 0.5% normal goat
serum (NGS) and 0.5% Tween 20 (Sigma). Control nuclear pellets were incubated in a
solution of rabbit immunoglobulin fraction (Sigma) added at the same concentration as
the pan-myc antibody and diluted 1:25 in a solution of PBS containing 0.5% NGS and
0.5% Tween 20.

The suspensions were washed in PBS and incubated with a secondary antibody, a goat
anti-rabbit IgG-FITC conjugate (Sigma). This was added at a dilution of 1:50 in 100 pi
of PBS containing 0.5% NGS and 0.5% Tween 20 and incubated at room temperature
for 30 minutes.

95

The mixture was washed in PBS and resuspended in a 1 ml solution of PBS containing
1 mg/ml ribonuclease A (Sigma), prior to the addition of 20 pi of 1 mg/ml propidium
iodide (Sigma) in PBS. Ribonuclease was added to minimise labelling of
extrachromosomal oligonucleotides and RNA which would otherwise interfere with the
measurement of DNA content.

Flow cytometric analysis was usually performed on the day of sample preparation and
always within 24 hours to minimise leakage. Samples were analysed on a FACScan
flow cytometer (Becton Dickinson, San Jose CA). Data were analysed using a computer
acquisition/analysis program. Lysis II (Becton Dickinson, San Jose CA). This gave the
percentage of nuclei positive for staining of c-myc oncoprotein, and in most cases
whether the sample was haploid, diploid or aneuploid.

2.3.8 Immunohistochemistry
Immunohistochemistry was performed by the staff of The Histology Lab, Institute of
Ophthalmology, to detect p53 and PCNA in uveal melanoma cells exposed to treosulfan
and gemcitabine. The method below is a summary of that used.

The previously prepared drop-preparations of uveal melanoma cells (50 pi of cells onto
an APES coated slide, see section 2.2.24) were exposed to acetone for 30 minutes. The
slides were then washed in Tris buffered saline (TBS) pH 7.6 for 10 minutes, followed
by 20 minutes in a normal rabbit serum block, diluted 1:10 in TBS. The samples were
incubated at room temperature with the primary antibody, either p53 or PCNA,
overnight at 4°C. The primary antibodies and the dilutions they were used at are shown
in Table 2.5 below.

Table 2.5. The primary antibodies used for detection of p53 and PCNA in uveal
melanoma cells, including the dilution and the supplier of each antibody.
Antibody

Dilution in TBS

Supplier

p53

1:150

M7001, Dako, Ely, UK

PCNA

1:2000

P8825, Sigma

After incubation overnight with the primary antibody, the slides were washed in TBS,
pH 7.6 for 10 minutes before incubation with a biotinylated secondary antibody (rabbit
anti-mouse), diluted 1:300 in TBS for 45 minutes. This was followed by a wash for 10
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minutes in TBS pH 7.6. The streptavidin biotin complex-alkaline phosphatase (K391
Dako) was prepared following the manufacturers instructions 30 minutes before it was
required. After the last 10 minute wash the slides were exposed to the streptavidin
biotin complex-alkaline phosphatase for 45 minutes. This was followed by a final wash
in TBS pH 7.6 for 10 minutes.

The complex was detected using the Vector Red system (Vector laboratories, ). The
slides were incubated following manufacturers instructions before washing and
counterstaining with 0.1% light green dye. Finally the slides were washed in water,
dehydrated and mounted with DPX.
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Chapter 3 - General ATP-TCA results/Data interpretation
3.1 Introduction
The ATP-TCA has been standardised for several years (Andreotti et al, 1995). Even
though there is a standard method there are several aspects that can influence the
outcome of an assay depending in which laboratory it is performed. From the data
produced in the assay several different parameters can be calculated, including drug
concentrations that achieve 25%, 50%, 75% or 90% growth inhibition, two sensitivity
indices, IndexsuM and IndexAuc- However, one of the most important aspects of the
results is the shape of the growth inhibition curves that are generated from the data, and
whether 100% growth inhibition is achieved or not.

The most important variables within the ATP-TCA are the CAM, ATP extractant, the
luciferin / luciferase counting reagent and the luminometer that is used to read the
extracted ATP upon completion of the assay. The reagents are all manufactured under
strict controls by the same company and so should not vary in efficiency between
assays. Many companies manufacture luminometers and each will give different reading
dependent upon how the luminescence produced is converted into a relative number.

In this chapter the results of ATP extraction and detection with three different
luminometers are assessed. Also, the different methods of assessing sensitivity are
assessed on their merits and their flaws. Finally in this chapter the quality assurance
assay data for the ovarian adenocarcinoma trial are compared from the three laboratories
currently involved in performing the ATP-TCA part of the trial.

3.2 Materials and Methods
The materials and methods used to assess the various aspects of the ATP-TCA stated
above are described in Chapter 2. The method for producing a standard ATP curve
which is used to assess the three luminometers is stated in section 2.2.20. Section 2.3.4
describes how the stability of ATP after extraction from live cells was performed. The
method for the quality assurance assays for the ovarian adenocarcinoma trial is
described in section 2.3.5.
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3.3 Results
3.3.1 Comparison of luminometers
During the course of this PhD three luminometers were used, one tube luminometer,
(E&G Berthold LB953), and two plate luminometers (a Dynatech MLl 100 and a
Berthold Diagnostic Systems MPLl). The ATP standard curves for each experiment
varied depending on the luminometer, as well as on the age of the ATP standard and the
luciferase-luciferin counting reagent. As stated in the materials and methods section, the
ATP standard curve is produced by plotting Log ATP concentration against Log
luminescence. Figure 3.1a-c shows two standard curves, one line is from the highest
luminescence reading and one is from the lowest reading with each luminometer.

The differences between the two lines are probably due to degradation of the stored
ATP standard over time, as the ATP standard which was stored at 4°C was used for a
series of ATP standard curves, whereas the luciferase-luciferin counting reagent was
made up fresh or was less than 7 days old.

With the exception of the Berthold tube luminometer the standard curve starts to flatten
out at low ATP concentrations. This indicates that at low ATP the results are not linear
and could produce misleading results in the two plate reading luminometers, the
Dynatech MLl 100 and the Berthold Diagnostic Systems MPLl. The concentration of
ATP when the graph stops being linear is low at only 114 pg/ml (equivalent to one cell).
The amount of luminescence produced by 114 pg/ml ATP is also very small and not
much greater than background levels achieved without any ATP present in the two plate
reading luminometers (background levels about 35 vs 219 count average in the Berthold
MPLl with 114 pg/ml ATP).

3.3.2 Efficiency of luciferin-luciferase counting reagent and ATP extraction
The activity (light output) of the luciferase-luciferin counting reagent decreased over
time but only with the highest concentration of ATP (83.33 ng/ml). This is shown in
Figure 3.2. Figure 3.2a shows the luminescence produced by 3 stock concentrations of
ATP 83.33, 27.76 and 9.253 ng/ml, with the same luciferase-luciferin counting reagent
kept at room temperature (22°C) after 0, 120 and 180 minutes. The graphs shows that
the luminescence produced by 27.76 and 9.253 ng/ml is constant at each time point,
with a decrease in luminescence for the 83.33 ng/ml which appears to be levelling off
after the 120 minute point.
99

(a)
7'
<
U
O
c<u 6
oc/2 5
<
cu 4'
s3
3
2'
&X)
o 1
u
0
0

2
3
4
Log[io] ATP Concentration

5

(b)

Log[io] ATP Concentration
(c)

Log[io] ATP Concentration
Figure 3.1 (a-c). ATP standard curves produced on (a) Berthold LB953 tube
luminometer, (b) Berthold MPLl plate luminometer and (c) Dynatech
MLl 100 plate luminometers. Each graphs shows the highest and lowest
readings for an ATP standard curve achieved between July 1997 and
December 1999.
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Figure 3.2. The above graphs show (a) the luminescence plotted
against time for 3 concentrations of stock ATP, 83.33 ng/ml, 27.76
ng/ml and 9.253 ng/ml. (b) the Log luminescence plotted against Log
cell number for ATP extracted from MCF7 cells at various time points,
0, 20, 60, 120 and 180 minutes after the addition of ATP extraction
reagent, and after 7 days (10800 minutes) at -20°C after addition of
extraction reagent.
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Figure 3.2b shows the log luminescence against log cell number for 5 time points after
the addition of the ATP extraction reagent to a set number of cells. There is a slight
decrease in luminescence produced by the extracted cells over time, but as the graph
shows it is a small amount (less than 5%). The 0 minutes time point (T=0) is not
immediately after the addition of the extraction reagent but is in fact between 30
seconds and a minute after the addition, which is why luminescence has occurred upon
the addition of the luciferase-luciferin counting reagent. Without the ATP extraction
reagent the luminescence was negligible. Figure 3.2b also shows the results from
extracted cells that were stored at -20°C for 7 days (10,800 minutes), this curve is
slightly higher than the results without freezing. This is probably due to a more
complete cell lysis after freezing due to the freeze-thaw process.

These results suggest that the extraction of ATP from living cells is stable for at least 3
hours at room temperature (22°C), and is readable less than a minute after the addition
of the extraction reagent. The luciferase-luciferin counting reagent is also stable for at
least 3 hours at room temperature, with only a small decrease in activity.

3.3.3

Definition of Sensitivity and Resistance

As described in the Materials and Methods section (Chapter 2), the data produced from
the ATP-TCA are entered into an Excel (Microsoft) spreadsheet which calculates %
growth inhibition at each drug concentration. Sensitivity Indices (IndexAuc and
IndexsuM), and IC25, IC50, IC75 and IC90 values - drug concentrations which produce
25%, 50%, 75% or 90% growth inhibition for each drug tested. Each of these
parameters can be used for comparing different drugs, or the same drug in different
tumours.

3.3.4

IC25, IC50, IC75 and IC90 values

The spreadsheet can calculate the IC25, IC50, IC75 and IC90. Figure 3.3 shows two
growth inhibition curves for a uveal melanoma, in each case the drug used is
doxorubicin but one is at double the stock concentration i.e. the 100% test drug
concentration is either 0.5 or 1 pg/ml. The various parameters calculated from the two
graphs are shown in Table 3.1.

The IC values are converted in to pg/ml in Table 3.2 below, and are then very similar.
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Figure 3.3. The above graph shows the inhibition curves for a uveal
melanoma tested with two different concentrations of doxorubicin (100%
TDC= 0.5 and 1 pg/ml)
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Figure 3.4. Artificially generated inhibition curves to demonstrate the
different pharmacokinetic parameters
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Table 3.1. The various parameters ealculated from the data shown in Figure 3.3.
IC25"

IC50"

Drug

IndexsuM

IndexAuc

Doxorubicin

470

6875

94

113

Doxorubicin X2

363

13108

38

63

IC75*

IC90*

177

202

8 6

99

^ The IC values are given as % Test Drug Concentration

Table 3.2. The various parameters calculated from the data shown in Figure 3.3
converted into pg/ml from the Test Drug Concentrations.
Drug

IC25 (ng/ml)

IC50 (ng/ml)

IC75 (ng/ml)

IC90 (ng/ml)

Doxorubicin

0.47

0.57

039

1.01

Doxorubicin X2

038

0.63

0.86

0.99

The concentrations should be same for each parameter, and are within experimental
error (CoV less than 10%, Andreotti et al., 1995) with the exception of the IC25 results.
In the above example the spreadsheet has calculated the IC values correctly: this is not
always the case, due to the influence of the shape of the curve on the calculation method
used.

In some cases the calculation produces negative values or cannot calculate a value due
to the shape of the graph. This makes the calculated IC values a less reliable method
than the IndexsuM and IndexAuc for comparing different drugs or different tumours.
Also different growth curves can produce similar IC values, if just one is used for
comparison, as shown in Figure 3.4. Figure 3.4 shows four model growth inhibition
curves; each curve has a different IndexAuc and IndexsuM value, but has identical IC50
values. The IC90 values can only be calculated from lines 1 and 3, and the IC75 cannot
be calculated from line 3, see Table 3.3.
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Table 3.3. IndexAuc, IndexsuM, IC25, IC50, IC75 and IC90 values calculated from the
data shown in Figure 3.4 (NC= unable to calculate the parameter)
Line 1

Line 2

Line 3

Line 4

IndexAuc

15922

15031

12188

14063

IndexsuM

295

300

315

315

IC25

27.08

21.88

15.63

20.00

IC50

37.50

37.50

37.50

37.50

IC75

47.92

62.50

NC

75.00

IC90

75.00

NC

240.00

NC

3.3.5 Quality Assurance for Ovarian Trial
An example of the growth inhibition graph for the quality assurance assay from one of
the 3 participating laboratories in the ovarian trial is shown in Figure 3.5. Table 3.4
below shows the IndexsuM for each drug tested in the quality assurance on 26^ June
1998.

Table 3.4. IndexsuM results from the three laboratories taking part in the ovarian
adenocarcinoma trial for the inter-laboratory quality assurance assay
London

Munich

Cologne

cisplatin

83

52

72

doxorubicin

16

0

6

vinblastine

0

0

2

5-FU

100

12

126

As the CCRF-CEM cell line is very sensitive the IndexsuM values are all very low. This
means that although the growth inhibition curves are similar small differences alter the
IndexsuM considerably. These results confirm previous studies (Andreotti et al,
unpublished) showing very little inter-laboratory variation in results obtained with the
ATP-TCA, using a standardised protocol and reagents. Also an ovarian adenocarcinoma
sample was assayed in Florida, USA and at the Institute of Ophthalmology with similar
results demonstrating good inter laboratory correlation.
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Quality Control
CCRF-CEM 26/05/98
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Figure 3.5. The above graph shows the inhibition curves for the four drugs
tested in the CCRF-CEM cell line using the ATP-TCA as part of the quality
assurance for the ovarian trial
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3.4 Discussion
3.4.1 Comparison of Luminometers
Each of the luminometers used in this study are perfectly suited to the ATP-TCA, but
each does have minor problems. The luminometer which is perhaps the easiest to use is
the Berthold MPLl. Firstly it is a plate reader which means the time taken to transfer
extracted ATP from the test plate to the white walled plate for reading is minimal.
Secondly the MPLl exports the data as a Microsoft Excel file which allows for quicker
data entry into the spreadsheet which calculates the growth inhibition as the data can be
‘cut & pasted’ into the correct place.

The other two luminometers printed out the data which meant that it then had to be re
typed in to the spreadsheet to calculate growth inhibition, a potential cause of errors.
The Berthold LB953 also had the drawback that the samples had to be individually
pipetted in to tubes before they could be read and the actual reading of the samples took
about 40 minutes for 96 samples (one plate). This compares to about 2 minutes to read a
plate for the two plate readers. However, the LB953 does have the advantage of being
able to read smaller amounts of ATP than the other two luminometers.

These results indicate that the Berthold MPLl is probably the best of the three
luminometers used here, although either of the three are perfectly adequate for reading
results from the ATP-TCA, and all were used during this study. All three luminometers
were used at various points throughout this project. As all plates contained internal
controls, and standard ATP curves were performed for each assay, all of the results can
be compared on the basis of percentage inhibition at each concentration tested
regardless of which luminometer they were read on.

3.4.2 Efficiency of luciferin-luciferase counting reagent and ATP extraction
There is very little decrease in the activity of the luciferin-luciferase counting reagent
over time, except at the highest concentration of ATP (83.33 ng/ml). This reduction is
probably due to reduction of the luciferin rather than a change in the enzyme activity of
the luciferase. This means that the luciferin-luciferase reagent is stable and usable when
kept at room temperature for at least three hours with only a small reduction in the
luminescence produced at very high ATP concentrations.
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The extracted ATP from cells in the assay was very stable, and there was only a very
small reduction in the luminescence produced after three hours. This decrease may be
due to the reduction in the activity of the luciferin-luciferase reagent as described above.
Alternatively it may be due to incomplete inhibition of the activity of ATPases released
from the cells by the extraction reagent. The extraction reagent used contains an
inhibitor of ATPases, but it is not a total inhibitor and so some enzyme may not be
inhibited, which might explain why there is only a small reduction.

3.4.3 Definition of Terms and Parameters
3.4.4 % Inhibition
Although the ATP-TCA results refer to percentage inhibition, this may not be the actual
case and percentage reduction of ATP concentration may be a more suitable description.
The reduced luminescence seen in the presence of drug in the assay is due to reduced
ATP. It is not clear if the reduced ATP is due to less cells being present, or the same
number of cells containing less ATP than the control wells, though at high % inhibitions
it is most likely that the former is true. As the most recent current literature on the ATPTCA refers to % inhibition this terminology will be used throughout this thesis.

In some cases it appears that growth has occurred in some wells as the % inhibition is
negative. For most drugs this is an unlikely scenario, there are two more feasible
explanations:

1. Evaporation of media from the edge of the plate can give artificially low MO
readings which make less active drugs appear to make the cells grow
2. Overgrowth in the MO wells. The MO cells grow well and deplete the media of
nutrients causing cell death, while weakly active drugs cause cell growth arrest, so
at the end of the assay more cells are alive in the weakly active drugs giving higher
readings than the MO. In these cases, the drugs lose their concentration-inhibition
relationship and assume a flat line

In some of the graphs shown, it may appear that growth has occurred but one of the
above reasons is more likely, perhaps with the exception of some samples treated with
cytokines such as IFNa2b.
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3.4.5 IndexAuc and IndexsuM
The indices quoted were developed for comparison of curves in the early days of the
ATP-TCA (Hunter et al, 1993, Andreotti et al, 1995). The IndexAuc and IndexsuM are
closely related as they are calculated directly from the % inhibition at the six test
concentrations. Ideally the IndexAuc values should be between 0 (no inhibition) and
19375 (total inhibition). The IndexsuM should fall between 0 (total inhibition) and 600
(no inhibition). In certain cases negative values for the Indexa u c and the IndexsuM have
been calculated, this is due to the problems with inactive drugs and low MO values
when growth appears to have occurred (see above). However, in some instances growth
may have occurred. As previous papers have mainly used the IndexsuM for comparison
of results this will also be used here in the first instance, although IndexAuc values will
be summarised.

3.4.6 Discussion of IC values
The example shown in Figure 3.4 highlights the problems of using IC values for
comparing results. It is true that different graphs can have identical IndexAuc and
IndexsuM values but this appears to be less common than for IC values, as an individual
drug tends to have the same shape of graph within the assay. IC values can be used only
if several are considered at once, as this will then give a true reflection of the shape of
the curve.

3.4.7 Quality Assurance
The results from the quality assurance show little variation between the three
laboratories involved. This has been seen in previous studies involving the use of the
ATP-TCA in numerous laboratories (Andreotti et al, unpublished). The CCRF-CEM
cell line is a very sensitive cell line. This can be seen by the very low IndexsuM results
obtained from the three laboratories. There is a large difference in the IndexsuM results
obtained with 5-FU from the three laboratories. This may be a result of the high
sensitivity of the CCRF-CEM cells, or more likely may be due to differences in the
stock drug. Also the CCRF-CEM cells were transported to the laboratories in Germany
at ambient temperature, this may have stressed the cells which will make the more
susceptible to test drugs.

These results suggest that the ATP-TCA method is very robust allowing for the assay to
be performed in different laboratories with equally evaluable results.
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Chapter 4 - Uveal Melanoma Results
4.1 Introduction
Uveal melanoma is known to be a highly chemoresistant tumour. Chemotherapy for
metastatic uveal melanoma tends to be based on empirical regimens that have been
developed for cutaneous melanoma. The standard chemotherapy for cutaneous
melanoma is based on DTIC. A large trial of DTIC and DTIC containing regimens in
uveal melanomas achieved a response rate of less than 1% (Bedikian et al, 1995). Other
trials with other single agents and combinations have achieved higher response rates but
these are often in small groups of patients, and the responses are short lived (see Table
1.1, section 1.1.6).

Previous work has assessed the ex vivo chemosensitivity of uveal melanoma samples to
a wide range of chemotherapeutic agents (Myatt et al, 1997). The results presented
below show the ex vivo chemosensitivity of a further series of uveal melanoma samples
tested with a variety of single agents and combination chemotherapy using the ATPTCA. Agents with a similar mechanism of action that have been tested alongside each
other in the same tumours have been compared, and reasons for the difference seen
between agents have been suggested. The combination of treosulfan and a cytosine
analogue suggested by Myatt et al, is also further investigated in the uveal melanoma
samples.

A pilot experiment comparing the relative levels of p53 and PCNA in no drug control
and in drug treated uveal melanoma cells is also presented. p53 is known to be involved
in cell cycle control, and up-regulation of p53 is indicative of cell growth arrest
(Gottlieb et al, 1998, King & Cidlowski 1998). PCNA is known to be an indicator of
DNA repair (Cox 1997, Kelman & Hurwitz 1998, ), which should be up-regulated in the
presence of DNA damage caused by the chemotherapeutic agents tested. This pilot
experiment was intended to see if it was feasible to include investigations of protein upregulation (or suppression) in tandem with the ATP-TCA.

c-myc is thought to play an important role in tumourigenesis and in drug resistance
(Citro et al, 1998, Leonetti et al, 1999, Dempke et al, 2000). As part of a
collaboration with The RAFT Institute of Plastic Surgery, The Gray Laboratories, the ex
vivo chemosensitivity of the uveal melanomas was compared with the c-myc expression
levels in 40 of the uveal melanomas that were assessed with the ATP-TCA.
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4.2 Materials and Methods
All ex vivo chemosensitivity data was assessed using the ATP-TCA method described
in Chapter 2. All uveal melanoma enucleations were prepared as described in section
2.2.4. The method used for ATP-TCA is described in sections 2.2.6-2.2.23. The upregulation of p53 and PCNA was studied as stated in section 2.2.24.

4.3 Results
4.3.1 Patient Characteristics
The patient characteristics are summarised in Table 4.1 below (Chapter 10, Appendices,
Table 10.1 contains the details of all the uveal melanoma patients that were assessed for
ex vivo chemosensitivity using the ATP-TCA). There were 33 (43%) female and 44
(57%) male patients enucleated between July 1997 and December 1999. The mean age
of enucleation was 61 years old (male 60 years and female 62 years). The mean largest
tumour diameter was 13.6 mm (range 6-28 mm) (one tumour could not have a largest
tumour diameter determined and is not included in this calculation) and the median
number of mitoses was 1.25 per mm^ (range 0 - 2 0 per mm^). Histologically 19 (25%)
of the samples assayed were of epithelioid cell type, 23 (30%) were spindle cell and 35
(45%) were of mixed cell type.

Table 4.1. Summary of patient details who were enucleated between July 1997 and
December 1999.
Number

Mean age at enucleation

Number

Number

tested

(years) (range)

left eyes

right eyes

Male

44 (57%)

59.7 (28-87)

22 (50%)

22 (50%)

Female

33 (43%)

62.4 (25-89)

13 (39%)

2 0 (6P%)

Total

77

60.8 (25-89)

35

42

4.3.2 Specimen Evaluability
During the period from start of July 1997 and end of December 1999, 129 eyes with
uveal melanomas were removed. 77 samples were suitable for ATP-TCA. Of the 129
eyes taken, 25 eyes were fixed without any tumour being taken for ATP-TCA. After
digestion of tumour material 22 samples were either not evaluable according to the
criteria set out in Chapter 2 or did not produce viable cells. A further 5 samples did not
have assays set up and the cells produced after digestion were cultured in tissue culture
flasks. This gave an overall evaluability rate of 78% (77 out of 99).
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4.3.3 Single Agents ex vivo Chemosensitivity
As no fixed drug list was used for the uveal melanoma samples the number of tumours
tested with identical lists of drugs is small. Each drug was tested up to 74 times, but not
always at the same time as other drugs. This means that there are few examples of
tumours tested with the same drug list. Figure 4.1 (a-g) shows examples of growth
inhibition curves from uveal melanoma samples with pairs, and one triplet, of samples
being tested with the same drugs.

From Figure 4.1 it can be seen that there is a lot of variation in response to the same
drug in different uveal melanoma samples. Figure 4.1 (a-d) all contain growth inhibition
curves for gemcitabine and treosulfan. Each tumour has a different level of activity, due
to differences in ex vivo sensitivity to these drugs in these tumours. The same
heterogeneity of response can be seen for the cisplatin and vinorelbine growth inhibition
curves in graph (a) and (b), and azathioprine and BCNU growth inhibition curves in
graphs (c) and (d).

The growth inhibition seen in tumours 97M039, 97M040 and 97M041 shown in Figure
4.1 (e-g) also show a range of responses. In these three graphs it can be seen that the
growth inhibition curves for araC and topotecan are very similar in each tumour, but
there is variation in the growth inhibition seen with doxorubicin and mitoxantrone. In
97M039, Figure 4.1 (e), the tumour is more sensitive ex vivo to mitoxantrone than to
doxorubicin, the opposite of this is true in 97M040, Figure 4.1 (f). Tumour 97M041,
Figure 4.1 (g) is equally resistant to both mitoxantrone and doxorubicin. The graphs
shown in Figure 4.1 exhibit the wide range of responses that are seen in uveal
melanoma specimens in the ATP-TCA.

As stated in Chapter 3, the IndexsuM is probably the easiest and best parameter with
which to compare different drugs and the same drug in different tumours. Figure 4.2
shows histograms for each of the single agents with the IndexsuM separated in to
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Figure 4.1 (a-b). Examples of inhibition curves for cisplatin, gemcitabine,
treosulfan and vinorelbine tested as single agents in two uveal melanoma
specimens using the ATP-TCA. The graphs show considerable variation in
sensitivity to these four agents between these two tumours.
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Figure 4.1 (c-d). Exam ples o f inhibition curves for azathioprine,
BCNU, gem citabine and treosulfan tested as single agents in two uveal
m elanom a specim ens using the A TP-TCA . The graphs above show the
variation in sensitivity to these four agents for the tw o specim ens shown.
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Figure 4.1 (e-f). Exam ples o f inhibition curves for araC , doxorubicin,
m itoxantrone and topotecan tested as single agents in tw o uveal m elanom a
specim ens using the A TP-TCA . The above graphs show the variation in
sensitivity with these agents in these tum ours, alsoo see figure 4.2g
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Figure 4.1 (g). Exam ples o f inhibition curves for araC, doxorubicin,
m itoxantrone and topotecan tested as single agents in a third uveal m elanom a
specim ens. This graph along with figure 4.1 (e) and (f) show the variation in
the sensitivity o f these tum ours to the four agents.
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Figure 4.2. The above histogram s show the distribution o f the Indexg^^
values for (a) araC (b) gem citabine, (c) doxorubicin, (d) m itoxantrone,
(e) treosulfan, (f) paclitaxel, (g) topotecan, tested as single agents in
uveal m elanom as. The higher the Indexg^,^ values the less active the
agent is in the A TP-TCA .
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categories for seven of the single agents tested, araC, doxorubicin, gemcitabine,
mitoxantrone, paclitaxel, topotecan and treosulfan. These histograms further highlight
the extent of variation in the ex vivo sensitivity shown by the uveal melanomas. There is
a trend for the IndexsuM results for all drugs to be towards the higher values, showing
considerable resistance of most uveal melanomas to all of the single agents tested.

Table 4.2 below summarises the IndexsuM results for all single agents tested in the uveal
melanomas. For ease of comparison the IndexsuM results have been separated in to three
categories, below 300 which is classed as sensitive ex vivo, between 301 and 450 which
is classed active and, above 451 which is designated as resistant. With the exception of
araC, gemcitabine, mitoxantrone and treosulfan the majority of uveal melanomas are
resistant to or only show activity with the single agents tested, although in some cases
the number tested is very low and in these instances cannot be considered conclusive.
With araC it can be seen that over half (55%) of samples tested were sensitive in terms
of having an IndexsuM below 300, but these samples never achieved 100% growth
inhibition. A third of samples tested with mitoxantrone were found to have an IndexsuM
below 300, and one fifth of samples were sensitive to treosulfan (21%) and gemcitabine
(22%).
The concentration of paclitaxel used to test the uveal melanomas was altered at the
beginning of 1998 therefore the paclitaxel results are separated into two groups as
shown in Table 4.2. The main difference between the high and low dose paclitaxel is
that the number of resistant tumours, IndexsuM above 450, is reduced and the number of
tumours showing activity, IndexsuM between 301 and 450 is increased. The median
IC50 and IC90 values are however very similar which is expected, as they should be
independent of the concentration tested. The ranges of IC50 and IC90 are very wide for
the low dose, due to two of the resistant uveal melanomas tested having growth
inhibition curves which fluctuate about the 0% axis. As previously discussed, this does
not allow for sensible calculation of the IC values.

Table 4.3 summarises the IndexAuc, IC50 and IC90 values for the single agents tested in
the uveal melanoma samples with the ATP-TCA. As stated in Chapter 3, the way in
which the IC50 and IC90 values are calculated can produce negative values which are
meaningless (negative concentrations). The IC50 and IC90 values calculated from the
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uveal melanoma data produced a large proportion of negative values and as such should
be ignored, however they are included in Table 4.3.

Table 4.2. Summary of the IndexsuM values for all the single agents tested in the uveal
melanoma samples with the ATP-TCA.
Drug name

N um ber

IndexsuM

IndexsuM

IndexsuM

M edian

tested

(<300)

(301-450)

(>450)

IndexsuM (m inmax)

Azathioprine

15

o(o%o

4 (27%)

11 (73%)

575 (356-999)

BCNU

9

0(0%)

1 (11%)

8 (89%)

570 (367-1127)

Cisplatin

9

0(0%)

2 (22%)

7 (78%)

519 (306-643)

AraC

40

22 (55%)

10 (25%)

8 (20%)

283 (50-659)

Doxorubicin

23

1 (4%)

14 (61%)

8 (35%)

419 (269-923)

Etoposide

10

0(0%)

2 (20%)

8 (80%)

501 (384-651)

Gemcitabine

51

11 (22%)

19 (37%)

21 (41%)

408 (147-1092)

IFNa

74

1(1%)

13 (18%)

60 (81%)

528 (297-1269)

Mitomycin C

4

O(O%0

O(O%0

4 (100%)

453 (487-580)

Mitoxantrone

18

6 (33%)

10 (56%)

2(11%)

362 (217-548)

Paclitaxel (low)*’

24

2 (8%)'

8 (33%)*

14 (58%)*

484 (242-710)

Paclitaxel (high)*’

8

1 (12.5%)

5 (62.5%)

2 (25%)

406 (270-683)

Topotecan

16

1(6%)

1(6%)

14 (88%)

531 (267-792)

Treosulfan

73

15 (21%)*

37 (51%)*

21 (29%)*

381 (74-877)

Vinblastine

7

0(0%)

O(O%0

7 (100%)

643 (529-840)

Vinorelbine

9

1 (11%)

3 (33%)

5 (56%)

517 (292-862)

^ Due to rounding up the total percentage is greater than 100%
^ TDC for paclitaxel low is 6.8 pg/ml and the TDC for paclitaxel high is 13.6 pg/ml
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Table 4.3. Summary of the IndexAuc, IC50 and IC90 values for the single agents tested
in the uveal melanoma samples with the ATP-TCA. The way in which the IC50 and
IC90 values are calculated can produce negative values which are meaningless.
However, in the interest of completeness these are included in the ranges stated below.
Median IndexAuc

Median IC50

Median IC90

(range)

(range) (%TDC)

(range) (%TDC)

Azathioprine

-60 (-12665-7620)

-506 (-5792-4857)

-604 (-9038 - 8744)

BCNU

468 (-16955-9570)

-135 (-8179-816)

51 (-6026- 1469)

Cisplatin

3371 (-2070- 13847)

249 (-2665-2338)

449 (-4796 - 4209)

AraC

10524 (-2529- 17959)

7 (-756- 1686)

339 (-1362-3036)

Doxorubicin

7144 (-4096- 13188)

111 (54-719)

234(172- 1294)

Etoposide

3011 (-2819-7707)

282 (-549 - 767)

508 (-989- 1380)

Gemcitabine

7813 (-11461 - 16021)

48 (-2358-3910)

299 (-4245 - 7038)

IFNa

2157 (-19207- 10619)

209 (-2993-8169)

385 (-5387-6709)

Mitomycin C 4530 (-1014-5202)

365 (-342-4801)

656 (-615-8642)

Mitoxantrone 9718(1896-16974)

87 (26 - 349)

212(48-627)

Paclitaxel

6670 (-5115 - 13362)

108 (-4317-389)

224 (-7700 - 700)

6783 (-7665- 13532)

114 (-258- 132)

193 (-465-330)

Topotecan

3935 (-5855 - 12050)

145 (-81 -489)

334 (-147-879)

Treosulfan

9846 (-8895- 18395)

85 (-8160-277)

186 (-5237-499)

Vinblastine

-1918 (-10278-2321)

-449 (-4128-1478)

-808 (-7430 - 2660)

Vinorelbine

4304 (-8573 - 12956)

116 (-483-736)

339 (-870- 1324)

Drug name

(low)
Paclitaxel
(high)
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4.3.4 Interferon a2b (IFNa2b)
As stated in Table 4.2 IFNa2b was tested in 74 uveal melanoma specimens in the ATPTCA. As seen in Table 4.2 the IndexsuM values for IFNa2b are quite varied and range
from 297 to 1269. Figure 4.3 shows four growth inhibition curves for IFNa2b with
uveal melanoma samples. As can be seen from Figure 4.3 there is variation in IFNa2b
from over 50 % growth inhibition to 30 % apparent growth promotion. In some
examples the amount of growth promotion is up to 100 % i.e. the test wells produced
twice as much luminescence as the MO control wells. Of the 74 uveal melanomas tested
46 showed growth inhibition in the presence of IFNa2b, and 28 showed growth. In the
majority of cases there was a dose response to IFNa2b, although in 16 cases the peak of
growth inhibition occurred at a lower than maximal dose (200 % TDC), with a reduced
growth inhibition at the highest doses. Other samples had a plateau in growth inhibition
with the highest doses all producing a similar growth inhibition, as seen in Figure 4.3
for the growth inhibition in 98M019.

4.3.5 Comparison of Similar agents
To investigate common drug resistance pathways, drugs with a common mechanism of
action were compared in the uveal melanomas. Unfortunately only araC and
gemcitabine were tested alongside each other in a large (n=21) number of tumours.
Doxorubicin and mitoxantrone were tested side by side in 11 tumours, and cisplatin and
treosulfan were compared in only 8 tumours. Figure 4.4 shows the IndexsuM values for
the first 10 sample (all 8 for cisplatin and treosulfan) for each drug plotted against each
other. In Figure 4.4a there appears to be a trend towards araC having lower IndexsuM
values than gemcitabine in the same tumours. The same can be seen in Figure 4.4b for
mitoxantrone and Figure 4.4c for treosulfan.

The complete set of results for each of these three pairs of agents were compared using
the Wilcoxon matched-pairs signed-rank test (GraphPad InStat version 4.00 for
Windows 95, GraphPad Software, San Diego California USA, www.graphpad.com).
This test compares the differences between each pair of IndexsuM results and assesses
whether the median differs significantly from zero. Table 4.4 below shows the P value
obtained and the inferred meaning for each pair of agents.
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98M 019

99M 013

■97M020

Figure 4.3. The above graph shows four inhibition curves from uveal
m elanom a specim ens show ing the variation in the ex vivo grow th effects
caused by IF N a2 b tested as a single agent in the A T P-T C A .
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(a)

600
500
400
300
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araC

gemcitabine

doxorubiein

mitoxantrone

(b)
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-o
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300
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Figure 4.4. Graphs showing differences in Indexgy,^ values for the first
10 uveal melanomas tested ex vivo with (a) araC and gemcitabine, and
(b) doxorubiein and mitoxantrone. A lower Indexg^,^ value indicates
greater aetivity of the drug ex vivo in uveal melanoma samples.
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(c)
700 j
600 - 500 400 300

200

100

cisplatin

treosulfan

Figure 4.4. G raphs show ing differenees in Indexgy^^ values for the first
8 uveal m elanom as tested ex vivo with (c) cisplatin and treosulfan. A
lower Indexgy,^ value indicates greater activity o f the drug ex vivo in
uveal m elanom a sam ples
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Table 4.4. Statistical data comparing IndcxsuM results from similar acting agents. The
most active agent in each pair is in bold
Drugs

Number assessed

P value

Inferred meaning

araC and gemcitabine

21

P=0.0038

Significant

doxorubicin and

11

P=0.0137

Significant

8

P=0.0234

Significant

mitoxantrone
cisplatin and treosulfan

As can be seen in Table 4.4, there is a highly significant difference between the
IndexsuM values from tumours tested with araC and gemcitabine suggesting that
tumours are more sensitive ex vivo to araC. The same is true of mitoxantrone compared
to doxorubicin and for treosulfan compared to cisplatin, but these results are not as
significant as those are for the cytosine analogues, though this may be due to the low
numbers tested.

4.3.6 Combination Chemotherapy
The majority of uveal melanoma samples were tested with combinations of drugs as
well as with single agents. Combinations of drugs can have one of four effects, they can
be antagonistic, additive, synergistic (supra-additive), or one drug can mask the effects
of the second drug if they affect the same cells in the sample, which makes it appear that
only one drug is active. Alternatively a combination of the various effects can occur. As
stated in Chapter 2 the combination effects are examined in the ATP-TCA Excel
spreadsheet using the methods of Poch et al (1990 and 1995). Briefly, this method
analyses data from single agents and calculates a predicted combination effect, which is
then plotted against the effect seen with the same combination in the ATP-TCA.

4.3.7 Treosulfan and araC or gemcitabine
Recent clinical trials in ovarian cancer have combined an alkylating agent, normally
cisplatin, with a cytosine analogue, normally gemcitabine, with promising results (van
Moorsel et al, 1997, Kurbacher et al, 1998). This is a logical combination as
gemcitabine is known to inhibit DNA repair through the inhibition of DNA polymerase
which is required in the repair of DNA damage caused by cisplatin. Using results
obtained prior to this PhD (Myatt et al, 1997) and the results produced in this PhD, a
similar combination was investigated, with treosulfan replacing cisplatin in the
combination with either araC or gemcitabine.
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Using the IndexsuM cut off value of 300 as an indicator of sensitivity the combination of
treosulfan with a cytosine analogue, either araC or gemcitabine, was the most effective
ex vivo combination of two agents in the uveal melanomas. 89% of uveal melanomas
had IndexsuM values below 300 for the combination of treosulfan and araC, and 80%
had IndexsuM values below 300 for the combination of treosulfan and gemcitabine.
Figure 4.5 shows growth inhibition curves and combination analysis graphs (Poch et al,
1990, 1995) for the combination of treosulfan and araC. Figure 4.5a shows the
combination of treosulfan and araC having a much greater effect than either of the two
single agents. This is confirmed by Figure 4.5b, which shows the combination analysis
graph, which suggests a greater effect of the combination than the independent actions
would predict with the exception of the two lowest doses. This suggests a synergistic
activity of the combination in this sample. Figure 4.5c is another growth inhibition
curve for the combination of treosulfan and araC, in this case the combination is no
better than the single agent araC. This can also be seen in Figure 4.5d, the combination
analysis graph, where there is no difference between the actual combination effect and
that predicted by the independent action of the individual drugs, suggesting an additive
effect.

The same results can be seen in Figure 4.6a-d, with the combination of treosulfan and
gemcitabine. In Figure 4.6a it can be seen that the combination is having a much greater
effect than either of the two single agents. In Figure 4.6b it is clear that the combination
is greater than the sensitivity predicted by the independent action of the two drugs
suggesting a synergistic effect. In Figure 4.6c the gemcitabine is having little effect in
the combination and as such the combination graph is very similar to the treosulfan
graph. In Figure 4.6d the combination graph and the expected combination predicted by
the independent action results are very similar, suggesting an additive effect.

As the combination of treosulfan and a cytosine analogue was found to be the most
effective combination in uveal melanomas the combination was investigated further
with regard to the sequence of administration of the two agents. The treosulfan was
added at the start of the assay and the araC added at either the start of the assay or 6 or
24 hours after the start, or the araC was given at the start of the assay and the treosulfan
was added after 24 hours. Figure 4.7 shows the growth inhibition curves for the four
different timings of drug administration. The growth inhibition curves for these four
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Figure 4.5. The above graphs show (a) the inhibition curves of a uveal
melanoma tested with the combination of treosulfan and araC. (b) shows
the combination analysis graph for the combination of treosulfan and araC
against the predicted response from the independent action of the two
drugs. The above graphs show a synergistic effect of araC with weak
activity of single agent treosulfan at high concentrations..
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Figure 4.5. The above graphs show (c) the inhibition curves o f a uveal
m elanom a tested with the com bination o f treosulfan and araC . (d) show s
the com bination analysis graph for the com bination o f treosulfan and araC
against the predicted response from the independent action o f the two
drugs. The above graphs show an additive effect, w ith little treosulfan
activity in this tum our.
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Figure 4.6. The above graphs show (a) the inhibition curves o f a uveal
m elanom a tested with the com bination o f treosulfan and gem citabine. (b)
show s the com bination analysis graph for the com bination o f treosulfan
and gem citabine against the predicted response from the independent
action o f the tw o drugs. The above graph show s a synergistic effect, with
alm ost no gem citabine sensitivity at any concentration w hen tested as a
single agent.
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Figure 4.6 The above graphs show (c) the inhibition curves o f a uveal
m elanom a tested with the com bination o f treosulfan and gem citabine. (d)
show s the com bination analysis graph for the com bination o f treosulfan
and gem citabine against the predicted response from the independent
action o f the two drugs. The above graphs show an additive effect, with
gem citabine once again having little activity w hen tested as a single agent.
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Figure 4.7. The graph above shows the different effects on a uveal
m elanom a sam ples inhibition caused by the com bination o f treosulfan and
araC, w hen the two agents are added at different tim es. The individual
graphs along with the com bination effect graphs show ing the predicted
grow th inhibition from the single agents data are show n in figures 4.8 (a h). A ddition o f araC after treosulfan gives 100% inhibition at 200% , w hile
addition o f treosulfan after araC causes a change in the shape o f the curve
accom panied by a loss o f 100% inhibition.
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Figure 4.8. The effects of sequence of addition on the sensitivity of a uveal
melanoma sample to the combination of treosulfan and araC. (a) shows the
inhibition curve and (b) shows the combination analysis graph for both
drugs added together at the start of the assay. The combination shows a
synergistic effect when added in this manner, except at the lowest drug
concentrations (6.25 and 12.5% TDC) when an additive effect is seen.
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Figure 4.8. The effects o f sequence o f addition on the sensitivity o f a uveal
m elanom a sam ple to the com bination o f treosulfan and araC. (c) shows
the inhibition curve and (d) show s the com bination analysis graph for
com bination with araC added 6 hours after treosulfan. O nce again this
show s a synergistic effect w hen the two drugs are com bined, with 100%
inhibition achieved at 200% TD C with the com bination.
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Figure 4.8. The effects o f sequence o f addition on the sensitivity o f a uveal
m elanom a sam ple to the com bination o f treosulfan and araC. (e) shows
the inhibition curve and (f) shows the com bination analysis graph for the
com bination with araC added 24 hours after treosulfan. The com bination
when added in this m anner exhibits synergistic effects at concentrations
above 25% TD C, below 25% TDC there is antagonistic effect with the
com bination not achieving the sam e am ount o f inhibition as araC when
tested as a single agent.
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Figure 4.8. The effects o f sequence o f addition on the sensitivity o f a uveal
m elanom a sam ple to the com bination o f treosulfan and araC .(g) sows the
inhibition curve and (h) shows the com bination analysis graph for the
com bination with treosulfan added 24 hours after araC. W hen the
com bination is added with treosulfan 24 hours after araC there is a change
in the shape o f the inhibition curve, w ith a m axim um o f only 60%
inhibition achieved. H ow ever, this is still a synergistic effect, except at
200% TDC w hen single agent treosulfan produces greater % inhibition
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different situations are shown in Figure 4.8 a, c, e and g, with the combination analysis
graphs shown in Figure 4.8 b, d, f, and h. From Figure 4.7 it can be seen that there is
little difference in the treosulfan with araC at the start of the assay or after 6 hours.
There is however a drop off in activity if the araC is added 24 hours after the treosulfan
especially at low doses, or if the araC is added first with the treosulfan being given after
24 hours. The combination analysis graphs show the synergistic effect of the
combination is reduced with the delay in the addition of the araC, suggesting that
simultaneous administration of the two drugs is most effective. It should be noted that in
each case, except with the administration of treosulfan 24 hours after the araC, 100%
growth inhibition is achieved. These effects were also seen with the combination of
treosulfan and gemcitabine.

4.3.8 Other Drug Combinations in Uveal melanomas
Other two drug combinations tested in the uveal melanomas were, treosulfan and
paclitaxel, doxorubicin and paclitaxel, mitoxantrone and paclitaxel and the combination
of treosulfan and doxorubicin. The growth inhibition curves and combination analysis
curves for these combinations are shown in Figures 4.9, 4.10, 4.11, and 4.12. From
Figures 4.9, 4.10, 4.11, and 4.12, it can be seen that these combinations produce
additive effects of the single agents rather than the synergistic effects seen with
treosulfan in combination with a cytosine analogue. However there is a slight
synergistic effect suggested by Figure 4.1 lb for the combination of doxorubicin and
paclitaxel. Similar results are seen with the combination of treosulfan and doxorubicin.
Figure 4.10, however the shape of the doxorubicin curve is unusual and has a 'Ushaped’ profile as opposed to the usual dose response curve that is seen with
doxorubicin, see Figure 4.1 e and f.

Two three drug combinations were tested in the uveal melanoma samples. These were
treosulfan and araC with paclitaxel, and treosulfan and gemcitabine with paclitaxel.
Figure 4.13 shows the growth inhibition curves for these two three drug combinations
along side the combinations without paclitaxel. From these graphs it is clear that
paclitaxel adds little to the sensitivity of uveal melanomas in the combination of
treosulfan and a cytosine analogue.

As can be seen above for the single agents tested in the uveal melanomas, the IndexsuM
results for the combinations have been used to draw histograms. Figure 4.14 shows the
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Figure 4.9. The above graphs show (a) the inhibition curve o f a uveal
m elanom a tested with the com bination o f treosulfan and paclitaxel and
(b) the com bination analysis graph for the com bination o f treosulfan
and paclitaxel against the predicted response from the independent
action o f the two drugs. The above graphs show an additive effect, with
the com bination producing the am ount o f inhibition predicted from the
single agent results in this tum our.
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Figure 4.10. The above graphs show (a) the inhibition curve o f a uveal
m elanom a tested with the com bination o f treosulfan and doxorubicin
and (b) the com bination analysis graph for the com bination o f
treosulfan and paclitaxel against the predicted response from the
independent action o f the two drugs.
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Figure 4.11. The above graphs show (a) the inhibition curve o f a uveal
m elanom a tested with the com bination o f doxorubicin and paclitaxel. (b)
the com bination analysis graph for the com bination o f doxorubicin and
paclitaxel against the predicted response from the independent action o f
the two drugs. The above graph show s an additive effect w ith a slight hint
o f synergy.
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Figure 4.12. The above graphs show (a) the inhibition curve o f a uveal
m elanom a tested w ith the com bination o f m itoxantrone and paclitaxel.
(b) the com bination analysis graph for the com bination o f m itoxantrone
and paclitaxel against the predicted effect from the independent action
o f the two drugs. The above graphs show an additive effect, w ith som e
fluctuation betw een synergy and antagonism up to 50% TD C, giving a
predom inantly additive effect.
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Figure 4.13. The above graphs show the inhibition curves for (a)
treosulfan + araC with and w ithout paclitaxel, (b) the com bination o f
treosulfan + gem citabine w ith and w ithout paclitaxel. From the graphs it
can be seen that paclitaxel is adding very little to the inhibition caused by
the two drug com bination in these exam ples.

141

(b)

(a)

1412
6

-

-

10 8

-

6

-

4-

2

4-

2

0
0

100 200 300 400 500 600+

0

(c)

(d)

4i

4-

2-

2

0

0
0

100 200 300 400 500 600+

100 200 300 400 500 600+

-

0

100 200 300 400 500 600+

Figure 4.14. The above histogram s show the distribution o f the
Indexgy^ values for the com binations (a) treosulfan + araC , (b)
treosulfan + gem citabine, (c) treosulfan + paclitaxel, (d) doxorubicin +
paclitaxel, tested ex vivo in com bination in uveal m elanom a sam ples.
The higher the Indexg^^ value the less active the com bination is ex vivo
in the A TP-TCA .
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histograms for four of the combinations tested in the uveal melanomas, treosulfan and
gemcitabine, treosulfan and araC, treosulfan and paclitaxel, and doxorubicin and
paclitaxel, with the IndexsuM separated in to categories.

As seen with the single agent results shown above, the IndexsuM results for the
combinations are summarised in Table 4.5 below. It should be noted that of the samples
tested with treosulfan, araC and paclitaxel in combination, only one sample showed an
improvement in the IndexsuM value to elevate it into the sensitive category (IndexsuM
below 300) from the active category (IndexsuM between 301 and 450). Of the samples
tested with both treosulfan, gemcitabine and paclitaxel in combination, only one showed
an improvement in the IndexsuM to elevate it into the sensitive category (IndexsuM
below 300) compared to treosulfan and gemcitabine in combination alone.

The three other parameters calculated, the IndexAuc, IC50 and IC90 values from the
uveal melanoma data with combinations of agents are summarised in Table 4.6. Unlike
the results seen with the single agents, the majority of the IC50 and IC90 results lie
within the tested drug concentrations (6.25 - 200% TDC), with some of the IC90 values
falling above the 200% TDC.
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Table 4.5. Summary of the IndexsuM values for the drug combinations tested in the
uveal melanoma samples with the ATP-TCA.
Drug

Number

IndexsuM

IndexsuM

IndexsuM

Median IndexsuM

Combination

tested

(<300)

(301-450)

(451 and

(min-max)

above)
Treosulfan +

36

32 (89%)

3(8%)

1 (3%)

147 (13-459)

59

47 (80%)

6 (10%)

6(6%)

216(26-865)

11

11 (100%)

0(0%)

0(0%)

105 (24-235)

13

12 (92%)

1 (8%)

0(0%)

178 (125-343)

18

12 (67%)'

5 (28%)'

1 (6%)'

259 (147-461)

7

0(0%)

6 (86%)

1 (14%)

334 (309-513)

21

8 (38%)

11 (52%)

2(10%)

326 (170-549)

16

9 (56%)

5(31%)

2 (13%)

298 (170-586)

araC
Treosulfan +
gemcitabine
Treosulfan +
araC +
paclitaxel
Treosulfan +
gemcitabine +
paclitaxel
Treosulfan +
paclitaxel
Doxorubicin +
treosulfan
Doxorubicin +
paclitaxel
Mitoxantrone
+ paclitaxel
Due to rounding up the total percentage is greater than 100%
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Table 4.6. Summary of the IndexAuc, IC50 and IC90 values for the drug combinations
tested in the uveal melanoma samples with the ATP-TCA.
Drug

Median

Median IC50 (range)

Median IC90 (range)

Combination

IndexAuc (range)

(%TDC)

(%TDC)

Treosulfan +

17340

7 (3 -8 1 )

66 (6 - 257)

araC

(10457- 19247)

Treosulfan +

16447

19(4-225)

80(10-406)

gemcitabine

(-5733- 16447)

Treosulfan +

18450

6 ( 3 - 30)

39 (9 - 92)

araC +

(16541 - 19212)

1 9 (5 -4 3 )

83 (3 8 - 150)

39(5-110)

94 (4 6 - 186)

71 (37-119)

122 (91 -223)

62 (5 - 133)

155 (61 -385)

4 4 (1 6 - 139)

115 (2 4 - 193)

paclitaxel
Treosulfan +

16629

gemcitabine +

(14413- 18339)

paclitaxel
Treosulfan +

15237

paclitaxel

(8430- 17542)

Doxorubicin +

12638

treosulfan

(5422- 15059)

Doxorubicin +

12855

paclitaxel

(774- 17045)

Mitoxantrone

14381

+ paclitaxel

(-237- 18299)
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4.3.9 Multidrug Cross-sensitivity / Multidrug Resistance
Unfortunately not enough samples were tested with the same drugs to allow Venn
diagrams to be drawn to exhibit cross-sensitivity to differently acting agents as has been
done for the cutaneous melanomas (Chapter 5) and the ovarian adenocarcinomas
(Chapter 7). Of the 73 uveal melanomas tested with both single agents and
combinations 38 (52%) had an IndexsuM value below 300 for at least one single agent
and combination. 26 (36%) only had an IndexsuM value below 300 for combinations of
drugs and 9 (12%) did not have an IndexsuM below 300 for any of the single agents or
combinations tested. Of the 9 samples tested that were not sensitive to anything, 2 had
only been tested with 2 single agents and one combination and so may have been
sensitive to one of the other single agents or combinations not tested. However, at least
seven tumours can be regarded as truly multi-drug resistant.

4.3.10 Up-regulation of p53 and PCNA in Response to Chemotherapy
The up-regulation of p53 and PCNA was investigated in uveal melanoma cells ex vivo
as described in Chapter 2 (section 2.2.24). Figure 4.15 a and b shows the percentage of
cells staining positive for p53 or PCNA at each time point in response to treosulfan and
gemcitabine, alone and in combination. Although there is a slight up-regulation of p53
in the MO control wells over the culture period it is less than that initially seen in
response to the drugs tested. In the cells treated with treosulfan and gemcitabine 83 %
stain positive for p53 after 48 hours compared with only 19 % in the MO control wells.

A rise in PCNA is also seen in the drug treated cells over the MO control wells, but
there is not such a marked difference as that seen for p53. After 48 hours almost one
quarter of the cells treated with single agent treosulfan (23%) or gemcitabine (24%)
stained positive for PCNA compared to only 2% of the MO control cells. 34% of the
cells treated with treosulfan and gemcitabine stained positively after 48 hours.
After 144 hours it can be seen that the percentage of cells staining positive for p53 and
PCNA are the same as the MO control wells and in the drug wells.

Figure 4.16 shows the inhibition curves from the initial ATP-TCA performed on the
uveal melanoma samples (98M059) which was used for the above experiment studying
up-regulation ofp53 and PCNA in response to chemotherapeutic drug insult. This is
included to show that this tumour was not highly resistant or sensitive to the drugs that
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Figure 4.15. The above graphs show the increase in the number of positively
stained uveal melanoma cells detected by immunohistochemistry for (a) p53
and (b) PCNA, in response to exposure to treosulfan and gemcitabine, alone
and in combination within the ATP-TCA. The graphs also show the
percentage of positively stained cells from a no drug control.
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Figure 4.16. The above shows the inhibition curves for 98M059.
98M059 was the uveal melanoma sample used to generate the
immunohistochemistry data shown in figure 4.15.
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were tested, although the sample is more sensitive to gemcitabine than that seen in the
majority of samples.

4.3.11 c-myc levels and correlation with sensitivity
c-myc oncoprotein levels were assessed by FAC Scan in 40 uveal melanomas. The
percentage of positive staining nuclei ranged from 12 to 100 %. Table 10.2 (in appendix
1) summarises the percentage of nuclei with c-myc positivity with the patient’s sex, age
at enucleation, tumour cell type, which eye contained the melanoma, the largest tumour
diameter and the number of mitoses per mm^.

As c-myc is thought to be involved in resistance to chemotherapy the percentage of
positive nuclei was compared to the IndexsuM results obtained with the uveal
melanomas in the ATP-TCA. Although previous studies have shown relationships
between c-myc and chemosensitivity / chemoresistance, no significant correlation could
be found between the percentage positively stained nuclei and the IndexsuM results.
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4.4 Discussion
4.4.1 Patient Characteristics
The average age of diagnosis of uveal melanoma is about 55 years old (Woll et al,
1999). The average age of patients who were enucleated and whose melanoma were
investigate here was 61 years old. This age was expected to be higher than the average
published as this is the age at enucleation and in general only large melanomas are
enucleated. The numbers of male and female patients are also almost equal which is to
be expected as there is no known difference in the sexes as to susceptibility to uveal
melanoma. There is also an equal distribution in the number of left and right eyes in
male patients. However, in female patients there are more right eye tested than left eyes.
This is a coincidence as when all the eyes enucleated are taken into account the numbers
of left and right eyes are similar.

4.4.2 Evaluability Rate
The evaluability rate of 78% is lower than for other tumour types which have
evaluability rates above 90% (Andreotti et al, 1995, Grec et al, 1996, Kurbacher et al,
1996, 1998). In most cases the majority of the tumour was taken for diagnostic purposes
rather than for investigation with the ATP-TCA. This meant that in some cases only a
small amount of tumour was available for digestion and so did not yield enough cells
for an assay to be performed. In some cases, the tumour was necrotic or had been pre
treated with radiotherapy, which often left the tumour material not viable for use in the
ATP-TCA.

4.4.3 Single Agent ex vivo Chemosensitivity
Following on from the initial work by Myatt and co-workers (Myatt et al, 1997) a panel
of 15 single agents was tested with the uveal melanoma samples using the ATP-TCA.
Each agent was tested at least four times in triplicate, other agents were tested but only
once or twice and so have not been presented here. As seen with the initial study with
uveal melanoma (Myatt et al, 1997) and as seen with other tumour types (Andreotti et
al, 1995, Cree et al, 1996, Kurbacher et al, 1996) there is a large degree of
heterogeneity of response to chemotherapy when tested ex vivo using the ATP-TCA.
Comparing the results from this study with the results of Myatt et al, there appears to
be less inhibition of uveal melanoma in the present study, ie greater ex vivo resistance.
In the Myatt study only a small number of samples (maximum n=16) were investigated,
this might cause the results to be skewed towards appearing more sensitive. However,
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uveal melanoma appears to be more resistant to single chemotherapeutic agents in the
ATP-TCA than other tumour types, such as ovarian and breast carcinoma.

4.4.4 DNA Damaging-Agents
Of the four DNA damaging agents tested, BCNU, cisplatin, mitomycin C and
treosulfan, only treosulfan showed substantial activity against the uveal melanoma cell
in the ATP-TCA.

Treosulfan is known to be unaffected by standard drug resistance mechanisms including
the MGMT DNA repair system and the P-glycoprotein efflux pump resistance
mechanism (see Chapter 1 for descriptions of these resistance mechanisms). However,
treosulfan may be affected by the gluathione detoxification system (Reber et al, 1998).
BCNU resistance may be due to the MGMT DNA repair system (Wedge et al, 1996) as
it exclusively alkylates DNA at the

position on guanine residues to cause

cytotoxicity.

Cisplatin is thought to be affected by the glutathione resistance mechanism and DNA
repair (Perez e/a/., 1998, Pendyala e/a/., 1997 Mistry er a/., 1991, Ishikawa e/a/..,
1993). Studies have shown that depletion of glutathione by buthionine sulfoximine
potentiates the activity of cisplatin in a cisplatin-resistant leukaemia cell line (Hrubisko
et al, 1993) and a small cell lung cancer cell line (Meijer et al, 1990). The effects of
glutathione depletion on the efficacy of cisplatin in uveal melanoma cells has not been
investigated here.

Resistance to mitomycin C is not fully understood, and several different mechanisms
may be responsible. Activity of mitomycin C relies on reduction of the parent drug, this
can be either an enzymatic or non-enzymatic process (Joseph et al, 1996). However,
only enzymatic activation is thought to be involved in the cytotoxic activity of
mitomycin C through the production of inter-strand cross links (Joseph et al, 1996). It
is thought that DT-diaphorase is the major enzyme responsible for activation of
mitomycin C in the cell although other enzymes can cause activation (Cummings et al,
1995). Therefore cells that contain high levels of DT-diaphorase are expected to have
better responses to mitomycin C than those not expressing the enzyme (Cummings et
al, 1995). Unfortunately the level of DT-diaphorase expression in the uveal melanoma
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cells tested with mitomycin C has not been determined and so the lack of mitomycin C
activity cannot be confirmed as lack of activation.

Mitomycin C resistance has also been linked with nucleotide excision repair (Dulhanty
et al, 1989), and to the multidrug resistance phenotype characterised by increased Pglycoprotein (Giavazzi et al, 1983) but this has not been confirmed. Nucleotide
excision repair may be responsible for resistance to cisplatin and treosulfan as well as
mitomycin C and so may not account for the total resistance of the uveal melanoma
cells to mitomycin C. It should be noted that mitomycin C was only tested in four
samples and the resistance seen can not be regard as conclusive proof that all uveal
melanomas will be resistant.

The results also show that the uveal melanomas are significantly more sensitive to
treosulfan than cisplatin. The reasons given above for the resistance to cisplatin and
treosulfan do not suggest that this should be expected. The reasons for these differences
may be due to the pharmacodynamics of the drugs within the cell, or to the better crosslinking ability of treosulfan.

4.4.5 Topoisomerase Inhibitors
Four topoisomerase inhibitors were tested with the uveal melanomas: one
topoisomerase I inhibitor, topotecan, and three topoisomerase II inhibitors,
doxorubicin, etoposide and mitoxantrone. There is some evidence that doxorubicin may
have some inhibitory effect on topoisomerase I as well as topoisomerase II (Foglesong
et al, 1992).

The uveal melanoma samples are predominantly resistant to topotecan with 88% (14/16
samples) of the samples tested showing resistance (IndexsuM >450). There are three
main resistance mechanisms that are potentially responsible for topotecan resistance, a
topoisomerase I mutation, down-regulation of the target enzyme and the multidrug
resistance phenotype. Single base mutations have been found to confer topotecan
resistance to topoisomerase I (Wang 1996). The multidrug resistance phenotype may
play a minor part in uveal melanoma cells resistance to topotecan although is probably
not fully responsible. Cell lines expressing P-glycoprotein have been found to be nine
fold more resistant to topotecan than non-expressing cell lines. However, this is much
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less than for classical examples of multidrug resistance-affected drugs such as
doxorubicin, which can be up to 900-fold more resistant (Chen et al, 1990).

The proteins responsible for multidrug resistance, P-glycoprotein, as well as MRP and
LRP have previously been found to be present in uveal melanoma cell lines and tumour
samples (van der Pol et al, 1997). However, Satherley et al (2000) investigated the
expression of the various proteins thought to be responsible for multidrug resistance as
well as the expression of the two topoisomerase II isoforms, a and p, on a selection of
the uveal melanoma samples tested here. This study found no correlation between the
expression of the multidrug resistance proteins, P-glycoprotein, MRP and LRP, and the
ex vivo chemosensitivity of the samples to doxorubicin or mitoxantrone.

Uveal melanomas are known to have large deletions on chromosome 3p (Sisley et al,
1997) whieh is where the gene for topoisomerase Up is located. Therefore it is possible
that many of the uveal melanoma will have lower levels of topoisomerase Iip than
normal cells due to this genetic abnormality, which will manifest itself as resistance to
these drugs.

As stated in Chapter 1, down-regulation of topoisomerase II p has been suggested as
conferring resistance to anthracyclines, although in this study (Satherley et al, 2000)
no significant excess resistance was seen in those tumours which did not express the
enzyme. Like most studies the expression of these proteins was looked at before
exposure to the drugs. Ideally the expression needs to be looked at during exposure of
the cells to the drugs, as there is evidence that cells can up-regulate or down-regulate
protein expression in response to stress (see below section 4.4.14, for up-regulation of
p53 and PCNA).

A third explanation is that the topoisomerase II enzymes may possess a mutation which
confers resistance to the topoisomerase II inhibitors. This has been seen in cell lines
where a mutation of the topoisomerase Ila enzyme confers resistance to doxorubicin
and mitoxantrone (Mao et al, 1999).

The results do however show that the uveal melanomas are significantly more sensitive
to mitoxantrone than to doxorubicin. There is evidence of a lack of cross resistance
between these two drugs in some clinical samples (Kurbacher et al, 1996). However,
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the TDC for mitoxantrone has recently been found to have been set at too high a
concentration and this may contribute to the greater sensitivity to this drug (see section
7.4.3).

4.4.6 Microtubule Inhibitors
Three microtubule inhibitors were tested with the uveal melanoma cells, paclitaxel,
vinblastine and vinorelbine. There are two recognised resistance mechanisms that may
account for resistance to microtubule inhibitors, the multidrug resistance phenotype, upregulation of P-glycoprotein, MRP and LRP, or alterations / mutations in microtubule
structure and binding ability. As stated above Satherley et al have investigated the
expression of the multidrug resistance proteins (Satherley et al, 2000). This
investigation could find no correlation between the sensitivity / resistance to vinblastine
with the expression of the multidrug resistance proteins. Paclitaxel and vinorelbine were
not tested in the tumours which were investigated by Satherley et al and so the
contribution to resistance by the multidrug resistance proteins can not be stated.
Although it may be safe to say that if the multi drug resistance phenotype is not
responsible for doxorubicin, mitoxantrone or vinblastine resistance then it is unlikely to
be responsible for paclitaxel and vinorelbine resistance. Therefore, it is more likely that
either mutations of the tubulin subunits is accountable for the resistance to the
microtubule agents or, the slow growth rate and lack of mitotic activity in uveal
melanoma cells renders microtubule agents inactive.

There is evidence that alterations in the structure of the microtubules may contribute to
paclitaxel resistance (Rowinsky & Donehower 1996). One mutation that affects
microtubule assembly has been found to confer resistance to paclitaxel (Gonzalez-Garay
gfaA, 1999).

A study using the FMCA (see section 1.6.6) found that twice as many samples were
sensitive to vinorelbine than to vincristine (Fridborg et al, 1996). Due to the small
numbers of samples tested here with the vinca alkaloids it is not possible to see if these
results agree with this previous study, although vinorelbine does appear to be more
active than vinblastine. Vinorelbine has also been found to be more potent than the
other vinca alkaloids in a number of cell lines (Gros et al, 1989).
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Resistance to vinorelbine has commonly been attributed to the multidrug resistanee
phenotype, but this does not appear to agree with the current results (Satherley et al,
2000). Therefore, it is likely that microtubule mutations are responsible for vinorelbine
resistance in these samples. Alternatively, as suggested above, the slow growth rate and
lack of mitotic activity in the uveal melanoma cells may cause resistance. As stated in
Chapter 1, vinorelbine disrupts mitotic microtubules more specifically than the other
vinca alkaloids (Binet et al, 1990).

4.4.7 Anti-metabolites
The three anti-metabolites tested as single agents in the uveal melanomas were two
cytosine analogues, araC and gemcitabine, and azathioprine. There is quite a large
difference in the number of samples that are sensitive to araC than to gemcitabine, with
over half (55%) of the samples sensitive to araC and only 22% sensitive to gemcitabine
using the IndexsuM < 300 as indicative of sensitivity. There is a significant difference
(p=0.0038) in the sensitivity of the uveal melanoma samples to araC and gemcitabine
when tested in the same samples. Despite these two drugs being analogues of cytosine,
there are several differences in the mechanisms of action. AraC is known to be
ineorporated into DNA at a greater rate than gemcitabine, however once incorporated
gemcitabine is harder for the cell to remove (Lloyd et al, 1972). Relating this faet to the
results obtained, it would appear that incorporation of the cytosine analogue into DNA
is important for cytotoxic activity in the uveal melanoma cells.

The mechanisms of both araC and gemcitabine involve multiple cellular targets, which
means that resistance to them can be multifactorial. The commonest resistance
mechanism for araC is thought to be through a deoxycytidine kinase deficiency (Ruiz
van Haperen et al, 1994, Chabner 1996) preventing the activation of araC. Other
mechanisms that are responsible for araC resistance include an increase in
deoxycytidine deaminase activity, which decreases the amount of active metabolites, an
alteration in DNA polymerase preventing incorporation of the metabolites, or an
alteration in the membrane transport of the drug (Ruiz van Haperen et al, 1994, Chabner
1996). These mechanisms of resistance also affect gemcitabine with cross resistance
between cell lines that have been induced to be araC resistant (Heinemann et al, 1988 ).

Gemcitabine also has unique targets in the cell, different to araC, for which additional
resistance mechanisms have been proposed (Peters et al, 1996). These proposed
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resistance mechanisms include; increased ribonucleotide reductase, increased CTP
synthetase, increased RNA polymerase. If sensitivity of uveal melanomas to
gemcitabine relies on the activity of the drug on RNA rather than DNA this could
account for the differences in sensitivities between the two cytosine analogues.

Azathioprine is relatively inactive in uveal melanoma cells when tested ex vivo with the
ATP-TCA. The majority of the samples are resistant (73%) with an IndexsuM value of
over 450. As stated in Chapter 1, azathioprine is converted to 6-mercaptopurine by a
non-enzymatic process, 6-mercaptopurine is then converted to 6-mercaptopurine ribose
phosphate, and then into 6-thioguanine nucleotides, both of these changes are
enzymatically controlled. These two metabolites are responsible for the activity of
azathioprine, 6-mercaptopurine ribose phosphate inhibits purine synthesis and 6thioguanine nucleotides are incorporated into DNA and RNA causing errors. It is
thought that the incorporation of 6-thioguanine into DNA is predominantly responsible
for the cytotoxic activity of azathioprine. However, this incorporation step will only
occur in DNA that is being repaired, or in actively dividing cells. As the mitotic rate of
uveal melanomas is known to be slow, azathioprine metabolites may not get the chance
to be incorporated into DNA and cause damage, although they will be incorporated into
RNA. Azathioprine may be of more use if tested in combination with one of the DNA
damaging agents which will potentially lead to the incorporation of the metabolites of
azathioprine into the cell’s DNA.

Resistance to azathioprine may also be due to alterations in the enzymatic conversions
that occur after 6-mercaptopurine has been formed. The conversion of 6-mercaptopurine
ribose phosphate to 6-thioguanine is catalysed by hypoxanthine-guanine
phosphoribosyltransferase (HGPRT). Mutations or down-regulation of HGPRT could
account for azathioprine resistance, as prior to this enzyme-catalysed conversion the
drug is relatively non-cytotoxic. Deficiency of HGPRT has been found in cell lines that
exhibit resistance to 6-mercaptopurine-based drugs (Hande & Garrow 1996). A second
resistance mechanism may involve rapid dephosphorylation of 6-thioguanine
nucleotides before they can be incorporated in to DNA (Hande & Garrow 1996). If
either of these mechanisms operate in the uveal melanoma cells they would, in tandem
with the lack of metabolite incorporation into DNA, account for the observed resistance
to azathioprine.

156

It seems likely that rather than one resistance mechanism acting independently to
produce resistance to a particular drug in the uveal melanomas it is more likely to be a
combination of two or three mechanisms resulting in resistance. Unlike many tumour
types, it appears that the multidrug resistance phenotype does not play a major part in
drug resistance in this tumour type. The slow growth rate of the tumour cells may also
play a part in the drug resistance seen in the samples tested.

4.4.8 IFNa2b
IFNa2b is known to have several effects on tumours including direct anti-proliferative
effects on the tumour cells and indirect effects on anti-tumour immunity and
angiogenesis (Dinney et al, 1998, Slaton et al, 1999, Witt et al, 1996). Using the
ATP-TCA it is only possible to investigate the direct anti-proliferative effects of
IFNa2b on the uveal melanoma samples studied here. The results show that IFNa2b can
induce growth inhibition (positive IndexsuM values) or growth promotion in uveal
melanoma cells (negative IndexsuM values).

The anti-proliferative effects of IFNa2b may be due to a reduction in the cycling
capacity of the tumour cell, or induction of differentiation (Witt et al, 1996). If the
uveal melanoma cells are induced to differentiate it would logically follow that the cells
would die in the assay. This is because differentiated cells usually require a surface to
adhere to, which is not available on the 96 well polypropylene culture plates that are
jLised in the ATP-TCA. This might explain the growth inhibition seen in some of the
uveal melanoma samples that have been tested. Also a reduction in cycling capacity
could be accompanied by a reduction in ATP, which would appear as growth inhibition
with the ATP-TCA.

The apparent growth promotion of uveal melanoma cells by IFNa2b seen in the ATPTCA is more difficult to explain. While there might be an overgrowth effect in the MO
control wells, this is unlikely in the uveal melanoma samples as uveal melanoma cells
are known to be very slow growing (Mooy et al, 1995, Imesch & Albert 1997).
Overgrowth is unlikely to occur in the space of 6 days, but may occur in a small number
of samples. A second explanation might be that non-tumour cells in the wells may be
having an effect on the melanoma cells once stimulated with IFNa2b. The cell culture
conditions utilised in the ATP-TCA discourage the survival of non-tumour cells, but it
is known that non-malignant cells do survive for several days in the assay and could
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produce cytokines (Andreotti et al, 1995). These non-tumour cells may be supported by
the presence of IFNa2b and survive better in these wells than the MO wells to make up
a proportion of the ATP that is measured at the end of the assay. The IFNa2b might
also stimulate the melanoma cells into producing a survival factor that stimulates the
survival of the non-tumour eells. Alternatively these cells may have been stimulated by
the IFNa2b and produeed some growth factor that has stimulated the uveal melanoma
cells which will have appeared as growth in the wells (a negative IndexsuM value).

These three hypotheses as to why IFNa2b promotes growth in some uveal melanoma
cells are hard to test. Firstly, cells would need to be removed from each well after the
assay and the proportion of non-tumour cells determined by cytology, which is a
laborious process. Seeondly if there is an unknown growth factor involved that is
produced by the non-tumour cells it would need to be identified in very small samples.
One method that could be employed to do this would be to use an RNA array to look for
up-regulated mRNAs of cytokines which may stimulate tumour and non-tumour cells.

4.4.9 Combination Chemotherapy
Single agent chemotherapy is rarely used in the treatment of cancer; more often
combination chemotherapy is employed. The ATP-TCA has allowed the investigation
of a number of different and often novel combinations alongside the single agents. One
of the most active single agents tested in the uveal melanoma samples was treosulfan
and as such the majority of the combinations tested were based upon treosulfan.

4.4.10 Treosulfan and a cytosine analogue
In contrast to cisplatin, treosulfan is quite active, with 21% of uveal melanoma samples
being sensitive (IndexsuM < 300) and 51% of samples showing some activity (IndexsuM
between 301 and 450). Therefore the combination of treosulfan with araC or
gemcitabine was a more rational combination to investigate in the uveal melanoma
samples than the combination with cisplatin. AraC was initially tested in the
combination but was later replaced in the combination by gemcitabine, although the two
were tested side by side in some samples. Gemcitabine replaced araC because araC is
known to have more side effects in the patient than gemcitabine which is generally well
tolerated and has superior activity in solid tumours (Heinemann et al, 1988).
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Treosulfan with araC is the most effective two drug combination with 89% of samples
being sensitive to the combination (IndexsuM < 300). Treosulfan with gemcitabine is the
second most effective two drug combination with 80% of samples being sensitive to the
combination (IndexsuM < 300). The combination of treosulfan and a cytosine analogue
showed synergistic (supra-additive) effects with the combination being more effective
than the results predicted by the single agents alone.

The exact reasons why a synergistic effect is seen when a cytosine analogue is
combined with treosulfan (or cisplatin in studies with other tumour types) have not been
fully determined and can only be speculated upon. There are three effects of
gemcitabine or araC that may contribute to the synergism seen, these are inhibition of
DNA polymerase, the direct incorporation of the drugs into DNA and, alteration in the
cellular dNTP pools (Peters et al, 1996, Iwasaki et al, 1997), or a combination of all
three. Further studies on DNA polymerase activity, drug incorporation and
measurement of dNTP pools are required for the exact mechanisms to be unravelled.
One study of the synergistic effects of cisplatin and gemcitabine hypothesised that
incorporation of gemcitabine into DNA and cisplatin DNA adduct formation may be
responsible for the synergistic effects in the combination of cisplatin with gemcitabine
(Bergman et al, 1996).

The scheduling of the two agents also plays a key role in the sensitivity of uveal
melanoma samples to the combination of treosulfan and either gemcitabine or araC (see
section 4.3.7). When the two agents are added at the same time or with the treosulfan
added up to 24 hours before the cytosine analogue a synergistic effect is seen and 100%
inhibition is achieved. However, when the cytosine analogue is added 24 hours before
the treosulfan the shape of the inhibition curve changes; there is no obvious dose
response with the combination and 100% inhibition is not achieved. Even though 100%
inhibition is not achieved a synergistic effect is still seen (see Figure 4.8h).

This results are not easily explained as there have been no published data on the
pharmacology of the combination of treosulfan and gemcitabine or araC. Bergman and
co-workers, studying cisplatin in combination with gemcitabine, found that cisplatin did
not increase the intracellular pools of gemcitabine, nor did the combination produce a
greater number of double strand breaks (Bergman et al, 1996). As stated above
Bergman et al hypothesised that incorporation of gemcitabine into DNA and cisplatin
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DNA adduct formation may be responsible for the synergistic effects. Normally
gemcitabine is incorporated into DNA by DNA replication methods (Iwasaki et al,
1997). As uveal melanomas are known to be very slow growing, the incorporation of
gemcitabine by this route will be minimal. Once the DNA is damaged by treosulfan,
gemcitabine will be incorporated into DNA at a much greater rate than normal by DNA
repair mechanisms, which will result in a greater amount of cytotoxicity. This may be
the case here with the schedule of the two drugs affecting the amount of direct DNA
damage (treosulfan adduct or incorporation of the cytosine analogue) and hence the
amount of inhibition seen in the assay. This hypothesis could be investigated by
assessing the amount of treosulfan induced damage and the amount of gemcitabine
incorporated into the DNA with each of the different schedules tested here.

4.4.11 Addition of paclitaxel to treosulfan combined with a cytosine analogue
The addition of paclitaxel to the combination of treosulfan and either araC or
gemcitabine had little effect on the overall growth inhibition of uveal melanoma cells
when tested with the ATP-TCA. Using the IndexsuM < 300 as an indicator of sensitivity,
paclitaxel only improved activity in two samples out of the 24 tested, from the active
category (IndexsuM between 301 and 450) to the sensitive group. The two cases in
question both had IndexsuM values for the combination of treosulfan with the cytosine
analogue just over 300. The extra activity seen with the addition of the paclitaxel is
probably due to the paclitaxel working independently of the other two drugs and is an
additive effect.

Paclitaxel does not directly affect DNA repair although it does inhibit intracellular
transport. It has recently been found that microtubules are required for transport of p53
into the nucleus of the cell and that paclitaxel prevents nuclear accumulation of p53
(Giannakakou et al, 2000). In response to DNA damage p53 levels rise and this may be
prevented by the presence of paclitaxel, which would prolong the length of time the cell
experiences damage. This increased exposure to damage will increase the % inhibition
seen in the ATP-TCA.

4.4.12 Other two-drug combinations
The other two-drug combinations, treosulfan + paclitaxel, treosulfan + doxorubicin,
doxorubicin + paclitaxel and mitoxantrone + paclitaxel, all showed additive effects
when tested with the uveal melanoma samples. This is to be expected as the damage
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caused by one of the agents does not directly effect the resistance or repair, of the
damage caused by the second agent. Therefore the two drugs act independently of each
other causing cell death and contribute to the additive effects that are seen. The hint of
synergy seen in the combination of doxorubicin and paclitaxel (Figure 4.11) is not as
prominent as that seen in the combination of treosulfan and one of the cytosine
analogues. The degree of synergy shown in this example is rarely seen with this
combination and is probably an anomaly.

The above reasoning as to why only additive effects are seen is not strictly true in the
case of treosulfan combined with doxorubicin. Doxorubicin has several effects on
DNA: these include the formation of complexes that prevent the separation of the
double stranded a-helix (Bachur et al, 1992); and (more commonly) the inhibition of
topoisomerase II via intercalation of the drug into the DNA. Topoisomerases are
involved in the repair of DNA damage where the correct topology of the DNA needs to
be maintained after the excision and repair of the damaged DNA. However, these
effects of doxorubicin do not seem to have influenced the damage or, the repair of the
damage caused by treosulfan.

The results obtained from the combinations of agents in the uveal melanoma samples
suggests a rule as to whether a synergistic or an additive effect occurs for a combination
of two drugs. For a synergistic effect to be seen, one of the drugs in the combination
needs to have an inhibitory effect on the repair mechanisms utilised by the cell to repair
the damage of the second drug in the combination, or needs to alter the metabolism of
the second drug. If the two agents in the combination have no effect on the resistance
mechanisms used against the other agent then an additive effect is more likely.

4.4.13 Multidrug Resistance
Multidrug resistance is a major problem in the treatment of cancer. Uveal melanoma is
known to be resistant to a large range of chemotherapeutic agents, and this is seen in the
results presented above. The definitions of sensitivity and resistance used here probably
over-estimate the number of samples displaying ex vivo sensitivity to the agents tested.
However, nine of the 73 samples (12%) tested exhibited no ex vivo sensitivity to the
single agents and combinations that were tested. Two of these nine had only been tested
with two single agents and one combination, and so may have been sensitive to some of
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the agents that were not tested. The other seven samples can be regarded as truly
multidrug resistant.

These seven uveal melanoma samples may be multidrug resistant for several reasons.
Uveal melanomas are known to be very slow growing tumours with a low mitotic rate
(Mooy et al, 1995, Imesch & Albert 1997) which partly accounts for some of the
resistance seen in this tumour. Many of the chemotherapeutic agents are most active
against cells that are cycling, particularly in S or M phase of the cell cycle. If the cells
are very slow growing then the effect of the chemotherapeutic agents will be minimised,
and the cells will have more time with which to repair any damage caused. It is possible
that the seven multidrug resistant uveal melanomas have a combination of a slow
growth rate and efficient drug resistance mechanisms (described in section 1.5), which
account for the ex vivo inactivity of the drugs tested.

4.4.14 Up-regulation of PCNA and p53
The up-regulation of PCNA and p53 was studied as a pilot experiment to validate the
methodology. The results showed an increase in the first 48 hours after addition of
either treosulfan, gemcitabine or the combinations of treosulfan and gemcitabine in both
p53 and PCNA in the cells compared to the no drug controls. The number of positively
stained cells then decreased to the levels seen in the no drug controls between 48 and
144 hours after the introduction of the drugs.

The functions of p53 in the mammalian cell are well characterised (Levine et al, 1991,
Lane 1992, Gottlieb et al, 1998, Bennett 1999, Choisy-Rossi et al, 1998). In response
to DNA damage the levels of p53 rise and the cell cycle is halted. This growth arrest
allows the cell to repair the damage, or if the damage is too great the cell will undergo
apoptosis. Certain cell types such as lymphocytes are primed for apoptosis as they are
easily replaced by the body. Other cells such as neurones which are not easily replaced
are primed for DNA repair in response to damage rather than apoptosis. Therefore, in
most cell types, a rise in p53 is expected to occur in response to chemotherapy. This is
seen in this pilot experiment, the number of positively stained cells increases in the drug
treated cells, reaching a peak of 83% p53-positive cells after 48 hours when treated with
the combination of treosulfan and gemcitabine. This level of staining then steadily
decreases to 40% during the next 96 hours. The amount of p53 positively stained cells
treated with single agent treosulfan or gemcitabine rises during the first 48 hours and
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reaches a plateau at about 40%. A plateau can also be seen in the no drug control wells
where the percentage of stained cells rises steadily for 96 hours and reaches a plateau at
just under 40%. This up-regulation of p53 in the control wells indicates that the cells are
stressed during the culture period of the assay which may affect sensitivity of the cells
in the assay.

The increase in p53 staining in response to the combination of treosulfan and
gemcitabine is consistent with the large amount of DNA damage that is expected in the
majority of cells after 48 hours. The decrease in p53 staining after 48 hours probably
indicates that repair of the damaged DNA is occurring, despite the presence of
gemcitabine which can inhibit DNA polymerase and hence DNA repair.

PCNA is up-regulated in cells in response to DNA damage and is associated with a
number of enzymes involved in DNA repair and a number of proteins which regulate
the cell cycle (Cox 1997, Jonsson & Hubscher 1997, Kelman 1997, Kelman & Hurwitz
1998). Therefore it is not surprising that the number of positively stained cells increased
in the cells exposed to the drugs, with maximal expression in the cells treated with both
treosulfan and gemcitabine, which should correspond with the greatest degree of DNA
damage. As already stated, gemcitabine inhibits DNA repair so it is rational to expect a
greater amount of DNA damage in the cells treated with the combination, although
more damage may be due to a greater incorporation of gemcitabine into DNA with the
combination. In response to this increased damage there is increased PCNA expression.
It should be noted that the cells treated with treosulfan achieved the same level of
staining for PCNA as those treated with the combination but that this level was not
obtained until after a further 48 hours. This suggests that the gemcitabine may not be
directly contributing to the DNA damage and that the damage is due only to the
treosulfan, with the gemcitabine preventing repair to allow the maximal amount of
damage to occur at an earlier time point by preventing DNA repair. Between 96 hours
and 144 hours the levels of PCNA in all conditions returns to a negligible amount
implying that the damage that has been caused by the drug has been reduced, or
repaired, and elevated PCNA expression is no longer required.

The method used to show the up-regulation of these two protein is not ideal. The
collection of samples took six days and this will need to be performed for each assay
whichever method of detection is used. The immunohistochemistry took a further two
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days after all the samples were collected. The staining could have been completed in
one day but as the laboratory routinely used a method which required an overnight
incubation the two day method was used. The most time consuming part of the assay
was the counting of positively and negatively stained cells on each slide, which took at
least 30 minutes for each time point.

This experiment was intended as a pilot experiment and as such was not supposed to be
an ideal method. The biggest problem is the counting of stained cells. Therefore, either
an automated method of cell counting is required, or a less time consuming method of
assessing the up-regulation of these proteins, and potentially other proteins of interest.
Automated counting machines are generally expensive to purchase and so would not be
a viable solution to this problem. FACS analysis is also not an option as the number of
cells available is insufficient.

Alternative methods for detection include RT-PCR, ELISA , or the use of a cDNA
expression array, each using material from extracted cells. Primers and conditions for
RT-PCR of these two proteins have been previously published and could be used for
their detection. This would need a method of extraction of mRNA which would leave
the ATP intact so that the growth inhibition could also be followed. Alternatively a
proportion of the cells could be taken for mRNA extraction and the rest left for ATP
extraction, but the cell numbers would be small, between 1000 and 5000 cells. The
cDNA expression array uses the same technology as the RT-PCR to produce a cDNA,
which can then be used to probe the array to show which mRNAs are expressed
differently in treated cells.

An ELISA method has similar problems as the RT-PCR method in that the extraction of
protein from the cells still needs to allow for ATP quantification. Once again the
extraction of the protein needs to be either performed on a fraction of the cells tested or
needs to allow for the amount of ATP to be assessed prior to protein extraction. The
detection of the proteins could be by commercially available ELISA kits or through a
home-made ELISA which would require more work, but could be tailored to the
different conditions that the method may create, including the volume of sample.

This pilot experiment shows that the investigation of protein up-regulation in response
to drug treatment within the ATP-TCA is possible but a more user friendly detection
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system is required, whether an automated detection system, an RT-PCR based system,
or an ELISA system will need to be further investigated.

4.4.15 c-myc correlation
Although previous studies have correlated c-myc expression with chemosensitivity
(Walker et al, 1996, Citro et al, 1998, Leonetti et al, 1999), no correlation could be
found with any of the drugs and the percentage of positively stained nuclei for c-myc
with the IndexsuM results. The IndexsuM results may not be an ideal parameter for
comparison with c-myc expression but as most of the results presented here refer to the
IndexsuM results, these were used. The lack of correlation might be due to the fact that
the samples were assessed for c-myc prior to treatment, using paraffin wax embedded
samples. As seen above for p53 and PCNA there is a rapid up-regulation of cell cycle
regulatory proteins in response to the drugs tested. The same may occur with c-myc
with the level before treatment not involved with chemosensitivity, and elevated levels
above normal resulting in increased resistance to various agents by altering the cell
cycle in order to deal with the resulting damage. Therefore, a similar method to that
proposed above for investigating PCNA and p53 would be more suitable for studying cmyc levels.
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Chapter 5 - Cutaneous Melanoma Results
5.1 Introduction
Metastatic cutaneous melanoma has a poor outcome and is resistant to chemotherapy,
although less so than uveal melanoma. Standard chemotherapy for metastatic cutaneous
melanoma in the UK is based on DTIC, alone or in combination (UK Melanoma Study
Group guidelines, Chowdhury et al, 1999). Response rates to DTIC vary but generally
achieve responses in about 12% of cases (Lee et al, 1995). The responses to DTIC are
almost always partial and short lived. Response rates up to 45% have been reported with
combination chemotherapy, eg bleomycin + DTIC + lomustine + vindesine (Young et
al, 1985). For a selection of clinical trials of chemotherapy in metastatic melanoma
patients see Chapter 1, Table 1.2. Although these response rates are higher than those
obtained with uveal melanoma patients the median survival times are similar (see Table
1.1 and 1.2 in Chapter 1). Using the ATP-TCA it has been possible to assess the ex vivo
chemosensitivity of cutaneous melanoma samples. The results obtained are presented
and discussed below.

In collaboration with the Gray Laboratories, c-myc was investigated in 33 of the
cutaneous melanoma samples and in four cell lines. The number of c-myc positively
expressing cells was compared to the chemosensitivity data obtained from the ATPTCA. The effects of knocking out c-myc expression in four melanoma cell lines was
also investigated using an antisense c-myc oligonucleotide. These results are also
presented below.

5.2 Materials and Methods
The method for the ATP-TCA used to assess the ex vivo chemosensitivity of the
cutaneous melanoma samples is that described in Chapter 2. The method used to
‘knockout’ c-myc in cutaneous melanoma cell lines with an antisense oligonucleotide, is
similar to the standard ATP-TCA methods with a few small changes which are stated in
Chapter 2.3.6.

The percentage of cutaneous melanoma cell nuclei containing c-myc was determined by
FACS analysis. All the FACScan analysis was performed by Dr Paul Tulley and co
workers at the Gray Laboratories, Mount Vernon, England. The method used at the
Gray Laboratory is summarised in Chapter 2.3.7.
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5.3 Results
5.3.1 Patient Characteristics
The patient characteristics are summarised in Table 5.1 below (the full Table of patient
details can be seen in the appendix, Chapter 10, Table 10.3). There were 23 (40%)
female and 34 (59%) male patients biopsied between January 1998 and December 1999:
no details could be obtained for one patient. The average age at biopsy was 53.5 years
old (male 52.6 years and female 54.0 years, excluding three further patients for whom
there was incomplete data). The numbers of mitoses per mm^ were not counted for the
cutaneous melanomas as little material was kept for histological examination, there
being no doubt as to diagnosis. However, a small fragment was processed from each
case for diagnostic confirmation if required.

Table 5.1. A summary of patient details from cutaneous melanomas assessed by ATPTCA.
Number tested

Average age

Male

34 (59%)

52.6 (30 - 87)

Female

23 (40%)

54.0 (25 - 78)

Total

58 (one unknown)

53.5 (25 -8 7 )

5.3.2 Specimens and Evaluability
During the period from January 1998 until the end of December 1999, 64 cutaneous
melanoma specimens were assessed for chemosensitivity using the ATP-TCA. Of the
64 cutaneous melanoma samples assessed, 1 sample sent was not a melanoma (it was a
lipoma) and 2 did not contain any neoplastic cell as determined by
immunohistochemistry. After digestion of tumour material 3 samples did not produced
viable cells, probably due to extensive tumour necrosis. This gave an overall
evaluability rate of 95% (58/61).

5.3.3 Single Agents ex vivo Chemosensitivity
As there was a set drug list for the cutaneous melanoma samples (see Chapter 2) the
range of different drugs tested is fixed, but this does mean that more repeats of each
agent have been tested than the uveal melanomas. The majority of cutaneous melanoma
samples tested were from large resections and so produced large numbers of cells
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(greater than 5 x 10^). The large numbers of cells meant that more drugs could be tested
with each sample and so there are many examples of tumours tested with the same
drugs.

Figure 5.1 a-h shows examples of growth inhibition curves from four cutaneous
melanomas tested with single agents showing their heterogeneity of response. As has
been seen with the uveal melanoma samples there is a wide range of responses to the
single agents tested in the cutaneous melanomas. In each example shown, with the
exception of Figure 5. le, treosulfan causes greater growth inhibition than cisplatin and
the other two alkylating agents tested, DTIC and temozolomide. Both treosulfan and
cisplatin regularly reach between 90 and 100% growth inhibition at the highest
concentrations tested. The effects seen with DTIC and temozolomide are similar to each
other, with DTIC having a slightly greater cytotoxic effect, with the greatest growth
inhibition of between -20 and 42 % growth inhibition at 200% of the TDC,
Temozolomide produced a greatest growth effect of between -55% - 35% growth
inhibition at 200% TDC.

Of the other agents, gemcitabine tends to have a very shallow dose response curve with
little difference in the growth inhibition at 6.25% TDC and 200% TDC. However there
is a lot of variation between tumours from no effect. Figure 5. Id, up to almost total
inhibition as seen in Figure 5. If. There is also a large variation in the sensitivity of the
cutaneous melanomas to the microtubule inhibitors. Paclitaxel and vinorelbine were
more effective than vinblastine in most cases and this can be seen in Figure 5. If where
vinblastine is having very little effect on the tumour compared to paclitaxel and
vinorelbine when tested at the same percentage of TDC. In the other examples shown
the inhibition curves for vinblastine and vinorelbine are of a similar shape with the
vinorelbine showing greater inhibition at the same percentage TDC.

The IndexsuM results for the eight single agents regularly tested have been used to draw
histograms shown in Figure 5.2, showing the distribution of the IndexsuM results in the
cutaneous melanoma samples. The histograms for DTIC, temozolomide and vinblastine
are skewed to the higher values suggesting general ineffectiveness of these drugs
against cutaneous melanoma in the ATP-TCA. The other histograms are spread across
the range of IndexsuM values suggesting a wide range of responses to these agents.
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Figure 5.1 ( a-b). Examples of inhibition curves for single agents
tested in cutaneous melanoma samples using the ATP-TCA. The
graphs above when compared to figure 5.1 (c-h) show some of the
variation in the ex vivo sensitivity of cutaneous melanoma samples to
these agents.
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Figure 5.1 (c-d). Exam ples o f inhibition curves for single agents tested
in cutaneous m elanom a sam ples using the A TP-TCA . The graphs
above w hen com pare with figure 5.1 (a,b, e-h) show som e o f the
variation in ex vivo sensitivity to these agents
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Figure 5.1 (e-f). Exam ples o f inhibition curves for single agents tested
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Figure 5.1 (g-h). Examples of inhibition curves for single agents tested
in cutaneous melanoma samples using the ATP-TCA. The graphs
above show when compared to figure 5.1 (a-f) some of the variation in
ex vivo sensitivity to these agents
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This variation in response is further seen in Table 5.2 below which summarises the
IndexsuM results for all single agents tested in the cutaneous melanomas. As with the
uveal melanomas in Chapter 4 the IndexsuM results have been separated into three
categories, below 300 which is classed as sensitive ex vivo, between 301 and 450 which
is classed active and, above 451 which is designated as resistant. With the exception of
BCNU, DTIC and temozolomide, all of the single agents had an IndexsuM of below 300
in at least one cutaneous melanoma sample.

As with the uveal melanomas, the IndexAuc, ÏC50 and IC90 values were also calculated
for the cutaneous melanoma samples, these are summarised in Table 5.3. As seen with
the uveal melanomas, the way the IC50 and IC90 values are calculated can result in
negative values if the drug is not active in that particular sample; this can be seen with
the cutaneous melanomas. The negative values for the IC50s and the IC90s are included
in Table 5.3, but they are of course meaningless and simply indicate lack of activity.

Table 5.2. Summary of the IndexsuM values for all the single agents tested in the
cutaneous melanoma saniples with the ATP-TCA.
Drug name

Num ber

IndexsuM

IndexsuM

IndexsuM

M edian IndexsuM

tested

(<300)

(301-450)

(>450)

(m in-m ax)

BCNU

8

0(0%)

1 (13%)=

7 (88%)=

521 (434-591)

Cisplatin

55

7 (13%)=

24 (44%)=

24 (44%)=

413 (142-806)

Doxorubicin

15

7 (47%)

6 (40%)

2(13%)

307(146-517)

DTIC

34

0(0%)

4 (12%)

30 (88%)

564 (323-773)

Etoposide

13

2(15%)

4(31%)

7 (54%)

459 (210-706)

Gemcitabine

52

14 (27%)

16(31%)

22 (42%)

428 (68-714)

IFNa

43

3(7%)

16 (37%)

24 (56%)

487 (207-799)

Mitoxantrone

7

4 (57%)

3 (43%)

0(0%)

276 (49-376)

Paclitaxel

54

18(33%)=

24 (44%)=

12 (22%)=

352 (97-705)

temozolomide

38

0(0%)

4(11%)

34 (89%)

580 (408-1618)

Topotecan

10

2 (20%)

5 (50%)

3 (30%)

392(188-828)

Treosulfan

53

20 (38%)=

20 (38%)=

13 (25%)=

330 (45-656)

Vinblastine

44

4(9%)

14 (32%)

26 (59%)

507 (203-1063)

Vinorelbine

40

17 (43%)

11 (28%)

12 (35%)

352 (82-805)

Due to rounding up the total percentage does not equal 100%
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Table 5.3. Summary of the IndexAUC, IC50 and IC90 values for the single agents
tested in the cutaneous melanoma samples with the ATP-TCA.
Median IndexAuc

Median IC50

Median IC90

(range)

(range) (%TDC)

(range) (%TDC)

BCNU

3047 (689 - 6285)

590(112- 1502)

1061 (339-2704)

Cisplatin

8264 (-11772- 16631)

102 (-5801 -5 38)

246 (-10444-969)

Doxorubicin

12283 (4938- 17532)

62 (6 -1 8 )

191 (55-272)

DTIC

1957 (-6411 - 17532)

340 (-3420- 13429)

432 (-24712 -

Drug name

11982)
Etoposide

5404 (-4269 - 14208)

210 (-587-687)

378 (-1057- 1236)

Gemcitabine

7168 (-5887- 17963)

59 (-2439 - 1067)

301 (-4391 - 1921)

IFNa

4538 (-10309- 13271)

308 (-452-3541)

554 (-814-6374)

Mitoxantrone

13781 (13151 - 18978)

33 (4 -6 4 )

148(19-239)

Paclitaxel

11906 (-7307- 18667)

75 (6-270)

177 (24-486)

Temozolomide

398 (-56305 - 6260)

-188 (-9524 -

-338 (-17144-

11447)

20605)

Topotecan

9553 (-2034- 18758)

72 (-116-261)

235 (-209-471)

Treosulfan

12819 (-2034- 18758)

56 (4-1018)

185 (2 4 - 1833)

Vinblastine

3140 (-17696- 14058)

246 (-54045 -

443 (-97282 -

15354)

27639)

67 (4 - 748)

195 (41 - 1346)

Vinorelbine

12442 (-1245- 17943)
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5.3.4 Interferon alpha 2b (IFNa2b)
Interferon alpha 2b (IFNa2b) was tested ex vivo in 43 of the cutaneous melanomas as
stated in Table 5.2 above. 44% (19/43) of the samples tested showed some sensitivity to
IFNa2b with an IndexsuM below 450, while 56% of samples were either resistant or
grew in the presence of IFNa2b, with an IndexsuM above 450. Figure 5.3 shows
inhibition curves for 4 cutaneous melanomas showing the variation in ex vivo inhibition
produced by IFNa2b. As can be seen from Figure 5.3 there is variation in IFNa2b from
over 40 % inhibition to 20 % growth promotion. In some examples (not shown in
Figure 5.3) the amount of growth promotion is up to 40 %.

Of the 43 cutaneous melanomas tested, 36 showed inhibition in the presence of IFNa2b,
and 7 showed growth. In the majority of cases there was a dose response to IFNa2b.
Other samples had a plateau in inhibition with the highest doses all producing a similar
inhibition, as seen in Figure 5.3 for the growth inhibition in 98C028.

5.3.5 Comparison of Similar Acting Drugs
As has previously been performed for the uveal melanomas, drugs with a similar
mechanism of action have been compared to each other. The IndexsuM results from the
first 10 samples tested are plotted against each other for each pair of drugs in Figure 5.4
a-c. In Figure 5.4a it can be seen that the IndexsuM results for treosulfan and cisplatin
are variable with the results that one agent has a lower IndexsuM than the other, although
in these 10 examples there is not an obviously more effective agent. The same can be
seen for vinorelbine and paclitaxel in Figure 5.4b. Figure 5.4c shows that there is a
general trend for samples to have a lower IndexsuM with vinorelbine than with
vinblastine.

The complete set of results for each of these pairs of agents were compared using the
Wilcoxon matched-pairs signed-rank test (GraphPad InStat version 4.00 for Windows
95, GraphPad Software, San Diego California USA, www.graphpad.com). This test
compares the differences between each pair of IndexsuM results and assesses whether
the median differs significantly from zero. Table 5.4 below shows the P value obtained
and the inferred meaning for each pair of agents.
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Figure 5.3. The above graph shows four inhibition curves from
cutaneous m elanom a sam ples showing the variation in the ex vivo effects
o f IF N a2 b tested as a single agent in the A TP-TCA
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Figure 5.4. G raphs show ing differences in Indexgy,^ values for the first
10 cutaneous m elanom as tested ex vivo with (a) cisplatin and treosulfan
(b) vinorelbine and paelitaxel and (c) vinblastine and vinorelbine. A
low er Indexgyi^ value indicates greater activity o f the drug ex vivo.
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Figure 5.4. G raphs show ing differences in Index^y,^ values for the first
10 cutaneous m elanom as tested ex vivo with (a) cisplatin and treosulfan
(b) vinorelbine and paclitaxel and (c) vinblastine and vinorelbine. A
low er Indexgy,^ value indicates greater activity o f the drug ex vivo.
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Table 5.4. Statistical data comparing IndexsuM results from similar acting agents. The
most active agent in each pair is in bold
Drugs

Number assessed

p value

Inferred meaning

Cisplatin and treosulfan

48

p<0.0003

Significant

Vinblastine and vinorelbine

30

p<0.0001

Significant

Vinblastine and paclitaxel

43

p<0.0001

Significant

Vinorelbine and paclitaxel

36

p=0.4007

Not significant

Although not apparent in Figure 5.4a, there is a statistically significant (p<0.0003)
difference in the IndexsuM results from each sample tested with treosulfan and cisplatin
with treosulfan producing a lower IndexsuM value over the large number of samples
tested. Cutaneous melanoma samples are significantly more sensitive to vinorelbine
(p<0.0001) or paclitaxel (p<0.0001) than vinblastine, but there is no statistical
difference between vinorelbine and paclitaxel (p=0.4007). This does not mean that if a
sample is sensitive to vinorelbine it will also be sensitive to paclitaxel and vice versa
(see figure 5.4b), but that over the whole set of results the number of tumours sensitive
and resistant to each is similar.

5.3.6 Combination Chemotherapy
Included in the set drug list for the cutaneous melanomas are three combinations:
cisplatin + paclitaxel, paclitaxel + vinorelbine and treosulfan + gemcitabine. Examples
of growth inhibition curves and combination effect analysis graphs for each of these
combinations are shown in Figures 5.5-5.11. A fourth combination of paclitaxel and
vinblastine was tested instead of paclitaxel and vinorelbine in some of the early
samples, but a graph of this combination is not shown here. Figure 5.5, 5.6, and 5.7 all
show the combination of cisplatin and paclitaxel. Figure 5.5 shows synergistic activity
of the cisplatin and paclitaxel combination as seen in the combination analysis graph.
Figure 5.5b. Figure 5.6 also shows the combination of cisplatin and paclitaxel but in this
case the combination of drugs has an additive effect with cisplatin contributing the
greatest part of the combined effect. Figure 5.7 is similar to that seen in Figure 5.6, but
with the combination effect predominantly due to the paclitaxel. In the case shown in
Figure 5.7 the effect seen at the lower concentrations, 6.25 - 25% TDC, is less than
additive as can be seen in the combination analysis graph. Figure 5.7b.
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Figure 5.5. The above graphs show (a) the inhibition curve o f a cutaneous
m elanom a tested with the com bination o f cisplatin and paclitaxel. (b)
shows the com bination analysis graph for the com bination o f cisplatin
and paclitaxel against the response predicted from the independent action
o f the two drugs. The above example shows the com bination having a
synergistic effect at concentrations above 25% TD C, below this
concentration the com bination is having a less than additive effect
com pared to the predicted response.
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Figure 5.6. The above graphs show (a) the inhibition curve o f a
cutaneous m elanom a tested with the com bination o f cisplatin and
paclitaxel. (b) shows the com bination analysis graph for the
com bination o f cisplatin and paclitaxel against the response predicted by
the independent action o f the two drugs. The above exam ple show s an
additive effect o f the com bination sim ilar to that predicted by the single
agent results. In this exam ple paclitaxel is contributing little w ith the
com bination effect m ainly due to the cisplatin sensitivity.
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Figure 5.7. The above graphs show (a) the inhibition curve o f a cutaneous
m elanom a tested with the com bination o f cisplatin and paclitaxel. (b)
show s the com bination analysis graph for the com bination o f cisplatin and
paclitaxel against response predicted from the independent action o f the
tw o drugs. In this exam ple paclitaxel is contributing the m ajority o f the
effect seen in the com bination. At concentrations below 50% TD C the
com bination is having a less than additive effect, this is due to the cisplatin
adding very little sensitivity to the com bination com pared to paclitaxel
alone
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Figure 5.8. The above graphs show (a) the inhibition curve o f a cutaneous
m elanom a tested with the com bination o f treosulfan and gem citabine. (b)
show s the com bination analysis graph for the com bination o f treosulfan
and gem citabine against the response predicted from the independent
action o f the two drugs. The above exam ple shows a synergistic effect o f
the com bination. G em citabine is having very little effect as a single agent
but is enhancing the sensitivity o f the sam ple to treosulfan to a greater
extent than w ould be predicted from the two single agent results.
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Figure 5.9. The above graphs show (a) the inhibition curve o f a
cutaneous m elanom a tested with the com bination o f treosulfan and
gem citabine. (b) shows the com bination analysis graph for the
com bination o f treosulfan and gem citabine against the response
predicted from the independent action o f the two drugs. U nlike figure
5.8, this exam ple shows an additive effect o f the two drugs. O nce again
gem citabine is having very little effect w hen tested as a single agent and
the com bination effect is nearly all due to treosulfan w ith the curves for
treosulfan and the com bination being very sim ilar.
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Figure 5.10. The above graphs show (a) the inhibition curve of a
cutaneous melanoma tested with the combination of paclitaxel and
vinorelbine showing a synergistic effect, (b) shows the combination
analysis graphs for the combination of paelitaxel and vinorelbine against
the response predicted from the independent action of the two drugs. The
above example shows a synergistic effect of the combination of these two
drugs.Neither of the two single agents is having a great effect on inhibition
when tested alone but the combination et'fect is much greater than
expected
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Figure 5.11. The above graphs show (a) the inhibition curve o f a
cutaneous m elanom a tested with the com bination o f paelitaxel and
vinorelbine (b) shows the com bination analysis graph for the com bination
o f paelitaxel and vinorelbine against the response predicted from the
independent action o f the two drugs. The exam ple above is very different
to that show n in figure 5.10. Here the two single agents are producing
greater inhibition than the com bination at coneentration below 25% TDC,
and this is shown by antagonism in figure 5.11 (b). As the concentration
increases the com bination effect becom es additive.
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Figure 5.8 and 5.9 show the combination of treosulfan and gemcitabine, with a
synergistic effect of the combination seen in Figure 5.8, and an additive effect seen in
Figure 5.9. The effects seen with the combination of treosulfan and gemcitabine in the
cutaneous melanomas are similar to those seen in the uveal melanomas with either an
additive or synergistic effect. Figure 5.10 shows one example of the combination of
paclitaxel and vinorelbine showing synergism. Unlike the other combinations tested the
combination of paclitaxel and vinorelbine often had antagonistic effects at low doses
with the combination having less activity than one of the single agents, shown in Figure
5.11. In the cases where antagonism occurred at the lower drug concentrations the
combination became additive or even synergistic at the higher concentrations tested, as
seen in Figure 5.11.

The IndexsuM results obtained from the combinations tested in the cutaneous
melanomas have been separated and histograms drawn as has been previously done with
the single agents: these histograms are shown in Figure 5.12. The histograms for the
combinations are all skewed towards the lower numbers implying that the cutaneous
melanomas are generally more sensitive to the combinations that were tested in
comparison to the single agents, shown in Figure 5.12. However there are still samples
with IndexsuM values at the higher end of the scale (above 450) for each of the
combinations tested consistent with considerable heterogeneity of chemosensitivity to
combinations as well as single agents.

The IndexsuM results from the four combinations tested in the cutaneous melanomas are
summarised in Table 5.5, as they have been above for the single agents. Table 5.5
reiterates the data shown in Figure 5.12 with the majority of samples tested with each
combination having an IndexsuM below 300. The percentage of samples in each
category (sensitive, active or resistant) of the IndexsuM are the same for the combination
of paclitaxel with either vinblastine or vinorelbine, even though vinorelbine has been
shown to be a much more effective drug, at least ex vivo (see above).

The IndexAuc, IC50 and IC90 values for the drug combinations tested in the cutaneous
melanoma samples with the ATP-TCA are summarised in Table 5.6 below. All of the
IC50 values for each of the combinations fall within the concentrations of drugs tested
(6.25 - 200% TDC), as do most of the IC90 values calculated.
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Figure 5.12. The above histograms show the distribution of the Indexgy^
values obtained with, (a) treosulfan + gemcitabine, (b) vinorelbine +
paclitaxel, (c) cisplatin + paclitaxel, tested in combination ex vivo in
cutaneous melanoma samples. The higher the Indexgy^ results the less
active the combination is in the cutaneous melanoma samples.
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Table 5.5. Summary of the IndexsuM values for the drug combinations tested in the
cutaneous melanoma samples with the ATP-TCA.
Drug

Number

IndexsuM

IndexsuM

IndexsuM

Median IndexsuM

Combination

tested

(<300)

(301-450)

(451 and

(min-max)

above)
Cisplatin +

51

30 (59%)

17 (33%)

4(8%)

255 (87-981)

53

38 (72%)"

12 (23%)"

3 (6%)"

208 (24-554)

39

23 (59%)

13 (33%)

3(8%)

273 (73-527)

9

6 (67%)

2 (22%)

1 (11%)

259 (39-729)

paclitaxel
Treosulfan +
gemcitabine
Vinorelbine +
paclitaxel
Vinblastine +
paclitaxel
Due to rounding up the total percentage is greater than 100%

Table 5.6. Summary of the IndexAUC, IC50 and IC90 values for the drug combinations
tested in the cutaneous melanoma samples with the ATP-TCA.
Drug

Median IndexAuc

Median IC50 (range)

Median IC90 (range)

Combination

(range)

(%TDC)

(%TDC)

Cisplatin +

15222

36(5 - 146)

94 (20-251)

paclitaxel

(-9798- 18795)

Treosulfan +

15853

20 ( 3 - 129)

89 (7-262)

gemcitabine

(2744- 19164)

Vinorelbine +

15279

40 (5 -114)

92 (3 4 - 188)

paclitaxel

(6031 - 18658)

Vinblastine +

16095

3 2 (4 - 149)

78(14-213)

paclitaxel

(-6713- 19104)
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5.3.7 Multidrug Cross-sensitivity / Multidrug Resistance
The concept of multidrug resistance is further examined here using the cutaneous
melanoma data obtained from the ATP-TCA. The IndexsuM results have been used to
draw Venn diagrams to illustrate cross-sensitivity between single agents with different
mechanisms of action. In Figure 5.13a, paclitaxel, gemcitabine and treosulfan are shown
with the numbers sensitive, IndexsuM <300, to each individual agent, to two agents, to
three agents or, none of the three agents tested. The same data is shown in Figure 5.13b
but for cisplatin, gemcitabine and vinorelbine.

45 cutaneous melanomas were tested with paclitaxel, gemcitabine and treosulfan. Of the
45 tested, 24 were found to be insensitive (IndexsuM >300) to the three agents shown in
Figure 5.13a. 18 of these 24 samples were sensitive to other single agents (cisplatin,
doxorubicin, etoposide, mitoxantrone, vinblastine or vinorelbine) and all 45 samples
were sensitive (IndexsuM below 300) to the combinations tested.
39 cutaneous melanomas were tested with cisplatin, gemcitabine and vinorelbine, as
shown in Figure 5.13b. Of the 39 tested 20 did not have an IndexsuM below 300 for any
of the three agents stated. 8 samples were found to be insensitive to all single agents and
combinations tested. 5 of the remaining samples were sensitive to other single agents
(doxorubicin, etoposide, mitoxantrone, paclitaxel or treosulfan) and combinations and 7
were only sensitive to combinations. The 8 samples that were insensitive to all agents
tested had been tested with between 12 and 16 different single agents and combinations
(not including experimental drugs, see Chapter 8).

Of the 55 cutaneous melanomas tested with both single agents and combinations 32
(58%) had an IndexsuM value below 300 for at least one single agent and combination.
13 (24%) only had an IndexsuM value below 300 for combinations of drugs and 10
(18%) did not have an IndexsuM below 300 for any of the single agents or combinations
tested. The 10 samples that were not sensitive to anything were all tested with at least
five single agents and three combinations and can be regarded as multidrug resistant.

The percentage of samples sensitive (IndexsuM < 300) to the different combinations are
also compared. Figure 5.14 shows three pie charts indicating the percentage of samples
sensitive to one or other of a pair of combinations, both combinations, or neither
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Figure 5.13. Venn diagrams showing eross-sensitivity (Indexg^M <300) of
eutaneous melanomas to three single agents, (a) paclitaxel, gemeitabine,
and treosulfan. Of the 24 not sensitive to these three agents, 14 were
sensitive to other single agents and all were sensitive to eombinations of
ehemotherapy. (b) eisplatin, gemcitabine and vinorelbine. Of the 20 not
sensitive to these agents 5 were sensitive to other single agents and
eombinations, 7 were sensitive to only eombinations and 8 were not
sensitive to any agent tested (single or eombination)
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EE C+P only
□ T+G only
□ Both C +P and T+G

(b)

□ N either eom bination
■ C+P only
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□ Both C +P and V+P

(c)
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□ V+P
□ B oth T+G and V+P

Figure 5.14. Pie charts showing the percentage o f cutaneous
m elanom a sam ples show ing ex vivo sensitivity (Indexgyj^ < 300) (a)
cisplatin + paclitaxel (C+P) and treosulfan + gem citabine (T+G ), (b)
cisplatin + paclitaxel (C+P) and vinorelbine + paclitaxel (V +P), and
(c) treosulfan + gem citabine (T+G) and vinorelbine + paelitaxel
(V +P). Each chart shows the percentage o f sam ples sensitive to only
one o f the com binations, to both com binations or to neither
com bination.
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combination. As can be seen in Figure 5.14, at least one quarter of samples are not
sensitive to either combination in each pie chart.

5.3.8 c-myc levels and correlation with sensitivity
33 cutaneous melanoma samples were assessed for c-myc oncoprotein levels, these
included two from patient 99C021 and two from patient 99C034, these duplicates are
from different biopsies taken at the same time. The percentage of positive staining
nuclei ranged from 10 to 99 %. The percentage of nuclei positive for c-myc is shown in
Table 10.4 in Chapter 10, Appendices.

By comparing the c-myc positivity to the ex vivo chemosensitivity obtained with the
samples in the ATP-TCA, no correlation could be found, with cisplatin, treosulfan,
gemcitabine, paclitaxel, vinorelbine or IFNa2b.

5.3.9 Antisense c-myc Treatment of Cutaneous Melanoma Cell Lines
The four skin melanoma cell lines, A375, MeWo, SKMEL28 and MM96L were used to
study the effects of using a c-myc antisense oligonucleotide to enhance the activity of
cisplatin and IFNa2b. All four cell lines were tested at least 3 times, with the A375 cell
line being tested 5 times. The A375 cell line was the only cell line to show an increase
in growth inhibition when the c-myc antisense oligonucleotide was combined with
cisplatin or IFNa2b. Figure 5.15 shows the growth inhibition curves from one
experiment with the A3 75 cell line with the c-myc antisense oligonucleotide and
cisplatin or IFNa2b. In Figure 5.15a it can be seen that with the addition of the c-myc
antisense oligonucleotide there is an increase in growth inhibition of 40% at the 3
lowest doses of cisplatin. After this point the curves for cisplatin and cisplatin with the
antisense oligonucleotide converge. The control antisense oligonucleotide does not have
an effect on the growth inhibition due to cisplatin as cisplatin alone and in combination
with the control oligonucleotide produces the same growth inhibition curve.

In Figure 5.15b, IFNa2b is not having an effect at any concentration, however, in
combination with the antisense oligonucleotide there is about 50% growth inhibition at
all concentrations. The control antisense oligonucleotide does appear to have an effect
on the growth inhibition caused by IFNa2b but not as much as the c-myc antisense
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Figure 5.15. The above graphs show the enhancem ent o f inhibition in
A375 skin m elanom a cells by antisense treatm ent with
oligonucleotides targeted against c-m yc on (a) cisplatin and (b)
IF N a2 b sensitivity tested with the A TP-TCA
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oligonucleotide. The effects seen with the c-myc antisense oligonucleotide were not
consistent and were only seen in 2 out of 5 experiments with the A375 cell line.
In the other three cell lines, SKMEL28, MeWo and MM96L, there was no effect of the
c-myc antisense oligonucleotide on the effects of cisplatin or IFNa2b. There was
however a dose response with the c-myc antisense oligonucleotide, but this was the
same as with the control oligonucleotide.

5.4 Discussion
5.4.1 Patient Characteristics
The average age of the patients whose cutaneous melanomas were studied in this PhD
was 53.5 years old. The average age of cutaneous melanoma diagnosis in the UK is 54
years old (Cancer Research Campaign 1995). The age of diagnosis should be less than
the average age of patients involved in this study, as the samples here are metastatic
disease and so will have developed after the initial diagnosis. The average age is
probably lower due to the willingness of oncologists to send samples for
chemosensitivity testing from younger patients who might be treated using the results of
the ATP-TCA. Oncologists may also be more reluctant to send samples from older
patients who are less likely to be treated on the basis of the assay, and who will be
treated palliatively and who are unlikely to undergo surgery. This bias in the samples
that are sent is the most likely explanation for the average age being lower than
expected.

The distribution of the samples between the sexes is opposite of that published by the
Cancer Research Campaign of 1.6 females : 1 male (Cancer Research Campaign 1995).
This difference in the ratio between the sexes may be due once again to the selection of
which patients are sent for assay by the oncologist.

5.4.2 Evaluability Rate
The evaluability rate of 95% compares well with the evaluability rates obtained with
other tumour types, 94.5% and 97% with breast cancer specimens (Kurbacher et al,
1996, Cree et al, 1996), and 93% with ovarian cancer (Kurbacher et al, 1998).
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5.4.3 Single Agent ex vivo Chemosensitivity
The cutaneous melanoma samples produced a large degree of heterogeneity of response
ex vivo to chemotherapeutic agents similar to that seen with other cancers (Andreotti et
a/., 1995, Cree et al, 1996, Kurbacher et al, 1996, 1998) and in Chapter 4 with the
uveal melanoma samples.

14 single agents were tested with the cutaneous melanoma samples including at least
one of each of the four classes of agents, alkylating agents, topoisomerase inhibitors,
microtubule inhibitors and anti-metabolites.

5.4.4 DNA Damaging Agents
Five alkylating agents were tested in the cutaneous melanomas. These were the BCNU,
DTIC, temozolomide, cisplatin, and treosulfan. The results obtained with the cutaneous
melanoma are very similar for BCNU, DTIC and temozolomide. These three drugs have
cytotoxic effects thought to be due to alkylation at the

position on guanine residues

of DNA, although alkylation at other points also occurs. The distribution of their
IndexsuM results are the same with no samples having IndexsuM values below 300 and
88 or 89% of samples being resistant with IndexsuM values above 450, implying a
common resistance mechanism, most likely the MGMT DNA repair mechanism which
repairs 0^-alkylated guanine residues in DNA (Tew et al, 1996, Friedman et al, 1996).
Depletion of cellular MGMT or inhibition of the enzyme has lead to reversal of
resistance of these three drugs in several cell lines (Tentori et al 1997, Middleton et al,
2000b). Although this common resistance pathway is the most likely explanation for the
similar pattern of resistance in cutaneous melanomas, activation of DTIC and
temozolomide also needs to be considered. It would be useful to measure the levels of
expression of MGMT in the cutaneous melanoma samples and compare them to the ex
vivo chemosensitivity results obtained with the ATP-TCA.

DTIC and temozolomide are both pro-drugs of MTIC which require activation through
different pathways. DTIC requires oxidation by cytochrome p450 to MTIC before it
becomes active and can alkylate DNA (Stevens et al, 1987, Mudipalli et al, 1995).
Normally the activation of DTIC is by cytochrome p450 in the liver of patients, but this
is not possible within the confines of the ATP-TCA. There is probably enough
cytochrome p450 present in the melanoma cells to initiate activation of DTIC (Malcolm
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Stevens, personal communication), but the number sensitive (IndexsuM < 300) is lower
than expect from clinical trial where about 10 - 20% response is expected (Chowdhury
et al, 1999). This implies that if the DTIC is activated it is not having a cytotoxic effect
in the melanoma cells, which may be due to the MGMT resistance pathway or due to
resistance through another mechanism. There is an alternative route of activation for
DTIC by UV light, but this produces a different active compound which is not active
through DNA alkylation and is not thought to play such an important part in
cytotoxicity (Friedman e/a/., 1996).

Like DTIC, temozolomide also requires activation before it becomes active as MTIC
and can alkylate DNA. Activation of temozolomide requires a change in pH, firstly to
above pH 7 and then below pH 7 (Denny et al, 1994). If this pH change does not occur
in the ATP-TCA the temozolomide will remain inactive and will have no cytotoxic
effect. In clinical trials temozolomide has produced similar effects to DTIC (Middleton
et al, 2000a), and therefore it was expected that between 10 and 20% of samples would
be sensitive to temozolomide. This was not the case and may either be due to
inactivation of temozolomide or resistance once the temozolomide has been activated.

Alkylation of DNA by BCNU occurs spontaneously at physiological pH and does not
need changes in pH or enzymatic oxidation for activation. Therefore it would be
expected that alkylation by BCNU would occur in the ATP-TCA and lack of sensitivity
is most likely to be due to resistance potentiated by the MGMT DNA repair system.

One possible method to circumvent the resistance due to the MGMT DNA repair
system is to inhibit MGMT. There are various compounds that have been found to
inhibit MGMT, perhaps the best studied of these is 0^-benzylguanine (Tentori et al,
1997, ). However, a recent study has found that 0^-benzylguanine inhibits the p450
dependent activation of DTIC but does not influence apoptosis or mutation frequency
(Toft et al, 2000). This implies that although 0^-benzylguanine is unlikely to increase
toxicity it may interfere with p450 dependent processes such as activation of DTIC.

The requirements for activation by DTIC and temozolomide make them unsuitable
drugs for investigation in the ATP-TCA. There is scope for activation of these drugs
prior to testing in the ATP-TCA, by conversion to MTIC but this may not be feasible, as
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unfortunately MTIC spontaneously tautomerizes producing the active methyldiazonium
ion which alkylates DNA. Therefore the activation of the drugs to MTIC needs to be
performed in the well of the culture plate. This is not ideal as the introduction of
purified cytochrome p450 may have adverse effects on the survival of the tumour cells
in the case of DTIC activation. This has been the case in the human tumour cloning
assay, where the addition of a microsome preparation to activate DTIC actually caused
some growth inhibition (Metelmann & Von Hoff 1983). In the same study Metelmann
and Von Hoff suggested that using white light to activate DTIC is a viable alternative to
allow for testing of DTIC in a soft agar system. As stated above the metabolites of
DTIC produced by white light are different to those produced by physiological
activation by cytochrome p450 (Friedman et al, 1996). Likewise altering the pH of the
culture media in order to activate temozolomide may also effect the tumour cells and
may not be easy to controlled as the final volume in each well of the culture plate is
only 200 pi with the drug made up in only 100 pi. Another problem with this solution is
that the culture media is buffered, with lOmM HEPES, which will maintain the pH of
the culture media and buffer small changes, which may make activation of
temozolomide improbable.

As stated in Chapter one, treosulfan alkylates DNA predominantly at the N^ position on
guanine residues (Hartley et al, 1999) and so will not be effected by the MGMT DNA
repair system. 38% of the cutaneous melanoma samples were sensitive (IndexsuM<
300) to treosulfan which is the most active alkylating agent in the cutaneous melanoma
samples. Treosulfan is unaffected by the P-glycoprotein mediated multidrug resistance
(Kugler et al, 1998) but there is evidence from cell line work that the glutathione
detoxification system may be involved in resistance (Reber et al, 1998). Repair of DNA
damage caused by treosulfan is most probably through the nucleotide excision repair
mechanism, which also repairs damage by other alkylating agents.

There is also a significant difference in the IndexsuM results in the same tumours for
both treosulfan and cisplatin, with treosulfan having lower IndexsuM values showing
that the tumours are more sensitive to treosulfan. However, cisplatin is the second most
active DNA damaging agent tested. Cisplatin, like treosulfan, is generally unaffected by
the MGMT DNA repair mechanism and P-glycoprotein mediated drug resistance, but
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there is strong evidence that it is affected by the glutathione detoxification (Perez et al,
1998) system and the nucleotide excision repair mechanism (Zambie & Lippard 1995).

However, one study investigating glutathione levels in cutaneous melanoma samples
suggested that glutathione detoxification does not play a major role in the resistance of
cutaneous melanomas to chemotherapeutic agents (Schadendorf et al, 1995a). It may be
advantageous to confirm this finding using the ATP-TCA with cutaneous melanoma
samples. The cellular glutathione could be ‘knocked-ouf using either buthionine
sulfoximine (Campbell

<3/.,

1991) or ethancrynic acid (Caffrey e / al, 1999) and the

effects of cisplatin and treosulfan assessed in a series of cutaneous melanoma samples.
This would show if the cellular glutathione is contributing to the ex vivo resistance seen
with cisplatin and treosulfan in the ATP-TCA, and whether there is a greater effect seen
with cisplatin or treosulfan.

The transport into and out of the cell may have an influence on the eventual cytotoxic
effects of each drug. It is generally accepted that a contributing factor to cisplatin
resistance is reduced uptake of the drug rather than increased drug efflux (Gately &
Howell, 1993). However, work carried out on lung adenocarcinoma cell lines which
were sensitive and resistant to cisplatin has found that efflux of cisplatin in the period
directly after exposure was greater in the resistant cell lines than in the sensitive cells
(Chau & Stewart 1999). Also once bound to DNA the DNA adducts produced by
cisplatin may be easier for the cell to recognise than those produced by treosulfan due to
their greater size. Once identified as a DNA defect the cell can then mobilise the DNA
repair machinery (nucleotide excision repair) to repair the damage.

5.4.5 Topoisomerase Inhibitors
As stated in chapter 1 topoisomerase inhibitors are generally thought to be susceptible
to the multidrug resistance phenotype, categorised by the up-regulation of Pglycoprotein, as well as MRP and LRP. However, this may not be the case in cutaneous
melanomas as studies investigating the expression of P-glycoprotein, as well as MRP
and LRP in cutaneous melanoma samples and cell lines have failed to show that pre
chemotherapy levels of these proteins are responsible for drug resistance in cutaneous
melanoma (Serrone & Hersey 1999, Schadendorf et al, 1995b, 1995c). This is similar
to the results seen in uveal melanoma (Satherley et al, 2000). Therefore other
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mechanisms of resistance must be responsible for drug resistance, possibly including
rapid adaptation of the cells to the drugs.

Topotecan bas been shown to be less effected by P-glycoprotein than the three
topoisomerase II inhibitors, and may be more effected by topoisomerase I mutations
(Takimoto & Arbuck 1996). Studies have demonstrated that reduced topoisomerase II
activity correlated with doxorubicin resistance (Ramachandran et al, 1993a). This result
can probably be extrapolated to etoposide and mitoxantrone, although cross-resistance
to doxorubicin and mitoxantrone has not always been seen in breast cancer samples
(Kurbacher et al, 1996) and may not apply here. The lack of activity of etoposide might
be due to the concentration at which it was used and following this PhD, the TDC for
etoposide has been increased based on the pharmacokinetic data from new regimens
such as oral etoposide (see section 7.4.3).

There is also evidence that topoisomerase II inhibitor resistance might be due to downregulation of topoisomerase II and up-regulation of topoisomerase I (Wang 1996) and
this may occur in the cutaneous melanoma samples.

5.4.6 Microtubule Inhibitors
The three microtubule inhibitors, paclitaxel, vinblastine, and vinorelbine, produced a
range of responses in the cutaneous melanoma samples. Resistance to microtubule
inhibitors has been suggested to be either due to the multidrug resistance phenotype or
mutations in the microtubule structure (Rowinsky & Donehower 1996).

There is a large variation in the sensitivity of the cutaneous melanomas to the two vinca
alkaloids tested with 43% of samples exhibiting sensitivity to vinorelbine (IndexsuM <
300) compared to only 9% with vinblastine. This is similar to previous studies where
vinorelbine has been found to have greater activity than the other vinca alkaloids (Cros
et al, 1989, Fridborg et al, 1996). There are two possible hypotheses as to why this
occurs. Firstly mutations altering the binding site for the vinca alkaloids have a greater
effect on the degree of binding of vinblastine than vinorelbine. A second explanation
could be that the influx and efflux of vinorelbine and vinblastine differ, so that a higher
intracellular concentration of vinorelbine is obtained resulting in more microtubule
inhibition and a greater degree of inhibition. Vinorelbine has a greater sensitivity for
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mitotic microtubule spindles than the other vinca alkaloids which may influences the
sensitivity of the melanoma cells to the different vinca alkaloids (Binet et al, 1990).

Also the rate of cell cycling will affect the sensitivity of the cells to the microtubule
inhibitors, with faster cycling cells more affected (Rowinsky & Donehower 1996).

5.4.7 Anti-metabolites
The only anti-metabolite that was assessed in the cutaneous melanoma samples using
the ATP-TCA was gemcitabine. As stated in Chapters one and four, there are many
different resistance mechanisms that account for resistance to gemcitabine (Peters et al,
1996). These resistance mechanisms include, increased ribonucleotide reductase,
increased CTP synthetase, increased RNA polymerase. About one third of the cutaneous
melanoma samples (27%) were sensitive using the IndexsuM < 300 as an indicator of
sensitivity. As previously stated gemcitabine is incorporated in to the cellular DNA
when DNA replication occurs (Iwasaki et a/., 1997). Cutaneous melanomas are known
to have relatively high mitotic rates and this may be responsible for the sensitivity seen
with gemcitabine.

5.4.8 IFNa2b
As seen with the uveal melanoma samples, the ATP-TCA can only be used to study the
direct effects of IFNa2b on the cutaneous melanoma samples. The results show that
IFNa2b can have either a growth inhibitory effect or a growth promotion effect on the
cutaneous melanoma samples. This is similar to the effects seen in the uveal melanoma
samples. The probable reasons for these apparently opposite effects are the same as
those hypothesised in Chapter 4 for the uveal melanoma samples. The growth inhibition
is due to the direct effects of IFNa2b on the melanoma cells. However, the apparent
growth promotion might be due to the presence of non-tumour cells in the assay. The
non-tumour cells may be either stimulated by IFNa2b to stimulate the melanoma cells
to proliferate, or they may be supported by IFNa2b and survive to the end of the assay
where they contribute to the ATP which is counted. Further support for the non-tumour
cells may be produced by the melanoma cells in response to the IFNa2b. These two
hypotheses for apparent growth promotion may occur separately or in tandem to
produce the increased ATP that is measured.
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5.4.9 Combination chemotherapy
The cutaneous melanomas were tested with a number of combinations of drugs as
specified in the set drug list. The combinations were far more active in the cutaneous
melanoma samples than single agents. This is to be expected as there twice the amount
of potentially active drug being administered and hence more cytotoxicity. In patients
this is usually offset by the reduction in dosage of one, or both of the agents. The
median IndexsuM value for all the combination was below 300 indicating that the
majority of samples were sensitive to a combination of drugs. Of the three combinations
tested in the cutaneous melanomas treosulfan + gemcitabine produced the greatest
number of sensitive tumours (72%) with cisplatin + paclitaxel and paclitaxel +
vinorelbine or vinblastine, having similar effects with around 60% of samples being
sensitive by this means.

5.4.10 Treosulfan and gemcitabine
As shown for uveal melanoma, the combination of treosulfan and gemcitabine was
found to be the most active combination in the cutaneous melanoma samples using the
IndexsuM to assess sensitivity. The reasons why the combination of treosulfan and
gemcitabine is so effective are the same as those outlined in Chapter 4 for the
combination tested in uveal melanomas. Briefly, it is thought that the gemcitabine
inhibits the DNA polymerases in the cell which are required to repair damage to the
DNA caused by the treosulfan thus enhancing the effect of the treosulfan. However, it
has been suggested that in the combination of cisplatin and gemcitabine, increased
incorporation of gemcitabine into DNA and increased cisplatin adducts may be
responsible for the sensitivity to this combination (Bergman et al, 1996). This may also
be the case here. As stated in Chapters 1 and 4, the incorporation of gemcitabine into
DNA is increased when the DNA is damaged which will lead to increased cytotoxicity
than would be seen with the single agent (Iwasaki et al, 1997). The combination of
these factors leads to additive or synergistic effects in the cutaneous melanomas. The
samples which are not sensitive to the combination, must circumvent the effects of one
of the drugs to prevent the combination having an effect.

5.4.11 Paclitaxel and a vinca Alkaloids
The results obtained with paclitaxel combined with either vinorelbine or vinblastine are
variable in the cutaneous melanoma samples. The majority of samples tested with the
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combination had additive or synergistic effects at all concentrations tested similar to that
which has been seen in cutaneous melanoma cell lines (Photiou et al, 1997). However,
in some cases, an antagonistic effect was seen at the lowest doses tested, although there
was an additive or synergistic effect at the higher concentrations. Logically an
antagonism between the two drugs would be expected as they have opposing
mechanisms of action, vinca alkaloids destabilise and paclitaxel stabilises microtubules
and so should cancel each other out. This variation in the effects observed may be due
to the variable action of paclitaxel at high and low doses.

Paclitaxel has different mechanisms of action at low and high concentrations (Wang et
a l, 2000). The concentration of paclitaxel used in these studies (100% TDC =15.9 pM)
is considered high and exerts its effects as described above for single agent paclitaxel.
Low doses of paclitaxel (below 200 nM) effect the cell in a different way, by
suppressing microtubule dynamics, which leads to apoptosis through mitotic arrest.
However, very low concentrations of paclitaxel (20 nM) have been found to accelerate
progression of the cell cycle.

The lowest concentration of paclitaxel used in this study was 0.99 pM (6.25 % TDC)
which is between high and low dose definitions used by Wang et al (2000). However,
the concentrations defined by Wang et al, are from cell line data and so are probably
lower than those for real tumour cells. Therefore, it is possible that the low dose effects
suggested by Wang et al, (2000) are seen using the paclitaxel concentrations used in
this study.

If the effect of combining vinorelbine, or vinblastine, with paclitaxel is to lower the
intracellular concentration, or the effect of paclitaxel on the microtubules, it may be
sufficient to produce the low dose paclitaxel effects mentioned above. This then may
appear as an antagonistic effect at low doses due to an influence on cell cycle, but as an
additive or synergistic effect at higher concentrations, as shown in Figure 5.11. This
would depend on the ability of the cell to activate / suppress the activity of the relevant
genes and signalling molecules (INK, ERK, Cdc2 and others), which would be difficult
to assess concurrently with the ATP assay.
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5.4.12 Cisplatin and Paclitaxel
The combination of cisplatin and paclitaxel has been shown to be effective in ovarian
cell lines with the combination producing additive and synergistic effects (Engblom et
al, 1999). The effects seen with this combination in the cutaneous melanoma samples
are not quite so impressive with predominantly additive effects, although there is
evidence of synergy in some of the samples. As seen with the combination of paclitaxel
and a vinca alkaloid there appears to be some antagonism at low concentrations with the
combination of cisplatin and paclitaxel, looking at the combination effect graphs, see
Figure 5.7. This is probably not antagonism, but simply where one drug in the
combination is not producing inhibition. In Figure 5.7 only one of the agents in the
combination is contributing to the growth inhibition at low doses so the combination
effect graph indicates this as antagonism, which is incorrect.

There is some evidence from ovarian cancer cell lines that cisplatin inhibits apoptosis
induced by paclitaxel (Judson et al,, 1999) when the cells are already cisplatin resistant.
There is also evidence that the schedule that the two drugs are administered can also
have profound effects on the additive or antagonistic effects of the combination
(Vanhoefer et al, 1995). The evidence from gastric and ovarian cell lines found that if
paclitaxel is given prior to cisplatin then an additive or synergistic effect is seen.
Whereas if the two drugs are administered simultaneously or when cisplatin is given
first, a strong antagonistic interaction was seen. In the assays performed here, the two
drugs were administered simultaneously and so an antagonistic effect might be
expected. However, this was not seen with the cutaneous melanoma cells except at low
concentrations and may simply reflect one of the many differences between tumour
derived cells and cell lines.

5.4.13 Multidrug Resistance
By using the IndexsuM results produced with the cutaneous melanoma samples with the
ATP-TCA it has been possible to compare cross-resistance and sensitivity to drugs with
different mechanisms of action as seen in Figure 5.13. The most relevant information
gained from presenting the data in this manner is the number of samples which are not
sensitive to any of the agents tested. Of the 55 samples tested with both single agents
and combinations, 10 samples were not sensitive to any of the agents tested, alone or in
combination, using the IndexsuM below 300 as an indicator of sensitivity. These 10
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samples should perhaps be regarded as truly multidrug resistant as they do not exhibit
sensitivity to a range of different drugs with differing mechanisms of action.

The reasons for this multidrug resistance are likely to be multifactorial, as different
resistance mechanisms are important for different drugs, although several of the drugs
tested are dealt with by one resistance mechanism, e.g. glutathione detoxification, or the
multidrug resistance phenotype characterised by up-regulation of P-glycoprotein. Even
without further investigation into each of the resistance mechanisms operating in the
samples that were resistant, it can be hypothesised that these multidrug resistant
tumours must possess several intact resistance mechanisms which account for all of the
drugs which were tested.

The ability to growth arrest either through increased expression of p53 or by other
means may also be important in these multidrug resistant tumours, allowing them to
undergo growth arrest in response to damage and utilise whatever repair mechanisms
that they have. Alternatively, or additionally, the ability to inhibit apoptosis may also
play a role in the continued survival and apparent multidrug resistance shown by these
tumours.

5.4.14 c-myc Correlation
As seen in the uveal melanoma samples there was no correlation between the
percentage of nuclei staining positive for c-myc and the IndexsuM results for the drugs
tested in the ATP-TCA. The same reasons for a lack of correlation apply for the
cutaneous melanoma as do for the uveal melanoma. Even though not shown here the
levels of various ‘response’ proteins are expected to rise or decrease upon incubation of
the cutaneous melanoma cells with drugs as seen in the uveal melanoma samples with
PCNA and p53. Ideally the percentage of positively stained nuclei should be determined
before, during and after chemotherapy, to give a complete picture as to the role of c- •
myc in the response to chemotherapy. As the number of cells utilised in the ATP-TCA
is low, only 20,000 per well prior to drug exposure, they are not suitable for FACS
analysis. Therefore a method that requires less cells is required. Various methods are
suggested in Chapter 4, for the improvements on the pilot experiment investigating the
up-regulation of PCNA and p53, such an ELISA or PCR based method.
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5.4.15 Antisense c-myc Treatment of Cutaneous Melanoma Cell Lines
Previous in vivo and in vitro studies have shown enhanced chemosensitivity when an
antisense oligonucleotide to c-myc has been employed to knock out c-myc in melanoma
cells (Citro et al, 1998, Leonetti et al, 1999). The results produced here using the ATPTCA to assess the effects of knocking out c-myc in the melanoma cell lines were very
varied. The only cell line to show enhanced chemosensitivity when chemotherapeutic
agents were tested in combination with the c-myc antisense was the A375 cell line, and
this was only seen in two out of five experiments. The A375 cell line is known to have
higher than normal c-myc levels (Dr Paul Tulley personal communication) and so
would be expected to have altered sensitivity when the c-myc was knocked out. The
other three cell lines showed no enhancement of sensitivity when treated with the
antisense oligonucleotide. The other three cell lines, MeWo, MM96L and SKMEL28,
do not have elevated c-myc levels and therefore c-myc antisense may not have been
expected to have a major effect.

It should be noted that the method used here did not use liposomes to carry the antisense
oligonucleotide into the melanoma cells. This is in line with previous studies of this
oligonucleotide and melanoma cells carried out at the Gray Laboratories. This meant
that higher concentrations of oligonucleotide, both the c-myc and the control, were
required. This resulted in up to 50% growth inhibition in the cell lines when tested with
the oligonucleotides alone, both to c-myc and the control oligonucleotide. This non
specific growth inhibition caused by the oligonucleotide may have masked any
antisense effect that may have occurred.

In some cases non-host DNA can have toxic effects on cells and this may have occurred
in these experiments (Petty et al, 1994). Some of the previously published reports using
antisense techniques have used liposomes to introduce the oligonucleotide into the
target cell. In hindsight this approach may have been a better one than to use high,
potentially toxic, concentrations of oligonucleotides.

The amount of growth inhibition caused by the c-myc antisense oligonucleotide when
tested alone also varied between experiments. In the A375 cell line this variation was
between 20 and 35%. Ideally there should be no variation in the effect of the
oligonucleotides between experiments. There are several reasons as to why variations
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like this may occur, most obviously a pipetting error, although this has not been seen in
the other assays that have been performed. Other reasons could be that the levels of cmyc in the cells depends on the position that the cells are in their cell cycle. If the cells
were harvested when the cells were confluent the cells would be cycling at a slower rate
than if the flask of cells was only 70% confluent, with room for the cells to divide.
There may also be a difference in the uptake of the antisense oligonucleotides by the
cells from different passages and at different stages in their cell cycle.

Due to its role in both apoptosis and cell proliferation (Evan et al, 1992, Packham &
Cleveland 1995, Bouchard et al, 1998) it may be more appropriate to inhibit one of the
many targets of c-myc (Dang et al, 1999) rather than c-myc itself, as decreasing c-myc
expression may have inhibitory effects on both apoptosis or proliferation and may not
achieve the desired effects. It should perhaps be remembered that high c-myc
expression in uveal melanoma is related with a good prognosis, whereas in cutaneous
melanoma the opposite is true. This difference may be related to a change in only one of
the many targets of c-myc, or it may be due to several combined (Ghana et al, 1999).
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Chapter 6 - Comparison of Uveal and Cutaneous Melanoma ex vivo
Chemosensitivity
6.1 Introduction
Both uveal and cutaneous melanoma arise from the same cell type, the melanocyte. Yet
it is obvious from the many clinical trials that have been performed that there are major
differences in the chemosensitivity of these two tumours, and within each tumour type.
The standard chemotherapy for cutaneous melanoma in the UK is based on DTIC (UK
Melanoma Study Group guidelines) with response rates of about 20%. However in
uveal melanoma patients DTIC is known to be largely ineffectual with overall response
rates less than 1% (Bedikian et al., 1995). Also other drugs such as cisplatin and vinca
alkaloids have some efficacy in cutaneous melanoma patients, but have little or no
effect in uveal melanoma patients, see Tables 1.1 and 1.2, Chapter 1.

During the course of this PhD a large amount of ex vivo chemosensitivity data has been
obtained for both uveal melanoma and cutaneous melanoma specimens. This data is
compared below.

6.2 Materials and Methods
The results presented in Chapters 4 and 5, for the ex vivo chemosensitivity data obtained
with the ATP-TCA with uveal and cutaneous melanoma samples are compared.

6.3 Results
The differences in the patient characteristics and the assay numbers performed with
both uveal and cutaneous melanomas are summarised in Table 6.1 below. There is a
difference in the percentage of viable samples obtained from the tumour samples
received for assessment by the ATP-TCA. 95% of cutaneous melanomas received
produced viable assays, compared to 78% of the uveal melanomas. The average age of
the patient from whom the sample came was 61 years old (males 60 years old, females
62 years old) in the uveal melanomas and 54 years old (males 53 years old, females 54
years old) for the cutaneous melanoma patients. There were 44 males (57%) and 33
(43%) females tested with uveal melanomas compared with 34 (59%) males and 23
(40%) females with cutaneous melanoma.
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Table 6.1. Summary of the patient and assay data for uveal and cutaneous melanomas
Uveal melanoma

Cutaneous

sample

melanoma samples

Number of assayed

77

58

Number of males

44 (57%)

34 (59%)

Number of females

33 (43%)

23 (39%)

Evaluability (%)

78

95

Average age (range) years

61 (25-89)

54 (25-87)

Average number of drugs tested

8 .2 (1 -1 5 )

12.5 (2 -2 4 )

(range)

The percentage of males and female in both types of melanomas are remarkably similar
with about 60% of samples tested coming from male patients and 40% from female
patients. The range of patient ages are very similar as well, ranging from 25 to 89 years
old in the uveal melanomas patients and from 25 to 87 years old in the cutaneous
melanomas. The median age however, is lower in the cutaneous melanoma patients,
with an average age of 54 years old compared with 61 years old in the uveal melanoma
patients.

The average number of drugs tested for each type of melanomas is higher in the
cutaneous melanomas, with on average 4 more drugs or combinations being tested. The
number of drugs tested in the uveal melanomas was limited for many of the samples to
only four or five drugs due to cell number constraints, leading to a lower average
number of drugs tested. The cutaneous melanoma samples were generally larger than
the uveal melanoma samples and after digestion produced more viable cells. The
cutaneous melanomas used in the study of the experimental drug XR5000 (see Chapter
8), meant that in 19 cutaneous melanomas an extra plate of four drugs was tested which
has increased the average number of drugs tested. The cutaneous melanoma sample
with the largest number of single agents and combinations tested was in fact tested with
XR5000 alone and in combination.

Both uveal and cutaneous melanomas show a large degree of heterogeneity of
chemosensitivity ex vivo with the ATP-TCA. Figure 6.1 shows pie charts showing the
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uveal melanomas

Indexgy[^*^300
□ single agents and
combinations
■ combinations
only
□ neither

cutaneous melanomas
Indexsy^^OOO
□ single agents and
combinations
■ combinations
only
□ neither

Figure 6.1. Pie charts showing the percentage of samples having
an Indexgyi^ value below 300 for both single agents and
combinations, or combinations only, or neither single agents or
combinations for (a) uveal and (b) cutaneous melanomas
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number of each tumour with IndexsuM values below 300 for single agents and
combinations, combinations only, or not at all for any drug or combination tested.

The uveal and cutaneous melanomas have a very similar distribution between the three
categories for their sensitivities. 52% of uveal melanomas and 58% of cutaneous
melanomas had IndexsuM value below 300 for at least one single agent and for
combination. In Table 4.2 (Chapter 4) it can be seen that very few single agents produce
IndexsuM values below 300 in the uveal melanomas. In Table 5.2 (Chapter 5) there are
many more single agents with IndexsuM values below 300 in the cutaneous melanomas.
From the data shown in Figure 6.1 and Tables 4.2 (Chapter 4) and 5.2 (Chapter 5) it
appears that if a uveal melanoma is sensitive to single agents it is normally to only one
or two drugs, whereas the cutaneous melanomas are normally sensitive to more than
two single agents. These findings are confirmed by the raw data.

It should be noted that all of the cutaneous melanomas were tested at the higher TDC
for paclitaxel where as 24 of the 32 uveal melanomas tested with paclitaxel were tested
at the lower TDC. Therefore the results obtained with paclitaxel should be ignored for
the sake of comparison. However, comparing the IndexsuM results for the uveal
melanomas tested at the higher TDC with the cutaneous melanomas it can be seen that
the uveal melanomas are not as sensitive to paclitaxel as the cutaneous melanomas are.

The histogram shown in Figure 6.2a stresses this point by plotting the percentage of
uveal and cutaneous melanomas with an IndexsuM below 300. For all the drugs tested in
both melanomas there are more sensitive cutaneous melanomas than uveal. The number
of active single agents with an IndexsuM of between 301 and 450 is about equal between
the two melanoma types, as can be seen in Figure 6.2b. With the exception of topotecan
and vinblastine in uveal melanomas, the bars for each tumour for each drug are similar
in height. The opposite of Figure 6.2a can be seen in Figure 6.2c where the percentage
of tumours with an IndexsuM above 450 (resistant ex vivo) are plotted for uveal and
cutaneous melanomas. In Figure 6.2c it is clear that the uveal melanomas are more
insensitive to the drugs tested than the cutaneous melanomas. Gemcitabine is an
exception to this in all three divisions of IndexsuM shown in Figure 6.2 a-c. The number
of samples in each division of
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Figure 6.2. Bar charts showing percentage of Indexgy^^ results (a) below
300 and (b) between 301 and 450, for uveal and cutaneous melanomas
tested in the ATP-TCA
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Figure 6.2. Bar charts showing percentage of Index^yi^ results (c) above
450, for uveal and cutaneous melanomas samples tested in the ATP-TCA
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the IndexsuM are about equal in both tumours, with about one third of tumours in each
category.

As the cutaneous melanomas were tested with a strict drug list, the range of
combinations that were tested in the uveal melanomas have not been repeated in the
cutaneous melanomas. The majority of the uveal melanomas that were tested with
combinations were tested early in the investigation before the work on the cutaneous
melanomas had been established: only 11 uveal melanomas were assayed in 1999
compared to 33 cutaneous melanomas. This meant that the uveal melanomas that were
assayed while the cutaneous melanoma study was being conducted were only routinely
tested with four drugs (IFNa2b, treosulfan, gemcitabine, and treosulfan + gemcitabine).

However one combination was tested in both uveal and cutaneous melanomas:
treosulfan and gemcitabine. The combination of treosulfan and gemcitabine had very
similar effects in the same percentage of samples of both uveal and cutaneous
melanomas. 80% of uveal melanomas and 72% cutaneous melanomas were sensitive to
treosulfan combined with gemcitabine using an IndexsuM below 300 as an indicator of
sensitivity. Both synergistic and additive effects were seen in both uveal and cutaneous
melanomas when tested with treosulfan and gemcitabine. Table 6.2 summarises the
chemosensitivity data obtained in Chapters 4 and 5 for cutaneous and uveal melanoma
samples, using the IndexSUM cut-off point of 300 as an indicator of sensitivity.
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Table 6.2. Summary of results using an arbitrary threshold for sensitivity index <300,
for both cutaneous and uveal melanomas. The significance level was calculated from
the results for each tumour type using a Wilcoxon rank sum test. Applying a
Bonferroni correction, a P value of 0.0035 is regarded as significant, and none of the
results meet this criterion.
Drug / Combination

% Sensitive -

% Sensitive -

Significance (?)

uveal

cutaneous

IndexsuM

BCNU

(0/9) 0%

(0/8) 0%

0.3704

CDDP

(0/9) 0%

(7/55) 13%

0.0893

doxorubicin

(1/23) 4%

(7/15) 47%

0.0038

etoposide

(0/10) 0%

(2/13) 15%

0.2839

gemcitabine

(11/51)22%

(14/52) 27%

0.5159

mitoxantrone

(6/18) 33%

(4/7) 57%

0.0967

paclitaxel

(1/8) 13%

(18/54) 33%

0.1228

temozolomide

(0/14) 0%

(0/38) 0%

0.2551

topotecan

(1/16) 6%

(2/10) 20%

0.0103

treosulfan

(15/73)21%

(20/53) 38%

0.0476

vinblastine

(0/7) 0%

(4/44) 9%

0.0223

vinorelbine

(1/9) 11%

(17/40) 43%

0.0402

treosulfan + gemcitabine

(47/59) 80%

(38/53) 72%

0.7752

The significance of the results in each drug are also included in Table 6.2, using the
Wilcoxon rank sum test the IndexsuM results from each tumour have been compared.
Taking these results individually, there are several drugs that have statistically different
results (P < 0.05) in the two tumours, these are: doxorubicin, topotecan, treosulfan,
vinblastine, and vinorelbine. As there are multiple significance tests a Bonferroni’s
correction should be applied, this means that for a result to be significant the P value
should be less than 0.0035. If this correction is taken into account then none of the
results obtained, for single agents or combinations, are statistically significant.
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6.4 Discussion
Treatment of metastatic uveal and cutaneous melanoma with chemotherapy is mainly
based on regimens containing DTIC. As outlined in Chapter one there are major
genotypic and phenotypic differences between these two tumours. There is also a large
difference in the clinical response to chemotherapy.

The increasing prevalence of cutaneous melanoma over recent years has lead to a great
deal of research into the development, progression and treatment of this disease. Uveal
melanoma is a rare tumour with about a tenth as many cases diagnosed each year as
cutaneous melanoma, and the numbers of cutaneous melanoma cases have risen over
the last decade. This means that there is a large amount of information on chemotherapy
trials and possible reasons for resistance in cutaneous melanoma, with only a fraction of
the equivalent research in uveal melanoma patients. Therefore many of the reasons
given below for the differences in the chemotherapy between these two tumour types
are speculative as research has yet to be carried out in uveal melanoma.

6.4.1 Evaluability Rates
The evaluability rates for uveal and cutaneous melanoma are different with 78% of
uveal melanoma samples evaluable compared to 95% of cutaneous melanoma samples.
The uveal melanoma samples were generally smaller than the cutaneous melanoma
biopsies which were assayed and the small number of cells may have effected the
viability of the cells during digestion. Secondly, several of the uveal melanoma samples
had previously been treated with radiotherapy, which meant that a large proportion of
the tumour was necrotic, and not viable after digestion. Thirdly the cutaneous
melanoma biopsies came from areas of the body which have very good blood supplies,
e.g. lymph nodes and the skin, and so have a better environment in which to grow,
whereas inside the eye is not an ideal location for a large tumour to flourish due to
changes in intraocular pressure and inadequate blood flow. This may mean that the
cutaneous melanoma cells are more likely to survive under culture conditions than the
uveal melanoma cells and so will be more viable.

6.4.2 Ex vivo Chemosensitivity
The data presented in Chapters four, five and six, suggest that the uveal melanoma
samples were more resistant to chemotherapy than the cutaneous melanoma samples
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when tested ex vivo with the ATP-TCA, however as shown in Table 6.2 these are not
statistically significant differences. The lack of statistical significance in these results
may be due to the small numbers tested; in some cases less than 10 samples have been
tested. While it is true that the uveal melanoma specimens were primary tumours, while
the cutaneous melanoma specimens were métastasés, it is unlikely that this would
explain the greater resistance of the uveal melanomas.

There are several other possible explanations as to the differences seen between these
two tumours, these include:
1. Better detoxification mechanisms in uveal melanoma
2. More efficient MDR in uveal melanoma
3. Lower growth rate of uveal melanomas
4. Better growth arrest ability in uveal melanoma
5. Greater impairment of DNA repair mechanisms in cutaneous melanoma

6.4.3 Better Detoxification Mechanisms in Uveal Melanoma
One of the main detoxification methods employed by cancer cells is the glutathione/
glutathione S transferase (GST) system. Glutathione occurs naturally in all cells, its
normal function is to detoxify intracellular oxygen free radicals and various xenobiotics
(Meister & Anderson 1983; Meister 1983). Elevated levels of glutathione in cancer cells
have been shown to confer resistance to a number of chemotherapeutic agents such as,
doxorubicin (Russo & Mitchell 1985, Beaumont et al, 1998), melphalan and cisplatin
(Mistry et al., 1991). Depletion of glutathione has been shown to potentiate sensitivity
to a wide range of drugs in a number of human cancer cell lines including melanoma
(Pendyala et al, 1997, Supino et al, 1996).

However, one study showed no correlation between glutathione expression in cutaneous
melanoma specimens obtained before or during chemotherapy (Schadendorf et al,
1995a). This led the authors to suggest that the glutathione system may not play a major
role in the resistance of cutaneous melanoma to chemotherapeutic agents (Schadendorf
et al, 1995). There does not appear to have been a similar study performed in uveal
melanomas.
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6.4.4 More Efficient Multidrug Resistance in Uveal Melanoma

Multidrug resistance is known to be responsible for resistance to a range of
chemotherapeutic agents including doxorubicin, paclitaxel, and vinca alkaloids
(Doroshow 1996, Pommier et al, 1996, Rowinsky & Donehower 1996) Proteins that
are associated with multidrug resistance, namely P-glycoprotein, MRP and lung
resistance protein (LRP) have been found in uveal melanoma samples and cell lines
(van der Pol et al, 1997, Satherley et al, 2000) and could play a part in the increased
chemoresistance of uveal melanoma. However, the study by Satherley and co-workers
found no correlation between the expression of P-glycoprotein, MRP or LRP with
doxorubicin, mitoxantrone or vinblastine (Satherley et al, 2000). P-glycoprotein has
only rarely been found to be expressed in cutaneous melanoma specimens, either
primary or metastatic material (Fuchs et al, 1991, Goldstein et al, 1989, Levine et al,
1993, Schadendorf et al, 1995b, 1995c). Cutaneous melanoma cell lines more
commonly express P-glycoprotein but this does not appear to be associated with drug
resistance (Ramachandran et al, 1993b, Schadendorf et al, 1993b, Berger et al, 1994).
Uveal melanomas have been shown to have higher levels of P-glycoprotein than
cutaneous melanomas (Schadendorf et al, 1995b) although this may not correlate with
increased resistance.
MRP expression has been found to be linked to resistance to doxorubicin but not to
vinblastine or etoposide in cutaneous melanoma cell lines (Berger et al, 1997).
However no significant differences were found in metastatic tissue before and after
chemotherapy suggesting that MRP is not up-regulated in response to chemotherapy in
these cells (Schadendorf et al., 1995). LRP has been found to be present in both uveal
and cutaneous melanoma (van der Pol et al, 1997, Schadendorf et al, 1995, Satherley
et al, 2000) and so may not play as important a role in the resistance seen in uveal
melanoma. The study by Satherley and co-workers found no link between multidrug
resistance proteins with ex vivo resistance to doxorubicin or vinca alkaloid in uveal
melanomas (Satherly et al, 2000). The expression levels of P-glycoprotein and LRP
quoted above are from primary cultured cells and cell lines and so may not truly reflect
the in vivo expression levels in metastatic tissue.
Most of these studies detecting P-glycoprotein, MRP and LRP do not determine the
functionality of the expressed protein and only detect its presence within the cell. If the
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protein is incorrectly folded, wrongly inserted in the membrane, mutated on incorrectly
modified at a post-translational level then it will effect how well the protein functions to
confer drug resistance.

It may be that the expression of one of the proteins associated with multidrug resistance
is not enough to confer drug resistance and that two or more are needed, or a yet
unknown factor is required within the cell to allow these membrane channels to
function correctly.

6.4.5 Lower Growth Rate of Uveal Melanomas
The growth rate of cancer cells affects the efficiency of different chemotherapeutic
agents. It has been observed that fast growing cutaneous melanoma cell lines are more
sensitive to microtubule inhibitors (paclitaxel and vinca alkaloids) and cytosine
analogues than primary melanoma cells (Bajwa et ai; unpublished). Uveal melanomas
are known to be very slow growing, on average having 0.5 mitoses per mm^ (1.25 per
mm^ in this study) when examined microscopically (Ghana et al, 1998). Cutaneous
melanomas are faster growing than uveal melanomas with one study showing over 50%
of tumour with more than 6 mitoses per mm^ (Massi et al, 2000). If uveal melanoma
cells are cycling slowly they will have more time than cutaneous melanomas between
divisions to repair any damage to DNA and to detoxify any harmful agents. This may
account for some of the differences seen between the two melanoma types for the DNA
damaging agents. Although gemcitabine is similarly active ex vivo between the two
melanoma types, it is slightly more active in the cutaneous melanomas. Gemcitabine is
known to be active against DNA repair and RNA synthesis as well as DNA replication
during proliferation (Peters et al, 1996, Hui & Reitz 1997) which could explain the
lower activity seen in the uveal melanomas.

6.4.6 Better Growth Arrest Ability in Uveal Melanoma
A small study comparing the apoptotic rate of cutaneous and uveal melanoma samples
found a non-significant trend towards less apoptosis in uveal melanoma compared with
cutaneous melanoma (Imesch & Albert 1997). This may be an indicator of the ability of
uveal melanoma cells to growth arrest in the presence of damage rather than to apoptose
which may lead to greater chemoresistance. Uveal melanomas have lower growth rates
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(Cree 2000) and fewer genetic alterations than cutaneous melanomas, which may
indicate better control of the cell cycle in uveal melanomas.

p53 is a major checkpoint in the cell cycle. The expression of p53 in cutaneous
melanoma is controversial with differing results reported. Over 80% of cutaneous
melanoma showed positivity in one report (Ross & Wilson 1997). However most
reports have suggested p53 expression is a rare occurrence (Cristofolini et al, 1993,
Barnhill et al, 1994, Florenes et al, 1994, Saenz-Santamaria et al, 1995). Wild-type
p53 is known to have a short half-life and to be rapidly degraded within the cell, which
suggests that when the p53 protein is detected in most melanoma cells within a tumour
it is a mutated form (Cree, 2000). Expression of p53 is rarely seen in uveal melanomas
(Ghana et al, 1999, Kishore et al, 1996). Mutations of p53 that occur in cutaneous
melanoma are thought to be associated with UV damage. UV exposure is not associated
with uveal melanoma (Dolin et al, 1994) and so would not be a cause of mutation of
p53 in uveal melanoma, which may be why it is rarely detected in these samples.

As shown in Chapter four, there is a rapid increase in the number of cells expressing
p53 in response to chemotherapeutic agents in the uveal melanoma sample tested. This
suggests that in uveal melanoma p53 expression and p53 mediated growth arrest may
only occur once the cells are stressed (which could occur naturally in the tumour due to
hypoxia as well as following chemotherapy). If p53 is mutated in cutaneous melanoma
then this up-regulation and p53 mediated growth arrest may not occur allowing the
DNA damage to go unrepaired. This hypothesis would need to be investigated further
before any inferences are firmly made, although the methods used for this study need
some modifications as described in Chapter four.

c-myc expression is known to have different prognostic significance in uveal and
cutaneous melanoma (Ghana et al, 1998). Expression of c-myc can paradoxically
stimulate both apoptosis and cell proliferation (Evan et al, 1992). If the apoptotic and
proliferation pathways down-stream of c-myc are differently expressed or mutated in
the two melanoma types, it could have a significant effect on the proliferation of the
melanoma cells. The proteins involved downstream of c-myc have not fully been
identified and determining whether it is a defect in one of these that causes excessive
proliferation, or a lack of apoptosis can not be investigated at this point in time.
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Expression of bcl-2 is known to be different in uveal and cutaneous melanoma and
could contribute to the differences seen in resistance to chemotherapeutic agents. Bcl-2
is expressed in the majority of uveal melanoma cells (Jay et al, 1996) but is rarely seen
in cutaneous melanomas (Tron et al, 1995, Tang et al, 1998, Ramsay et al, 1995,
Saenz-Santamaria, et al, 1994). This could prevent the uveal melanoma cells from
entering apoptosis and will confer greater chemoresistance upon them.

As seen with p53 and PCNA in uveal melanomas treated with treosulfan and
gemcitabine there is a rapid up-regulation of the number of positively expressing cells
in response to chemotherapy, which returns to a base level during the course of the
assay (six days). There is no reason why any of proteins involved in the cell cycle could
not be up-regulated in a similar fashion in response to a chemotherapeutic insult. This
up-regulation would not be detected by the conventional methods used with biopsy
material taken before or after chemotherapy.

6.4.7 Greater Impairment of DNA Repair in Cutaneous Melanoma
All of the agents tested with the melanomas, apart from the microtubule inhibitors and
IFNa2b, damage DNA either directly or indirectly. The microtubule inhibitors may
however effect DNA repair and replication by disrupting intracellular transport. If the
damaged DNA is not repaired then the cell is probably going to die instead of divide.
Therefore, resistance mechanisms to these agents will involve DNA repair to some
extent. The cell has many DNA repair mechanisms that are involved in drug resistance
(Barret & Hill 1998). The DNA repair mechanisms thought to be partly responsible for
drug resistance are described in Chapter one, and to some extent in Chapters four and
five. Up-regulation of different aspects of DNA repair may account in part for the
differences in ex vivo chemoresistance of uveal melanoma.

As has been previously shown inhibition of DNA polymerase, which is vital for indirect
DNA repair, by gemcitabine enhances the effect of various drugs including cisplatin
and treosulfan (Peters et al, 1996). This indicates the importance of DNA polymerase
within DNA repair. The other constituent enzymes of DNA repair may also prove to be
useful targets in the treatment of drug resistant cancers.
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The way in which the cell detects DNA damage may also play a role in DNA repair.
PCNA is known to be up-regulated in response to DNA damage and is required to link
the damaged DNA to the repair machinery (Jonsson & Hubscher 1997, Cox 1997,
Kelman 1997, Kelman & Hurwitz 1998). As shown in Chapter four, PCNA is upregulated in over a third of the uveal melanoma cells in response to insult with
treosulfan and gemcitabine, indicating that DNA damage must have occurred in order
for the PCNA to be up-regulated. The signalling between the DNA damage and the
PCNA must be important, because if it did not exist then the DNA damage would not
be repaired as the repair machinery would not attach to the DNA. PCNA is known to
also interact with cell cycle regulatory proteins, as well as DNA (Prosperi 1997). If the
signalling pathway between DNA damage and PCNA expression is not complete then
DNA repair may not occur properly. More experimentation is required to determine
whether PCNA is commonly up-regulated in response to just DNA damaging agents, or
to other agents tested, as was seen in the pilot experiment with the uveal melanoma in
Chapter four.

6.4.8 Multidrug Resistance / Sensitivity
A similar percentage of tumours in both the uveal (23%) and cutaneous melanoma
samples (31%) were not sensitive, IndexsuM above 300, to all single agents and
combinations tested. This results came as a surprise as clinical evidence of
chemotherapy for uveal and cutaneous melanomas suggest that uveal melanomas are
much more resistant to chemotherapy than cutaneous melanomas. However, assessment
of clinical effect (partial or complete response) takes place after several cycles of
chemotherapy, normal 3 or more cycles. In essence, the ATP-TCA uses one (short)
cycle of chemotherapy and then looks at the amount of inhibition after six days
incubation with the drug. The ability of uveal melanomas to develop resistance upon
exposure to drugs may be greater than cutaneous melanomas. Unfortunately this
difference would not be seen in the results produced by the ATP-TCA, unless multiple
assays were performed through the course of the disease.

Another consideration is that the clinical evidence for uveal melanoma relates to
metastatic disease while all of the samples tested here have been primary tumours. This
may influence the sensitivity of the samples, although this is hard to test as metastatic
uveal melanoma tissue is hard to obtain and is normally only available post-mortem.
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Three uveal melanoma metastatic deposits were tested with the ATP-TCA during the
project but these were very small samples and did not yield enough cells for complete
assays. They were tested with treosulfan and gemcitabine in combination at only one or
two concentrations and were found to have some sensitivity. Due to the lack of full data
the samples are not suitable for comparison with the primary tumour data as none of the
parameters used in the comparisons above could be calculated.

6.4.9 Further Work and Conclusion
It would be interesting to continue this work with material obtained from metastatic
deposits from uveal melanoma patients. This would provide a direct comparison of
metastatic disease for the two types of melanoma. It is difficult to test primary
cutaneous melanoma as these are often small and required for diagnostic
histopathology.

Also as stated above it would be advantageous to investigate PCNA expression and the
expression of molecules that are known to interact with PCNA, as well as components
that control growth arrest in both the uveal and cutaneous melanomas for comparison
with ATP-TCA results. Potential methods that can be used to do this are suggested in
Chapter four, and include, immunohistochemistry, RT-PCR or a cDNA expression
array.

The results presented here and previous research indicate how different these two
tumours are in their responses to chemotherapy despite their common cell of origin. It is
therefore best that these two tumours are regarded as totally different, with treatment
tailored to each tumour type.
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Chapter 7 - Ovarian Adenocarcinoma Results
7.1 Introduction
As stated in Chapter one the ATP-TCA has been used to investigate the ex vivo
chemosensitivity of a number of different cancer types. It has also been used to direct
chemotherapy or predict response in several tumour types (Andreotti et al, 1995, Cree
et al, 1996, Kurbacher et al, 1996, 1998). There has been one previous published
clinical trial using the ATP-TCA to direct patient treatment in ovarian cancer patients
(Kurbacher et <2 /., 1998). This phase 11 trial found that the group with the ATP-TCA
directed therapy had almost double the response rate of the control arm with a 64%
response rate. The trial also found an increase in progression free survival. This control
group in this study was a concurrently treated group with similar characteristics to the
test group, but the study was not randomised.

The ovarian adenocarcinoma samples tested here were either tested off study or as part
of a randomised phase 111 trial using the ATP-TCA to direct chemotherapy versus
physicians choice. All of the patients had previously been treated with platinum
containing therapy (either cisplatin or carboplatin) and have relapsed within six months
of primary chemotherapy or failure of retreatment. The phase 111 trial is a fully
randomised trial investigating the outcome of ATP-TCA directed chemotherapy versus
physicians choice of chemotherapy. This is an on-going trial and is expected to be
completed by the end of 2001. Due to the design of the trial patient out-comes cannot be
included so only the ATP-TCA ex vivo chemosensitivity data is presented here. The off
study patients were ineligible for the phase 111 trial, normally because they have had
multiple different courses of chemotherapy. The follow-up patient data is still being
collected and will not be available until mid 2001, and so this has not been included. As
with the phase 111 trial patients, only the ATP-TCA ex vivo chemosensitivity data is
presented here.

7.2 Materials and Methods
The ovarian adenocarcinoma samples were tested using the ATP-TCA, following the
method outlined in Chapter 2.
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7.3 Results
7.3.1 Patient Characteristics and Evaluability
The patient characteristics are summarised in Table 7,1 below (the full list of patient
data is shown in Chapter 10, Table 10.5). There were 79 ovarian adenocarcinoma
specimens received for assessment between September 1997 and December 1999 (49
were trial patients and 30 were off trial). Of the 79 specimens received 5 contained no
neoplastic cells, and 3 did not have enough cells to set up an assay. Of the 71 adequate
samples, one sample was removed from the analysis due to overgrowth in the assay
leading to negative results, and one sample became infected during the assay and so was
removed from the analysis. The evaluability rate was 97% (69/71). The average age at
biopsy was 56.8 (33 - 78) years old (not including two patients whose samples were
sent from the USA without the patient date of birth).

Table 7.1. Summary of patient characteristics
Average age

Number of

Number of

Number of

Number of solid

(range) years

ascites

pleural fluids

solid samples

and ascites samples

56.8 (33 - 78)

35(51%)

3(4%)

28 (41%)

3(4%)

7.3.2 Single Agent ex vivo Chemosensitivity
As the ovarian adenocarcinoma specimens were normally tested with a set drug list as
part of the ovarian adenocarcinoma trial there is less variation in the drugs tested. This
does however mean that there are more repeats for each agent tested. Figure 7.1 a-h
shows examples of growth inhibition curves from four ovarian adenocarcinomas with
differing responses to the eight single agents tested as part of the ovarian
adenocarcinoma trial.

All four patients had previously been treated with cisplatin and it can be seen from the
growth inhibition curves that resistance to cisplatin is evident with a maximum
inhibition of between 60 and 80% at the highest concentration of drug. Only epirubicin
and mitoxantrone achieve 100% inhibition at more than one concentration, while
treosulfan and paclitaxel reach 100% inhibition only at the highest concentration tested.
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Figure 7.1. (a-b). Inhibition curves for the eight single agent tested ex vivo
in an ovarian adenocarcinoma sample using the ATP-TCA. By comparing
the above graphs with those shown in figure 7.1 (c-h) the variation in ex
vivo sensitivity to these agents can be seen between these samples.
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Figure 7.1. (c-d). Inhibition curves for the eight single agent tested ex vivo
in an ovarian adenocarcinoma sample using the ATP-TCA. By comparing
the above graphs to those shown in figure 7.1 (a,b, e-h) the variation in ex
vivo sensitivity can be seen in these tumours.
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Figure 7.1. (e-f). Inhibition curves for the eight single agent tested ex
vivo in an ovarian adenocarcinoma sample using the ATP-TCA. By
comparing the above graphs to those shown in figure 7.1 (a-d, g-h) the
variation in ex vivo sensitivity can be seen in these tumours.
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Figure 7.1. (g-h). Inhibition curves for the eight single agent tested ex vivo
in an ovarian adenocarcinoma sample using the ATP-TCA. By comparing
the above graphs to those shown in figure 7.1 (a-f) the variation in ex vivo
sensitivity can be seen in these tumours.

230

The gemcitabine curves are interesting in that there is only a small change in inhibition
with increasing concentration (i.e. they have shallow concentration-inhibition curves),
although the degree of inhibition varies greatly from between 20 and 40%, Figure 7.1a
(99T028), to between 50 and 90%, Figure 7.1c (98T006), inhibition.

There is a range of responses to the topoisomerase inhibitors. The topoisomerase II
inhibitors, epirubicin and mitoxantrone, consistently achieve better inhibition than
etoposide. In Figure 7.Id (98T006) the inhibition curves for epirubicin and
mitoxantrone are almost the same, whereas in Figures 7. If and 7.1h (98T019 and
99T010) the mitoxantrone is producing much greater inhibition than epirubicin. Also in
Figures 7.Id and 7.1h (98T006 and 99T010), mitoxantrone is achieving 100% inhibition
at a range of concentrations (50 - 200% TDC) whereas in Figure 7. If (98T019) the
curve reaches a plateau at about 95% and never reaches 100% inhibition. Etoposide is
generally the least effective agent in the ovarian adenocarcinomas using the ATP-TCA
and this can be seen in Figures 7.1 b, d, f, and h with the inhibition curves for etoposide.
Topotecan is the only topoisomerase I inhibitor tested in the ovarian samples. The
inhibition produced by topotecan is normally between that of etoposide and the two
other topoisomerase II inhibitors as can be seen in Figures 7.1 d, f and h (98T006,
98T019 and 99T010). However in Figure 7.1b (99T028) topotecan is actually more
effective than epirubicin and mitoxantrone, with only mitoxantrone producing greater
growth inhibition at the highest two concentrations.

As has previously been done for the uveal and cutaneous melanoma samples tested in
the ATP-TCA, the IndexsuM results for each single agent have been separated into
categories and histograms drawn to show the range of values obtained (Figure 7.2).
These histograms show that a range of IndexsuM values are obtained with each single
agent reflecting the heterogeneity of response between tumours. The cisplatin and
etoposide histograms are skewed to the higher values (IndexsuM of between 300 and
600+) suggesting greater resistance to these agents, whereas the mitoxantrone graph is
biased towards the lower IndexsuM values suggesting greater sensitivity to
mitoxantrone.
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The other single agents have a ‘bell shaped distribution’ of values in their histograms,
peaking around the IndexsuM value of 300, this suggests that the majority of samples are
partially sensitive to the single agent with a few being sensitive and a few being
resistant.

The distribution of the IndexsuM values is further illustrated in Table 7.2 below, which
summarises the IndexsuM values obtained with the ovarian adenocarcinomas.
The other parameters calculated from the single agent data, IndexAuc, IC50 and IC90
values, are summarised in Table 7.3 below. As stated in Chapter 3, the way the IC50
and IC90 values are calculated can result in negative values if the drug is not active in
that particular sample, this can be seen in Table 7.3 for etoposide and paclitaxel.

Table 7.2. Summary of the IndexsuM values for all the single agents tested in the
ovarian adenocarcinoma samples with the ATP-TCA.
N um ber

IndexsuM

IndexsuM

IndexsuM

M edian IndexsuM

tested

(<300)

(301-450)

(>450)

(m in-m ax)

Cisplatin

63

2(3%)

24 (38%)

37 (59%)

461 (134-629)

Epirubicin

47

22 (47%)"

21 (45%)"

4(9%0"

309 (87-541)

Etoposide

50

0(0%)

16 (32%)

34 (68%)

522 (322 - 726)

Gemcitabine

61

34 (56%)

22 (36%)

5(8%)

296 (31 -581)

Mitoxantrone

60

48 (80%)

10(17%)

2(3%)

200 (59-463)

Paclitaxel

64

25 (39%)

30 (47%)

9 (14%)

345 (43 - 730)

Topotecan

52

12 (23%)

30 (58%)

10(19%)

374(137-571)

Treosulfan

65

16 (25%)"

40 (62%)"

9 (14%)"

367(143-679)

Drug name

Due to rounding up the total percentage does not equal 100%
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Table 7.3. Summary of the IndexAuc, IC50 and IC90 values for the single agents tested
in the ovarian adenocarcinoma samples with the ATP-TCA.
Drug

Median IndexAuc

Median IC50 (range)

Median IC90 (range)

(range)

(%TDC)

(%TDC)

Cisplatin

7412(311- 17924)

105(10-1515)

299 (38-2727)

Epirubicin

14587 (2878- 18463)

40 (5 - 236)

119(30-424)

Etoposide

3895 (-6256- 10914)

247 (-5355-3685)

469 (-9639 - 6633)

Gemcitabine

11770 (819- 18734)

26 (4 - 863)

254 ( 8 - 1554)

Mitoxantrone

16562 (7634- 19116)

18(5-106)

17(13-302)

Paclitaxel

11879 (-3613- 18728)

69 (-231 -395)

185 (-415-710)

Topotecan

10282 (2745- 17686)

82 (6 -4 9 6 )

230 (58 - 892)

Treosulfan

11235 (307- 17197)

76 (5-691)

188 (4 2 - 1244)

7.3.3 Comparison of Similar Acting Agents
As a large number of replicates of each single agent have been assessed in the ovarian
samples it is possible to compare drugs with a similar mechanism of action to
investigate whether there is a common resistance pathway to drugs with these
mechanisms of action. The drugs compared are cisplatin (to which the patients are
known to be clinically resistant), and treosulfan, epirubicin and mitoxantrone, and
epirubicin and topotecan. Although epirubicin is a topoisomerase II inhibitor and
topotecan is a topoisomerase I inhibitor they were compared to see if targeting one of
the topoisomerase enzymes was more effective than the other.

The IndexsuM results from the first 10 samples tested are plotted against each other for
each pair of drugs in Figure 7.3 a-c. In Figure 7.3a it can be seen that the IndexsuM
results for treosulfan are lower than those for cisplatin indicating greater sensitivity to
treosulfan. The same can be seen with mitoxantrone having lower IndexsuM values than
epirubicin, shown in Figure 7.3b, and epirubicin having lower IndexsuM results than
topotecan, shown in Figure 7.3c.
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Figure 7.3. Graphs showing the differences in Index^y^^ values for the
first 10 ovarian adenocarcinomas tested ex vivo with (a) eisplatin and
treosulfan (b) epirubicin and mitoxantrone. A lower IndexSUM values
indicates greater activity of the drug ex vivo in the ovarian
adenocarcinoma samples.
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Figure 7.3. Graph showing the differences in Indexgy^^ values for the
first 10 ovarian adenocarcinomas tested ex vivo with (c) epirubicin and
topotecan. A lower IndexSUM value indicates greater activity of the
drug ex vivo in the ovarian adenocarcinoma samples.
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The complete set of results for each of these pairs of agents was compared using the
Wilcoxon matched-pairs signed-rank test (GraphPad InStat version 4.00 for Windows
95, GraphPad Software, San Diego California USA, www.graphpad.com). This test
compares the differences between each pair of IndexsuM results and assesses whether
the median differs significantly from zero. Table 7.4 below shows the P value obtained
and the inferred meaning for each pair of agents.

These results show a significant difference (P<0.0001) between the IndexsuM results
for cisplatin and treosulfan. The samples are known to be clinically resistant to cisplatin
and so this result suggests that there is no cross-resistance between cisplatin and
treosulfan. The results also show a substantial difference (P<0.0001) between epirubicin
and mitoxantrone. The results show a significant difference between the topoisomerase
II inhibitor epirubicin and the topoisomerase I inhibitor topotecan, but with a lower P
value (P=0.0381)than the previous two results.

Table 7.4. Statistical data comparing IndexsuM results from similar acting agents
Drug combination

Number assessed P value

Inferred meaning

Cisplatin and treosulfan

59

P<0.0001

Significant

Epirubicin and mitoxantrone

44

P<0.0001

Significant

Epirubicin and topotecan

38

P=0.0381

Significant

7.3.4 Combination Chemotherapy
The ovarian adenocarcinoma samples were tested with 6 two-drug combinations as
stated in Chapter 2. Figure 7.4 - 7.9 show inhibition curves and combination effect
curves for each of the combinations tested in the ovarian adenocarcinomas. These
graphs show one example of each combination selected from the results obtained, other
effects are seen, i.e. some show additive effects while others show synergistic effects
with the same combination in different samples.

Using the IndexsuM >300 as a definition for sensitivity the most active combinations are
treosulfan + gemcitabine (96% of samples) and mitoxantrone + paclitaxel (95% of
samples). All of the other combinations had at least half of the samples being sensitive
to the combination tested, with the exception of etoposide + topotecan where only 44%
of samples had an IndexsuM >300. Despite these results, no one combination was
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Figure 7.4. The above graphs show (a) the inhibition curve of an ovarian
adenocarcinoma sample tested with the combination of paclitaxel and
mitoxantrone and (b) the combination analysis graph for the
combination against the predicted response from the independent action
of the two drugs. In this example the combination is having an additive
effect with both single agents having activity
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Figure 7.5. The above graphs show (a) the inhibition curve of an ovarian
adenocarcinoma sample tested with the combination of cisplatin and
gemcitabine and (b) the combination analysis graph for the combination
against the predicted response from the independent action of the two
drugs. The above example shows a synergistic effect when the two
drugs are combined.
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Figure 7.6. The above graphs show (a) the inhibition curve o f an ovarian
adenocarcinom a sam ple tested with the com bination o f epirubicin and
treosulfan and (b) the com bination analysis graph for the com bination
against the predicted response from the independent action o f the two
drugs. The above exam ple shows an additive effect o f epirubicin and
treosulfan w hen com bined with both drugs having som e activity when
tested as single agents.
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Figure 7.7. The above graphs show (a) the inhibition curve of an ovarian
adenocarcinoma sample tested with the combination of epirubicin and
paclitaxel and (b) the combination analysis graph for the combination
against the predicted response from the independent action of the two
drugs. The above example shows an effect between additive and
synergistic, although not as synergistic as that seen in figure 7.5.
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Figure 7.8. The above graphs show (a) the inhibition curve of an ovarian
adenocarcinoma sample tested with the combination of treosulfan and
gemcitabine and (b) the combination analysis graph for the combination
against the predicted response from the independent action of the two
drugs. As seen with the combination of eisplatin and gemcitabine,
figure 7.5, the above example with treosulfan and gemcitabine shows a
synergistic effect with both drug showing some activity when tested as
single agents
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Figure 7.9. The above graphs show (a) the inhibition curve of an ovarian
adenoearcinoma sample tested with the experimental combination of
etoposide and topotecan and (b) the combination analysis graph for the
combination against the predicted response from the independent action
of the two drugs. The above example shows an additive effect when
etoposide and topotecan are tested as a combination.
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always most effective and there was considerable heterogeneity.

The IndexsuM results for the combinations tested are shown as histograms in Figure
7.10. These histograms show the distribution of the IndexsuM results. With the
exception of etoposide + topotecan, the results are biased towards the lower values as
would be expected as more samples have IndexsuM values below 300. It should be
noted that the range of values is smaller than that for the single agents tested, see Figure
7.2. The IndexsuM results for the combinations tested are summarised in Table 7.5
below with the other calculated parameters, IndexAuc, IC50 and IC90, shown in Table
7.6.

Table 7.5. Summary of the IndexsuM values for the drug combinations tested in the
ovarian adenocarcinoma samples with the ATP-TCA.
Drug

Number

IndexsuM

IndexsuM

IndexsuM

Median

Combination

tested

(<300)

(301-450)

(451 and

IndexsuM

above)

(min-max)

Cisplatin +

49

42 (86%)

5 (10%)

2(4%)

186(16-474)

38

31 (82%)

7(18%)

0(0%)

222 (67-441)

38

28 (74%)"

9 (24%)"

1 (3%)"

262(153-506)

25

11 (44%)

13 (52%)

1 (4%)

305 (117-544)

62

59 (95%)

3(5%)

0(0%)

145 (29-319)

28

27 (96%)

1 (4%)

0(0%)

161 (67-379)

gemcitabine
Epirubicin +
paclitaxel
Epirubicin +
treosulfan
Etoposide +
topotecan
Mitoxantrone
+ paclitaxel
Treosulfan +
gemcitabine
Due to rounding up the total percentage does not equal 100%
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Figure 7.10. The above histograms show the distribution of the Indexsy^^
results for (a) treosulfan + gemeitabine, (b) cisplatin + gemeitabine, (e)
epirubiein + paelitaxel (d) epirubiein + treosulfan, (e) mitoxantrone +
paelitaxel and (f) etoposide + topoteean, tested ex vivo as combinations
in ovarian adenocarcinoma samples. The higher the IndexSUM value the
less active the combination is in the ATP-TCA.
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Table 7.6. Summary of the IndexAuc, IC50 and IC90 values for the drug combinations
tested in the ovarian adenocarcinoma samples with the ATP-TCA.
Drug combination Median

Median IC50 (range)

Median IC90 (range)

IndexAuc(range)

(% TDC)

(%TDC)

Cisplatin +

16799

14 (3 - 109)

90 (6 - 323)

gemcitabine

(6326- 18974)

Epirubicin +

17095

21 (5 -7 8 )

5 6 (1 6 - 195)

paclitaxel

(11342- 19160)

Epirubicin +

15390

35 ( 9 - 102)

90 (33 - 228)

treosulfan

(9618- 18019)

Etoposide +

13099

55 ( 9 - 122)

150 (39-278)

topotecan

(3050- 18270)

Mitoxantrone +

18294

1 4 (4 -4 8 )

38(11-415)

paclitaxel

(9619-20186)

Treosulfan +

17440

1 2 (4 -7 9 )

65 (21 -222)

gemcitabine

(10467- 18785)

7.3.5 Multidrug Cross-sensitivity / Multidrug Resistance
The concept of multidrug resistance is further examined here using the ovarian
adenocarcinoma data obtained from the ATP-TCA. The IndexsuM results have been
used to draw Venn diagrams to illustrate cross-sensitivity between single agents with
different mechanisms of action. In Figure 7.1 la, paclitaxel, topotecan and treosulfan are
shown with the numbers sensitive, IndexsuM <300, to each individual agent, to two
agents, to three agents or, none of the three agents tested. The same data is shown in
Figure 7.1 lb but for epirubicin, gemcitabine and paclitaxel.

In Figure 7.1 la there are 21 samples not sensitive to any of the three agents tested, their
IndexsuM result was above 300. Of these 21 samples 18 were sensitive to other singles
agents tested, and all agents tested had IndexsuM results below 300 when tested with
combinations of drugs. In Figure 7.1 lb there are 11 samples not sensitive to any of the
three agents tested, their IndexsuM results were above 300. Of these 11, 8 are sensitive
to other single agents and all samples tested were sensitive to combinations of drugs.
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(a)
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None
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gemcitabine

Figure 7.11. Venn diagrams showing cross-sensitivity (Indexgy^^ <300) of
ovarian adenocarcinomas to three single agents, (a) paclitaxel, topotecan,
and treosulfan. Of the 21 not sensitive to these three agents, 18 were
sensitive to other single agents and all were sensitive to combinations of
chemotherapy, (b) epirubicin, gemcitabine and paclitaxel. Of the 11 not
sensitive to these agents all showed sensitivity to combinations and 8
were sensitive to other single agents.
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Of the 64 ovarian adenocarcinoma samples tested with both single agents and
combinations 55 (86%) had an IndexsuM value below 300 for single agents and
combinations. Of the remaining 9 samples 8 (12%) only had an IndexsuM below 300 for
combinations and 1(2%) had no single agents or combinations with an IndexsuM below
300, and can be regarded as truly multidrug resistant.

Figure 7.12 pie charts of combinations which are sensitive or not to either or neither or
both combinations.
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Figure 7.12. Pie charts showing the percentage of ovarian
adenocarcinoma samples showing ex vivo sensitivity (Indexg^j^ <
300) (a) epirubicin + paclitaxel (E+P) and epirubicin + treosulfan
(E+T), (b) epirubicin + paclitaxel (E+P) and mitoxantrone +
paclitaxel (M+P). Each chart shows the percentage of samples
sensitive to only one of the combinations, to both combinations or to
neither combination.
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Figure 7.12. Pie charts showing the percentage of ovarian
adenocarcinoma samples showing ex vivo sensitivity (Indexgy,^ <
300) (c) cisplatin + gemcitabine (C+G) and treosulfan + gemcitabine
(Tr+G), and (d) cisplatin + gemcitabine (C+G) and etoposide +
topotecan (Et+Top). Each chart shows the percentage of samples
sensitive to only one of the combinations, to both combinations or to
neither combination.
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7.4 Discussion
7.4.1 Patient Characteristics
The average age of diagnosis of ovarian adenocarcinoma is about 53 years in the
western world (Clarke-Pearson et al, 1991). The average age of patients entered into
this study was 57 years old (range 33 - 78 years). This difference in the average ages is
expected, as the patients tested here have had at least one complete course of
chemotherapy between diagnosis and testing with the ATP-TCA, and some have had up
to 5 different types of chemotherapy since diagnosis.

7.4.2 Evaluability Rate
The evaluability rate for the ovarian adenocarcinoma samples compares well with
previous studies testing ovarian cancer (Kurbacher et <2 /., 1998), with 97% of samples
evaluable for testing in the ATP-TCA. The same method was used for both of these
studies and so a similar evaluability rate was predicted. The only difference between the
studies was the transport of the samples. In this study the samples were normally
transported overnight at 4°C, whereas in the study by Kurbacher et al, the samples
were tested in the hospital in which the patient was being treated. The transport of
specimens does not seem to have effected the evaluability rate and so overnight
transportation at 4°C is a perfectly acceptable method of transporting samples between
the hospital and the test laboratory.

In certain cases it was not possible to arrange next day delivery and samples taken on a
Friday were not delivered until the Monday morning. All of the samples which were
delivered in this way were packaged as described in Chapter two, and in each case
viable cells were available and ATP-TCAs were set up. There were two samples which
were sent from the USA with delivery times of 4 and 6 days. When these samples
arrived the ice packs had thawed out and so for most of the journey the samples were at
ambient temperature. However, both of these samples produced viable cells and ATPTCAs were set up for each. One consideration that should be taken in to account is that
the storage conditions may have effected the chemosensitivity of the cells. The effects
of storage on tumour cells may need to be investigated further. One way in which this
could be done would be to use a large fresh sample of tumour and store it at 4°C, and
set up an ATP-TCA every day for 6 days, and compare the results that are obtained
when the chemosensitivity is evaluated.
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7.4.3 Ex vivo Chemosensitivity
As ail the ovarian adenocarcinomas had previously been treated with a platinum based
drug, either cisplatin or carboplatin, it was expected that these samples would show ex
vivo resistance to cisplatin in the assay. Over half of the samples tested (59%) were
found to be resistant using the IndexsuM of over 450 as an indicator of resistance. Some
tumours were expected to show residual sensitivity and this is the case with 38% of
samples tested having an IndexsuM of between 301 and 450. Two of the samples tested
showed sensitivity with an IndexsuM of below 300. A previous study reported a greater
than 90% accuracy for confirming resistance to cisplatin in refractory ovarian
carcinoma (Andreotti et al, 1995). Using the IndexsuM cut-off point of 300 as an
indicator of sensitivity and resistance the results of this study are very comparable with
this previous study with 97% (61/63) accuracy for confirming resistance to cisplatin.

As entry criteria to the ovarian adenocarcinoma trial the patients needed to have
cytologically or histologically proven platinum resistant recurrent disease. The two
cases showing sensitivity to cisplatin, even though they are clinically resistant, must be
expected as the IndexsuM of below 300 is not an ideal indicator of sensitivity. The two
tumours are also very sensitive to the other drugs tested and it may be that these
tumours are just very sensitive tumours, but perhaps they are faster growing leading to
rapid relapse after cessation of platinum chemotherapy. Alternatively it may be that the
transportation of the samples to the laboratory has affected the cells to make them more
sensitive, but this is unlikely and has not been seen with other samples.

Discounting the cisplatin sensitivity, the ovarian adenocarcinomas exhibit heterogeneity
of ex vivo chemosensitivity similar to that seen in the uveal and cutaneous melanomas,
and that seen with other tumour types (Andreotti et al, 1995, Cree et al, 1996,
Kurbacher et al, 1996, 1998). All the single agents tested in the ovarian
adenocarcinomas, with the exception of mitoxantrone, show a range of ex vivo
responses. Mitoxantrone is different to the other single agents as the majority of
samples tested (80%) have an IndexsuM value of below 300 indicative of sensitivity,
whereas clinical response rates to mitoxantrone are about 30% (Markman et al, 1993).
It is unlikely that 80% of patients will respond to mitoxantrone given as a single agent,
though this could be due to rapid development of resistance during the course of
treatment. The TDC for mitoxantrone has now been reduced for the ATP-TCA as it was
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found to be incorrect based on available pharmacokinetic data. The TDC for
mitoxantrone was reduced from 0.95 pg/ml to 0.6 pg/ml giving a more realistic level of
ex vivo activity compared to that seen clinically. The need for this change in the TDC
was suggested by the results presented here and by the results obtained within the two
laboratories based in Germany. The change was instigated by the principle researchers
involved in the ovarian adenocarcinoma trial in collaboration with the manufacturers of
the ATP-TCA.

At least one ovarian adenocarcinoma sample had an IndexsuM value below 300 for each
of the single agents tested, with the exception of etoposide. This lack of sensitivity to
etoposide might be a direct result of the concentrations of etoposide tested being too
low for the kinetics of this drug in the culture plate. The TDC for etoposide is based on
the dose of etoposide given to patients as an injection. However, etoposide is now more
often given as an oral preparation over several days. The oral route of etoposide
administration results in a higher peak plasma concentration (PPC) and AUC, however
these figure are variable and depend upon the patient. The PPC is used along with other
factors to calculate the TDC so a higher PPC will result in a higher TDC. Therefore, it
may be that the concentration of etoposide used in the ATP-TCA was not high enough
for correlation with oral etoposide, and as such this has been increased from 16 pg/ml to
64 i^g/ml as of 01/03/2000.

One thing that has not been taken into consideration when analysing the ovarian
adenocarcinoma chemosensitivity is the previous treatment that the patient has received
(with the exception of cisplatin). Unfortunately not all of the previous treatments that
the patients received are known and so they are not included here. By comparison with
the results seen with cisplatin it is expected that if a patient has previously been treated
with a particular drug and shows clinical resistance, then the tumour cells will show
reduced sensitivity when tested with the drug in the ATP-TCA.

Similar to the analysis performed in the two melanoma types, the IndexsuM values for
similarly acting drugs were compared. There was a substantial difference in the
IndexsuM results for treosulfan and cisplatin with the treosulfan IndexsuM values being
significantly lower indicating greater activity of treosulfan in the ovarian
adenocarcinoma samples. This is to be expected as the samples were all clinically
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resistant to cisplatin, and none of the samples were known to have been previously
treated with treosulfan. This result highlights the lack of cross-sensitivity between these
two DNA damaging agents in this tumour type using the ATP-TCA.

A similar result was seen with the two topoisomerase II inhibitors, epirubicin and
mitoxantrone, with mitoxantrone producing substantially lower IndexsuM values
indicating greater sensitivity to mitoxantrone. However this results is somewhat dubious
as the TDC for mitoxantrone was too high as described above. It will be interesting to
evaluate these two drugs again when mitoxantrone has been tested further at the lower
TDC to see if there is still a significant difference in the IndexsuM values. There is
known to be a lack of cross-resistance between doxorubicin and mitoxantrone in a
substantial proportion of breast cancer patients (Kurbacher et al, 1996) and this may
also be seen with the ovarian cancer patients, although the previous treatments may
confer resistance to these drugs. Figure 7.3b shows the IndexsuM values from the first
10 samples tested with epirubicin and mitoxantrone. Although statistically the IndexsuM
values for mitoxantrone are significantly lower (greater inhibition) than those for
epirubicin, it can be seen in Figure 7.3b that two of the samples have lower IndexsuM
values with epirubicin. However, the IndexsuM values for these tumours with both drugs
are below 300 and would be classed as sensitive using the division already used. These
results suggest that may also be a lack of cross-sensitivity between epirubicin and
mitoxantrone, and this could be confirmed by future results testing epirubicin alongside
mitoxantrone at the new TDC.

There is also a substantial difference in the IndexsuM values for topotecan and
epirubicin suggesting a more important role for topoisomerase II in the ovarian
adenocarcinoma cells than for topoisomerase I. This might be due to the greater
involvement of topoisomerase II in DNA repair and replication, while topoisomerase I
is thought to be involved in RNA synthesis more than DNA repair and replication (Liu
1989, Wang 1996).

The combinations of drugs generally showed additive effects similar to those seen in the
melanoma patients, or sometimes synergistic effects in the case of treosulfan and
gemcitabine, which was the most active combination. A large proportion of samples
show sensitivity (IndexsuM < 300) with the different combinations. This may be a
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product of the cut-off point for sensitivity being too high, and maybe an IndexsuM value
of below 200 or 150 might be more accurate as an indicator of sensitivity for this
tumour type. The correlation of ATP-TCA results with clinical outcome represents the
‘gold standard’ for use in setting these thresholds, but there is currently insufficient data
available for this to be done. It may be that clinical outcome may be related to different
IndexsuM values for different drugs, ie IndexsuM below 300 for etoposide, and an
IndexsuM below 200 for cisplatin (it should be noted this are just examples and not
factual values).

7.4.4 Multidrug Cross-sensitivity / Multidrug Resistance
In contrast to the uveal and cutaneous melanoma samples, only one (2%) ovarian
adenocarcinoma samples was not sensitive to any of the test drugs when tested in the
ATP-TCA. This one sample should be regarded as truly multidrug resistant as it was
tested with a range of drugs with differing mechanisms of action, and with different
mechanisms of resistance. The remaining 63 samples were sensitive to at least one
single agent or combination using the IndexsuM < 300 as an indicator of sensitivity. If
however as proposed above the cut-off point for sensitivity is reduced to 200 or 150
then several more samples would be regarded as multidrug resistance in terms of ex vivo
chemosensitivity.

The main purpose of assaying the ovarian adenocarcinoma samples is as part of the
randomised phase III clinical trial assessing physicians choice chemotherapy against
ATP-TCA directed therapy. In the trial, the threshold approach to evaluation of results
is not used, and the assay is simply used to determine the best option for a particular
patient. In this role, it shows good performance based on the previous phase II trial data
and the results reported here (Kurbacher et al, 1998). Clearly, the results of the phase
III trial are central to the acceptance of this assay and its clinical introduction.
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Chapter 8 - Developmental Drug Results
8.1 Introduction
Chemosensitivity assays have been used in the development of new drugs and drug
combinations for many years. The best known example of this is the Developmental
Therapeutics Program within the National Cancer Institute, USA, originally used the
sulphorhodamine B assay to assess new agents in a panel of 60 cancer cell lines (Monks
et al, 1991). This is now preceded by a three cell lines prescreen to identify compounds
for evaluation with the panel of 60 cell lines (Developmental Therapeutics Program,
National Cancer Institute, USA). It has been proposed that the ATP-TCA can also be
used in the development of new agents and combinations for use in cancer patients
(Cree & Kurbacher, 1999).

During the course of this PhD it has been possible to use excess cells from ovarian
adenocarcinomas and cutaneous melanomas to assess new drugs using the ATP-TCA.
The two new agents that have been tested are XR5000 (Xenova Ltd) and high
concentration doxorubicin, selected as a model for liposomal doxorubicin (Caelyx,
Schering Plough). As stated in Chapter 1, XR5000 is a combined topoisomerase I and II
inhibitor (Finlay et al, 1996) which has recently completed phase I trials (Twelves et
al, 1999). Doxorubicin was tested at five times the standard TDC (see Chapter 2) to
mimic the concentrations that have been obtained from in vivo studies with liposomal
doxorubicin (Caelyx, Schering Plough) (Gabizon et al, 1994, Vaage et al, 1994,
Gabizon et al, 1998, Symon et al, 1999). A previous study has found that liposome
encapsulated doxorubicin does not enter into cells in vitro (Wang et al, 1999) and
therefore does not have a cytotoxic effect. However, in vivo the intratumoral
concentration of doxorubicin can range from 4-16 fold greater than standard
preparations of doxorubicin when using liposomal doxorubicin (Gabizon et al, 1994,
Vaage et al, 1994, Gabizon et al, 1998, Symon et al, 1999). Therefore to achieve
similar concentrations of doxorubicin in vitro the TDC of doxorubicin was increased
5x. The results obtained with both of these agents are presented below.

8.2 Materials and Methods
The two test agents, XR5000 and high concentration doxorubicin, were tested alone and
in combination with current drugs in cutaneous melanoma and ovarian adenocarcinoma
using the ATP-TCA, as described in Chapter 2.
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8.3 Results
8.3.1 XR5000
XR5000 was tested along side the trial drug list in ovarian adenocarcinomas and
cutaneous melanomas whenever sufficient cells were present to allow for a fourth plate
of drugs to be tested. XR5000 was tested in 18 ovarian adenocarcinomas (5 trial
samples and 13 off trial samples) and 19 cutaneous melanomas.

As previous studies have demonstrated stability of reconstituted drugs at -20°C (Hunter
et al, 1994), the aliquots of stock XR5000 were stored at this temperature. To confirm
that there was no loss in activity due to storage at -20°C, a fresh batch of XR5000 was
tested along side the original stock after storage for 9 months. Figure 8.1 shows the
growth inhibition curves for the old and new stocks of XR5000 in an ovarian
adenocarcinoma. It is apparent from Figure 8.1 that there is no loss in activity of
XR5000 after storage at -20°C. This experiment was repeated in two other ovarian
adenocarcinomas with similar growth inhibition curves for the old and the new stocks
ofXR5000.

As stated above XR5000 was tested in both cutaneous melanoma and ovarian
adenocarcinoma samples. Figure 8.2 shows various growth inhibition curves in both
tumour types with XR5000. As can be seen in Figure 8.2 there are a range of effects of
XR5000 from no effect on growth to total growth inhibition at the highest concentration
(200 % TDC).

As XR5000 is known to inhibit both topoisomerase I and II, it was compared to the
combination of etoposide (topoisomerase II inhibitor) and topotecan (topoisomerase I
inhibitor). Figure 8.3 shows an example of growth inhibition curve for XR5000,
etoposide, topotecan and the combination of etoposide and topotecan from a cutaneous
melanoma and an ovarian adenocarcinoma. In Figure 8.3a it can be seen that in the
cutaneous melanoma example the combination of etoposide and topotecan is equivalent
to XR5000. This is not so clear in the ovarian adenocarcinoma example. Figure 8.3b,
where XR5000 curve is between the etoposide and topotecan single agent curves. The
majority of the combination effect of etoposide and topotecan is due to topotecan
sensitivity in the ovarian example shown here, but this is not always the case. In most
examples of ovarian adenocarcinoma, XR5000 is not as effective as the
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Figure 8.1. Inhibition curves for an ovarian adenocarcinoma tested with a
new batch of XR5000 and an old batch of XR5000 that had been stored at
-20°C for 9 months
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Figure 8.2. Inhibition curves for samples tested ex vivo with XR5000, in (a)
cutaneous melanomas and (b) ovarian adenocarcinomas, using the ATPTCA. The above graphs show the variation in the response of different
tumours to XR5000. The degree of inhibition caused by concentrations
below 50% TDC varies between samples, as does the slope of the dose
response curve below this level.
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Figure 8.3. Inhibition curves for XR5000, etoposide, topotecan and the
combination of etoposide and topotecan tested ex vivo in (a) a cutaneous
melanoma and (b) an ovarian adenocarcinoma sample using the ATPTCA. As can be seen in the above examples XR5000 produces an
equivalent amount of inhibition as the combination of etoposide and
topotecan in the cutaneous melanoma, but is not as effective in the ovarian
adenocarcinoma.
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combination of etoposide and topotecan, although at the highest concentrations they
tend to be equivalent.

The cutaneous melanomas tested with XR5000 were also tested with 4 combinations of
XR5000 with gemcitabine, cisplatin, paclitaxel, and vinblastine. Examples of these
combinations are shown in Figure 8.4. The ovarian adenocarcinomas were also tested
with combinations of XR5000 with gemcitabine, cisplatin and paclitaxel, and examples
of these combinations are shown in Figure 8.5.

A summary of the IndexsuM results for XR5000 alone and in combination is shown in
Table 8.1 for the cutaneous melanomas, and Table 8.2 for the ovarian adenocarcinomas.
In all combinations with XR5000 there is a large range of IndexsuM values
demonstrating the heterogeneity of responses to this drug, as has previously been shown
for many tumour types with most agents.

Table 8.1 Summary of XR5000 IndexsuM results in cutaneous melanomas
Drug /

Number

IndexsuM

IndexsuM

IndexsuM

Median IndexsuM

combination

tested

(< 300)

(301-450)

(> 450)

(min-max)

XR5000

19

2(11%)'

10 (53%)'

7 (37%)'

424 (236-591)

XR5000 +

13

5 (38%)'

5 (38%)'

3 (23%)'

337 (163-551)

14

6 (43%)

5 (36%)

3 (21%)

326(113-585)

6

3 (50%)

2 (33%)

1 (17%)

309 (166-500)

7

2 (29%)'

2 (29%)'

3 (43%)'

423 (217-570)

3

2 (67%)

1 (33%)

O(O%0

295 (220-384)

cisplatin
XR5000 +
gemcitabine
XR5000 +
paclitaxel
XR5000 +
vinblastine
Etoposide +
topotecan
^ Due to rounding up the tota percentage coes not equa 100%
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Figure 8.4. Inhibition curves for X R 5000 in com bination w ith (a)
gem citabine, and (b) cisplatin, tested in cutaneous m elanom a sam ples
using the A TP-TC A . X R 5000 in com bination w ith gem citabine show s
at best an additive effect, w hereas w hen com bined w ith cisplatin the
effects appear to be synergistic at low doses, becom ing additive as the
concentration increases.
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Figure 8.4. Inhibition curves for X R 5000 in com bination w ith, (c)
paclitaxel and (d) vinblastine tested in cutaneous m elanom a sam ples
using the A TP-TC A . The above exam ples show additive effects o f
X R 5000 in com bination with paclitaxel and vinblastine, it should be
noted that X R 5000 is m ore active than either o f the other single agents.
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Figure 8.5. Inhibition curves for X R 5000 in com bination w ith (a)
gem citabine, and (b) cisplatin, tested in ovarian adenocarcinom a
sam ples using the A TP-TCA . Sim ilar to the effects seen in cutaneous
m elanom a, figure 8.5 (a and b), w hen X R 5000 is com bined with
gem citabine an additive effect is seen, w hereas w ith cisplatin the effect
is at least additive up to 50% TD C (see figure 8.5c).
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Figure 8.5. (c) Combination analysis graph for the combination of
XR5000 and cisplatin shown in figure 8.5b. From the graph above it can
be seen that a greater than additive effect is seen with this combination in
this sample (99X023). (d) Inhibition curve for XR5000 in combination
with paclitaxel tested in an ovarian adenocarcinoma sample using the
ATP-TCA. The above example shows an additive effect on the inhibition
of adding paclitaxel to XR5000 in this ovarian adenocarcinoma sample.
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Table 8.2 Summary of XR5000 IndexsuM results in ovarian adenocarcinomas
Drug /

N um ber

IndexsuM

IndexsuM

IndexsuM

M edian IndexsuM

com bination

tested

(< 300)

(301-450)

(> 450)

(m in-m ax)

XR5000

18

3 (17%)

7 (39%)

8(44%)

432 (290-578)

XR5000 +

10

3 (30%)

7 (70%)

0(0%)

316(168-424)

17

11 (65%)

5 (29%)

1 (6%)

287 (154-469)

8

5 (63%)"

3 (38%)"

O(O%0*

282 (218-379)

25

11 (44%)

12 (48%)

2(8%)

305 (117-544)

cisplatin
XR5000 +
gemcitabine
XR5000 +
paclitaxel
Etoposide +
topotecan
^ Due to rounding up the tota percentage coes not equa 100%

8.3.2 Doxorubicin x5 (Liposomal Doxorubicin)
In 19 ovarian adenocarcinoma samples doxorubicin at 5 x the normal TDC was used as
an equivalent to liposomal doxorubicin, which cannot be tested directly in vitro (Wang
et al, 1999). Figure 8.6a shows an example of a growth inhibition curve for
doxorubicin at the standard TDC and at the higher (5 times the standard TDC)
concentration to mimic liposomal doxorubicin. Figure 8.6b shows 3 growth inhibition
curves for different ovarian adenocarcinoma samples with doxorubicin at 5 times the
standard TDC demonstrating the variety of responses. In all samples tested doxorubicin
x5 showed some activity at least as much as that seen in Figure 8.6b for tumour
99X008.

A plateau was seen with doxorubicin x5 in most samples that were tested. The level of
the plateau varied from tumour to tumour as would be expected. In 10 (53%) of the
tumours tested the plateau was above 95 % growth inhibition, in 7 (37%) the plateau
was between 80 and 95 % growth inhibition and in 2 (11%) samples the plateau was
below 80%.

Doxorubicin x5 was tested in combination with gemcitabine. Figure 8.7 shows growth
inhibition curves for an ovarian adenocarcinoma tested with gemcitabine, doxorubicin
x5 and the combination of gemcitabine + doxorubicin x5. Although gemcitabine does
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increase the growth inhibition achieved in the combination over the single agent, in only
1 of the 9 tested with the combination was the maximum growth inhibition higher in the
combination rather than with doxorubicin x5 on its own.

The IndexsuM results obtained with doxorubicin x5 alone and in combination are
summarised in Table 8.3 below.

Table 8.3. Summary IndexsuM results for doxorubicin x5 data in ovarian
adenocarcinomas
D rug /

N um ber

IndexsuM

IndexsuM

IndexsuM

M edian IndexsuM

com bination

tested

(<300)

(301-450)

(>450)

(m in-m ax)

Doxorubicin

6

3 (50%)

1 (17%)

2 (33%)

344 (164-526)

Doxorubicin x5

19

17 (89%)

2(11%)

0 (0%)

177 (36-384)

Doxorubicin x5

9

8 (89%)

1 (11%)

O(O%0

143 (5-319)

9

6 (67%)

2 (22%)

1 (11%)

243 (19-540)

+ gemcitabine
Gemcitabine
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Figure 8.6. (a) Example of inhibition curves from an ovarian adenocarcinoma
tested with doxorubicin at the standard TDC and at 5 x standard TDC to mimic
the concentration obtainable with liposomal doxorubicin, although there is much
greater inhibition at lower concentrations when tested with the 5 x standard
TDC, 100% inhibition is still not achieved, (b) Example of the plateau effects
seen with doxorubicin at 5 times the standard TDC. Of these samples, 99X004 is
sensitive, 99X008 is resistant, and 99X024 demonstrates the plateau effect seen
with high concentrations of doxorubicin, also seen in (a).
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Figure 8.7. G raph show ing % inhibition due to the com bination o f
gem citabine and doxorubicin x5, tested in an ovarian adenocarcinom a
sam ples using the A TP-TCA . The graph also show s the inhibition
curves for the two single agents. In the above exam ple the addition o f
gem citabine to the high concentration o f doxorubicin is having little
effect on increasing the % inhibition caused by the single agent alone.
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8.4 Discussion
8.4.1 XR5000
XR5000 is equally active in both cutaneous melanoma and ovarian adenocarcinoma,
despite the results in Chapter 5 and 7, which show cutaneous melanoma to be more
chemoresistant to the majority of agents tested. This suggests that the resistance
mechanisms that operate in cutaneous melanoma cells, causing greater resistance than
that seen in the ovarian samples, do not effect XR5000, leading to similar results in both
tumour types tested. XR5000 produced greater inhibition than either topotecan or
etoposide alone, but produces similar results to topotecan and etoposide tested in
combination. As XR5000 is likely to be less toxic than the combination of etoposide
and topotecan it may have a clinical advantage.

It has been suggested that resistance to topoisomerase I inhibitors may in part be due to
up-regulation of topoisomerase II and vice versa (Takimoto & Arbuck 1996, Pommier
et al, 1996, Doroshow et al, 1996). Therefore the combination of a topoisomerase I
and II inhibitor in one molecule may circumvent this potential resistance mechanism, as
does combining etoposide and topotecan. It is possible that combining different
topoisomerase I and II inhibitors, eg doxorubicin and irinotecan, may produce greater
inhibition than XR5000. Due to the set drug list for the ovarian adenocarcinoma
samples including etoposide and topotecan these two drugs were used as representative
of each type of inhibitor. For consistency the combination was also tested in the
cutaneous melanoma samples.

As well as being tested as a single agent XR5000 was also tested in combination with
cisplatin, gemcitabine, paclitaxel and vinblastine. Although XR5000 will cause DNA
damage on it own it will also inhibit DNA repair, as both topoisomerase I and II are
involved in DNA repair and repair of double strand breaks (Stevnsner & Bohr 1993).
Therefore XR5000 should partially prevent repair of damage caused by cisplatin, and
gemcitabine might prevent repair of the damage caused by XR5000 similar to the way it
does in the combination of treosulfan and gemcitabine. This is seen with cisplatin with
an increase in growth inhibition when the two drugs are combined. This suggests that
XR5000 may be able to reverse the resistance of cells to cisplatin in addition to a direct
cytostatic effect. The combination of XR5000 with treosulfan may produce greater
growth inhibition, as treosulfan is not effected by many drug resistance mechanisms and
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there is often a synergistic effect when DNA polymerase is thought to be inhibited (see
Chapter four for the combination of treosulfan and gemcitabine).

The microtubule inhibitors, paclitaxel and vinblastine, do not directly cause DNA
damage or effect DNA repair. Therefore the combination of XR5000 with either of
these two drugs was expected to be additive at best. As suggested in Chapter four, for a
synergistic effect one of the two drugs must effect the resistance mechanism of the other
drug.

8.4.2 Liposomal doxorubicin
The use of high dose doxorubicin to mimic liposomal preparations of the drug was
successfully evaluated in 19 ovarian adenocarcinoma samples. The growth inhibition
curve produced with doxorubicin at 5 times the standard TDC tended to produce a
plateau and did not always achieve 100% growth inhibition. In 48% of samples this
plateau was below 95% with 2 samples not achieving 80% growth inhibition.

As previously stated resistance to doxorubicin is multifactorial and involves the
multidrug resistance phenotype, the down-regulation of topoisomerase II and probably
DNA repair mechanisms (Doroshow 1996). The proportion of cells which are resistant
to high dose doxorubicin may express either P-glycoprotein, MRP or LRP or a
combination of the three and / or have enhanced DNA repair or the ability to down
regulate topoisomerase II. The ability of the cell to growth arrest rather than apoptose
could also play a role in resistance.

The addition of gemcitabine to high dose doxorubicin did not increase the level of the
plateau of growth inhibition. Gemcitabine did however enhance the growth inhibition at
lower concentrations caused by high concentration doxorubicin. These results suggests
that a proportion of cells will be resistant to doxorubicin up to the highest concentration
used here and that increasing concentration further will have no effect. It may be
advantageous to combine high dose doxorubicin with other drugs, eg alkylating agents
or microtubule inhibitors, in order to produce inhibition in the cells that are resistant to
doxorubicin. Work following on from this study is investigating high dose doxorubicin
in combination with a diverse range of agents, using the ATP-TCA to assess each
combination in clinical specimens.
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As a direct consequence of this work Caelyx has now been included in the set drug list
for the ovarian adenocarcinoma trial, with high dose (five times normal TDC)
doxorubicin being tested as an equivalent in the ATP-TCA. The results obtained with
XR5000 have prompted the manufacturer to investigate three more of their new agents
using the ATP-TCA system.

The results obtained here with XR5000 and high concentration doxorubicin further
highlight the use and feasibility of the ATP-TCA as a tool for the development of new
drug and regimens. This is also enhanced by the results shown in Chapter four, showing
development of the combination of treosulfan and gemcitabine, which is now
undergoing clinical trials in both uveal and cutaneous melanoma as well as ovarian
carcinoma.
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Chapter 9 - General Discussion and Conclusions
9.1 General Conclusions
The ATP-TCA has provided a good system with which to investigate the differences in
the sensitivity and resistance of melanoma and ovarian carcinoma samples to a wide
range of chemotherapeutic agents. The reasons for resistance to chemotherapy in both
melanoma types and the ovarian adenocarcinoma samples still needs to be investigated
further, perhaps using some of the methods proposed below (see future work). The
work presented here only highlights the varying resistance to different agents in the
tumour samples, but does not further elucidate the mechanisms of this resistance, which
requires concomitant molecular studies . However, the results presented can be used to
further direct research into drug resistance. Current evidence suggests that clinical
resistance is reflected in lack of activity of the drug in the ATP-TCA. Therefore using
the ATP-TCA the various methods of resistance can be investigated and methods for
their prevention can be investigated. This may either take the direction of inhibition
assays, or using the ATP-TCA to prepare treated cells for investigation by either
ELISA, RT-PCR or immunohistochemistry as proposed in Chapter four in experiments
showing up-regulation of p53 and PCNA following treosulfan and gemcitabine
exposure.

The ATP-TCA results correlate well with clinical outcome in a number of studies,
including those presented here. The clinical trials using the ATP-TCA to direct therapy
in cutaneous melanoma and ovarian adenocarcinoma should be completed in the next
two to three years, depending on patient accrual. The first results from these trials will
be known towards mid-2001, from the ovarian adenocarcinoma patients who were not
eligible for the randomised clinical trial. The ATP-TCAs for 22 of these patients were
completed at the end of 1999, and follow-up data is actively being sought, allowing for
a minimum follow-up period of six months.

Although the ATP-TCA results correlate well with clinical outcome the assay does have
a number of limitations. As has been seen, in chapter 5, certain drugs which require
activation, such as DTIC, are not as active as would be expect from clinical data. This is
a problem of all chemosensitivity assays and is not restricted to the ATP-TCA. This
means that at present certain drugs are unsuitable for testing in the ATP-TCA, and until
active metabolites are available should not be used in the assay to prevent false negative
results. Other factors need to be taken into account once the assay has selected the best
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single agents or combinations for each individual patient. The previous treatment a
patient has received may influence which drugs the oncologist decides to use, as does
the toxicity and delivery of the recommended drugs. One final consideration is the cost
of drugs that are recommended as the drugs that have been tested in these studies vary
in cost wildly.

9.2 Determination of Sensitivity
The method used here for comparing the sensitivity of drugs, the IndexsuM values, is
probably not the ideal way to assess sensitivity in the ATP-TCA for individual patients.
As seen in Chapters four, five, seven and eight the percentage of sensitive samples,
IndexsuM < 300, is higher than expected. As stated in Chapter three there are other
parameters calculated from the raw data obtained from the ATP-TCA. However each of
these other parameters have flaws which make them unsuitable for assessing sensitivity,
with perhaps the exception of the IndexAuc which is similar to the IndexsuM- The ideal
method for determining sensitivity is to compare the shape of the growth inhibition
curve and observe whether 100 % growth inhibition is achieved and if so at how many
concentrations. This taken with either the IndexsuM or the IndexAuc values creates a
more robust method of determining sensitivity or resistance.

More care needs to be taken when assessing sensitivity to a combination. If one drug is
predominantly active, with the second drug only adding a small increase in inhibition, it
may be better to suggest the active drug as treatment rather than increase toxicity with
the inclusion of the inactive drug, unless a synergistic effect is seen in the combination.
Throughout this thesis an IndexsuM value below 300 has been used as an indicator of
sensitivity. When assessing combinations it may be advantageous to use a lower cut-off
point for the IndexsuM result, perhaps using 200 as a cut-off point as an indicator of
sensitivity. However, such thresholds are generally not useful for patient treatment,
where the most effective agent tested is sought.

9.3 Development of New Drugs and Regimens
The results presented in Chapter four and eight demonstrate further the feasibility of
using the ATP-TCA as a tool in the development of new drugs and regimens. Further
development work could allow specific cancer types to be targeted. This would involve
testing the new drugs in a wide range of tumour types similar to the cell line panel used
by the NCI Developmental Therapeutics Program, but using actual tumour samples
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rather than cell lines. This would then determine which tumour types are most sensitive
to the test agents which could lead to clinical trials in those types selected.

This approach could be used as a pre-clinical selection process after the high throughput
methods used by drug companies / NCI have sorted out the best candidates (lead
compounds) for further testing. The ATP-TCA could then determine which cancer types
are best suited for treatment by the new agents, thus reducing the trial and error
approach to finding the most suitable cancer type for phase II trials. The number of
different tumour types tested at the moment with the ATP-TCA is limited. However, the
various laboratories in Germany and the USA using the ATP-TCA already test a variety
of the major cancers (ovarian, breast, and gastrointestinal cancers) in addition to those
tested here, and there is scope for the range of tumour types tested here to be expanded
in the near future.

Ideally all the pre-clinical selection of potential drugs should be carried out in real
tumour samples rather than cell lines, as cell lines are known to have wildly different
sensitivities to a number of different chemotherapeutic agents compared to real tumour
cells (Andreotti et al, 1994, Bajwa et al. Unpublished data). However, this is not
practicable due the large number of tumour samples that would need to be evaluated
with each new drug. Also the number of drugs currently screened using cell lines is over
50,000 every year whereas during this study only two new agents, XR5000 and high
dose doxorubicin, have been tested. Even with a greater work force it would still not be
possible to match the number of drugs tested using high throughput methods using cell
lines. Therefore it is necessary to use a cell line based assay to sort out the potential
drug candidates and steps should be taken to ensure that cell lines mimic tumour
derived cells more closely. Although not able to match the high throughput levels of
drug company screening and the NCI Developmental Therapeutics Program, the work
carried out on real tumour samples using the ATP-TCA could become a useful addition
to the process of selecting future drug candidates at a pre-clinical stage.

9.4 Future Work
There are several directions in which the work presented here could be continued and
these are described below:
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1. The drug development work presented in Chapter 8 is being continued at the
Institute of Ophthalmology with the next generation of dual topoisomerase I and II
inhibitors being compared with existing drugs and with XR5000 in cutaneous
melanoma, ovarian adenocarcinoma and several other tumour types. There are also
many other new drugs available which may benefit from investigation using the
ATP-TCA with tumour derived cells rather than cell lines. These new agents
include inhibitors of mitochondrial processes, various inhibitors of intracellular
signalling as well as drug resistance inhibitors which could be used in combination
with existing drugs. There is also the need to test existing drugs that have not
previously been tested in the ATP-TCA and also combinations of drugs that are
used clinically but have not been tested.

2. The reasons why there are differences in chemoresistance between the two
melanoma types needs to be investigated further. As stated in Chapter 6 a lot of the
reasons for the differences are speculative with very little evidence available from
uveal melanoma samples. To determine the differences the components of the
various resistance mechanisms could be studied using either an
immunohistochemical, an ELISA or an RT-PCR approach. Alternatively a cDNA
expression array could be used to look at a wide range of mRNAs that are
differentially expressed by tumour cells in response to chemotherapeutic insult. A
second alternative could be to develop the antisense process further and use that
method. There is a large amount of cell line using an antisense approach to knock
out various molecules including the components of the multidrug resistance
phenotype, the MGMT enzyme, as well as c-myc, which could be transferred to
‘real’ tumour cells in order to investigate their effect on chemosensitivity using the
ATP-TCA. Buthionine sulfoximine could also be used with the ATP-TCA to
investigate the effect of glutathione depletion on the sensitivity of the two
melanoma types to various drugs including cisplatin.

3. Also stated in Chapter 6 is the need to investigate the chemosensitivity of either
metastatic uveal melanoma samples, or primary cutaneous melanoma samples. This
will confirm if the differences in the sensitivity of the two melanoma types are due
to the samples tested being either primary or metastatic material.
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4. There are major differences in the sensitivity of melanoma cell lines and tumour
derived cells (work performed by Adeel Bajwa as part of his BSc degree course).
This work needs to be completed in order to quantify the differences between cell
lines and ‘real’ tumour cells using the ATP-TCA.

5. The differences in the chemosensitivity of the ovarian adenocarcinoma samples
tested and ovarian cancer cell lines could also provide useful information. The NCI
developmental therapeutics program use eight ovarian cell lines as part of their sixty
cell line drug evaluation panel. These eight cell lines could be tested with the ATPTCA using the standard drug list used in the ovarian cancer trial (see Chapter 2) and
the results obtained compared with the results presented in Chapter 7. It should be
noted that the samples tested in Chapter 7 are from pre-treated patients which will
influence their sensitivities to the drugs tested, and so it may be better to compare
the cell lines with ATP-TCA results from untreated primary ovarian
adenocarcinoma samples.

277

References
•

Agarwala SS, Ferri W, Gooding W and Kirkwood JM (1999). A Phase III
Randomized Trial of Dacarbazine and Carboplatin with and without Tamoxifen in
the Treatment of Patients with Metastatic Melanoma. Cancer 85(9): 1979-1984

•

Agarwala SS, Kirkwood JM. Adjuvant therapy of melanoma. Semin Surg Oncol.
1998;14(4):302-10

•

Agrawal S, Kandimalla ER. Antisense therapeutics: is it as simple as
complementary base recognition? Mol Med Today. 2000; 6(2):72-81

•

Agrawal S, Zhao Q. Antisense therapeutics. Curr Opin Chem Biol. 1998; 2(4):51928

•

Albert DM, Niffenegger AS and Willson JKV (1992). Treatment of Metastatic
Uveal Melananoma: Review and Recommendations. Survey of Ophthalmology
36(6): 429-438

•

Alberts DS. Treatment of refractory and recurrent ovarian cancer. Semin Oncol.
1999; 26(1 Suppl 1):8-14

•

Alexander HR Jr, Bartlett DL, Libutti SK, Fraker DL, Moser T, Rosenberg SA.
Isolated hepatic perfusion with tumor necrosis factor and melphalan for unresectable
cancers confined to the liver. J Clin Oncol. 1998; 16(4): 1479-89

•

Allegra CJ, Fine RL, Drake JC, Chabner BA. The effect of methotrexate on
intracellular folate pools in human MCF-7 breast cancer cells. Evidence for direct
inhibition of purine synthesis. J Biol Chem. 1986; 261(14):6478-85

•

Andreotti PE, Cree lA, Kurbacher CM, Hartmann DM, Linder D, Harel G,
Gleiberman I, Caruso PA, Ricks SH, Untch M, Sartori C, Bruckner HW.
Chemosensitivity testing of human tumors using a microplate adenosine
triphosphate luminescence assay: Clinical Correlation for Cisplatin Resistance of
Ovarian Carcinoma. Cancer Research 1995; 55: 5276-5282

•

Andrews PA, Murphy MP, Howell SB. Metallothionein-mediated cisplatin
resistance in human ovarian carcinoma cells. Cancer Chemother Pharmacol.
1987;19(2):149-54

•

Araujo SJ, Wood RD. Protein complexes in nucleotide excision repair. Mutat Res.
1999; 435(l):23-33

•

Armstrong B. K. and Kricker A. (1993). How much melanoma is caused by sun
exposure? Melanoma Res 3(6): 395-401

278

Atwell GJ, Rewcastle GW, Baguley EC, Denny WA. Potential antitumor agents. 50.
In vivo solid-tumor activity of derivatives of N-[2-(dimethylamino)ethyl] acridine-4carboxamide. J Med Chem. 1987; 30(4):664-9
Bachur NR, Yu F, Johnson R, Hickey R, Wu Y, Malkas L. Helicase inhibition by
anthracycline anticancer agents. Mol Pharmacol. 1992; 41(6):993-8
Bajetta E, Di-Leo A, Biganzoli L, Mariani L, Cappuzzo F, Di-Bartolomeo M,
Zilembo N, Artale S, Magnani E, Celio L, Buzzoni R, Camaghi C. Phase II study of
vinorelbine in patients with pretreated advanced ovarian cancer: activity in
platinum-resistant disease. J Clin Oncol. 1996; 14(9): 2546-51
Balch C.M., Soong S., Shaw H.M.. An analysis of prognostic factors in 8500
patients with cutaneous melanoma. Cutaneous Melanoma. C M. Balch.
Philadelphia, Lippincott Co 1992: 165-187
Bale SJ, Dracopoli NC, Tucker MA, Clark WH Jr, Fraser MC, Stanger BZ, Green P,
Donis-Keller H, Housman DE, Greene MH. Mapping the gene for hereditary
cutaneous malignant melanoma-dysplastic nevus to chromosome Ip. N Engl J Med.
1989; 320(21):1367-72
Barnhill RL, Castresana JS, Rubio MP, Martin MT, Idoate M, Vazquez JJ, Thor
AD. p53 expression in cutaneous malignant melanoma: an immunohistochemical
study of 87 cases of primary, recurrent, and metastatic melanoma. Mod Pathol.
1994; 7(5):533-5
Barone LR, Tew KD. Glutathione and Glutathione-associated Enzymes in
Multidrug Resistance. Multidrug resistance in cancer cells. Edited by Gupta S &
Tsuruo T, Wiley & Sons Ltd., 1996, p 151-176.
Barret JM and Hill BT. DNA repair mechanisms associated with cellular resistance
to antitumor drugs: potential novel targets. Anti-Cancer Drugs 1998; 9:105-123
Barth A, Wanek LA, Morton DL. Prognostic factors in 1,521 melanoma patients
with distant métastasés. J Am Coll Surg 1995; 181(3): 193-201
Bataille V, Bishop JA, Sasieni P, Swerdlow AJ, Pinney E, Griffiths K, Cuzick J.
Risk of cutaneous melanoma in relation to the numbers, types and sites of naevi: a
case-control study. Br J Cancer. 1996; 73(12): 1605-11
Bataille V, Grulich A, Sasieni P, Swerdlow A, Newton Bishop J, McCarthy W,
Hersey P, Cuzick J. The association between naevi and melanoma in populations
with different levels of sun exposure: a joint case-control study of melanoma in the
UK and Australia. Br J Cancer. 1998;77(3):505-10

279

Beaumont PO, Moore MJ, Ahmad K, Payne MM, Lee C, Riddick DS. Role of
glutathione S-transferases in the resistance of human colon cancer cell lines to
doxorubicin. Cancer Res. 1998; 58(5):947-55
Bedikian AY, Legha SS, Mavligit G, Carrasco CH, Khorana S, Plager C,
Papadopoulos N and Benjamin RS. Treatment of Uveal Melanoma Metastatic to the
Liver: A Review of the M. D. Anderson Cancer Center Experience and Prognostic
Factors. Cancer 1995; 76 (9): 1665-1670
Bellamy WT. Prediction of Response to Drug Therapy of Cancer: A Review of In
Vitro Assays. Drugs 1992; 44(5): 690-708
Ben Ezra JM, Komstein MJ, Grimes MM, Krystal G. Small cell carcinomas of the
lung express the Bcl-2 protein. Am J Pathol 1994; 145: 1036-1040
Bennett MR. Mechanisms of p53-induced apoptosis. Biochem Pharmacol. 1999;
58(7): 1089-95
Berger W, Elbling L, Minai-Pour M, Vetterlein M, Pirker R, Kokoschka EM,
Micksche M. Intrinsic MDR-1 gene and P-glycoprotein expression in human
melanoma cell lines. Int J Cancer, 1994; 59(5):717-23
Berger W, Hauptmann E, Elbling L, Vetterlein M, Kokoschka EM, Micksche M.
Possible role of the multidrug resistance-associated protein (MRP) in
chemoresistance of human melanoma cells. Int J Cancer. 1997 Mar 28;71(1): 108-15
Bergman AM, Ruiz van Haperen VW, Veerman G, Kuiper CM, Peters GJ.
Synergistic interaction between cisplatin and gemcitabine in vitro. Clin Cancer Res.
1996; 2(3):521-30
Binet S, Chaineau E, Fellous A, Lataste H, Krikorian A, Couzinier JP, Meininger V.
Immunofluorescence study of the action of navelbine, vincristine and vinblastine on
mitotic and axonal microtubules. Int J Cancer. 1990; 46(2):262-6
Black MM, Speer FD. Further observations on the effects of cancer
chemotherapeutic agents on the in vitro dehydrogenase activity of cancer tissue. J
Natl Cancer Inst. 1954; 14: 1147-1158
Bleehen NM, Newlands ES, Lee SM, Thatcher N, Selby P, Calvert AH, Rustin GJS,
Brampton M, Stevens MFG. Cancer Research Campaign phase II trial of
temozolomide in metastatic melanoma. J Clin Oncol 1995; 13:910-913
Bliss JM, Ford D, Swerdlow AJ, Armstrong BK, Cristofolini M, Elwood JM, Green
A, Holly EA, Mack T, MacKie RM. Risk of cutaneous melanoma associated with
pigmentation characteristics and freckling: systematic overview of 10 case-control

280

studies. The International Melanoma Analysis Group (IMAGE). Int J Cancer. 1995;
62(4):367-76
Bookman MA, Malmstrom H, Bolis G, Gordon A, Lissoni A, Krebs JB, Fields SZ.
Topotecan for the treatment of advanced epithelial ovarian cancer: an open-label
phase II study in patients treated after prior chemotherapy that contained cisplatin or
carboplatin and paclitaxel. J Clin Oncol. 1998; 16(10): 3345-52
Bosanquet AG. In Vitro Drug Sensitivity Testing for the Individual Patient: An
Ideal Adjunct to Current Methods of Treatment Choice. Clinical Oncology 1993;
5:195-197
Bouchard C, Staller P and Filers M (1998). Control of cell proliferation by Myc.
Trends in Cell Biology 8: 202-206
Bower M, Newlands ES, Bleehen NM, Brada M, Begent RJ, Calvert H, Colquhoun
I, Lewis P, Brampton MH. Multicentre CRC phase II trial of temozolomide in
recurrent or progressive high-grade glioma. Cancer Chemother Pharmacol.
1997;40(6):484-8
Boyd J, Rubin SC. Hereditary ovarian cancer: molecular genetics and clinical
implications. Gynecol Oncol. 1997; 64(2): 196-206
Boyum A. Separation of leukocytes from blood and bone marrow. Scandinavian
Journal of Clinical Laboratory Investigations 1968; 21 (supple 97): 77
Breslow A. Thickness, cross-sectional areas and depth of invasion in the prognosis
of cutaneous melanoma. Ann Surg 1970; 172(5): 902-8
Brinkhuis M, Meijer GA, Baak JPA. An evaluation of prognostic factors in
advanced ovarian cancer. European Journal of Obstetrics & Gynecology abd
Reproductive Biology 1995; 63: 115-124
Burkhardt JK. The role of microtubule-based motor proteins in maintaining the
structure and function of the Golgi complex. Biochim Biophys Acta. 1998; 1404(12): 113-26
Caffrey PB, Zhu M, Zhang Y, Chinen N, Frenkel GD. Rapid development of
glutathione-S-transferase-dependent drug resistance in vitro and its prevention by
ethacrynic acid. Cancer Lett. 1999; 136(l):47-52
Campbell EB, Hayward ML, Griffith GW. Analytical and preparative separation of
the diastereomers of L-buthionine (SR)-sulfoximine, a potent inhibitor of
glutathione biosynthesis. Anal Biochem. 1991; 194(2):268-77
Cancer Research Campaign 1995. Malignant Melanoma UK Factsheet 4

281

Cannon-Albright LA, Goldgar DE, Meyer LJ, Lewis CM, Anderson DE, Fountain
JW, Hegi ME, Wiseman RW, Petty EM, Bale AE. Assignment of a locus for
familial melanoma, MLM, to chromosome 9pl3-p22. Science. 1992;
258(5085): 1148-52
Cannon-Albright LA, Goldgar DE, Wright EC, Turco A, Jost M, Meyer LJ,
Piepkom M, Zone JJ, Skolnick MH. Evidence against the reported linkage of the
cutaneous melanoma-dysplastic nevus syndrome locus to chromosome Ip36. Am J
Hum Genet. 1990; 46(5):912-8
Cantore M, Fiorentini G, Aitini E, Davitti B, Cavazzini G, Rabbi C, Lusenti A,
Bertani M, Morandi C, Benedini V. Intra-arterial hepatic carboplatin-based
chemotherapy for ocular melanoma metastatic to the liver. Report of a phase II
study.Tumori. 1994; 80: 37-9
Carmichael J, DeGraff WG, Gazdar AF, Minna JD, Mitchell JB. Evaluation of a
tetrazolium-based semiautomated colorimetric assay: assessment of
chemosensitivity testing. Cancer Res. 1987; 47(4):936-42
Chabner BA. Cytidine Analogues. In Cancer Chemotherapy and Biotherapy:
Principles and Practice second edition. Edited by Chabner BA, Longo DL.
Lippincott-Raven 1996; p213-234
Chana JS, Cree IA, Foss AJ, Hungerford JL, Wilson GD. The prognostic
significance of c-myc oncogene expression in uveal melanoma. Melanoma Res.
1998; 8(2): 139-44
Chana JS, Wilson GD, Cree lA, Alexander RA, Myatt N, Neale M, Foss AJ,
Hungerford JL. c-myc, p53, and bcl-2 expression and clinical outcome in uveal
melanoma. Br J Ophthalmol 1999; 83:110-114
Chau Q, Stewart DJ. Cisplatin efflux, binding and intracellular pH in the HTB56
human lung adenocarcinoma cell line and the E-8/0.7 cisplatin-resistant variant.
Cancer Chemother Pharmacol. 1999;44(3): 193-202
Chen YN, Mickley LA, Schwartz AM, Acton EM, Hwang JL, Fojo AT.
Characterization of adriamycin-resistant human breast cancer cells which display
overexpression of a novel resistance-related membrane protein. J Biol Chem. 1990;
265(17): 10073-80
Choisy-Rossi C, Reisdorf P, Yonish-Rouach E. Mechanisms of p53-induced
apoptosis: in search of genes which are regulated during p53-mediated cell death.
Toxicol Lett. 1998; 102-103:491-6

282

Chou TC, Talalay P. Quantitative analysis of dose-effect relationships: the
combined effects of multiple drugs or enzyme inhibitors. Adv Enzyme Regul.
1984;22:27-55
Chowdhury S, Vaughan MM, Gore ME. New approaches to the systemic treatment
of melanoma. Cancer Treat Rev. 1999; 25(5): 259-70
Chu E, Allegra CJ. Antifolates. In Cancer Chemotherapy and Biotherapy: Principles
and Practice second edition. Edited by Chabner BA, Longo DL. Lippincott-Raven
1996; p 109-148
Citro G, D’Agnano I, Leonetti C, Perini R, Bucci B, Zon G, Calabretta B and Zupi
G (1998). c-myc Antisense Oligodeoxynucleotides Enhances the Efficacy of
Cisplatin in Melanoma Chemotherapy in Vitro and in Nude Mice. Cancer Research
58:283-289
Clark WH., From L., Berardino EA. The histogenesis and bilological behaviour of
primary malignant melanomas of the skin. Cancer Res 1969; 29: 705
Clarke-Pearson DL, Soper JT, Berchuck A, Hunter VJ. Ovarian Cancer. In
Comprehensive Textbook of Oncology. Williams & Wilkins 1991, pl006-1019
Claus EB, Schildkraut J, Iversen Jr ES, Berry D, Parmigiani G. Effect of BRCAl
and BRCA2 on the association between breast cancer risk and family history. J Natl
Cancer Inst 1998; 90: 1824-1829
Colella G, Marchini S, D'Incalci M, Brown R, Broggini M. Mismatch repair
deficiency is associated with resistance to DNA minor groove alkylating agents. Br
J Cancer. 1999; 80(3-4):338-43
Connors TA, Grover PL, McLoughlin AM. Microsomal activation of
cyclophosphamide in vivo. Biochem Pharmacol. 1970 Apr; 19(4): 1533-5
Correia JJ. Effects of antimitotic agents on tubulin-nucleotide interactions.
Pharmacol Ther. 1991; 52(2): 127-47.
Costanzi JJ, Vaitkevicius VK, Quagliana JM, Hoogstraten B, Coltman CA Jr,
Delaney FC. Combination chemotherapy for disseminated malignant melanoma.
Cancer. 1975; 35(2):342-6
Cox LS. Who binds wins: competition for PCNA rings out cell-cycle changes.
Trends in Cell Biology 1997; 7:493-498
Cree lA and Kurbacher CM. Individualizing chemotherapy for solid tumors - is
there any alternative? Anti-Cancer Drugs 1997; 9: 541-548

283

•

Cree lA, Kurbacher CM, Untch M, Sutherland LA, Hunter EM, Subedi AMC,
James EA, Dewar JA, Preece PE, Andreotti PE and Bruckner HW. Correlation of
the clinical response to chemotherapy in breast cancer with ex vivo
chemosensitivity. Anti-Cancer Drugs 1996; 7: 630-635

•

Cree lA. Cell cycle and melanoma—two different tumours from the same cell type. J
Pathol. 2000; 191(2):112-4

•

Cristofolini M, Boi S, Girlando S, Zumiani G, Cristofolini P, Dalla Palma P,
Doglioni C, Barbareschi M. p53 Protein expression in nevi and melanomas. Arch
Dermatol. 1993; 129(6):739-43

•

Cros S, Wright M, Morimoto M, Lataste H, Couzinier JP, Krikorian A.
Experimental antitumor activity of Navelbine. Semin Oncol. 1989; 16(2 Suppl
4): 15-20

•

Crouch SP, Kozlowski R, Slater KJ, Fletcher J. The use of ATP bioluminescence as
a measure of cell proliferation and cytotoxicity. J Immunol Methods. 1993;
160(l):81-8

•

Csoka K, Larsson R, Tholander B, Gerdin E, de la Torre M, Nygren P. Cytotoxic
drug sensitivity testing of tumor cells from patients with ovarian carcinoma using
the fluorometric microculture cytotoxicity assay (FMCA). Gynecol Oncol. 1994;
54(2): 163-70

•

Cummings J, Spanswick VJ, Smyth JF. Re-evaluation of the molecular
pharmacology of mitomycin C. Eur J Cancer. 1995; 31A(12): 1928-33

•

Dang CV, Resar LMS, Emion E, Kim S, Li Q, Prescott JE, Wonsey D and Zeller K.
Function of the c-Myc Oncogenic Transcription Factor. Experimental Cell Research
1999; 253: 63-77

•

Dempke W, Voigt W, Grothey A, Hill BT, Schmoll HJ. Cisplatin resistance and
oncogenes-a review. Anticancer Drugs. 2000; ll(4):225-36

•

Denny BJ, Wheelhouse RT, Stevens MF, Tsang LL, Slack JA. NMR and molecular
modeling investigation of the mechanism of activation of the antitumor drug
temozolomide and its interaction with DNA. Biochemistry. 1994; 33(31):9045-51

•

Diaz JF, Andreu JM. Assembly of purified GDP-tubulin into microtubules induced
by taxol and taxotere: reversibility, ligand stoichiometry, and competition.
Biochemistry. 1993; 32(11):2747-55

•

Dinney CP, Bielenberg DR, Perrotte P, Reich R, Eve BY, Bucana CD, Fidler IJ.
Inhibition of basic fibroblast growth factor expression, angiogenesis, and growth of

284

human bladder carcinoma in mice by systemic interferon-alpha administration.
Cancer Res. 1998; 58(4):808-14
Dolin PJ, Foss AJE and Hungerford JL (1994). Uveal melanoma: is solar ultraviolet
radiation a risk factor? Ophthalmic Epidemiology 1(1): 27-30
Doroshow JH. Anthracyclines. In Cancer Chemotherapy and Biotherapy: Principles
and Practice second edition. Edited by Chabner BA, Longo DL. Lippincott-Raven
1996; p 409-434
Dorval T, Fridman WH, Mathiot C, Pouillart P. Interleukin-2 therapy for metastatic
uveal melanoma.Eur J Cancer. 1992;28A(12):2087
Dulhanty AM, Li M, Whitmore GF. Isolation of Chinese hamster ovary cell mutants
deficient in excision repair and mitomycin C bioactivation. Cancer Res. 1989;
49(1): 117-22
Dulik DM, Fenselau C, Hilton J. Characterization of melphalan-glutathione adducts
whose formation is catalyzed by glutathione transferases. Biochem Pharmacol.
1986; 35(19):3405-9
Eastman A. Characterization of the adducts produced in DNA by cisdiamminedichloroplatinum(II) and cis-dichloro(ethylenediamine)platinum(II).
Biochemistry. 1983; 22(16):3927-33
Egan KM, Seddon JM, Glynn R, Gragoudas ES and Albert DM. Epidemiologic
aspects of uveal melanoma. Surv Ophthalmol 1988; 32:239-251
Einhom LH, Burgess M, Gottlieb JA. Metastatic patterns of choroidal melanoma.
Cancer 1974; 34: 1001-1004
Einzig AI, Hochster H, Wiemik PH, Trump DL, Dutcher JP, Garowski E, Sasloff J,
Smith TJ. A phase II study of taxol in patients with malignant melanoma. Invest
New Drugs. 1991; 9(l):59-64
Elbaum M, Chausovsky A, Levy ET, Shtutman M, Bershadsky AD. Microtubule
involvement in regulating cell contractility and adhesion-dependent signalling: a
possible mechanism for polarization of cell motility. Biochem Soc Symp.
1999;65:147-72
Eltabbakh GH, Piver MS, Hempling RE, Recio FO, Lele SB, Marchetti DL, Baker
TR, Blumenson LE. Correlation between extreme drug resistance assay and
response to primary paclitaxel and cisplatin in patients with epithelial ovarian
cancer. Gynecol Oncol. 1998; 70(3):392-7
Elwood J. M. and Jopson J. (1997). Melanoma and sun exposure: an overview of
published studies. Int J Cancer 73(2): 198-203
285

Engblom P, Rantanen V, Kulmala J, Helenius H and Grènman S. Additive and
supra-additive cytotoxicity of cisplatin-taxane combinations in ovarian carcinoma
cell lines. British Journal of Cancer 1999; 79(2): 286-292
Evan G. I. & Littlewood T. D.. The role of c-myc in cell growth. Curr Opin Genet
Dev 1993; 3(1): 44-9
Evan GI, Wyllie AH, Gilbert CS, Littlewood TD, Land H, Brooks M, Waters CM,
Penn LZ and Hancock DC (1992). Induction of Apoptosis in Fibroblasts by c-myc
Protein. Cell 69: 119-128
Feit PW. Stereoisomere 1,4-di-0-methanesulfonyl-butan-2,3,4,4-tetrole.
Tetrahedron Lett. 1961; 20:716-717
Feit PW, Rastrup-Andersen N, Matagne R. Studies on epoxide formation from
(25.35)-threitol 1,4-bismethanesulfonate. The preparation and biological activity of
(25.35)-l,2-epoxy-3,4-butanediol 4-methanesulfonate. J Med Chem. 1970; 13(6):
1173-5
Fichtinger-Schepman AM, van der Veer JL, den Hartog JH, Lohman PH, Reedijk J.
Adducts of the antitumor drug cis-diamminedichloroplatinum(II) with DNA:
formation, identification, and quantitation. Biochemistry. 1985; 24(3):707-13
Finger PT. Radiation therapy for choroidal melanoma. Survey of Ophthalmology
1997; 42(3):215-232
Finlay GJ, Riou JF, Baguley BC. From amsacrine to DACA (N-[2(dimethylamino)ethyl]acridine-4-carboxamide): selectivity for topoisomerases I and
II among acridine derivatives. Eur J Cancer. 1996; 32A(4):708-14
Fletcher WS, Green S, Fletcher JR, Dana B, Jewell W, Townsend RA. Evaluation of
cis-platinum and DTIC combination chemotherapy in disseminated melanoma. A
Southwest Oncology Group Study. Am J Clin Oncol. 1988; 11(5):589-93
Florenes VA, Oyjord T, Holm R, Skrede M, Borresen AL, Nesland JM, Fodstad O.
TP53 allele loss, mutations and expression in malignant melanoma. Br J Cancer.
1994; 69(2):253-9
Foglesong PD, Reckord C, Swink S. Doxorubicin inhibits human DNA
topoisomerase I. Cancer Chemother Pharmacol. 1992;30(2): 123-5
Ford D, Bliss JM, Swerdlow AJ, Armstrong BK, Franceschi S, Green A, Holly EA,
Mack T, MacKie RM, Osterlind A. Risk of cutaneous melanoma associated with a
family history of the disease. The International Melanoma Analysis Group
(IMAGE). Int J Cancer. 1995; 62(4):377-81
286

Foulds WS. The local excision of choroidal melanoma. Trans Ophthalmol Soc UK
1973; 93:343-346
Fountain JW, Karayiorgou M, Emstoff MS, Kirkwood JM, Vlock DR, TitusEmstoff L, Bouchard B, Vijayasaradhi S, Houghton AN, Lahti J. 1992.
Homozygous deletions within human chromosome band 9p21 in melanoma. PNAS
89:10557-10561
Fournier GA, Albert DM, Arrigg CA, Cohen AM, Lamping KA, Seddon JM.
Resection of solitary metastasis. Approach to palliative treatment of hepatic
involvement with choroidal melanoma. Arch Ophthalmol. 1984; 102(l):80-2
Frei E 3d; Luce JK; Talley RW; Vaitkevicius VK; Wilson HE. 5-(3,3-dimethyl-1triazeno)imidazole-4-carboxamide (NSC-45388) in the treatment of lymphoma.
Cancer-Chemother-Rep. 1972; 56(5): 667-70
Fridborg H, Nygren P, Dhar S, Csoka K, Kristensen J, Larsson R. In vitro
evaluation of new anticancer drugs, exemplified by vinorelbine, using the
fluorometric microculture cytotoxicity assay on human tumor cell lines and patient
biopsy cells. J Exp Ther Oncol. 1996; l(5):286-95
Friedlander M, Millward MJ, Bell D, Bugat R, Harnett P, Moreno JA, Campbell L,
Varette C, Ripoche V, Kayitalire L. A phase II study of gemcitabine in platinum
pre-treated patients with advanced epithelial ovarian cancer. Ann-Oncol. 1998;
9(12): 1343-5
Friedman HS, Averbuch SD, Kurtzberg J. Nonclassic Alkylating Agents. In Cancer
Chemotherapy and Biotherapy: Principles and Practice second edition. Edited by
Chabner BA, Longo DL. Lippincott-Raven 1996; p 333-356
Fruehauf JP and Bosanquet AG. In Vitro Determination of Drug Response: A
Discussion of Clinical Applications. Principles & Practice of Oncology 1993; 7(12):
1-16
Fuchs B, Ostmeier H, Suter L. p-glycoprotein expression in malignant melanoma. J
Cancer Res Clin Oncol. 1991 ;117(2): 168-71
Gabizon A, Catane R, Uziely B, Kaufman B, Saffa T, Cohen R, Martin F, Huang A,
Barenholz Y. Prolonged circulation time and enhanced accumulation in malignant
exudates of doxorubicin encapsulated in polyethylene-glycol coated liposomes.
Cancer Res. 1994; 54(4):987-92
Gabizon A, Goren D, Cohen R, Barenholz Y. Development of liposomal
anthracyclines: from basics to clinical applications. J Control Release. 1998; 53(13):275-9
287

Gamelin E, Mertins SD, Regis JT, Mickley L, Abati A, Worrell RA, Linehan WM,
Bates SE. Intrinsic drug resistance in primary and metastatic renal cell carcinoma. J
Urol. 1999; 162(1): 217-24
Gately DP, Howell SB. Cellular accumulation of the anticancer agent cisplatin: a
review. Br J Cancer. 1993; 67(6): 1171-6
Giannakakou P, Sackett DL, Ward Y, Webster KR, Blagosklonny MV, Fojo T. p53
is associated with cellular microtubules and is transported to the nucleus by dynein.
Nat Cell Biol. 2000; 2(10):709-717
Giavazzi R, Scholar E, Hart IR. Isolation and preliminary characterization of an
Adriamycin-resistant murine fibrosarcoma cell line. Cancer Res. 1983; 43(5):22lb22

Go RS, Adjei AA. Review of the comparative pharmacology and clinical activity of
cisplatin and carboplatin. J Clin Oncol. 1999; 17(l):409-22
Goldstein LJ, Galski H, Fojo A, Willingham M, Lai SL, Gazdar A, Pirker R, Green
A, Crist W, Brodeur GM. Expression of a multidrug resistance gene in human
cancers. J Natl Cancer Inst. 1989; 81(2): 116-24
Gonzalez-Garay ML, Chang L, Blade K, Menick DR, Cabral F. A beta-tubulin
leucine cluster involved in microtubule assembly and paclitaxel resistance. J Biol
Chem. 1999; 274(34):23875-82
Goodman, L. S., Wintrobe, M. M., Dameshek, W., Goodman, M. J., Gilman, A.,
and McLennan, M, T., Nitrogen Mustard Therapy. Journal of the American Medical
Association, September 21, 1946, pp. 126-132
Gordon KB, Thompson CT, Char DH, O’Brien JM, Kroll S, Ghazvini S, Gray JW.
Comparative genomic hybridization in the detection of DNA copy number
abnormalities in uveal melanoma.Cancer Res. 1994; 54(17):4764-8.
Gottlieb TM, Oren M. p53 and apoptosis. Semin Cancer Biol. 1998;8(5):359-68
Gragoudas ES, Egan KM, Seddon JM, Glynn RJ, Walsh SM, Finn SM,
Munzenrider JE, Spar MD. Survival of patients with métastasés from uveal
melanoma. Ophthalmology. 1991; 98(3):383-9
Greene MH. Genetics of cutaneous melanoma and nevi. Mayo Clin Proc 1997; 72:
467-474
Greene MH. The genetics of hereditary melanoma and nevi: 1998 update. Cancer
1999; 86: 1644-1657

288

Grem JL. 5-Fluoropyrimidines. In Cancer Chemotherapy and Biotherapy: Principles
and Practice second edition. Edited by Chabner BA, Longo DL. Lippincott-Raven
1996; p 149-212
Gropp M, Meier W, Hepp H. Treosulfan as an effective second-line therapy in
ovarian cancer. Gynecol Oncol. 1998; 71(l):94-8
Grover R, Ross DA, Wilson GD, Sanders R. Measurement of c-myc oncoprotein
provides an independent prognostic marker for regional metastatic melanoma. Br J
Plast Surg. 1997; 50(7):478-82
Grover R, Wilson GD (1996). Bcl-2 expression in malignant melanoma and its
prognostic significance. European Journal of Surgical Oncology 22:347-349
Guan XY, Zhang H, Yang JM, Wang J, Taetle R, Meltzer PS, Trent JM. Detection
of chromosome 6 abnormalities in melanoma cell lines by chromosome arm
painting probes. Cancer Genet Cytogenet. 1998; 107(2):89-92.
Gundersen GG, Cook TA. Microtubules and signal transduction. Curr Opin Cell
Biol. 1999; ll(l):81-94
Hamburger A, Salmon SE. Primary bioassay of human myeloma stem cells. J Clin
Invest. 1977; 60(4):846-54
Hammer H, Olah J, Toth-Molnar E. Dysplastic nevi are a risk factor for uveal
melanoma. Eur J Ophthalmol. 1996; 6(4):472-4
Hande KR, Garrow GC. Purine Antimetabolites. In Cancer Chemotherapy and
Biotherapy: Principles and Practice second edition. Edited by Chabner BA, Longo
DL. Lippincott-Raven 1996; p 235-262
Hartley JA, O'Hare CC, Baumgart J. DNA alkylation and interstrand cross-linking
by treosulfan. Br J Cancer. 1999; 79(2):264-6
Heinemann V, Hertel LW, Grindey GB, Plunkett W. Comparison of the cellular
pharmacokinetics and toxicity of 2',2'-difluorodeoxycytidine and 1-beta-Darabinofuranosylcytosine. Cancer Res. 1988; 48(14):4024-31
Hildebrand-Zanki SU, Kern DH. In vitro assays for new drug screening: comparison
of a thymidine incorporation assay with the human tumor colony-forming assay. Int
J Cell Cloning. 1987; 5(5):421-31
Hiessbock R, Wolf C, Richter E, Hitzler M, Chiba P, Kratzel M, Ecker G. Synthesis
and in vitro multidrug resistance modulating activity of a series of
dihydrobenzopyrans and tetrahydroquinolines. J Med Chem. 1999; 42(11): 1921-6

289

Hockenbery D, Nunez G, Milliman C, Schreiber RD and Korsmeyer SJ (1990). Bcl2 is an inner mitochondrial membrane protein that blocks programmed cell death.
Nature 348: 334-336
Hromas RA, Andrews PA, Murphy MP, Bums CP. Glutathione depletion reverses
cisplatin resistance in murine L1210 leukemia cells. Cancer Lett. 1987; 34(1):9-13
Hmbisko M, McGown AT, Fox BW. The role of metallothionein, glutathione,
glutathione S-transferases and DNA repair in resistance to platinum dmgs in a series
of L1210 cell lines made resistant to anticancer platinum agents. Biochem
Pharmacol. 1993; 45(l):253-6
Hrycyna CA, Zhang S, Ramachandra M, Ni B, Pastan I, Gottesman MM. Functional
and Molecular Characterization of the Human Multidrug Transporter. In Multidrug
Resistance. Multidrug resistance in cancer cells, Wiley & Sons Ltd., 1996, p29-38
Hui YF, Reitz J. Gemcitabine: a cytidine analogue active against solid tumors. Am J
Health Syst Pharm. 1997; 54(2): 162-70
Hungerford JL. Management of ocular melanoma. Br Med Bull 1995; 51(3): 694716
Hungerford JL. Surgical treatment of ocular melanoma. Melanoma Res. 1993;
3(5):305-12.
Hunter EM, Sutherland LA, Cree lA, Dewar JA, Preece PE, Wood RA, Linder D,
Andreotti PE. Heterogeneity of chemosensitivity in human breast carcinoma: use of
an adenosine triphosphate (ATP) chemiluminescence assay. Eur J Surg Oncol.
1993; 19(3):242-9
Hunter EM, Sutherland LA, Cree lA, Subedi AMC, Hartmann D, Linder D and
Andreotti PE. The influence of storage on cytotoxic dmg activity in an ATP-based
chemosensitivity assay. Anti-Cancer Drugs 1994; 5: 171-176
Imesch PD, Albert DM. Apoptosis in uveal and skin melanomas. Invest
Ophthalmol Vis Sci 1997; 38: S803
Ishikawa T, Ali-Osman F. Glutathione-associated cis-diamminedichloroplatinum(II)
metabolism and ATP-dependent efflux from leukemia cells. Molecular
characterization of glutathione-platinum complex and its biological significance. J
Biol Chem. 1993; 268(27):20116-25
Iwasaki H, Huang P, Keating MJ and Plunkett W. Differential Incorporation of AraC, Gemcitabine, and Fludarabine Into Replicating and Repairing DNA in
Proliferating Human Leukemia Cells. Blood 1997; 90(1): 270-278

290

Jacquillat C, Khayat D, Banzet P, Weil M, Fumoleau P, Avril MF, Namer M,
Bonneterre J, Kerbrat P, Bonerandi JJ. Final report of the French multicenter phase
II study of the nitrosourea fotemustine in 153 evaluable patients with disseminated
malignant melanoma including patients with cerebral métastasés. Cancer. 1990;
66(9): 1873-8
Jay V, Yi Q, Hunter WS and Zielenska M. Expression of bcl-2 in Uveal Malignant
Melanoma. Archives of Pathology Laboratory Medicine 1996; 120: 497-498
Jennerwein M, Andrews PA. Effect of intracellular chloride on the cellular
pharmacodynamics of cis-diamminedichloroplatinum(II). Drug Metab Dispos.
1995;23(2):178-84
Joensuu H, Pylkkanen L, Toikkanen S. Bcl-2 protein expression and long-term
survival in breast cancer. Am J Pathol. 1994; 145(5): 1191-8
Jonsson ZO, Hubscher U. Proliferating cell nuclear antigen: more than a clamp for
DNA polymerases. Bioessays. 1997; 19(11):967-75
Joseph P, Xu Y, Jaiswal AK. Non-enzymatic and enzymatic activation of
mitomycin C: identification of a unique cytosolic activity. Int J Cancer. 1996;
65(2):263-71
Judson PL, Watson JM, Gehrig PA, Fowler WC Jr, Haskill JS. Cisplatin inhibits
paclitaxel-induced apoptosis in cisplatin-resistant ovarian cancer cell lines: possible
explanation for failure of combination therapy. Cancer Res. 1999; 59(10):2425-32
Kaltenbach JP, Kaltenbach MH, Lyons WB. Nigrosin as a dye for differentiating
live and dead ascites cells. Exp Cell Res 1958; 15: 112-117
Kangas L, Gronroos M, Nieminen AL. Bioluminescence of cellular ATP: a new
method for evaluating cytotoxic agents in vitro. Med Biol. 1984;62(6):338-43
Katato K, Liu PY, Sondak V, Flaherty LE. Survival and response to treatment in
patients (PTS) with metastatic melanoma from intraocular primaries (MMIP) on
SWOG studies (abstract). Proc Am Soc Clin Oncol 1995; 14:410
Kath R, Hayungs J, Bomfeld N, Sauerwein W, Hoffken K and Seeber S. Prognosis
and treatment of disseminated uveal melanoma. Cancer 1993; 72(7): 2219-2223
Kavallaris M, Burkhart CA, Horwitz SB. Antisense oligonucleotides to class III
beta-tubulin sensitize drug-resistant cells to Taxol. Br J Cancer. 1999; 80(7): 1020-5
Keepers YP, Pizao PE, Peters GJ, van Ark-Otte J, Winograd B, Pinedo HM.
Comparison of the sulforhodamine B protein and tétrazolium (MTT) assays for in
vitro chemosensitivity testing. Eur J Cancer. 1991;27(7):897-900

291

Kefford RF, Salmon J, Shaw HM, Donald JA, McCarthy WH. Hereditary melanoma
in Australia. Variable association with dysplastic nevi and absence of genetic
linkage to chromosome Ip. Cancer Genet Cytogenet. 1991; 51(l):45-55
Keilholz U, Scheibenbogen C, Brado M, Georgi P, Maclachlan D, Brado B,
Hunstein W. Regional adoptive immunotherapy with interleukin-2 and lymphokineactivated killer (LAK) cells for liver métastasés. Eur J Cancer. 1994;30A(1): 103-5
Keith FJ, Bradbury DA, Zhu YM, Russell NH. Inhibition of bcl-2 with antisense
oligonucleotides induces apoptosis and increases the sensitivity of AML blasts to
Ara-C. Leukemia. 1995; 9(1): 131-8
Kelland LR. Preclinical perspectives on platinum resistance. Drugs. 2000;59 Suppl
4:1-8; discussion 37-8
Kelman Z, Hurwitz J. Protein-PCNA interactions: a DNA-scanning mechanism?
Trends Biochem Sci. 1998; 23(7):236-8.
Kelman Z. PCNA: structure, functions and interactions. Oncogene. 1997;
14(6):629-40
Kem DH, Weisenthal LM. Highly specific prediction of antineoplastic drug
resistance with an in vitro assay using suprapharmacologic drug exposures. J Natl
Cancer Inst. 1990; 82(7):582-8
King KL, Cidlowski JA. Cell cycle regulation and apoptosis. Annu Rev Physiol.
1998;60:601-17
Kirkwood, J.M., Hunt Strawderman, M., Emstoff, M.S., Smith, T.J., Borden, E.C.,
Blum, R.H.: Interferon alfa-2b adjuvant therapy of high risk resected cutaneous
melanoma: the ECOG Trial EST 1684. J Clin Oncol 1996; 14: 7-17
Kirkwood, J.M., Ibrahim, J., Sondak, V.K., Richards, J., Flaherty, L.E., Emstoff,
M.S., Smith, T.J., Rao, U.N., Steele, M., Blum, R.H.: High and Low Dose
Interferon Alfa-2b in High-Risk Melanoma: First Analysis of Intergroup Trial
E1690/S9111/C9190. J Clin Oncol 2000; 18(12): 2444-2458
Kishore K, Ghazvini S, Char DH, Kroll S, Selle J. p53 Gene and Cell Cycling in
Uveal Melanoma. American Joumal of Ophthalmology 1996; 121: 561-567
Kivisto KT, Kroemer HK, Eichelbaum M. The role of human cytochrome P450
enzymes in the metabolism of anticancer agents: implications for dmg interactions.
Br J Clin Pharmacol. 1995; 40(6):523-30
Kolodner RD. Mismatch repair: mechanisms and relationship to cancer
susceptibility. Trends Biochem Sci. 1995; 20(I0):397-401

292

Konecny G, Crohns C, Pegram M, Felber M, Lude S, Kurbacher C, Cree lA, Hepp
H, Untch M. Correlation of drug response with the ATP tumorchemosensitivity
assay in primary FIGO stage III ovarian cancer. Gynecol Oncol. 2000; 77(2):258-63
Kopf-Maier P, Sass G. Antitumor activity of treosulfan against human breast
carcinomas. Cancer Chemother Pharmacol. 1992;31(2): 103-10
Kristensen J, Jonsson B, Sundstrom C, Nygren P, Larsson R. In vitro analysis of
drug resistance in tumor cells from patients with acute myelocytic leukemia. Med
Oncol Tumor Pharmacother. 1992;9(2):65-74
Kugler A, Hemmerlein B, Gross AJ, Seseke F, Kallerhoff M, Ringert RH.
[Treosulfan displays cytotoxic effect on spheroids of primary cell cultures of renal
cell carcinoma independent of p-glycoprotein expression]. Urologe A. 1998;
37(4):367-71. German
Kumar R, Smeds J, Lundh Rozell B, Hemminki K. Loss of heterozygosity at
chromosome 9p21 (INK4-pl4^^ locus): homozygous deletions and mutations in
the pl6 and pl4ARF genes in sporadic melanomas. Melanoma Research 1999; 9:
138-147
Kunze N, Yang GC, Dolberg M, Sundarp R, Knippers R, Richter A. Structure of the
human type I DNA topoisomerase gene. J Biol Chem. 1991; 266(15):9610-6
Kurbacher CM, Cree lA, Brenne U, Bruckner HW, Kurbacher JA, Mallmann P,
Andreotti PE and Krebs D. Heterogeneity of in vitro chemosensitivity in
preioperative breast cancer cells to mitoxantrone versus doxorubicin evaluated by a
microplate ATP bioluminescence assay. Breast Cancer Research and Treatment
1996; 41: 161-170
Kurbacher CM, Bruckner HW, Cree IA, Kurbacher JA, Wilhelm L, Poch G,
Indefrei D, Mallmann P, Andreotti PE. Mitoxantrone combined with paclitaxel as
salvage therapy for platinum-refractory ovarian cancer: laboratory study and clinical
pilot trial. Clin Cancer Res. 1997a; 3(9): 1527-33
Kurbacher CM, Untch M, Cree lA. A randomised trial of chemotherapy directed by
a tumour chemosensitivity assay versus physician's choice in patients with recurrent
platinum-resistant ovarian adenocarcinoma. Lancet Internet publication 1997b:
http ://www.thelancet.com/newlancet/any/author/menu_N0D7.html
Kurbacher CM, Cree lA, Bruckner HW, Brenne U, Kurbacher JA, Moller K,
Ackermann T, Glister TJ, Wilhelm LM, Engel H, Mallmann PK and Andreotti PE.
Use of an ex vivo ATP luminescence assay to direct chemotherapy for recurrent
ovarian cancer. Anti-Cancer Drugs 1998; 9: 51-57
293

Kurtz JE, Deplanque G, Duclos B, Bichler F, Giron C, Limacher JM, Herbrecht R,
Maloisel F, Oberling F, Bergerat JP, Dufour P. Paclitaxel-anthracycline
combination chemotherapy in relapsing advanced ovarian cancer after platinumbased chemotherapy: a pilot study. Gynecol-Oncol. 1998; 70(3): 414-7
Kuzmits R, Aiginger P, Muller MM, Steurer G, Linkesch W. Assessment of the
sensitivity of leukaemic cells to cytotoxic drugs by bioluminescence measurement
of ATP in cultured cells. Clin Sci (Colch). 1986; 71(l):81-8
Lage H, Dietel M. Involvement of the DNA mismatch repair system in
antineoplastic drug resistance. J Cancer Res Clin Oncol. 1999;125(3-4): 156-65
Lane D. p53, guardian of the genome. Nature 1992; 358:15-16
Larsson R, Fridborg H, Kristensen J, Sundstrom C, Nygren P. In vitro testing of
chemotherapeutic drug combinations in acute myelocytic leukaemia using the
fluorometric microculture cytotoxicity assay (FMCA). Br J Cancer. 1993;
67(5):969-74.
Larsson R, Kristensen J, Sandberg C, Nygren P. Laboratory determination of
chemotherapeutic drug resistance in tumor cells from patients with leukemia, using
a fluorometric microculture cytotoxicity assay (FMCA). Int J Cancer. 1992;
50(2): 177-85
Larsson R, Nygren P. Prediction of individual patient response to chemotherapy by
the fluorometric microculture cytotoxicity assay (FMCA) using drug specific cut-off
limits and a Bayesian model. Anticancer Res. 1993; 13(5C): 1825-9
Lasic DD. Doxorubicin in sterically stabilized liposomes. Nature. 1996;
380(6574):561-2
Lasic DD. Novel applications of liposomes. Trends Biotechnol. 1998; 16(7):307-21
Lee SM, Betticher DC, Thatcher N. Melanoma chemotherapy. Br Med Bull 1995;
51:609-30.
Legha SS. The role of interferon alfa in the treatment of metastatic melanoma.
Semin Oncol 1997; 24(suppl 4):24-31
Leonetti C, Biroccio A, Candiloro A, Citro G, Fomari C, Mottolese M, Del Bufalo
D, Zupi G. Increase of Cisplatin Sensitivity by c-myc Antisense
Oligodeoxynucleotides in a Human Metastatic Melanoma Inherently Resistant to
Cisplatin. Clinical Cancer Research 1999; 5:2588-2595
Levine A, Momand J and Finlay C. The p53 tumour suppressor gene. Nature 1991;
351:453-456
294

Levine EA, Holzmayer TA, Roninson IB, Das Gupta TK. MDR-1 expression in
metastatic malignant melanoma. J Surg Res. 1993; 54(6):621-4
Lew RA, Sober AJ, Cook N, Marvell R, Fitzpatrick TB. Sun exposure habits in
patients with cutaneous melanoma: a case control study. J Dermatol Surg Oncol.
1983;9(12):981-6
Leyvraz S, Spataro V, Bauer J, Pampallona S, Salmon R, Dorval T, Meuli R, Gillet
M, Lejeune F, Zografos L. Treatment of ocular melanoma metastatic to the liver by
hepatic arterial chemotherapy. J Clin Oncol. 1997; 15(7):2589-95
Lin X, Howell SB. Effect of loss of DNA mismatch repair on development of
topotecan-, gemcitabine-, and paclitaxel-resistant variants after exposure to
cisplatin. Mol Pharmacol. 1999; 56(2):390-5
Liu LF. DNA topoisomerase poisons as antitumor drugs. Annu Rev Biochem.
1989;58:351-75
Lloyd HH, Dulmadge EA, Wilkoff LJ. Kinetics of the reduction in viability of
cultured L1210 leukemia cells exposed to 5-azacytidine (NSC-102816). Cancer
Chemother Rep. 1972; 56(5): 585-91
Lundin A, Hasenson M, Persson J and Pousette A. Estimation of Biomass in
Growing Cell Lines by Adenosine Triphosphate Assay. Methods in Enzymology
1986; 133: 27-42
Lutz J, Cree lA, Foss AJ (1999). Risk factors for intraocular melanoma and
occupational exposure. British Joumal of Ophthalmology 83: 1190-1193
MacKie RM. Incidence, Risk Factors and Prevention of Melanoma. Eur J Cancer
1998; 34(suppl 2): S3-S6
MacKie RM. Risk Factors, diagnosis, and detection of melanoma. Curr Opin Oncol
1991; 3(2): 360-3
Maehara Y, Anai H, Masuda H, Miyamoto K, Fukuchi K, Tamada R, Sugimachi K.
[In vitro chemosensitivity testing evaluated by intracellular ATP level: ATP assay].
Gan To Kagaku Ryoho. 1986; 13(7):2342-5. Japanese
Mao Y, Yu C, Hsieh TS, Nitiss JL, Liu AA, Wang H, Liu LF. Mutations of human
topoisomerase 11 alpha affecting multidrug resistance and sensitivity. Biochemistry.
1999; 38(33): 10793-800
Marcu KB, Bossone SA, Patel AJ. Myc function and regulation. Annual Review
Biochemistry 1992; 61: 809-860

295

Margolin KA, Liu PY, Flaherty LE, Sosman JA, Walker MJ, Smith JW 3rd,
Fletcher WS, Weiss GR, Unger JM, Sondak VK. Phase II study of carmustine,
dacarbazine, cisplatin, and tamoxifen in advanced melanoma: a Southwest
Oncology Group study. J Clin Oncol. 1998; 16(2):664-9
Markman M, Hakes T, Reichman B, Rubin S, Curtin J, Barakat R, Jones W, Lewis
Jr JL, Almadrones L, Hoskins W. Salvage intraperitoneal mitoxantrone therapy of
ovarian cancer: influence of increasing the volume of treatment. Gynecol Oncol.
1993; 49(2): 185-9
Massi D, Borgognoni L, Franchi A, Martini L, Reali UM, Santucci M. Thick
cutaneous malignant melanoma: a reappraisal of prognostic factors. Melanoma Res.
2000; 10(2): 153-64
Mavligit GM, Chamsangavej C, Carrasco CH, Patt YZ, Benjamin RS, Wallace S.
Regression of ocular melanoma metastatic to the liver after hepatic arterial
chemoembolization with cisplatin and polyvinyl sponge. JAMA 1988; 260: 974976.
McGuire WP, Hoskins WJ, Brady MF, Kucera PR, Partridge EE, Look KY, ClarkePearson DL, Davidson M. Cyclophosphamide and cisplatin compared with
paclitaxel and cisplatin in patients with stage III and stage IV ovarian cancer. N
Engl J Med. 1996; 334(1): 1-6
McLean IW, Foster WD and Zimmermann LE (1982). Uveal melanoma:
localization, size, cell type and enucleation as risk factors in metastasis. Human
Pathology 13:123-132
Mechl Z, Krejci P. Cis-diamminedichloroplatinum in the treatment of disseminated
malignant melanoma. Neoplasma 1983; 30(3): 371-377
Meijer C, Mulder NH, Hospers GA, Uges DR, de Vries EG. The role of glutathione
in resistance to cisplatin in a human small cell lung cancer cell line. Br J Cancer.
1990; 62(l):72-7
Meister A, Anderson ME. Glutathione. Annu Rev Biochem. 1983;52:711-60
Meister A. Selective modification of glutathione metabolism. Science. 1983;
220(4596):472-7
Melanoma Study Group - Guidelines
Merbs SL and Sidaransky. Analysis of pi 6 (CDKN2/MTS- 1/INK4A) alterations in
primary sporadic uveal melanoma. Investigative Ophthalmology and Visual Science
1999; 40(3): 779-783

296

Metelmann HR, Von Hoff DD. In vitro activation of dacarbazine (DTIC) for a
human tumor cloning system. Int J Cell Cloning. 1983; l(l):24-32
Metzelaar-Blok JA, Jager MJ, Moghaddam PH, van der Slik AR, Giphart MJ.
Frequent loss of heterozygosity on chromosome 6p in uveal melanoma. Hum
Immunol. 1999; 60(10):962-9.
Michalides RJAM. Cell cycle regulators: mechanisms and their role in aetiology,
prognosis, and treatment of cancer. J Clin Pathol 1999; 52:555-568
Middleton MR, Grob JJ, Aaronson N, Fierlbeck G, Tilgen W, Seiter S, Gore M,
Aamdal S, Cebon J, Coates A, Dreno B, Henz M, Schadendorf D, Kapp A, Weiss J,
Fraass U, Statkevich P, Muller M, Thatcher N. Randomized phase III study of
temozolomide versus dacarbazine in the treatment of patients with advanced
metastatic malignant melanoma. J Clin Oncol. 2000a; 18(l):158-66
Middleton MR, Kelly J, Thatcher N, Donnelly DJ, McElhinney RS, McMurry TB,
McCormick JE, Margison GP. 0(6)-(4-bromothenyl)guanine improves the
therapeutic index of temozolomide against A375M melanoma xenografts. Int J
Cancer. 2000b; 85(2):248-52
Mimnaugh EG, Fairchild CR, Fruehauf JP, Sinha BK. Biochemical and
pharmacological characterization of MCF-7 drug-sensitive and AdrR multidrugresistant human breast tumor xenografts in athymic nude mice. Biochem Pharmacol.
1991; 42(2): 391-402
Miracco C, Santopietro R, Biagioli M, Lazzi S, Nyongo A, Vatti R, Luzi P.
Different patterns of cell proliferation and death and oncogene expression in
cutaneous malignant melanoma. J Cutan Pathol. 1998; 25(5):244-51
Mistry P, Kelland LR, Abel G, Sidhar S, Harrap KR. The relationships between
glutathione, glutathione-S-transferase and cytotoxicity of platinum drugs and
melphalan in eight human ovarian carcinoma cell lines. Br J Cancer. 1991;
64(2):215-20
Mistry P, Stewart AJ, Dangerfield W, Okiji S, Liddle L, Bootle D, Plumb JA,
Templeton D, Charlton P. In Vitro and in Vivo Reversal of P-Glycoproteinmediated Multidrug Resistance by a Novel Potent Modulator, XR9576. Cancer Res
2001;61:749-758
Mollgard L, Tidefelt U, Sundman-Engberg B, Lofgren C, Paul C. In vitro
chemosensitivity testing in acute non lymphocytic leukemia using the
bioluminescence ATP assay. Leuk Res. 2000; 24(5):445-52

297

Monks A, Scudiero D, Skehan P, Shoemaker R, Pauli K, Vistica D, Hose C,
Langley J, Cronise P, Vaigro-Wolff A. Feasibility of a high-flux anticancer drug
screen using a diverse panel of cultured human tumor cell lines. J Natl Cancer Inst.
1991; 83(11):757-66
Mooy CM, Luyten GP, de Jong PT, Luider TM, Stijnen T, van de Ham F, van
Vroonhoven CC, Bosman FT. Immunohistochemical and prognostic analysis of
apoptosis and proliferation in uveal melanoma. Am J Pathol. 1995; 147(4): 1097-104
Mooy CM, de Jong PTVM. Prognostic Parameters in Uveal Melanoma: A Review.
Survey of Ophthalmology 1996; 41(3): 215-228
Motomura S, Motoji T, Takanashi M, Wang YH, Shiozaki H, Sugawara I, Aikawa
E, Tomida A, Tsuruo T, Kanda N, Mizoguchi H. Inhibition of P-glycoprotein and
recovery of drug sensitivity of human acute leukemic blast cells by multidrug
resistance gene (mdrl) antisense oligonucleotides. Blood. 1998; 91(9): 3163-71
Mudipalli A, Nadadur SS, Maccubbin AE, Gurtoo HL. Mutations induced by
dacarbazine activated with cytochrome P-450. Mutat Res. 1995; 327(1-2): 113-20
Muggia FM, Hainsworth JD, Jeffers S, Miller P, Groshen S, Tan M, Roman L,
Uziely B, Muderspach L, Garcia A, Burnett A, Greco FA, Morrow CP, Paradiso LJ,
Liang LJ. Phase II study of liposomal doxorubicin in refractory ovarian cancer:
antitumor activity and toxicity modification by liposomal encapsulation. J Clin
Oncol. 1997; 15(3):987-93
Muggia FM, Hainsworth JD, Jeffers S, Miller P, Groshen S, Tan M, Roman L,
Uziely B, Muderspach L, Garcia A, Burnett A, Greco FA, Morrow CP, Paradiso LJ,
Liang LJ. Phase II study of liposomal doxorubicin in refractory ovarian cancer:
antitumor activity and toxicity modification by liposomal encapsulation. J Clin
Oncol. 1997; 15(3): 987-93
Muggia FM. Doxil in breast cancer. J Clin Oncol. 1998; 16(2):811-2
Myatt NE, Cree IA, Kurbacher CM, Foss AJE, Hungerford JL, Plowman PN. The
ex vivo chemosensitivity profile of choroidal melanoma. Anti-Cancer Drugs 1997;
8:756-762
Nakanishi Y, Matsuki H, Takayama K, Yatsunami J, Kawasaki M, Abe M, Hara N.
Glutathione derivatives enhance adriamycin cytotoxicity in a human lung
adenocarcinoma cell line. Anticancer Res. 1997; 17(3C):2129-34
Nancarrow DJ, Mann GJ, Holland EA, Walker GJ, Beaton SC, Walters MK,
Luxford C, Palmer JM, Donald JA, Weber JL. Confirmation of chromosome 9p
linkage in familial melanoma. Am J Hum Genet. 1993; 53(4):936-42
298

Nancarrow DJ, Palmer JM, Walters MK, Kerr BM, Hafner GJ, Garske L, McLeod
GR, Hayward NK. Exclusion of the familial melanoma locus (MLM) from the
PND/D1S47 and MYCLl regions of chromosome arm Ip in 7 Australian pedigrees.
Genomics. 1992; 12(l):18-25
Nathan FE, Herd D, Sato T, Shield JA, Shields CL, De Potter P, Mastrangelo MJ.
BOLD+interferon in the treatment of metastatic uveal melanoma: first report of
active systemic therapy. J Exp Clin Cancer Res. 1997; 16: 201-8.
Neijt JP, Engelholm SA, Tuxen MK, Sorensen PG, Hansen M, Sessa C, de Swart
CA, Hirsch FR, Lund B, van Houwelingen HC. Exploratory phase III study of
paclitaxel and cisplatin versus paclitaxel and carboplatin in advanced ovarian
cancer. J Clin Oncol. 2000; 18(17):3084-92
Newlands ES, Stevens MF, Wedge SR, Wheelhouse RT, Brock C. Temozolomide: a
review of its discovery, chemical properties, pre-clinical development and clinical
trials. Cancer Treat Rev. 1997; 23(1):35-61
Newton Bishop JA, Harland M, Bennett DC, Bataille V, Goldstein AM, Tucker
MA, Ponder BA, Cuzick J, Selby P, Bishop DT. Mutation testing in melanoma
families: INK4A, CDK4 and INK4D. Br J Cancer. 1999; 80(l-2):295-300
Newton JA. Genetics of melanoma. Br Med Bull. 1994; 50(3):677-87
Norgaard JM, Bukh A, Langkjer ST, Clausen N, Palshof T, Hokland P. MDRl gene
expression and drug resistance of AML cells. Br J Haematol. 1998; 100(3):534-40
Northfelt DW, Dezube BJ, Thommes JA, Levine R, Von Roenn JH, Dosik GM,
Rios A, Krown SE, DuMond C, Mamelok RD. Efficacy of pegylated-liposomal
doxorubicin in the treatment of AIDS-related Kaposi’s sarcoma after failure of
standard chemotherapy. J Clin Oncol. 1997; 15(2):653-9
Northfelt DW, Dezube BJ, Thommes JA, Miller BJ, Fischl MA, Friedman-Kien A,
Kaplan LD, Du Mond C, Mamelok RD, Henry DH. Pegylated-liposomal
doxorubicin versus doxorubicin, bleomycin, and vincristine in the treatment of
AIDS-related Kaposi's sarcoma: results of a randomized phase III clinical trial. J
Clin Oncol. 1998; 16(7):2445-51
Nygren P, Csoka K, Larsson R, Busch C, Wester K, Malmstrom PU. Activity of
standard and investigational cytotoxic drugs in primary cultures of tumor cells from
patients with kidney and urinary bladder carcinomas. J Urol. 1999; 162(6):2200-4
Nygren P, Kristensen J, Jonsson B, Sundstrom C, Lonnerholm G, Kreuger A,
Larsson R. Feasibility of the fluorometric microculture cytotoxicity assay (FMCA)

299

for cytotoxic drug sensitivity testing of tumor cells from patients with acute
lymphoblastic leukemia. Leukemia. 1992; 6(11): 1121Ogunbiyi OA, Scholefield JH, Rogers K, Sharp F, Smith JHF and Polacarz SV. Cmyc oncogene expression in anal squamous neoplasia. Journal of Clinical Pathology
1993; 46: 23-27
Ohbu M, Saegusa M, Kobayashi N, Tsukamoto H, Mieno H, Kakita A, Okayasu I.
Expression of bcl-2 protein in esophageal squamous cell carcinomas and its
association with lymph node metastasis. Cancer. 1997; 79(7): 1287-93
O'Reilly SM, Newlands ES, Glaser MG, Brampton M, Rice-Edwards JM,
Illingworth RD, Richards PG, Kennard C, Colquhoun IR, Lewis P. Temozolomide:
a new oral cytotoxic chemotherapeutic agent with promising activity against
primary brain tumours. Eur J Cancer. 1993;29A(7):940-2
Packham G, Cleveland JL. c-Myc and apoptosis. Biochim Biophys Acta. 1995;
1242(1^11-28
Parazzini F, Franceschi S, La Vecchia C, Fasoli M. The epidemiology of ovarian
cancer. Gynecol Oncol 1991; 43: 9-23
Pendyala L, Perez R, Weinstein A, Zdanowicz J, Creaven PJ. Effect of glutathione
depletion on the eytotoxicity of cisplatin and iproplatin in a human melanoma cell
line. Cancer Chemother Pharmacol. 1997;40(l):38-44
Perez RP. Cellular and molecular determinants of cisplatin resistance. Eur J Cancer.
1998; 34(10): 1535-42
Peters GJ, Ruiz van Haperen VW, Bergman AM, Veerman G, Smitskamp-Wilms E,
van Moorsel CJ, Kuiper CM, Braakhuis BJ. Preclinical combination therapy with
gemcitabine and mechanisms of resistance. Semin Oncol. 1996; 23(5 Suppl 10): 1624
Petty RD, Cree lA, Sutherland LA, Hunter EM, Lane DP, Preece PE, Andreotti PE.
Expression of the p53 tumour suppressor gene product is a determinant of
chemosensitivity. Biochem Biophys Res Commun. 1994; 199(l):264-70
Petty RD, Sutherland LA, Hunter EM, Cree lA. Comparison of MTT and ATPbased assays for the measurement of viable cell number. J Biolumin Chemilumin.
1995; 10(l):29-34
Photiou A, Shah P, Leong LK, Moss J and Retsas S. In Vitro Synerygy of Paclitaxel
(Taxol) and Vinorelbine (Navelbine) Against Human Melanoma Cell Lines.
European Journal of Cancer 1997; 33(3): 463-470

300

Pinto AL, Lippard SJ. Binding of the antitumor drug cisdiamminedichloroplatinum(II) (cisplatin) to DNA. Biochim Biophys Acta.
1985;780(3): 167-80
Plunkett W, Huang P, Searcy CE, Gandhi V. Gemcitabine: preclinical
pharmacology and mechanisms of action. Semin Oncol. 1996; 23(5 Suppl 10):3-15
Poch G, Reiffenstein RJ, Baer H-P. Quantitative Estimation of Potentiation and
Antagonism by Dose Ratios Corrected for Slopes of Dose-Response Curves
Deviating From One. Journal of Pharmacological and Toxicological Methods 1995;
33: 197-204
Poch G, Reiffenstein RJ, Unkelbach H-D. Application of the isobologram technique
for the analysis of combined effects with respect to additivity as well as
independence. Can J Physiol Pharmacol 1990; 68: 682-688
Pommier Y, Fesen MR, Goldwasser F. Topoisomerase II Inhibitors: The
Epidophyllotoxins, m-AMSA, and the Ellipticine Derivatives. In Cancer
Chemotherapy and Biotherapy: Principles and Practice second edition. Edited by
Chabner BA, Longo DL. Lippincott-Raven 1996; p 435-462
Prade M., Bognel C., Charpentier P., Gadenne C, Duvillard P, Sancho-Gamier H,
Petit JY. Malignant melanoma of the skin: prognostic factors derived from
multifactorial analysis of 239 cases. Am J Dermatopathol 1982; 4(5): 411-2
Prescher G, Bomfeld N, Hirche H, Horsthemke B, Jockel KH, Becher R. Prognostic
implications of monosomy 3 in uveal melanoma. Lancet. 1996; 347(9010): 1222-5
Prosperi E. Multiple roles of the proliferating cell nuclear antigen: DNA replication,
repair and cell cycle control. Prog Cell Cycle Res. 1997;3:193-210
Pyrhonen S, Hahka-Kemppainen M, Muhonen T. A promising interferon plus fourdrug chemotherapy regimen for metastatic melanoma. J Clin Oncol 1992; 10: 19191926
Raivio I. Uveal melanoma in Finland: An epidemiological, clinical, histological and
prognostic study. Acta Ophthalmologica 1977; 133(suppl): 1-64
Rajpal S, Moore R, Karakousis CP. Survival in metastatic ocular melanoma.
Cancer. 1983; 52(2):334-6
Ramachandran C, Samy TS, Huang XL, Yuan ZK, Krishan A. Doxorubicin-induced
DNA breaks, topoisomerase II activity and gene expression in human melanoma
cells. Biochem Pharmacol. 1993a; 45(6): 1367-71

301

Ramachandran C, Yuan ZK, Huang XL, Krishan A. Doxorubicin resistance in
human melanoma cells: MDR-1 and glutathione S-transferase pi gene expression.
Biochem Pharmacol. 1993b; 45(3):743-51
Ramsay JA, From L, Kahn HJ. Bcl-2 protein expression in melanocytic neoplasms
of the skin.Mod Pathol. 1995; 8(2): 150-4
Ranson MR, Carmichael J, O'Byme K, Stewart S, Smith D, Howell A. Treatment of
advanced breast cancer with sterically stabilized liposomal doxorubicin: results of a
multicenter phase II trial. J Clin Oncol. 1997; 15(10):3185-91
Reber U, Wullner U, Trepel M, Baumgart J, Seyfried J, Klockgether T, Dichgans J,
Weller M. Potentiation of treosulfan toxicity by the glutathione-depleting agent
buthionine sulfoximine in human malignant glioma cells: the role of bcl-2. Biochem
Pharmacol. 1998; 55(3):349-59
Reichman B, Markman M, Hakes T, Hoskins W, Rubin S, Jones W, Almadrones L,
Ochoa Jr M, Chapman D, Saigo P. Intraperitoneal cisplatin and etoposide in the
treatment of refractory/recurrent ovarian carcinoma. J Clin Oncol. 1989; 7(9): 132732
Reid JM, Kuffel MJ, Miller JK, Rios R, Ames MM. Metabolic activation of
dacarbazine by human cytochromes P450: the role of CYPlAl, CYP1A2, and
CYP2El.Clin Cancer Res. 1999; 5(8):2192-7
Rhoads CP. Nitrogen mustareds in treatment of neoplastic disease. JAMA 1946;
131: 656
Riman T, Persson I, Nilsson S. Hormonal aspects of epithelial ovarian cancer:
review of epidemiological evidence.Clin Endocrinol (Oxf). 1998; 49(6):695-707
Riou GF. Proto-oncogenes and prognosis in early carcinoma of the uterine cervix.
Cancer Surv. 1988;7(3):441-56
Roe M, Folkes A, Ashworth P, Brumwell J, Chima L, Hunjan S, Pretswell I,
Dangerfield W, Ryder H, Charlton P. Reversal of P-glycoprotein mediated
multidrug resistance by novel anthranilamide derivatives. Bioorg Med Chem Lett.
1999; 9(4):595-600
Rosenberg B, Van Camp L, Grimley EB, Thomson AJ. The inhibition of growth or
cell division in Escherichia coli by different ionic species of platinum(IV)
complexes. J-Biol-Chem. 1967; 242(6): 1347-52
Rosenberg B, Van Camp L, Krigas T. Inhibition of cell division in Escherichia coli
by electrolysis products from a platinum electrode. Nature 1965; 205:698-

302

Rosenberg B, Van Camp L, Trosko JE, Mansour VH. Platinum compounds: a new
class of potent antitumour agents. Nature. 1969; 222(191): 385-6
Ross DA, Wilson GD. Expression of c-myc oncoprotein represents a new
prognostic marker in cutaneous melanoma. Br J Surg. 1998; 85(1):46-51
Ross DA, Wilson GD. Flow cytometric analysis of p53 oncoprotein expression in
cutaneous melanoma. Br J Surg. 1997; 84(6):803-7
Rowinsky EK, Donehower RC. Antimicrotubule Agents. In Cancer Chemotherapy
and Biotherapy: Principles and Practice second edition. Edited by Chabner BA,
Longo DL. Lippincott-Raven 1996; p263-296
Royds JA, Sharrard RM, Parsons MA, Lawry J, Rees R, Cottam D, Wagner B,
Rennie IG. C-myc oncogene expression in ocular melanomas. Graefes Arch Clin
Exp Ophthalmol. 1992;230(4):366-71
Rubinstein LV, Shoemaker RH, Pauli KD, Simon RM, Tosini S, Skehan P, Scudiero
DA, Monks A, Boyd MR. Comparison of in vitro anticancer-drug-screening data
generated with a tétrazolium assay versus a protein assay against a diverse panel of
human tumor cell lines. J Natl Cancer Inst. 1990; 82(13): 1113-8
Ruiz van Haperen VW, Peters GJ. New targets for pyrimidine antimetabolites for
the treatment of solid tumours. 2: Deoxycytidine kinase. Pharm World Sci. 1994;
16(2): 104-12
Russo A, Mitchell JB. Potentiation and protection of doxorubicin cytotoxicity by
cellular glutathione modulation. Cancer Treat Rep. 1985; 69(11): 1293-6
Saenz-Santamaria MC, McNutt NS, Bogdany JK, Shea CR. p53 expression is rare
in cutaneous melanomas. Am J Dermatopathol. 1995; 17(4):344-9
Saenz-Santamaria MC, Reed JA, McNutt NS, Shea CR. Immunohistochemical
expression of BCL-2 in melanomas and intradermal nevi. J Cutan Pathol. 1994;
21(5):393-7
Satherley K, De Souza L, Neale MH, Alexander RA, Myatt N, Foss AJE,
Hungerford JL, Hickson ID, Cree lA. Relationship between expression of
topoisomerase II isoforms and chemosensitivity in choroidal melanoma. Journal of
Pathology 2000; 192:174-181
Sato T, Babazono A, Shields JA, Shields CL, De Potter P, Mastrangelo MJ. Time to
systemic métastasés in patients with posterior uveal melanoma. Cancer Invest.
1997;15(2):98-105

303

Schadendorf D, Jurgovsky K, Kohlmus CM, Czametzki BM. Glutathione and
Related Enzymes in Tumor Progression and Métastasés of Human Melanoma. The
Journal of Investigative Dermatology 1995a; 105(1): 109-112
Schadendorf D, Herfordt R and Czametzki BM. P-glycoprotein expression in
primary and metastatic malignant melanoma. British Journal of Dermatology 1995b;
132:551-555
Schadendorf D, Makki A, Stahr C, van Dyck A, Wanner R, Scheffer GL, Flens MJ,
Scheper R and Henz BM. Membrane Transport Proteins Associated with Drug
Resistance Expressed in Human Melanoma. American Journal of Pathology 1995c;
147(6): 1545-1552
Scheper RJ, Scheffer GL, Flens MJ, van der Valk P, Meijer CJLM, Pinedo HM,
Clevers HC, Slovak ML, Rome LH, Shoemaker RH, Izquierdo MA. Role of
LRP/Major Vault Protein in Multidrug Resistance, in Multidrug Resistance in
Cancer Cells. Edited by Gupta S, Tsuruo T. Pub John Wiley & Son 1996; 109-118
Schiff PB, Horwitz SB. Taxol stabilizes microtubules in mouse fibroblasts. Proc
Natl Acad Sci USA 1980; 88:1561-1565
Schinkel AH. The physiological function of dmg-transporting P-glycoproteins.
Seminars in Cancer Biology 1997; 8:161-170
Schlagbauer-Wadl H, Griffioen M, van Elsas A, Schrier PI, Pustelnik T, Eichler
HG, Wolff K, Pehamberger H, Jansen B. Influence of increased c-Myc expression
on the growth characteristics of human melanoma. J Invest Dermatol. 1999;
112(3):332-6
Scudiero DA, Shoemaker RH, Pauli KD, Monks A, Tierney S, Nofziger TH,
Currens MJ, SeniffD, Boyd MR. Evaluation of a soluble tetrazolium/formazan
assay for cell growth and drug sensitivity in culture using human and other tumor
cell lines. Cancer Res. 1988; 48(17):4827-33
Seddon JM, Gragoudas ES, Egan KM, Glynn RJ, Howard S, Fante RG, Albert D.
Relative survival rates after alternative therapies for uveal melanoma.
Ophthalmology 1990; 97: 769-777
Seeberg E, Eide L, Bjoras M. The base excision repair pathway. Trends Biochem
Sci. 1995; 20(10):391-7
Selby P, Buick RN, Tannock I. A critical appraisal of the "human tumor stem-cell
assay". N Engl J Med. 1983; 308(3): 129-34
Serrone L, Hersey P. The chemoresistance of human malignant melanoma: an
update. Melanoma Res. 1999; 9(l):51-8
304

Serrone L, Zeuli M, Sega FM, Cognetti F. Dacarbazine-based chemotherapy for
metastatic melanoma: thirty-year experience overview. J Exp Clin Cancer Res.
2000; 19(l):21-34
Seymour MT, Mansi JL, Gallagher CJ, Gore ME, Harper PG, Evans TR, Edmonds
PM, Slevin ML. Protracted oral etoposide in epithelial ovarian cancer: a phase II
study in patients with relapsed or platinum-resistant disease. Br J Cancer. 1994;
69(1): 191-5
Shields CL, Shields JA, Milite J, De Potter P, Sabbagh R, Menduke H. Uveal
melanoma in teenagers and children. A report of 40 cases. Ophthalmology 1991a;
8:11 1662-6
Shields JA, Shields CL, Donoso LA. Management of Posterior Uveal Melanoma.
Survey of Ophthalmology 1991b; 36(3): 161-195
Singh AD, Shields CL, De Potter P, Shields JA, Trock B, Cater J, Pastore D..
Familial uveal melanoma-I: Clinical observations on 56 patients. Archives of
Ophthalmology 1996a; 114: 392-399
Singh AD, Wang MX, Donoso LA, Shields CL, De Potter P, Shields JA. Genetic
Aspects of Uveal Melanoma: A Brief Review. Seminars in Oncology 1996b; 23(6):
768-772
Sisley K, Rennie IG, Parsons MA, Jacques R, Hammond DW, Bell SM, Potter AM,
Rees RC. Abnormalities of chromosomes 3 and 8 in posterior uveal melanoma
correlate with prognosis. Genes Chromosomes Cancer. 1997; 19(l):22-8
Skehan P, Storeng R, Scudiero D, Monks A, McMahon J, Vistica D, Warren JT,
Bokesch H, Kenney S, Boyd MR. New colorimetric cytotoxicity assay for
anticancer-drug screening. J Natl Cancer Inst. 1990; 82(13): 1107-12
Skubitz KM, Skubitz AP. Mechanism of transient dyspnea induced by pegylatedliposomal doxorubicin (Doxil). Anticancer Drugs. 1998; 9(l):45-50
Slaton JW, Perrotte P, Inoue K, Dinney CP, Fidler IJ. Interferon-alpha-mediated
down-regulation of angiogenesis-related genes and therapy of bladder cancer are
dependent on optimization of biological dose and schedule. Clin Cancer Res. 1999;
5(10):2726-34
Smith DR, Myint T, Goh HS. Over-expression of the c-myc proto-oncogene in
colorectal carcinoma. Br J Cancer. 1993; 68(2):407-13
Soufir N, Avril M-F, Chompret A, Demenais F, Bombled J, Spatz A, StoppaLyonnet D, The French Familial Melanoma Study Group, Bénard J, Bressac-de

305

Paillerets B. Prevalence of pl6 and CDK4 germline mutations in 48 melanomaprone families in France. Human Mol Gen 1998; 7(2): 209-216
Spencer CA and Groudine M. Control of c-myc regulation in normal and neoplastic
cells. Advances in Cancer Research 1991; 56: 1-48
Stevens MF, Hickman JA, Langdon SP, Chubb D, Vickers L, Stone R, Baig G,
Goddard C, Gibson NW, Slack JA. Antitumor activity and pharmacokinetics in
mice of 8-carbamoyl-3-methyl-imidazo[5,l-d]-l,2,3,5-tetrazin-4(3H)-one (CCRG
81045; M & B 39831), a novel drug with potential as an alternative to dacarbazine.
Cancer Res. 1987; 47(22):5846-52
Stevnsner T, Bohr VA. Studies on the role of topoisomerases in general, gene- and
strand-specific DNA repair. Carcinogenesis. 1993; 14(9): 1841-50
Stewart S, Jablonowski H, Goebel FD, Arasteh K, Spittle M, Rios A, Aboulafia D,
Galleshaw J, Dezube BJ. Randomized comparative trial of pegylated liposomal
doxorubicin versus bleomycin and vincristine in the treatment of AIDS-related
Kaposi’s sarcoma. International Pegylated Liposomal Doxorubicin Study Group. J
Clin Oncol. 1998; 16(2):683-91
Stute N, Kohler T, Lehmann L, Wetzstein W, Ehninger G. Drug resistance testing of
acute myeloid leukemia in adults using the MTT assay. Adv Exp Med Biol. 1999;
457: 445-52
Supino R, Caserini C, Orlandi L, Zaffaroni N, Silvestrini R, Vaglini M, Zunino F.
Modulation of melphalan cytotoxic activity in human melanoma cell lines.
Anticancer Drugs. 1996; 7(5):604-12
Symon Z, Peyser A, Tzemach D, Lyass O, Sucher E, Shezen E, Gabizon A.
Selective delivery of doxorubicin to patients with breast carcinoma métastasés by
stealth liposomes. Cancer. 1999; 86(l):72-8
Taetle R, Aickin M, Yang JM, Panda L, Emerson J, Roe D, Adair L, Thompson F,
Liu Y, Wisner L, Davis JR, Trent J, Alberts DS. Chromosome abnormalities in
ovarian adenocarcinoma: I. Nonrandom chromosome abnormalities from 244 cases.
Genes Chromosomes Cancer. 1999; 25(3):290-300
Takimoto CH, Arbuck SG. Camptothecins. In Cancer Chemotherapy and
Biotherapy: Principles and Practice second edition. Edited by Chabner BA, Longo
DL. Lippincott-Raven 1996; p 463- 484
Tang L, Tron VA, Reed JC, Mah KJ, Krajewska M, Li G, Zhou X, Ho VC, Trotter
MJ. Expression of apoptosis regulators in cutaneous malignant melanoma. Clin
Cancer Res. 1998; 4(8): 1865-71
306

Tashiro H, Miyazaki K, Okamura H, Iwai A, Fukumoto M. c-myc over-expression
in human primary ovarian tumours: its relevance to tumour progression. Int J
Cancer. 1992; 50(5):828-33
Tentori L, Orlando L, Lacal PM, Benincasa E, Faraoni I, Bonmassar E, D'Atri S,
Graziani G. Inhibition of 06-alkylguanine DNA-alkyltransferase or poly(ADPribose) polymerase increases susceptibility of leukemic cells to apoptosis induced
by temozolomide. Mol Pharmacol. 1997; 52(2):249-58
Tew K, Calvin CM, Chabner BA. Alkylating Agents. In Cancer Chemotherapy and
Biotherapy: Principles and Practice second edition. Edited by Chabner BA, Longo
DL. Lippincott-Raven 1996; p 297-323
Thames Cancer Registry’s report: Cancer in South East England, 1996. Pub.
Thames Cancer Registry, London UK.
Thames Cancer Registry’s report: Cancer in South East England, 1997. Pub.
Thames Cancer Registry, London UK.
Toft NJ, Sansom OJ, Brookes RA, Arends MJ, Wood M, Margison GP, Winton DJ,
Clarke AR. In vivo administration of 0(6)-benzylguanine does not influence
apoptosis or mutation frequency following DNA damage in the murine intestine, but
does inhibit P450-dependent activation of dacarbazine. Carcinogenesis. 2000;
21(4):593-8
Tron VA, Krajewski S, Klein-Parker H, Li G, Ho VC, Reed JC.
Immunohistochemical analysis of Bcl-2 protein regulation in cutaneous melanoma.
Am J Pathol. 1995; 146(3):643-50
Trope C, Hogberg T, Kaem J, Bertelsen K, Bjorkholm E, Boman K, Himmelmann
A, Horvath G, Jacobsen A, Kuoppola T, Vartianen J, Lund B, Onsrud M, Puistola
U, Salmi T, Scheistroen M, Sandvei R, Simonsen E, Sorbe B, Tholander B,
Westberg R. Long-term results from a phase II study of single agent paclitaxel
(Taxol) in previously platinum treated patients with advanced ovarian cancer: the
Nordic experience. Ann Oncol; 9(12): 1301-7
Tsujimoto Y, Cossman J, Jaffe E, Croce CM. The involvement of the bcl-2 gene in
human follicular lymphoma. Science 1985; 228(4706): 1440-1443
Twelves CJ, Gardner C, Flavin A, Sludden J, Dennis I, de Bono J, Beale P, Vasey P,
Hutchison C, Macham MA, Rodriguez A, Judson I, Bleehen NM. Phase I and
pharmacokinetic study of DACA (XR5000): a novel inhibitor of topoisomerase I
and II. CRC Phase I/II Committee. Br J Cancer. 1999; 80(11): 1786-91

307

Vaage J, Barbera-Guillem E, Abra R, Huang A, Working P. Tissue distribution and
therapeutic effect of intravenous free or encapsulated liposomal doxorubicin on
human prostate carcinoma xenografts. Cancer. 1994; 73(5): 1478-84
Vail DT. Iridocyclectomy: a review. Am J Ophthalmology 1971; 71:161-168
Van Der Esch E.P., Cascinelli N., Preda F., Morabito A, Bufalino R. Stage I
melanoma of the skin: evaluation of prognosis acording to histologic characteristics.
Cancer 1981; 48(7): 1668-73.
van der Pol JP, Blom DJR, Flens MJ, Luyten GPM, de Waard-Siebinga I,
Koomneef L, Scheper RJ and Jager MJ (1997). Multidrug Resistance-Related
Proteins in Primary Choroidal Melanomas and In Vitro Cell Lines. Investigative
Ophthalmology & Vision Science 38(12): 2523-2530
van Moorsel CJ, Veerman G, Bergman AM, Guechev A, Vermorken JB, Postmus
PE, Peters GJ. Combination chemotherapy studies with gemcitabine. Semin Oncol.
1997; 24(2 Suppl 7):S7-17-S7-23
Vanhoefer U, Harstrick A, Wilke H, Schleucher N, Walles H, Schroder J, Seeber S.
Schedule-dependent antagonism of paclitaxel and cisplatin in human gastric and
ovarian carcinoma cell lines in vitro. Eur J Cancer. 1995;31A(l):92-7
Versantvoort CH, Broxterman HJ, Bagrij T, Scheper RJ, Twentyman PR.
Regulation by glutathione of drug transport in multidrug-resistant human lung
tumour cell lines overexpressing multidrug resistance-associated protein. Br J
Cancer. 1995; 72(l):82-9
Vogel CL, Nabholtz JM. Monotherapy of metastatic breast cancer: a review of
newer agents. Oncologist. 1999;4(l):17-33
Von Hoff DD, Kronmal R, Salmon SE, Turner J, Green JB, Bonorris JS, Moorhead
EL, Hynes HE, Pugh RE, Belt RJ, Alberts DS. A Southwest Oncology Group Study
on the Use of a Human Tumor Cloning Assay for Predicting Response in Patients
with Ovarian Cancer. Cancer 1991; 67: 20-27
Von Hoff DD, Sandbach JF, Clark GM, Turner JN, Forseth BF, Piccart MJ,
Colombo N, Muggia FM, Selection of cancer chemotherapy for a patient by an in
vitro assay versus a clinician. J Natl Cancer Inst. 1990b; 82(2): 110-6
Von Hoff DD. He’s not going to talk about in vitro predictive assays again, is he? J
Natl Cancer Inst. 1990a; 82(2):96-101
Walker GJ, Nancarrow DJ, Walters MK, Palmer JM, Weber JL, Hayward NK.
Linkage analysis in familial melanoma kindreds to markers on chromosome 6p. Int
J Cancer. 1994; 59(6):771-5
308

Walker TL, White JD, Esdale WJ, Burton MA, DeCruz EE. Tumour cells surviving
in vivo cisplatin chemotherapy display elevated c-myc expression. Br J Cancer.
1996; 73(5):610-4
Wang JC. DNA topoisomerases. Annu Rev Biochem 1996; 65:635-692
Wang TH, Wang HS, Soong YK. Paclitaxel-induced cell death: where the cell cycle
and apoptosis come together. Cancer. 2000; 88(11):2619-28
Wang Y, Eksborg S, Lewensohn R, Lindberg A, Liliemark E. In vitro cellular
accumulation and cytotoxicity of liposomal and conventional formulations of
daunorubicin and doxorubicin in resistant K562 cells. Anticancer Drugs. 1999;
10(10):921-8
Watson PH, Safneck JR, Le K, Dubik D, Shiu RP. Relationship of c-myc
amplification to progression of breast cancer from in situ to invasive tumor and
lymph node metastasis. J Natl Cancer Inst. 1993; 85(11):902-7
Wedge SR, Porteus JK, May BL, Newlands ES. Potentiation of temozolomide and
BCNU cytotoxicity by 0(6)-benzylguanine: a comparative study in vitro. Br J
Cancer. 1996; 73(4):482-90
Weisenthal LM, Kern DH. Prediction of drug resistance in cancer chemotherapy:
the Kem and DiSC assays. Oncology (Huntingt). 1991; 5(9):93-103
Weisenthal LM, Marsden JA, Dill PL, Macaluso CK. A novel dye exclusion method
for testing in vitro chemosensitivity of human tumors. Cancer Res. 1983 ;
43(2):749-57
Whelan RD, Waring CJ, Wolf CR, Hayes JD, Hosking LK, Hill BT. Over
expression of P-glycoprotein and glutathione S-transferase pi in MCF-7 cells
selected for vincristine resistance in vitro. Int J Cancer. 1992; 52(2): 241-6
Whiteman DC, Parsons PG, Green AC. p53 expression and risk factors for
cutaneous melanoma: a case-control study. Int J Cancer. 1998; 77(6):843-8
Witt PL, Linder DJ, D’Cunha J, Borden EC. Pharmacology of Interferons: Induced
Proteins, Cell Activation, and Antitumour Activity. In Cancer Chemotherapy and
Biotherapy: Principles and Practice second edition. Edited by Chabner BA, Longo
DL. Lippincott-Raven 1996; p585-607
Woll E, Bedikian A and Legha SS (1999). Uveal melanoma: natural history and
treatment options for metastatic disease. Melanoma Research 9: 575-581

309

Xu JM, Song ST, Tang ZM, Jiang ZF, Liu XQ, Zhou L, Zhang J, Liu XW,
Predictive chemotherapy of advanced breast cancer directed by MTT assay in vitro.
Breast Cancer Res Treat. 1999; 53(1): 77-85
Yamaue H, Tanimura H, Nakamori M, Noguchi K, Iwahashi M, Tani M, Hotta T,
Murakami K, Ishimoto K. Clinical evaluation of chemosensitivity testing for
patients with colorectal cancer using MTT assay. Dis Colon Rectum. 1996; 39(4):
416-22
Yamaue H, Tanimura H, Noguchi K, Hotta T, Tani M, Tsunoda T, Iwahashi M,
Tamai M, Iwakura S. Chemosensitivity testing of fresh human gastric cancer with
highly purified tumour cells using the MTT assay. Br J Cancer. 1992; 66(5): 794-9
Young DW, Lever RS, English JS, MacKie RM. The use of BELD combination
chemotherapy (bleomycin, vindesine, CCNU, and DTIC) in advanced malignant
melanoma. Cancer. 1985;55(9): 1879-81
Yusa K, Naito M, Tsuruo T. Transport of P-glycoprotein-modifying Agents by Pglycoprotein. In Multidrug Resistance in Cancer Cells. Edited by Gupta S, Tsuruo
T. Pub John Wiley & Son 1996; p331-343
Zaman GJ, Lankelma J, van Tellingen O, Beijnen J, Dekker H, Paulusma C, Oude
Elferink RP, Baas F, Borst P. Role of glutathione in the export of compounds from
cells by the multidrug-resistance-associated protein. Proc Natl Acad Sci US A.
1995; 92(17):7690-4
Zaman GJR, Borst P. MRP, Mode of Action and Role in MDR. in Multidrug
Resistance in Cancer Cells. Edited by Gupta S, Tsuruo T. Pub John Wiley & Son
1996; p95-107
Zambie DB, Lippard SJ. Cisplatin and DNA repair in cancer chemotherapy. Trends
Biochem Sci. 1995; 20(10):435-9
Zangemeister-Wittke U, Schenker T, Luedke GH, Stahel RA. Synergistic
cytotoxicity of bcl-2 antisense oligodeoxynucleotides and etoposide, doxorubicin
and cisplatin on small-cell lung cancer cell lines. Br J Cancer. 1998; 78(8): 1035-42
Zhang H, Wang JC, Liu LF. Involvement of DNA topoisomerase I in transcription
of human ribosomal RNA genes. Proc Natl Acad Sci U S A. 1988; 85(4): 1060-4

310

Appendix 1 - Uveal Melanomas
Table 10.1. Details of patients enucleated and assessed by ATP-TCA between July 1997
and December 1999.
TCA
number
97M015
97M016
97M017
97M018
97M019
97M020
97M021
97M022
97M023
97M024
97M026
97M027
97M028
97M029
97M030
97M031
97M032
97M033
97M034
97M035
97M036
97M037
97M038
97M039
97M040
97M041
97M042
97M043
97M044
97M045
97M046
97M047
98M005
98M009
98M010
98M011
98M013
98M014

Age at
enucleation
(years)
89
73
25
59
51
80
46
35
66
43
80
78
62
66
72
76
62
49
34
28
60
54
62
72
51
73
75
62
64
85
45
60
70
78
71
55
66
58

sex

Eye (left /
right)

Female
Male
Female
Male
Male
Female
Male
Female
Male
Female
Male
Male
Male
Female
Female
Male
Female
Male
Male
Male
Female
Male
Male
Male
Male
Male
Male
Male
Female
Female
Male
Female
Male
Female
Female
Male
Male
Male

Right
Right
Left
Right
Left
Left
Left
Left
Left
Right
Left
Right
Left
Right
Right
Left
Right
Right
Left
Right
Right
Right
Right
Right
Left
Right
Left
Left
Left
Left
Left
Left
Right
Right
Right
Left
Left
Right
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Largest
Tumour
Diameter
23
13
12
16
22
10
9
10
11
14
14
12
14
11
12
14
14
16
12
12
14
7
13
14
15
21
8
14
9
13
12
12
16
14
13
13
14
10

Cell type
spindle /
epi“ /mixed
Mixed
Mixed
Spindle
Mixed
Mixed
Epi
Mixed
Mixed
Epi
Spindle
Spindle
Spindle
Epi
Spindle
Epi
Mixed
Mixed
Mixed
Spindle
Epi
Spindle
Mixed
Mixed
Spindle
Mixed
Mixed
Epi
Spindle
Mixed
Mixed
Epi
Epi
Epi
Epi
Mixed
Mixed
Mixed
Epi

Mitoses
(mm^)
8
0.6
1.1
0.83
0.2
5
1.3
0.33
5.6
0.1
0.3
0.3
0.4
0.3
0.1
0.7
1.2
12
0.9
0.8
0.6
0.43
1.4
0.27
0.5
1
0.5
2.5
2.6
0.2
0.4
0.2
4
1.4
0
0.13
0.5
0.34

Table 10.1 continued. Details of patients enucleated and assessed by ATP-TCA
between July 1997 and December 1999.
TCA
number

Age at
sex
enucleation
(years)
98M016
87
Male
62
98M017
Male
98M019
Male
51
98M020
85
Female
98M022
52
Female
98M024
59
Male
98M025
35
Female
98M026
50
Female
98M027
Male
29
98M030
55
Male
98M032
26
Female
98M036
54
Male
52
Male
98M039
98M043
Male
50
98M044
39
Male
98M046
50
Female
98M047
81
Female
Male
98M048
63
98M050
62
Male
98M051
Female
58
74
98M052
Female
98M053
65
Female
98M054
62
Female
98M055
Female
75
98M056
47
Male
98M057
63
Male
98M059
67
Male
98M063
61
Female
99M006
Female
70
72
Male
99M009
99M010
Male
69
99M011
Female
68
99M013
73
Male
72
Male
99M017
99M020
57
Female
99M022
Female
51
99M023
54
Male
99M025
Female
76
72
99M035
Female
Epi = epit lelioid cell type

Eye (left /
right)
Left
Left
Left
Right
Right
Left
Left
Right
Right
Left
Right
Right
Left
Right
Left
Left
Right
Left
Right
Right
Left
Right
Left
Left
Right
Right
Right
Right
Right
Left
Right
Right
Right
Right
Right
Left
Right
Left
Right
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Largest
Tumour
Diameter
N/A
14
19
16
12
12
11
11
12
16
16
13
12
12
15
12
11
6
15
18
17
13
12
20
14
13
14
14
12
16
20
15
13
21
8
11
9
28
8

Cell type
spindle /
epi** /mixed
Spindle
Mixed
Spindle
Epi
Mixed
Spindle
Spindle
Spindle
Spindle
Epi
Spindle
Mixed
Epi
Mixed
Mixed
Spindle
Mixed
Mixed
Spindle
Epi
Mixed
Epi
Spindle
Mixed
Epi
Mixed
Epi
Mixed
Spindle
Mixed
Mixed
Spindle
Mixed
Mixed
Mixed
Spindle
Epi
Mixed
Spindle

Mitoses
(mm^)
0.4
3
5.6
0
0.3
1
1.6
0.8
0.2
0.2
2.1
0.3
1.7
0.25
0.75
9
2.3
6
2
3.3
1
1
2.3
20
0.8
1.0
7.7
0.46
0.4
0.6
0.3
7
0.3
0.25
2
0.26
0
0
0.5

Table 10.2. Summary data from uveal melanoma analysed for c-myc oncoprotein levels
Sex
TCA
% c-myc
Cell
number positivity type** ( M/ F)
M
97M015 98
Female
M
Male
97M016 96
97M017 97
S
Female
M
97M019 64
Male
97M020 12
E
Female
97M021 56
M
Male
E
97M023 47
Male
97M024 88
S
Female
Male
97M027 98
S
E
98M009 96
Female
98M014 100
E
Male
M
98M017 100
Male
98M019 88
S
Male
98M020 100
E
Female
98M022 25
M
Female
98M024 99
S
Male
98M026 89
s
Female
98M027 99
s
Male
98M032 96
Female
s
M
98M036 100
Male
98M039 92
E
Male
M
98M043 98
Male
98M046 100
S
Female
M
98M047 89
Female
98M048 92
M
Male
98M050 100
S
Male
E
98M051 80
Female
98M053 83
E
Female
98M055 95
M
Female
E
Male
98M059 63
98M063 90
M
Female
99M006 24
S
Female
M
99M009 92
Male
M
99M010 97
Male
99M011 99
S
Female
M
99M013 91
Male
99M017 95
M
Male
99M020 89
M
Female
99M022 82
S
Female
E
99M023 84
Male
LTD = Largest Tumour Diameter

Age at
enucleation
89
73
24
51
79
46
65
42
78
77
57
62
50
74
51
58
49
29
27
54
52
50
49
81
62
61
58
65
75
67
62
70
71
69
68
72
71
56
50
53

Eye (left
/ right)
Right
Right
Left
Left
Left
Left
Left
Right
Right
Right
Right
Left
Left
Right
Right
Left
Right
Right
Right
Right
Left
Right
Left
Right
Left
Right
Right
Right
Left
Right
Right
Right
Left
Right
Right
Right
Right
Right
Left
Right

= epithelioid cell type, M = mixed cell type, S = spindle cell type
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LTD“*
(mm)
23
13
12
22
10
9
11
14
12
14
10
14
19
16
12
12
11
12
16
13
12
12
12
11
6
15
18
13
20
14
14
12
16
20
15
13
21
8
11
9

Mitoses
(mm^)
8
0.6
1.1
0.2
5
1.3
5.6
0.1
0.3
1.4
0.34
3
5.6
0
0.3
1
0.8
0.2
2.1
0.3
1.7
0.25
9
2.3
6
2
3.3
1
20
7.7
0.46
0.4
0.6
0.3
7
0.3
0.25
2
0.26
0

Appendix 2 - Cutaneous Melanoma
Table 10.3. Patient details for skin melanoma ATP-TCAs: LN = lymph node,
SC = subcutaneous metastasis
TCA number
98C001
98C002
98C005
98C006
98C007
98C008
98C009
98C010
98C011
98C012
98C013
98C014
98C015
98C016
98C017
98C018
98C019
98C020
98C021
98C023
98C024
98C025
98C026
98C027
98C028
99C001
99C002
99C003
99C004
99C005
99C006
99C007
99C008
99C009
99C010
99C012
99C013
99C014
99C015

Age at biopsy
55
74
Unknown
62
49
38
59
55
52
41
35
43
66
74
57
53
63
53
Unknown
35
78
57
68
48
63
53
78
54
87
30
34
30
32
25
46
52
82
58
50

Sex
Male
Unknown
Female
Male
Male
Male
Female
Male
Female
Male
Female
Female
Male
Female
Male
Female
Female
Male
Male
Male
Female
Male
Male
Female
Male
Male
Female
Male
Male
Male
Male
Male
Male
Female
Female
Female
Male
Male
Male
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Biopsy type
LN
LN
LN
SC
LN
LN
LN
Skin
LN
SC
SC
SC
SC
LN
LN
SC
Scalp
LN
SC
SC
LN
LN
Skin
Orbit
Unknown
LN
LN
LN
SC
LN
SC
LN
LN
SC
LN
Primary nodule
LN
Unknown
LN

Table 10.3 continued. Patient details for skin melanoma ATP-TCAs: LN = lymph node,
SC = subcutaneous metastasis
TCA number
99C016
99C017
99C018
99C019
99C020
99C021
99C022
99C023
99C024
99C025
99C026
99C027
99C028
99C030
99C031
99C032
99C034
99C035
99C036

Age at biopsy
38
49
45
33
54
60
46
63
47
64
87
48
52
69
54
68
63
32
55

Sex
Male
Male
Male
Male
Female
Female
Female
Male
Female
Female
Male
Male
Female
Female
Female
Male
Male
Male
Female
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Biopsy type
Foot
SC
LN
SC
LN
2xSC
LN
Unknown
LN
SC
Lower limb
Pleural effusion
LN
LN
Unknown
SC
SC and LN
LN
LN

Table 10.4. Summary data from cutaneous melanoma analysed for c-myc oncoprotein
levels SC = subcutaneous metastasis, LN = lymph node
TCA
number
98C002
98C005
98C006
98C007
98C009
98C011
98C013
98C016
98C017
98C018
98C023
98C024
98C028
99C002
99C007
99C010
99C012
99C013
99C017
99C018
99C019
99C020
99C021
99C021
99C022
99C025
99C028
99C030
99C031
99C032
99C034
99C034
99C036

% c-myc
positivity
70
99
56
53
93
97
49
87
85
29
75
49
92
95
10
35
80
88
85
62
23
25
37
66
76
77
93
78
28
99
52
52
90

Sex (M /F)

Age at
surgery (Y)
74
Unknown
62
49
59
51
34
74
57
53
36
78
63
78
29
46
51
82
49
45
33
54
60
60
46
64
52
69
54
68
62
62
55

Unknown
F
M
M
F
F
F
F
M
F
M
F
M
F
M
F
F
M
M
M
M
F
F
F
F
F
F
F
F
M
M
M
F
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Biopsy site
LN
LN
SC
LN
LN
LN
SC
LN
LN
SC
SC
LN
Unknown
LN
LN
LN
Primary nodule
LN
SC
LN
SC
LN
SC
SC
LN
SC
LN
LN
Unknown
SC
SC
LN
LN

Appendix 3 - Ovarian adenocarcinoma

Table 10.5. Details of ovarian adenocarcinoma patients
TCA number
97T001
97T003
98T001
98X002
98X003
98X004
98X005
98X006
98X007
98X010
98X012
98X013
98X014
98X015
98X016
98X017
98X018
98X019
98X020
98X021
98X022
99X002
99X003
99X004
99X005
99X006
99X007
99X008
99X009
99X010
99X011
99X012
99X013
99X015
99X017
99X018
99X020
99X021
99X022
99X023
99X025
99X026

Age when assayed
69
52
63
69
50
58
63
57
45
66
69
69
46
49
49
70
60
58
45
48
52
54
73
53
52
58
56
71
49
46
74
70
62
56
62
58
63
67
72
66
56
70
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Specimen type (solid / ascites)
Ascites
Ascites
Solid
Ascites + solid
Pleural fluid
Ascites
Solid
Solid
Solid
Solid
Solid
Ascites
Ascites
Ascites + solid
Solid
Solid
Ascites
Solid
Solid
Ascites
Ascites
Ascites
Pleural fluid
Solid
Solid
Ascites
Ascites
Ascites
Ascites
Ascites
Solid
Solid
Ascites
Solid
Ascites + solid
Solid
Solid
Solid
Solid
Solid
Solid
Ascites

Table 10.5 continued. Details of ovarian adenocarcinoma patients
TCA number
Age when assayed
74
99X027
43
99X028
47
99X001
99X002
50
99X003
53
99X004
50
67
99X005
60
99X006
99X007
33
99X008
33
53
99X009
N/A
99X013
99X014
N/A
99X015
49
57
99X016
65
99X018
49
99X019
62
99X021
47
99X023
99X024
64
50
99X027
50
99X028
54
99X029
99X031
78
99X032
50
99X034
66
99X037
69
N/A - date of birth not available
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Specimen type (solid / ascites)
Ascites
Solid
Ascites
Pleural fluid
Ascites
Solid
Ascites
Ascites
Ascites
Ascites
Ascites
Solid
Solid
Ascites
Ascites
Ascites
Ascites
Solid
Ascites
Ascites
Ascites
Ascites
Solid
Solid
Ascites
Ascites
Ascites
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C o m b in a tio n c h e m o th e r a p y fo r c h o ro id a l m e la n o m a :
e x v iv o s e n s i t i v i t y to t r e o s u l f a n w ith g e m c i t a b i n e o r
C y to sin e a ra b in o sid e
MH N e a le ’, N M yatt', lA C ree’, CM K urbacher^ AJE F o s s \ JL Hungerford" and PN Plowman^
Department oi Pathology. InstituteotOphthalmology, University College London, Bath Street. London EClV 9EL, UK; 'Labor tut Chemosensilivitatestungen.
Universitats • Liauenklinik, Universityol Cologne Medical Centre, Kerpener Strasse 34, Cologne 50931, Germany: ’Department ofOphthalmology, Queens
Medical Centie Nottingham NG7 2UH; ‘Moortields Eye Hospital, City Road, London ECtV 2PD: and -Department ol Radiotherapy and Oncology,
St Bartholomew s Hospital, West Smithfield, London ECtA 7BE, UK

Su m m a ry Treatment of choroidal m elanom a by chem otherapy is usually u n su ccessfu l, with resp o n se rates of le ss than 1% reported for
dacarbazine (DTIC)-containing regim ens which sh ow 20% or more resp o n se rates in skin m elanom a. Recently, w e reported the activity of
several cytotoxic a g e n ts against primary choroidal m elanom a in an A T P-based tumour chem osensitivity a s s a y (ATP-TCA), In Ihis study, w e
have u sed the s a m e m ethod to exam ine the sensitivity of choroidal m elanom a to com binations s u g g e ste d by our earlier study. Tumour
material from 36 e n u clea ted e y e s w a s tested against a battery of single a g e n ts and com binations which sh o w ed so m e activity in the previous
study. The com bination of treosulfan with gem citabine or cytosine arabinoside sh ow ed consisten t activity in 70% and 86% of c a s e s ,
respectively. Paclitaxel w a s a lso active, particularly in com bination with treosulfan (47%) or mitoxantrone (33%). Addition of paclitaxel to the
com bination of treosulfan 4 cytosine an alogu e add ed little in creased sensitivity. For treosulfan + cytosine arabinoside, further se q u e n c e and
timing experim ents s h o w ed that sim ultaneous administration g a v e the greatest suppression, with minor lo ss of inhibition if the cytosine
an alogu e w a s given 24 h after the treosulfan. Administration of cytosine an alogu e 24 h before treosulfan produced considerably le s s inhibition
at any concentration. While w e have s o far b een unable to study m etastatic tumour from choroidal m elanom a patients, the combination of
treosulfan v/itli qem citabine or cytosine arabinoside sh o w s activity ex vivo against primary tumour tissu e Clinical trials are in progress.
K eyw ord s: chem osensitivity: m elanom a, eye: choroid: ATP: DNA repair, apoptosis; anti-neoplastic agents: combination

( horoRkil iiii‘i.mom.1 is ,i chomoicMsumi uimoiir which is lalal in
ahoui .5(10 cases ,ii III \c.iis and has a median survival ol 5 to 7
monlhs lollouiiie ihc dc\clopmcni ol mclasiascs (Ravio. 1977;
AI he 1 1 cl ,il. 1997, Hcdikian ei al, 1995). Although a high-risk
gioup can he liclmctl In siaec uiimoiii si/e) and miciovascuiaiily
(Foss el al, 1990). no ad|u\ani therapy is available lor routine use.
PiiiiiaiA thci,ip\ IS liiiiited to enucleation or local irradiation
IAlhcil Cl al. 1992).
Trc.itmcnt <il metastatic choioulal melanoma with chemothcr.ip\ using Ice Imens applied lo skin melanoma has heen largely
unsucci's-lui ,ind h.is hcen h.ised on the piemise that hccausc the
two tnmoni' an' ilerucd liom the same cell type, thev may
respond smiiiaih. despite the many genetic and phenotypic differ
ences hetwcen them (.Albert et al, 1996; (liana et al, I99S), While
occasion.tl responses ha\e hcen reported, thete ate lew tritil-hascd
data Irom which lesponse lates can he obtained (Albert et al,
1992). One huge series lejHitted a response rate less than 19r for
s\siemn thci,ip\, .ilthough chemoemholi/ation ol the li\ci using
cisplatin-hasnd regimens w.is more effectue, ptoducmg responses
111 shVi of patients (('.intote et al. 1994; Bedikian et al. 1995). The
results 1 )1 ihc’c siudies siiegest that at least some of these tumouis
R ec eive d 2 0 Méiy 1998
R ev ised 8 Sei.iieinbei 1998
A cc ep ted 7 O ctooei 1998
C o n esp o n o ciK c re lA C ieo

are partially sensitive to plattnum based thenipy. although in
systemic combination with othct drugs, cisplatin shows little
ef fect (Proebstic ct al, 1996),
In a lecent study ol the chemosensitivity of uveal melanoma ex
vivo (Myatt et al, 1997). we used an ATP based lummesccnce
assay ( Hunter el al. 199.7; Andreotti et al, 1995; (lee el al, 1996;
Kurbacher et al. I99X) to determine the sensituitv ol primary
uveal melanoma to a variety of chemotherapeutic agents. We
observed variable sensitivitv to treosullaii, cytosine aiabmoside.
patliiaxel and doxorubicin and showed enhancement ol the
response to treosulfan by cytosine arabinoside (Myatt ci al. 1997),
Kecentlv. a new dcitvative ol cvtosjne atabmoside, gemcitabine,
has been shown to have greatei effects on solid tumouis iPlunkett
et al. 1995). Previous experience with gemcitabine in modukitiiig
Cisplatin activ ity in ovarian cancer both clinically and in vmo was
encouraging (van Moorsel et al. 1997; Kurbacher et al, I99X), As a
corollaty. we therefore decided to explore the use ol the combina
tion of treosulfan -+ gemcitabine ftitthci ex vuo bv cheniosetisitivity testing of primat y uveal melanoma tumours
M ATERIALS AND METHODS
M elanom as

Mtilerial from 57 consecutiv e huge primat y intra-ocular
melanomas (Table I) was obtained under steiile conditions Irom
fresh enucleation specimens removed consecutively at Moorflelds
1487
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Table 1 Orug concentrations used inlireassay and then clini(,allyrelevant
doses For combinations, each drug was added at the TDCs tothe same
wells 1he dose correlation represents the standard dose Irom which
phaimacokmetic data were used toestimate the testdrug concentration and
IS g i v e n t
oi intorm^lion only
Drug name

Cytosine arabinoside
Doxoiubicin
Treosulfan
Vincristine
Vinblastine
Paclitaxel
Gemcitabine
Mitoxantrone

Test Drug Concentration (TDC)
-------------------[IM
IIml
2.4
0.5
3
04
05

6.8
12.5
0.3

9.87

0.86
10.5
048
0.62
7 96
47.5
0.58

Drug dose
Correlation

IV 100 mg m^
IV. 60 mg m
ORAL 1g day '
IV 1.5mg m-^
IV. 6.0 mg m-^
IV. 175 mg m-*
IV. 1250 mg m ‘
IV. 12 mg m ^

l:\o Ilospital (It St Bailholdtncw's Unsptlal over a 9-tnoiilh pci iod.
All o.xccpt two wore previously untreated: the exceptions had
tailed local luthenium plaque or proton beam radiotherapy. Three
patients had had diagnostic choroidal biopsy preceding enucle
ation Enucleated eyes were examined externally for the presence
ol exltasclcral extension (present in four cases) or previous
sutget \. and by transillumination using a fibre-optic light source lo
locate the tumour. The eye was then oriented in a steel eye-cup and
sectioned posteriorly stalling at the cornea to one side of the midline continuing to the same side of the optic disc. The larger calotte
\\ as placed tmmedtately into 4% buffered formaldehyde for
histop.ithology. while the smaller calotte without the optic disk
was examined. The tumouis ranged in size (largest tumour diamctci ) Inim 7-2.1 mm. with a median of 12 mm. Ciliary body
mxolvement w;is present tti lout of .17 tumouis, two ol which
appealed to originate from the ciliarx body, while the remainder
wete lestricted to the choroid. Tumour material was scraped from
the calotte and placed into 10 ml of Dulbecco’s Modified Eagle’s
.Medium (DMEM) to which 100 U ml ' penicillin and KK) mg ml '
stteptomyctii had been added. The primary consideration was
always to obtain a Instopathological diagnosis and in cases of
doubt, the bulk of the tumour was fixed for dittgnosiic use.
Histologically. II tumouis were classified as spindle cell, 17 as
mixed .tnd five as epithelioid tumours. 1 he mitotic index varied
fioin 0 12 mitoses mm '. with a median of 0.6 mitoses mm E A
littihci 10 tumouis (nine chotoidal. one ciliary body; five eptthcliotd. three spindle, two mixed type; mitotic index 0-2.6) were
used 111 subsc(|uent experiments to detetnimc the effect of drug
sequence in combinai ton expcrimenls. Approval for use of
material not requited lot diagnosis was obtained from the
Moorfields Eye Hospital Ethics Climmittee
A TP-based tum our c h e m o se n sitiv ity a s s a y (ATP-TCA)

ATP 1( A was perlormed as previously described (Andieotti et ai,
199,1; Myatt et al, 1997). This assay is based on the Imeat relation
ship between ATP content and biomass (Petty et al, 1991). Cells
wete dissociated from melanoma tissue by incubation overnight at
17'X' with I .1 mg ml ‘ collagenase type H (Sigma Chemical Co
Ltd.. Poole. UK). The collagenase concentration was teduced to
0 71 nm ml ' from tuinoui 16 onwards. Eollowlnu dissociation, the
Bnlish Jo u rn a l o f C a n cer (1 9 9 9 ) 79(9/10), 1 4 6 7 -1 4 9 3

VcIP wcic washed III .111 .miibiDik cum uiiiu:' -eiurn lice euuipletc
.tss,j\ medium I t .A.M DCS lmio\.ii\e Ibagnosnk Svsiemc.
Ilambuig. (ieinianx) b\ ccnti liiic.ition ai I'ID.g loi 11) mm .md
then Mabililx checked b\ irxp.m blue exelusioii Cell \i.ibility
tanged Irom .SO'l to 9.SC (mean S.Sc. ) I icoll h\ paqiic dcnsttv
ceuiiiltigaiion ll.xtnphopicp. Nxeomed I K ltd. Birmingham.
IK ) with two lurthct washes w,is used m two cases to ictnoxc cell
ilebi IS The iclls were adjusted to iDOtlOO \ t.ible cells nil ' m
CAM and IDO pI added to the wells of a 96 well pol\ ptopvlene
miciopl.ite (Costar. High Wvcombe. UK) to wInch doubling ililuliotis ol four drugs m triplicate wells (in lOO-pl \ olunies) had been
added while the cells were being prepared, lest dtug concentra
tions t I'DCs) are based on phaiinacokinetic data ad|u.stcd to
lirovide good discnmmation between tumours ( lable I ) (Andreotti
ei al. 199.1). ('ombmalions used iwd to thtee drugs added simulta
neously unless otherwise specified. .All dt tigs weie Icit in the plate
lor the duration of the cullute period One tow was tesei ved lot six
com toi wells with 100 ul CAM onl\ (.MO) and six wells to which
100 111 ol a maximum tnhtbiioi of cell sut\i\al «Ml DC S
Innovative Diagnostik .S \ sicme) was .ulded
I he plate was incubated lot 0 Vdavs.ii
< with high humidity
til y/< CO, and the cells obsetxcd c\ciy 2- daxs b\ microscopy to
check lot nilection or oxergrowtli .At the end of the mctib.iiion
period. .ATP was extracted from the cells by addilion ol .i dctetgentbased extractant (TCI:R. DCS Ititioxaiixe Diagnostik Sxstemc) and
10 pi fiom each well was added to 1.1 ml poix six icue lubes
(Sarstedt. Numbrechi. (iermatiy) ot white microtitic plates
(Dynalech Eld. Billinghursi. L'K ). lot ,'siimalton ol ,ATP lexels by
luminescence assax The tubes wete loaded into ,i Bctihold 1 B911
lummomcter (EOtVO Bertliold. Wildbad. (Icuiiany) set to ui|cct
SS pi n| lucilerm-luciletase leagent i DCS limoxaiiw Diagiinstik
Sxstcmc) Eight output cxptcssed as iclattve light iititts (Rl.l ) was
used to iletei iiiuie the mean C inhibition of cell gtiiw th/stir\ i\ .il in
triplicate wells ,u each dtiig coiicentration accoiduig to the
lollowing equation I (( lest MI)/(MO .MI)) x 100.
l or subsequent sec|uence expenmcnts. plates wete made up
with the fust drug in lOO-ttI x o l u m c s down (he plate as be Iore and
cells added in lOttI tat her than 100 til to allow latei addition ol
10 III ol the second dtug (final coiuetitratioii = IOC I IK ) at
Xat ymg mtervals (ells were plated .it 20 0(H) per well as betore,
('ultures wete stopped, and (lieu ATP c-onietil and the degtee of
uilubtiion wete mcasuic'd .o usual Six expei imcnis xxere
pciTormed with cvtosmc arabinoside -t iieosulf.m. .md loiii with
gc'tncilabme -t iicosull.m using piiiii.ux uxeal mclaiiom.i celE
Data a n a ly sis

The results ol c;ich .issax wcic .ui.ilxscd iiidix idu.illx m .in I xcel
1.0 spieadsheei (.Munisoli) allowing graphical lepiescniatioii ol
the response tPtguic 1) and collected ui a d.it.ib.ise t.Access 2.0.
Miciosoli) Wells responsible loi high \ at i.ilion tn MO oi test
lesiilts xxete examined and excluded as oui hers or known eiiors
(c g pipetting, c.xccssixe cell clumpmg) l oi compansou ol
icspoiiscs betxveeii paiienis t fable 2). ,i simple logaiitliime index
W .IS derived by stuimitiig the percem.jge mliilutiou at caOi lex el ol
I DC tcstc'd as Index = 700 - Sum| Inhibition ^
j ( I Ituitei ct al.
1991). .All atbtlraix lex el of IOC mhibiiion ( Index < 110). IC uid
IC,^^ were used to assess lelalixe et t /ro sciisittx itx or rcsioaiice
(Table 1). (ombinattoii elfects wete assessed lot mdcpeudeiii .md
combmatioii cfkvls using the method di'scnbc'd bx Poch ct al
(1990)
© C a n c e r C o so c n e /i C a m paign 1999
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Figure 1 Example ATP-TCA resultsforftiecombination oftreosulfan with (A)cytosine arabinoside (case 15) and (B)gemcitabine (case 30) with combination
effectgraphs (Poch etal, 1990) for(C) treosulfan + cytosine arabinoside and (D) treosulfan -*gemcitabine. Inboth sets of results, there issome sensitivityto
both cytosine analogues atallconcentrations tested,but thisnever reaches 100% inhibition. Treosulfan sensitivityispoor at most concentrations, but there is
greaterthan 90% inhibitionathigh concentrations. However, inboth cases, the combination ismuch more effective. TDC = testdrug concentration

RESU LTS

Evaluable results were obtained from 31 of the 37 melanomas
tested, giving an evaluability rate of 84%. Six tumours were nonevaluable; three had low MO values indicating death of most cells
(without drug present) and three yielded too few cells after disso
ciation for assay (in one of these, the tumour was necrotic). No
infections were encountered before or during culture.
The single agent results (TCA Index) are detailed in Table 3A.
and the combination results in Table 3B to show the degree of
heterogeneity in responsiveness to individual drugs/combinations
between tumours. While most responded to treosulfan + cytosine
analogue, these cases showed consideiable variability in their
response to other drugs. Table 2 gives a summary of the sensitivi
ties using an a r b it^ ' index of 350 as the cut-off below which the
agent/combination was said to be sensitive, together with the
number of cases in which the IC,^ and IC,^ fell within the range of
concentrations tested. In this study, the treosulfan sensitivity was
lower than previously obserxed (Myatt et al, 1997), although there
was a dose response in most cases evidenced by the IC,^, and IC^^,
values. Figure lA shows a typical result frotn one tumour lot the
© C a n ce r R e s e a r c h C a m p a ig n 1999

single agents and cotnbination of treosulfan with cytosine arabinoside (Aia-C). This indicates modulation of the alkylating agent
response by Ara-C. as ohserxed previously (Myatt el al. 1997).
Similai results were obtained with gemcitabine (Figure IB),
although gemcitabine alone exhibited a slightly more pronounced
dose- 1 espouse curve and showed less activity at low concentra
tions. Ilie combination-response curies (Poch ei al. 199(1. 1995)
suggext a greater effect of combining the two drugs than then inde
pendent actions would predict at most concentrations, particularly
in the mid-range (Figure IC and ID).
While most tumours showed a response to treosulfan which
could be modulated by cytosine analogues, there was consider
able variation between individuals in the response to other single
agents ( Fable 3), There was no relationship between sensitivity
index loi any of the drugs listed and mitotic rate, tumour size or
cell type. Many tumours showed a response to cytosine arabi
noside (43%) or gemcitabine (30V< ) as single agent. Howexer.
these drugs never induce 1(K)% cell kill when present alone.
Sensiiiviiy to anthracyclines was observed m 7% of cases tested
with doxorubicin and 11% tested with mitoxantrone. There was
some indication ol a lack of cross-resistance between these two
British Jo u rn a l o t C a n ce r (1999) 79(9/10), 1 4 8 7 -1 4 9 3
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Table 2 Summary ol resultsusing an atbiiiaiythreshold torsensitivityof Index - 350, and the number ofcases m which the IC^
and IC^ fellwithin |[ierange ofconcentrations tested (3.13-200% TDC). Treosulfan isthe most active alkylaimg agent tested and
ihe combinations with cytosine arabinoside or gemcitabine are effective in most tumours tested. The median and range (in
brackets) for each parameter interms ofTDC% are shown below, where these fallwithin the concentration range tested na = not
acjiieved
Drug

Sensitivity index

Cytosine arabinoside"

12/28 (43%)
387 (63-875)
Doxorubicin
2/27 (7%)
494 (307-1309)
Treosulfan
2/31 (6%)
491 (191-1003)
0/14 (0%)
Vincristine/vinblastine
682 (482-1011)
Paclitaxel
4/29 (14%)
525(189-816)
Gemcitabine
6/20 (30%)
480 (237-918)
Mitoxantrone
1/9(11%)
384(258-514)
Mitoxantrone -tPaclitaxel
3.'9(33%)
373 (258^85)
Doxorubicin 4 Paclitaxel
8/26 (31%)
400 (233-657)
Treosulfan 4 Ara C
25/29 (86%)
214 (28-611)
Treosulfan 4 Gemcitabine
16/23 (70%)
306 (61-698)
Treosulfan 4 Doxorubicin
1/8(13%)
433(178-625)
8/17 (47%)
Treosulfan + Paclitaxel
353 (131-567)
Treosulfan 4 Paclitaxel + Ara C
11/12 (92%)
148(36-351)
Treosulfan 4 Paclitaxel + Gemcitabine 9/11 (82%)
286(189-456)

IC.

IC.

19/29 (66%)
5 (4-60)
10/23 (43%)
92 (9-159)
18/31 (58%)
105 (3-163)
0/14 (0%)
na
13/33 (39%)
109 (3-186)
8/20 (40%)
85 (4-143)
5/9 (56%)
112(98-157)
9/9(100%)
134 (101-170)
20/26 (77%)
125 (3-180)
27/29 (93%)
3(3-175)
22/23 (96%)
104 (3-161)
7/8 (88%)
107 (3-158)
16/17(94%)
126 (3-175)

1/29(3%)
na

11/11(100%)
3(3-134)
11/11(100%)
105 (3-194)

0/2?10%)
na

6/31 (19%)
21 (14-53)
0/14 (0%)
na
1/33 (3%)
199

0/20(0%)

na
0/9 (0%)
na
3/9 (33%)
32 (22-40)
9/26 (34%)
30 (22-39)
20/29 (69%)
41 (6-121)
18/23 (78%)
28 (6-72)
3/8 (38%)
65 (28-73)
13/17 (76%)
32 (20-88)

11,11(100%)
43 (6-73)
10/11 (91%)
33 (24-43)

•M005<. melanoma cellkillnotachieved

anthracyclines witlt generally greater sensitivity to mitoxantrone.
Fourteen per cent ol cases showed sensitivity to paclitaxel, but
there were no responses lo vinca alkaloids (vinerisiine or vinblas
tine). The combination ol paclitaxel with doxoiuhicm showed
activity in .11%. while mitoxantrone + paclitaxel was ellective in
33%.
Treosullan h cytosine arabinoside was the best ol the doubleagent combinations, with
ol patients showing sensitivity. The
combination ol tieosiiHan with gemcitabine showed similar efllcacy in 70% cases. While the highest sensitivity was seen lor the
combination ol (reosulfan + paclitaxel + cytosine arabinoside
(92%), in genet al paclitaxel added little to the sensitivity of the
combination (l-igure 2A). However, in occasional patients with
limited treosullan sensitivity and some paclitaxel sensitivity, pacli
taxel addition does impiove the response (Figure 2B).
Schedule experiments combining treosulfan at dilferent times
with cytosine arabinoside or gemcitabine arc show n in Figure 3.
These experiments were conducted with 50% TDC concentrations
of cytosine arabinoside or gemcitabine and show simultaneous
addition to be most effective. Prior addition of gemcitabine or
cytosine arabinoside before treosulfan abrogated the effect of the
alkylating agent and in this sequence the combinaiion failed to
produce 100% inhibition.
British Jo u rn a l o f C a n c e r (1 9 9 9 ) 79(9/10), 1 4 8 7 -1 4 9 3
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In the UK. rare tumours (i.e. those outside the top 10 for inci
dence) account for 25% of deaths irom cancer (Thames Cancer
Registry. 1995). Choroidal melanoma is tare with an age-standard
ized incidence of 0.4 to 1.2 cases pei I()() (K)0 within Europe (Foss
and Dolin. 1996). Consequently, elmieal trials are difficult and
rarely performed as funding bodies, whether industrial or chan
table, prefer to concentrate rcsmiives on more common turnouts.
Yet these patients need treatment. Chemosensitivity testing has a
poor reputation following a long history of technical problems.
However modem methods offct a way of testing neyv drugs and
regimens in rare tumours which could not be contemplated in the
clinical setting. ATP-based methods have theoretical advantages
of sensitivity and reproducibility over other methods (Petty et al.
1995; Cree and Kurbacher, 1997) I he ,AfP-TCA overcomes most
of the di^'ulties which have beset chemosensitivity testing and
shoyvs considerable promise as a yvay of individualizing
chemotherapy (Cree and Kurbacher. 1997). Correlation of sensi
tivity in the ATP-TCA with clinical response is comparable yvith
bacteriological or oestrogen receptor testing at 75-80% (Andreotti
et al, 1995; Cree et al, 1996; Cree and Kurbacher, 1997). For
choroidal melanoma, our evaluability rate has improved from 7 1%
© C a n ce r R e s e a r c h C am paign 1999
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Table 3 Results ol testing for eacti tumeur expressed as a simple summary index ot inhibitionacross the range ot
concentrations tested for(A) single agents and (B) Paclitaxel and combinations Low values fidicate consideiable inhibition,
while higher values indicate resistance Values greater than 700 indicate growth greaterthan controlwells, which islikelytobe
artefactual and simply reflects resistance, nd = not done

Number

1
3
4
5
7
8
9
11
12
13
14
15
16
17
18
19
20

21
23
24
26

27
28
29
30
31
33
34
35

36
37

Cytosine
arabinoside

685
641
752

820
248
653
274

181
63
196
180
367
423
670
183
379
453
480
396
627
nd
498

nd
320
601
173
331
nd
875
261
311

Doxorubicin

465
429
606
307
449
539
633
320
453
501
337
541
615
464
382
513
638
nd
409
781
nd
654
nd
494
475
529
611
nd
1309
476
483

Treosulfan
Vinblastine*

Vincristine

539

671

510
720
739
380
566

682
604

Paclitaxel

465
220
393
407
410
525

725
nd
482

402

nd
592
nd
759
nd
nd

600
491
507
462
420
364
623
191
449
521

476

189
464

500
478
556
580
581

633

613
nd
767
891
nd
726
1011
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

397

456
1003
389
472
345
446
520
400
522
633

520
573
429

582

329
816
327

Gemcitabine Mitoxantrone

nd
nd
nd
nd
nd
nd
nd
273
237

284
nd
nd
529
605
nd
587
918

nd
589
678

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
no
no

460

nd
nd
nd

501
429
638
515

384
339
442
361

442

328

541
nd
677
640
439

456
330
576
414
324

373
258
nd
485
406
514

569
nd
607
653
530
611
594

•
’Vinhlaslinc used Irom U7M011onwards
(B)
Number

1
3

4
5
7
8

9
11
12
13
14
15
16
17
18

19
20
21
23
24
26
27
28
29
30
31
33
34
35
36
37

Mitoxantrone
+ Paclitaxel

Doxorubicin
+ Pacltaxel

Treosulfan
+ Ara 0

Treosulfan
+ Gemcitabine

Treosulfan
+ Doxorubicin

Treosulfan
+ Paclitaxel

Treosulfan
+ Paclitaxel
+ Ara C

Treosulfan
+ Paclitaxel
+ Gemcitabine

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
384
339

nd
334
357
284
462

nd
250
464
611
206
582
148
73
28
99
90
191
242
513
98
214
312
203
257
303
260
275
125
140
276
113
160
nd
281
251
129

nd
nd
nd
nd
nd
nd
nd
210
61
100
130

nd
nd
nd
nd
nd
nd
nd
178

nd
nd
nd
nd
nd
nd
nd
131

nd
nd
nd

461

375
302

nd
nd
nd
nd
nd
nd
nd
119
36

442

361
373
258
nd
485
337
426

403

347
233
399
401
293
513
483
424
441

283
657
nd
367
nd
nd
640
487
459
400

311
304
nd
565
514
263
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228
387

374
86
315
378
nd
431
698
367
343

237
218
312
273
339
245
389
306
254

625
nd
nd
543
406

nd
406
496
nd
391
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

68

nd
nd

54
173

334
368

242

nd
202

567
nd
291

nd
nd
555
353
392

461
284
336

nd
463
470
222

302
123
257
351
118
180
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

nd

nd
nd
nd

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
402
319
249
198
286
189
336
228
456
311
221
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Figure 2 Examples showing addition ofpaclitaxel tothe combination oftreosulfan + gemcitabine Incase 28 (A) there isno effect,while incase 31 (B) a small
effectisobserved TDC = testdrug concentration
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50
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-Treo (0 h) + Cyt A (0h) - -Treo (0 h) Cyt A (6 h)
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-Treo (0h) + Gem (0 h)
-Treo (0 h) -,Gem (24 h)

50

100 200

-Treo (0 h) -rGem (6 h)
-Gem (0 h) -,Treo (24 h)

Figure 3 Sequential studies with (A) cytosine arabinoside and (8) gemcitabine incombination withtreosulfan. When eithercytosine analogue isgiven before
the treosulfan. the combination failstoacheive 100% inhibition Inboth cases, best inhibitionisachieved by concomitant administration ofthe two drugs TDC testdrug concentration

in the first 28 cases tested (Myatt et al, 1997) lo 86% in this series
(the current scries includes four ol the llist series tiimoui s in which
combinations wete tested). The improvement probabl\ reficcts the
gentler dissociation and cell handling used in comparison with our
initial piactice (Myatt et al, 1997).
Our previous (Myatt et al, 1997) and current resulis con linn the
chemoresistance of choioidal melanoma, but also suggest that
there are options for improvement of response lates. The current
study shows lew differences from our previous study. Although
the sensitivity of the melanomas to treosulfan was reduced (Table
2), examinatioti of the individual data shows that most tumours
(Table 3) did exhibit some sensitivity to this agent, which remains
the best of the alkylating agents we have tried in the assay. We
have previously shown that these turnouts are relativelv unrespon. ^ c to temozolomide (Myatt ct al, 1997), a drug closely related to
dacarbazine (DTIC) which forms the mainstay of treatment for
cutaneous melanoma, but has poor results against uveal melanoma
(Bedikian et al, 1995). Results for other agents were similar to
those obtained previously, with confirmation ol some sensitivity of
uveal melanoma to paclitaxel, cytosine arabinoside and anthracy
clines. As before, vinca alkaloids showed little effect
British Journal o f C a n c e r (1 9 9 9 ) 7 9 (9/10), 1 4 8 7 -1 4 9 3
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Tliere is heterogeneity of chemosensitivity (Table 2). as we have
previously observed in many tumour types (Hunter ct al. 199.3:
Andreotti et al. 1995). but on the basis of these results many previ
ously untreated uveal melanomas are likely to respond to the
combination ol treosullan with cytosine analogues. Howevei. it
should be noted that we have tested primary tumour material, not
métastases, and it is possible that these may show dilleienccs in
chemosensitivity. l or clinical use, we have chosen to pursue the
combination of gemcitabine + treosulfan, as the pharmacokinetics
and activity of gemcitabine in solid tumours are superior to cyto
sine arabinoside. Preliminaiy clinical use of this combination in 18
heavily pre-treated patients with recurrent ovarian or breast carci
noma based on sensiti\ity in ATP-TCA is encouiaging (data not
shown) with a good salety profile and we believe that it may ha\e
wider applicabilit\. A phase 1/11 trial of treosulfan -r gemcitabine
in metastatic uveal melanoma is now in progress, and we have
commenced a phase 11 trial of assay-directed chemotherapy in
melanoma patients with accessible disease, based on this data and
studies of skin melanoma (Neale ct al, unpublished data).
The differences we have observed between gemcitabine and
cytosine arabinoside ate interesting. Although these agents show
© C a n c e r R e s e a r c h C a m paign 1999

C n vm o ih e in ijv un d io m id a l m e la n o m s

i ldsr > lo ss s(,’iis iii\ii\. .mit hoih a ic c yiosino analoi'in s. ilu'io arc
inajoi itillcim L i's m ilu'ii p h aim ac<)los\

(IV iois m ,i|.

)9 9 6 ),

S i'\c i il b io ih o n iu a l c x p la n a lio iis arc possible, bin ih cic is Imie
iloubi ili.ii y cn u jia b iiic is a uscliil dnip in com inn alion w iiii alkvlalin c accn is m paiticiilai ( bcicrs ct al. 199b: iw asaki ci ai. 1997;
Hnu knci HW. personal eo m im in iea tio n ). The e.xplanaiion lor the
appaieni nioilul.m on ol ireosiillan s c n siiiv ii\ o b se r\e tl with both
lim e s nia> bi due to inhibition of D N A repair ol .ilk \latine aeen iindneed i toss hnks. to direct incoiportilion ol the analogues into
D N A . to I h.inees ni dN T P p o o ls (P eters et al. 199b; Iwasaki et ai.
1997). Ol to .11 oinbtnaiion ol several o f these inechanisnis Ianther
studies iisine a \s a \s ol D N A repair and nieasutenient ol dN TP
pools ate iei|nired. but our results sh o w clear e \ idencc o f synergy
betw een the alk\ laiing agent and c y to sin e analogue in primary
ii\e a l m elanom a for both drugs g iv e n sim ultaneousK
A nabSIS o| the single agent respon ses confirm s oui pieviou s
data show ing a lack o f activity o f vinca alkaloids in this tumour, but
som e
ol

.ic ii\it\

p achiasel

lor

paclitaxel.

We

lo the com bin ation

had

hoped

o f treosulfan

that

addition

with c \to s in c

tmalogiie^ mighi 1titther im prove resp on ses, but in gcnei.il the data
do not siippoii .iddnion of this agent w hich w ould also add consid
erable loMcitx O ccasional patients respond beitei to paclitaxel +
anthracvclines than treosulfan + cy to sin e analogues
observ ed in three o f the early ca se s studied (Table

H its was

) and it is clear

from our data thai there m ay be a role for paclitaxel and anihracyi lines II patieni.s refractory to treosulfan + cytosin e analogue.
Routine ch em o sen sitiv iiy testing to individuali/.e testing is prob
able not appropriate in these patients, though it is ceiia in ly feasible,
and I uiieiii ph.ise III m a is of the fe c lin o lo g y m ay alter ihis \ ieu
In this sin d \. the ATP-TC A has show n itself able to piedict
com binations suitable for use in rare solid tu m ouis m w hich there
IS no piospect ol doing the num ber o f phase II tri.iK w hich would
be iei|n iied nsuii; ctirreni em pirical m ethods. A s the numbei o f
agents . i \ .niable contin ues to grow , the need lot som e foim o f
p iech iiii al planning o f phase II trials b eco m es m ote .ipparent. Phe
m ethod used here a llo w s large num bers of m echanisiu ,i||\ logical
peim ut.itions lo he tested w ith m aterial from sm all numbers o f
[i.iiicnis with potential benefits in term s ol d e\e lo p m en t tim e and
exp en se
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Heterogeneity of chemosensltivity of metastatic
cutaneous melanoma
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Jagdeep Chana,® Paul C Weaver,^ G hassan G Khoury,^ Christian Sartori® and
Peter E Andreotti®
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A d v a n c e d m e la n o m a h a s a p o o r p r o g n o s is and c h e m o th e r 
ap y p ro v id es little b en efit for m o s t p a tien ts. T his m a y b e
related to h e te r o g e n e ity o f c h e m o s e n s ltiv ity a s w ell a s
fr e q u e n t c o n s titu tiv e r e s is t a n c e to in d iv id u a l c y to to x ic
d r u g s. We h a v e th erefo re e x a m in e d th e h e te r o g e n e ity o f
c h e m o s e n sltiv ity in m e ta sta tic c u ta n e o u s m ela n o m a s p e c i
m e n s u sin g an e x vivo A T P -b a sed c h e m o s e n sltiv ity a s s a y
(ATP-TCA). M elanom a d e p o s it s (n=55) in sk in or lym ph n o d e
w ere te s te d u s in g th e ATP-TCA, p erform ed in th ree s e p a r a te
lab oratories. A n a ly s is of th e data c o lle c te d (b a s e d o n an
arbitrary se n sitiv ity in d ex < 3 0 0 ) s h o w s c o n s id e r a b le h e te r o 

an y o f th e s in g le a g e n ts or c o m b in a tio n s te s te d . T h e d e g r e e
o f h e te r o g e n e ity o b s e r v e d s u g g e s t s th at th e ATP-TCA c o u ld
b e u s e d to s e le c t p a tien ts w h o m igh t b e n e fit from s p e c ific
ch e m o th e r a p e u tic a g e n ts a lo n e or in c o m b in a tio n . T h is
p r o v id e s th e rationale for future r a n d om ized c o n tr o lle d trials
o f A T P -T C A -directed c h e m o th e r a p y v e r s u s p h y s ic ia n ’s
c h o ic e to d ete r m in e w h eth er a s sa y -d ir e c te d c h e m o th e r a p y
c a n im p r o v e p a tie n t r e s p o n s e a n d s u r v iv a l. [ © 1 9 9 9
L ippincott W illiam s & W ilkins.]

Key words: Chemosensltivity, luciferase, melanom a.

g e n e ity of c h e m o s e n sltiv ity . T h e m o s t a c tiv e s in g le c y to to x ic
a g e n ts in th e a s s a y w ere id en tified a s cisp la tin , tr e o su lfa n ,
p a clitax el, v in b la stin e , g e m c ita b in e and m ito x a n tro n e. T here
w a s a ls o a lim ited direct inh ibition o f m e la n o m a c ell g row th
by interferon-3i2b, a lth o u g h th is a g e n t is k n ow n to h a v e a
nu m ber of in d irect b io lo g ica l antitum or e ffe c ts . E x p o s u r e of
tum or c e lls to c o m b in a tio n s o f d r u g s at th e c o n c e n tr a tio n s
te s te d a s s in g le a g e n ts s h o w e d th e m o st a c tiv e c o m b in a 
tio n s to b e tr e o su lfa n + g e m c ita b in e , cisp la tin + p a c lita x e l and
vin b la stin e + p a c lita x e l. T here w a s c o n s id e r a b le h e te r o g e n e 
ity of c h e m o s e n sltiv ity : s o m e tu m o r s r e s p o n d e d w ell to o n e
a g e n t or c o m b in a tio n , w h ile o th e r s s h o w e d n o r e s p o n s e to
th is and in ste a d r e s p o n d e d to o n e o f th e a ltern a tiv es te s te d .
O c c a sio n a l h ig h ly r e sista n t tu m o r s s h o w e d n o r e s p o n s e to
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Introduction
Chemotherapy for advanced melanoma remains dis
appointing. Althougli it is now possible to achieve up
to 50% response rates with combined chemotherapy,
the regimens used are often Iiighly toxic and responses
tend to be short lived ' It is debatable whether
immunotherapy fares any better, although rarely
prolonged clinical remissions occur.^ Adjuvant immu
notherapy with high-dose interferon (IFN>a2b may be
useful in high-risk patients.^
It is clear from a large number of reported clinical
trials that melanoma responds best to alkylating agents
such as OTIC (dacarbazine), but that other drugs (e.g.
vinca alkaloids) may l)e effective in certain patients.*
Tills %gerogeneity of chemosensltivity which appears
to exist between different tumors is currently un
predictable and may be one explanation for the poor
results of chemotherapy; in short, many patients are
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being treated with inelleetive agents and being
exposed to potential systemic toxicirs' without benefit.
Ciiemosensitivity assays liave been develop’ed over
the last 20 years to tty to predict responsiveness of
primary human tumors and to overcome tliis problem
of heterogeneity."^ Unfortunately early assays proved
more useful for cell lines than human tumors and the
approach as a whole failed to meet initial expectations.
The situation has changed recently as the result of
technical developments: newer assays such as the
ATP-based tumor chemosensitivit)' assay (ATP-TCA)^
have high evaluability rates with solid tumors, produ
cing iiiteq^retable results for greater tJian 90% of
tumors tested.” A case-control intervention study in
recurrent ovarian carcinoma has shown dramatic
improvement in response rate and survival attributed
to use of tliis assay.^ The assay has also been applied to
study the chemosensitirit}' o f primary intra-ocular
m ela n om aallow in g definition of a new chemother
apy regimen with potential for use in these patients.' *
A randomized phase III study is now in progress for
platinum-refractory ovarian cancer'^ and it is cleaiiy
time to examine the applicability of this approach to
other tumors in which clinical heterogeneity of
chemotherapeutic responses has been observed.
This study was undertaken to determine the degree
of heterogeneity of chemosensltivity in cutaneous
melanoma. We also wished to identify any tecltnical
problems for the application of the ATP-TCA to this
tumor and to provide data, wliich will permit
interpretation of assay results for subsequent clinical
intervention studies.

M aterials an d m e th o d s
P atients

A total of 54 patients with metastatic cutaneous
melanoma were included in the study, with a median
age of 59 years (range 27-84). There were 32 males
and 22 females in the series. Eight patients had
received DTlC-containing chemotherapy before assay.
Each tumor deposit (completely replaced lymph node
or skin deposit) was tested using a standardized assay
p rotocol in one of tliree laboratories by LAC (London),
KN (Hamburg) or CMK (Cologne). All tumor samples
were removed as part of patient treatment with local
ethics committee approval for use of tissue for
chemosensltivity testing Tumor samples representing
part of the biopsy not required for diagnosis following
local examination of the specimen by a surgeon or
pathologist were sent to the assay laboratory in clearly
labeled specimen bottles containing culture medium

with antibiotics (DMEM; Sigma, Poole. UK) Ihe
samples were taken under aseptic conditions and
assayed within 24 h of surgery

ATP-TCA

Tumor material was trimmed of fat/epidermis and
minced prior to enzymatic tumor cell dissociation
according to the assay protocol.
Cells were
resuspended in complete assay medium (CAM; DCS
Innovative Diagnostik Système, Hamburg, Germany),
assessed for viability by Trypan blue exclusion and
counted. If less than 75% viability or excessive tissue
debris was present, cells were purified using Lymphoprep (Nycomed, Birmingham, UK) and washed in
CAM before resuspiension to 200000 cells/ml. Test
daigs were added to polypropylene 96-well plates
(Costar, High Wycombe, UK) at six dilutions (6.25200%) of the test drug concentrations (TDC) shown in
Table 1. Dilutions were prepared in the plate (100 /tl/
well) from an 800% TDC solution made up freshly
from frozen aliquots of each drug in CAM The TDC
for each drug is determined by reference to known
pharmacokinetic and response data as previously

Table 1. Drugs tested and their 100% TDC a s used in the
ex vivo a ssa y
Drug/combination
Paclitaxel
Cisplatin
BCNU
Paclitaxel/cisplatin
Temozolomide
Dacatbazine
Vincristine
Temozolomide-rBCNU-kCisplatin
Temozolomide+vincristine-kcisplatin
Fotemustine
Ara-C
Treosulfan
Doxombicin
Mitoxantrone
Gemcitabine
Vinblastine
IFN-o2b
Vinblastine-rpaclitaxel
Treosulfan+gemcitabine
Temozolomide-rdsplatin
Doxorubicin-t-paditaxel
Mitoxantrone+paditaxel
Cisplatin-rfotemustine

100% TDC (,rg/ml)
13.6
3.8
8
13.6-1-3.8
20
10
0.4
20+8-T3.8
20-r0.4-r3.8
8
2.4
20
0.5
0.3
12.5
0.5
1000 lU/ml
0.5-T13.6
20-T12.5
20+3.8
0.5+13.6
0.3+13.6
3.8+8

Temozolomide was used as tfie active d ^ it as the activity of DTIC
in vitro depends upon the degree to which cells possess p450, but
subsequent analysis showed that this concentration needs further
adjustment

\}elano7tia chemosensitivity
described. Two rows of the pl;iic w , k rescn'ed for
controls: a no drug ‘MO’ row comaimnu KM) //1/well
CAM and a ‘MI’ row containing 100 /d/we ll maximum
inhibitor o^ cell survival (DOS) .\ \ olumc* of 100 //I

cells was added i.> <.u ii well giving a final plating
density of /o o o d ., IIs/well in 200 //I total volume.
Following me uKaii' n .i the plates at 37°C at 100%
liumidir\ m S"., ( o i, ,i 0 - 7 days, the cells were lysed
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T igure 1. freq u en cy histograms showing heterogeneity of the sensitivity index (y-axis) for each siiigle agent and
combination. (A) Treosulfan {n=27). (b) Gemcitabine (n=18). (c) Paclitaxel (n=50). (d) Cisplatin (n=49). (e) D D C (n=22). (f)
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by addition of 50 /d Tumor Cell Extraction Reagent
(DCS) to each well and the ATP content of each well
measured using the luciferin-luciferase system accord
ing to the manufacturer’s instructions (DCS). Lumines
cence measurements were made in a Dynatech
ML1(K)(), Bert hold LB96P or LB953 luminometer. The
results were entered into a spreadsheet (Excel,
Microsoft) and calculations of the percent inhibition
at each concentration were used directly to graph the
results. A ‘TCA Index’ was calculated by summing the
inliibition at each concentration tested to allow simple
comparison of results between patients (Index=Sum
[Inhibition^, 2 5 2 o o ] ) > in addition to IC90 and IC50
parameters.
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Thresholds for sensitivity and resistance were calcu
lated using percentiles based on previous trials of
melanoma therapy using the agents and combinations
included in the study as previously d escrib ed ^
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The evaluability rate (i.e. the number of tumors with
interpretable results) in London was 23 of 24 (96%) in
Figure 2. Typical TCA results for (a) a tumor sensitive to
a consecutive series of tumors assayed over a period of
cisplatin-rpaclitaxel with sensitivity to both drugs tested, and
1 year The failure was a tumor with extensive
(b) a tumor resistant to cisplatin with som e sensitivity to
necrosis, wliich produced too few cells for assay. No
paclitaxel and similar sensitivity to the combination of
cisplatin-rpaclitaxel.
tumors with sufficient cells for assay were lost.
EA'aluability rates in Germany were comparable. Tlie
amount of tumor submitted for testing varied but was
standard’ for treatment of metastatic melanoma, it Sj-XJ
generally 1 -2 c m \ allowing a median of seven drugs
was considered important to include this agent in
or drug combinations to be tested (range 2-14).
the assay. However, technical problems preclude full f Tlie results show considerable heterogeneity of
analysis of the data obtained with DTIC, as this
chemosensitivity to single agents and drug combina
agent is usually activated in vivo by liver microsomal
tions (Figures 1-4 and Table 2). Some patients
p450 and activation of the drug by endogenous
responded well to one drug or combination, wliile
p450 witliin melanoma cells in the ex vivo assay
others showed no response to this and instead
may
not have the same biological relevance. The
responded to one or more of the alternative regimens
related
drug temozolomide, wliich does not require
tested (Figure 3) Occasional higfily resistant tumors
conversion, was also included in the study. The
(fi\e of 55, 9%) showed no response to any of the
degree of sensitivity was lower than expected on the
single agents or combinations tested.
basis of 20 % response rates to the single agent, with
Tlie most active single agents were identified as
only one of 20 tumors sensitive to temozolomide
cisplatin, treosulfan, paclitaxel, vinca alkaloids and
using the arbitrary threshold of TCA Index < 3 0 0
mitoxantrone. Eiglit tumors were tested with vinorand two of 22 for DTIC.
^
elbine and there was activity (index > 3 0 0 ) in four
Relatively few tumors were tested with multiple
tumors (50%). Tliere was limited sensitivity to
gemcitabine and IFN-<x2 ^A lkylating agents, particu- _ agents of the same class, so that it is difficult to
determine cross-resistance/sensitivity patterns from
larly cisplatin and treosuran, appeared to be the most
active class of drugs against melanomas in the assay. ' g i this data. However, only one of six paclitaxel-sensitive
tumors tested showed sensitivity to vinca alkaloids
Since single-agent DTIC is currently the gold
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jFigure 4.

Heterogeneity data for three individual drugs
^expressed a s TCA Indices for four tumors: a low index
c (< 300) indicates probable sensitivity to the single agent,
r lh e degree of heterogeneity ktetween tumors taken from
(different patients is evident with a low index for all three
.•drugs in one c a se and resistance to all but treosulfan in
another.

12.5
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Test drug concentration {%)
Vinca + paclitaxel
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Paclitaxel

Figure 3. (a) Results for gemdtabine+treosulfan in one
tumor, showing little activity of the gemcitabine, but a mar1<ed
increase in activity of the combination compared with
treosulfan alone, (b) Results for vinblastine+paclitaxel in
one tumor, showing activity of both agents with an increase
in activity of the combination.

■D 4 0 0

Treosulfan+
gemcitabine

Cisplatin+
paclitaxel

Vinca+
paclitaxel

(vincristine or vinblastine). Of those sensitive to
Figure 5. Heterogeneity data for four tumors from different
treosulfan, three of seven were also sensitive to
patients with three combinations: a low index (< 3 0 0 )
cisplatin, consistent with some cross-sensitivity to
indicates probable sensitivity to the combination.
alkylating agents in melanoma. Of six tumors resistant
to temozolomide, four of six were resistant to BCNU
and tliree of six were resistant to cisplatin. None of
sensitivity to combinations o f drugs within individual
these six tumors showed resistance to treosulfan.
tumors: in some the best combination was vinorelbiSimultaneous addition o f drugs with different
ne+paciitaxel (Figure 5), while in others it was one of
mechanisms of action using the same concentrations
the alkylating agent-containing regimens. Thus even
tested as single agents showed the best combinations
for combinations, the ATP-TCA was able to distinguish
to be treosulfan+gemcitabine, cisplatin+paclitaxel and
a best' regimen for each tumor tested.
vinblastine+paclitaxel. Most tumors were sensitive to
the combinations of treosulfan+gemcitabine (16 of 18)
and cisplatin+paclitaxel (38 of 46), with a lesser;
D iscu ssio n
^
proportion sensitive to vinblastine+paclitaxel (six o f Trjl.
nine) or vinorclbine+paclitaxel (five of eight). How-’* Metastatic melanoma shows considerable heterogeneever, these figures hide considerable heterogeneity o f
ity o f chemosensitivity to single cytotoxic agents and
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Table 2. Summary of sensitivity data using an arbitary threshold of sensitivity defined a s a TCA
index < 300 for six concentrations tested
Drug

Treosulfan
Temozolomide
Cisplatin
Taxol
Doxorubicin
Mitoxantrone
Gemcitabine
Vinblastine
BCNU
lFN-a2b
Fotemustine
DTIC
Vincristine
Temozolomide-rvincristine+cisplatin
Cisplatin+taxol
Vinblastine+taxol
Temozolomide+BCNU+cisplatin
T reosulfan+gemcitabine
Temozolomide+cisplatin
Doxorubicin+taxo!
Mitoxantrone+taxol
Cisplatin+fotemustine

No. sensitive
in ATP-TCA

No.
a sse sse d

S en sitivity

11
1

20

27

41
5
37
56
45
30
33
17
13

18
28

49
50

11
10

5

3
6
3

18
18
15
16

2
0
1

2

21
22

1
6 (5/9 VIn 8)

11

38
6

3
16
0
4
5
11

combinations in keeping with clinicaJ studies. Our data
shows that tin ATP-TCA is a robust method of
investigating such heterogeneity with a near 100%
evaluability’ record for specimens from which melano
ma cells were extracieci. Evaluability rates with other
tumors arc similar: over 90% in bo tit breast and ovarian
cancer. Previous studies using a variety of different ex
vivo chemosensitivity assays have also shown hetero
geneity^ of c hemosensititity in melanoma, whether
using cell lines' ' or tumor t i s s u e . I n this study,
w e have used drugs at levels related to their peak
plasma concentration (Cmax), taking into account their
degree of protein binding. Tliis approach has its
problems, sinc e
is not always a good indicator of
clinically attainalile intra-tumor concentrations. Wliile
w e have considerable experience with many of the
agents tested, ^ s o m e are new to the assay and
require refinement of the TIX] to obtain good correla
tion with clinical outcome. However, our results
provide useful comparative data between tumors and
in general those agents tliat show activity clinically also
show activity in the assay.
In the UK, chemotherapy with DTIC alone is
regarded as standard therapy for metastatic raelanoi^
This agent has an overall response rate of 12-25%,^ but
does not significantly increase overall survival in
treated patients. Unfortunately, DTIC causes difficul

4
46
9
7
18

6

5
5
16

(%)

0

5
9
25
55
83
67
43
89

0

80

100
69

ties in chemosensitivity studies since it is a prodrug
requiring microsomal activation by p450. It is possible
to use light to activate the drug,"** but tlie metabolic
pathway is then different and the effects may not be
identical. The recent development of temozolomide, a
DTIC derivative which is rapidly hydolysed to an active
compound, circumvents this problem, but in practice,
w e have observed effects with DTIC alone and
therefore include them in this paper. It is probable
that melanoma cells contain enougli p450 to activate
the drug sufficiently for an effect to be observed
during the assay period (MF Stevens, pers. commun.),
but a full explanation is awaited flie sensitivity data
obtained for DTIC and temozolomide are similar to
those obtained by Von Hoff and co-workers^' and to
clinical experience.
DTIC is a frequent component of chemotherapy
combination regimens used to treat melanoma pa
tients, most of wliich have historically included otlier
alkylating agents (nitrosoureas) or cisplatin with or
without a vinca alkaloid. Nitrosoyireas such as BCNU,
CCNU or fotemustine have acth ity with response rates
varying from 10 to 24%. Single-agent cisplatin or
carboplatin have response rates of 15-16%.* In our
hands, all of these DNA-damaging agents show activity,
although the threshold used to calculate sensitiiity for
the purposes of comparison may not lie appropriate
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A bstract
Choroidal melanoma has a high mortality rate and responds poorly to existing chemotherapy, hut
unexpected ex vivo sensitivity of a subset of these tumours to topoisomerase II inhibitors has been
noted. Since chemoresistance may be mediated by the molecular phenotype of tumours,
immunohistochemistry has been used to study the expression of both isoforms of topoisomerase
II (alpha and beta) in 29 choroidal melanomas for which chemosensitivity assay data for
doxorubicin or mitoxantrone are also available. O f these, eight tumours were topoisomerase II
beta-positive and 11 were topoisomerase II alpha-positive. Recent studies showing genetic
abnormality (often monosomy of chromosome 3) in choroidal melanoma suggest that loss of
immunostaining could be due to genomic loss rather than down-regulation of topoisomerase II
beta in these tumours. There was no convincing excess of anthracycline resistance in the
topoisomerase II beta-negative group. Addition of topoisomerase II alpha, MDRI (11/17
positive), LRP (16/28 positive), and MRP (5/29 positive) data in multivariate analysis did not
reliably predict sensitivity or resistance. Vincristine chemosensitivity showed no relation to
M DRI, LRP or MRP in 18 tumours tested. While it is possible that some tumours which do
express topoisomerase II beta may respond to anthracyclines, the molecular basis of resistance or
sensitivity to anthracyclines or vincristine in uveal melanoma is complex and remains incompletely
understood. Copyright © 2000 John Wiley & Sons, Ltd.
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Introduction
‘Rare’ tumours (those which do not rank in the top ten
cancers) cause about 20% of cancer-related deaths.
Since relatively few patients have each tumour type, it
is very difficult to conduct the large number of clinical
trials needed to improve treatment, yet the potential
gains from chemotherapy are probably similar to those
already achieved for more common tumours such as
breast carcinoma. Choroidal melanoma is a rare
tumour, with an incidence of approximately 6 per
million in northern Europe [1]. Despite its rarity, this
tumour accounts for some 13% o f melanoma deaths in
the U K [2] and has a 50% chance o f mortality at 10
years [3]. Death occurs as the result of haematogenous
metastasis, usually to the liver. Chemotherapy based
on DTIC is of little benefit [4].
In a recent study of the chemosensitivity o f uveal
melanoma ex vivo [5], we used an adenosine tri
phosphate (ATP)-based luminescence assay [6-10] to
determine the activity of a variety of chemotherapeutic
agents on primary uveal melanoma cells. We observed
activity with a number of drugs, of which the best
single agents were treosulfan and cytosine analogues
[5]. There was also sensitivity to the anthracyclines
doxorubicin and mitoxantrone in some tumours [5,10].
C opyright © 2 0 0 0 John W iley & Sons, Ltd.

Chemosensitivity assays often show heterogeneity of
results which correlates well with clinical heterogeneity
[8,11-13]. This is almost certainly due to molecular
differences between tumours, but the complexity of
molecular interactions means that only a few molecular
markers can currently be used to aid interpretation of
chemosensitivity data [13].
Both doxorubicin and mitoxantrone are anthracy
clines whose primary activity is against topoisomerase
II. Both are susceptible to drug resistance mechanisms,
which may be of both classical (i.e. efflux pumpmediated) and atypical (down-regulation of target
enzyme) type [14]. Antibodies suitable for immuno
staining of both isoforms of topoisomerase II (alpha
and beta) and for MDR-associated efflux pumps
(MDRl/PgP, LRP, and MRP) were used in this study
to determine the molecular phenotype of choroidal
melanomas submitted to chemosensitivity testing with
anthracyclines and vinca alkaloids.

Materials and m ethods
Chemosensitivity testing was conducted by ATP-based
luminescence assay, using a number of drugs. Immu
nostaining was performed for five target antigens and

T o p o isom erase and choroidal m elan om a

the results were assessed in d ependently to allow
unbiased co rrelatio n o f the results with chem osensitiv
ity results an d loss o f heterozygosity d ata.
M elanom as

A total o f 29 m elanom as were included in the study.
All were received fresh w ithin 12 h o f en ucleation an d
dissected by a co n su lta n t path o lo g ist. M aterial from
the tu m o u r w hich w as n o t required for diagnosis was
su b m itted to chem osensitivity testing, while residual
m aterial in the an te ro -p o ste rio r (A P) block provided
sections for im m unostain in g . T he p atien ts had a
m edian age o f 62 years (range 31-86 years); 15 were
fem ale and 14 were m ale. T hree tu m o u rs show ed
ciliary body involvem ent, w ith one restricted to this
site; the rem ain d er were ch o ro id al. E xtrascleral exten
sion was present in tw o tu m o u rs, three underw ent
ch o ro id al biopsy p rio r to en ucleation and one (tu m o u r
17, T ab le 2) had had p ro to n beam irrad ia tio n follow ed
by enucleation for recurren t disease. H istologically, 13
tu m o u rs were classified as spindle cell, five epithelioid,
and the rest as m ixed type.
C h em o sen sitivity testing

C hem osensitivity testing w as co n d u cted according to
the p ro to co l published by A n d reo tti et al. [6], with
slight m odifications [5]. Briefly, m elanom a sam ples
were placed in D M E M w ith penicillin/streptom ycin
and dissociated by incu b atio n o vernight a t 37°C with
0.75 o r 1.5 m g/m l collagenase type H in this m edium
(Sigm a C hem ical C o. L td., Poole, U K ). T he cells were
w ashed in an an tib io tic-c o n ta in in g serum -free com plete
assay m edium (C A M , D C S In n o v ativ e D iagnostik
Systèm e, G erm an y ) by cen trifu g atio n a t 400 g fo r
lO m in and their viability w as checked by try p an blue
exclusion. Cell viability ranged from 60 to 95% (m ean
86%). F icoll-hypaque density cen trifu g atio n (L ym phoprep, N ycom ed U K L td., B irm ingham , U K ) w ith tw o
fu rth e r w ashes w as used to rem ove cell debris. T he cells
were adjusted to 200 000 viable cells/ml in C A M and
100 pi was ad d ed to the wells o f a 96-well p o ly p ro p y 
lene m icro p late (C o star, H igh W ycom be, U K ) to which
do u b lin g d ilu tio n s o f fo u r drugs in triplicate wells (in
100 pi volum es) h ad been ad d ed while the cells were
being p repared. T est d ru g co n cen tratio n s (T D C s) are
based on p h arm aco k in etic d a ta ad ju sted to provide
good d iscrim ination betw een tu m o u rs [6]. T he T D C
was 0.5 pg/m l fo r doxo ru b icin , 0.3 pg/m l fo r m itoxan-
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trone, and 0.4 pg/m l fo r v in b lastin e o r vinorelbine. O ne
row was reserved for six c o n tro l wells w ith 100 pi o f
C A M only (M O ) an d six wells to w hich 100 pi o f a
m axim um in h ib ito r o f cell survival (M l, D C S In n o v a 
tive D iag n o stik Systèm e) w as a d d ed .
im m unostaining

A ntigens were visualized using a com m ercially avail
able strep tav id in -b io tin co m p lex -alk alin e ph o sp h atase
m ethod (D ak o L td., H igh W ycom be, U K ). Briefly,
5 pm sections o f the w hole eye (A P block) were cut
and m ounted on 3-am inopropyltriethoxysilane (A PES,
Sigm a)-coated glass slides. Sections were deparaffinized
in xylene, hydrated th ro u g h a series o f alcohols, and
w ashed in Tris-buffered saline, pH 7.6 (TBS). N o n 
specific binding was inhibited by incubation for 25 min
in 2.5% dried skim m ed milk in TBS (D SM /TB S), which
was also used to dilute the prim ary and secondary
antibodies. P rim ary an tib o d y dilutions, incubation co n 
ditions, an d p retreatm en t o f sections were determ ined
by dilution trials (see T able 1 for details). A biotinylated
swine anti-m ultilink (goat, m ouse, rabbit) im m u n o 
globulin (D ak o ) diluted 1 :1 0 0 in D SM /T B S was used
to detect binding o f the prim ary antibody. Follow ing
10 min w ashing in 0.2 mM levam isole (Sigma) in TBS,
V ector R ed (V ector L ab o rato ries, P eterborough, U K )
was used as the su b strate for alkaline phosphatase
detection to prevent confusion w ith brow n m elanin
pigm ent contained w ithin the m elanom a cells. A light
M ay er’s haem alum co u n terstain insufficient to sw am p
any nuclear staining (B D H , Poole, U K ) was applied
and sections were deh y d rated th ro u g h alcohols and
xylene p rior to m o u n tin g in D P X (B D H ). Positive and
negative co n tro ls (m ouse Ig O l an d rab b it im m unoglo
bulin, D ak o ) were included w ith each batch a t equivalent
concentrations to the prim ary antibodies used.
Analysis o f results

Im m u n o stain ed p re p a ra tio n s w ere viewed by light
m icroscopy an d the p ositivity o f the cells w as assessed
using a scoring system . Sections were ran k ed p rio r
to assignm ent o f scores to im prove reproducibility
[15,16]. T o p o iso m erase 11 alp h a o r b eta, L R P , M D R I,
an d M R P were g raded as eith e r positive o r negative,
w ith eith er com plete o r p a tch y positivity in th e case o f
L R P w hich show ed g reater v a riatio n in the p ercentage
o f the tu m o u r stained (0 = negative, 1 = positive, d =
diffuse staining, p = p a tc h y stain in g , nd = n o t done.

Table I. A ntibodies and conditions used for immunostaining
A n tig en

A n tig en retrieval

A n tib od y c o n c en tr a tio n

Su pplier

Topoisomerase II alpha

Trypsin-30 min

1 :25

Topoisomerase II beta
MDRI ip-glycoprotein)

Pressure cook in EDTA. pH 8.0
Pressure cook in citrate, pH 6.0
Trypsin-30 min
Microwave 3 x 3 min

1 :20 for 1 h at RT

(Cambridge Research Biologicals)
3HI0 (Dr A. Kikuchi)
NCL-jSBI (Novocastra*)
MRPm6, SanBlo
LRP-56, SanBio

MRP
LRP

1:50 0 /N at 4'C
1:20
1 :40

*Novocastra Laboratones Ltd., Newcastle-upon-Tyne, UK.
RT = room temperature.

C opyright © 2000 John W iley & Sons, Ltd.
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Table 2. C hem osensitivity and immunostaining results. The cumulative index represents the number o f positive
results obtained for the antigens associated with multi-drug resistance. I = negative; 2 = positive; d = diffuse staining;
p = patchy staining; nd = not done, ne = n ot evaluable
Im m u n o sta in in g resu lts
T o p o II
T um our

alpha

T o p o II
b e ta

I

0

3
4

0

5

I

7

0
0

8

0

6

0
0

9

10
11
12

I

0

13
14

I

15
16
17
IB
19

0

I

0
0
0

Ip
Ip

374
319

Ip

899
301

I

0
0
0

0

0
0

0

0

0
0
0

I
I

0
0
0

I
I

0
0

I

I

I

0
0

0

0

I

0

0

0
0

Positive (2)

897
957

0
0

0
0
0

Number
Negative ( I)

0
0

0

I

21
22

I

0
0

0
0

0

20

0
0
0
0

I

0

I

0
0
0
0
0

29

29

18
II

21
7

1

0

0

ne

1

0

0

2
2

D oxoru b icin /

LRP

0
0

I

I

0
0

C u m u lative
MDR ind ex

MRP

0
0
0
0

I

25
26
27
28
29

MDRI

0

1

2

23
24

A T P -T C A resu lts (in d ex )

0
2

28
17

29
24

II

5

786
2466
735
575
731
650

Ip

0
Ip
Id

0

465
344
429

Ip

0
0
0
0
0
0

606
307
449
513
409
654
494

Ip
Id

Ip
Ic

2

493
475
529
61 I
1309
476

3

483

28
5
23

29

Ip
Id
ne
Ip
Id
2p
28
12
16

M itoxan tron e

25
4

V inca
agent
nd
628
422
125
413
1008
415
671
ne
521
553
469
671
388
682
604
725
nd
767
726
nd
nd
nd
nd
nd
nd
nd
nd
nd
18
17
I

3p LOH
*3p and 3q

0
0
I*
nd

0
0
I

0
0
I
nd

0
I

0
0
I*

0
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
15

10
5

LOH = loss of heterozygosity; MDR= multidrug resistance.

ne = n o t evaluable). Positive staining sections show ed
definite positivity o f > 1 0 % o f th e m elan o m a cells in
co m p ariso n w ith negative co n tro ls, estim ated over the
entire area o f tu m o u r w ithin the section. A n exam ple o f
weak staining is show n in figure 4c. Cell co u n ts were
not perform ed. T he cum ulative index represents the
n u m b er o f positive results o b tain ed for the antigens
associated w ith m u lti-d ru g resistance.
An index o f chem osensitivity [5,7] was used
to sim plify co m p ariso n o f inhib itio n a t m ultiple
d ilu tio n s w ith im m un o stain in g . T his is defined
as In d ex 7oo = 7 0 0 -S u m [In h ib itio n 3 .1 3 ...2 0 0 ], so th a t
values < 5 0 0 = som e activity o f th e agent tested and
values < 3 5 0 = p ro b ab le clinical sensitivity to the agent
tested. Statistical analysis was perfo rm ed using Statgraphics for W indow s (M anugistics, R ockville, U SA ).

Results
T he chem osensitivity d a ta (T able 2) show th a t ju st four
o f the tu m o u rs had a sensitivity index less th an 350 for
Copyright © 2000 John W iley & Sons, Ltd.

d o x o ru b icin o r m ito x a n tro n e , an d only one show ed
sensitivity by the sam e c riterio n to vinblastine. H o w 
ever, a total o f 14/29 show ed som e activity
(Indexvoo<500) w ith an th racy clin es an d 6/18 show ed
som e sensitivity to vinca alk alo id s by the sam e
criterion. T his is as expected from previous studies
[5,10]. A n exam ple o f th e chem osensitivity test results
from sensitive a n d resistan t tu m o u rs is show n in
Figure 1.
Im m u n o cy to ch em istry fo r to p o iso m erase II alpha
and beta w as g raded positive o r negative on the basis
o f nuclear staining. F o r to p o iso m erase alp h a, there
w as relatively w eak an d diffuse stain in g o f the nucleus
in 11/29 (38%) tu m o u rs, w ith m o st tu m o u rs show ing
sm all nu m b ers o f cells w ith stro n g ly positive nuclear
staining (F ig u re 2). T his p a tte rn is sim ilar to th a t seen
previously w ith Ki67 an d p ro b a b ly represents p rolifer
atin g cells [17,18]. C y to p lasm ic positivity for this
enzym e w as present in the overlying retina (especially
if detached) an d in m acro p h ag es, as well as w eakly
w ithin som e tu m o u rs. N u c lea r to p o iso m erase II beta
positivity w as m ore w idespread th a n the alp h a isoform
J Pathol 2000; 192: 1 7 4-181.
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F i g u r e I . (A ) D o x o r u b ic in s e n sitiv ity in th e A T P -T C A fo r tu m o u r s sh o w in g r e s is ta n c e and m o d e r a t e a ctiv ity . T h e r e sista n t tu m o u r
s h o w e d n o t o p o is o m e r a s e e x p r e s s io n in im m u n o sta in e d s e c tio n s . (B) V in cristin e se n sitiv ity in t h e A T P -T C A s h o w in g t h e d iffe r e n c e
in t h e a ssa y b e t w e e n highly s e n s itiv e and m o d e r a te ly s e n s itiv e tu m o u r s

in norm al o c u lar tissues, w ith m ost cells show ing som e
positivity. H ow ever, it w as absent in 21/29 (72%) o f the
tu m o u rs exam ined (F igu re 3).
Im m u n o stain in g for p ro tein s associated w ith classi
cal d ru g resistance w as also perfo rm ed , as a n th ra c y 
cline sensitivity is affected by expression o f these
p roteins (F igure 4). T here w as L R P positivity in 16/28
(57%) tu m o u rs an d M R P expression in 5/29 (17%)
tum ours. M D R I w as present in 11/28 (39%) tu m o u rs.
M D R I staining w as strikingly positive in the optic
nerve and w as also seen w ithin m elanophages in the
tu m o u r, but n o t elsew here in the eye. L R P staining was
present in the ciliary body epithelium , the retina, and
the retinal pigm ent epithelium . M R P staining w as no t
seen elsew here in the eye. A cu m ulative m u ltid ru g
resistance index w as co n stru cted for each tu m o u r
representing the n u m b er o f M D R -asso ciated m olecules
expressed. T his show ed com plete lack o f staining for
L R P, M D R I o r M R P in ju s t fo u r tu m o u rs (14%). Six

Discussion
T o p o iso m erase II is an essential enzym e involved in
several aspects o f D N A m etabolism , including tr a n 
scription an d replication [19,20]. T he tw o isoform s are
located on d ifferent ch ro m o so m es and are controlled
differently. T he alp h a isoform is a 170 kD enzym e
located on ch ro m o so m e 1 7 q 2 I-2 2 , while the beta
isoform has a m o lecu lar w eight o f 180 k D and is
located on ch ro m o so m e 3p24. W hereas to p o iso m erase
II alp h a is regulated an d differentially expressed by
tissues, the beta isoform is constitu tiv ely expressed by
virtually all cells in the b ody [18-20]. It is n o t clear
w hich o f th e tw o isozym es is the p rim ary d ru g targ et.
H ow ever, c h o ro id al m elan o m as co m m only lack p a rt o r
all o f ch ro m o so m e 3 [21-23] an d this loss has
p ro g n o stic signficance [23]. R ecent w ork by o u r g ro u p
has show n th a t uveal m elan o m as also fail to express
T G F b e ta recep to r II, w hich is located close to

o f the seven to p o iso m erase II beta-expressing tu m o u rs
also show ed expression o f M D R -asso ciated m oleculesL R P w as present in fo u r o f these tu m o u rs w ith M D R I

to p o iso m erase II beta on ch ro m o so m e 3p22 [24].
U veal m elan o m as co m m o n ly show loss o f heterozyg
osity (L D H ) in this region [21,22]. T hus, it is possible

expression

th a t the lack o f to p o iso m erase II beta expression in
uveal m elanom a reflects a genom ic a b n o rm ality , ra th e r
th a n dow n -reg u latio n .
W e have th erefo re co m p a re d o u r d a ta on tu m o u rs
show ing L O H a t 3p22 in o u r earlier studies [24] w ith
the to p o iso m erase d a ta . O nly five tu m o u rs show ed
L O H a t 3p21, b u t tw o o f these also show ed loss o f a
m ark er on ch ro m o so m e 3q, suggesting m o n o so m y 3 in
these cases [23]. F o u r o u t o f five show ed no im m u n o 
staining for to p o iso m erase II b eta. T hree o f the five
tu m o u rs show ed m o d era te sensitivity to a n th ra c y 
clines, while tw o were resistant. W hile it w ould be
useful in fu tu re studies to exam ine m ark ers aro u n d
3p24, w here to p o iso m erase II b eta is located, these
d a ta lend som e su p p o rt to th e idea th a t the lack o f
to p o iso m erase II beta expression in uveal m elan o m a

in

fo u r

tu m o u rs

(tw o

expressed

b oth

m olecules).
O f the 13 tu m o u rs fo und to show som e a n th ra 
cycline sensitivity e x vivo, only one expressed
topoisom erase II beta while six expressed to p o iso m e
rase II alp h a, an d only one expressed b o th . A t least
one o f the classical d ru g resistance m olecules L R P ,
M D R I o r M R P w as expressed in all b u t one o f the
tu m o u rs show ing stro n g o r w eak anthracy clin e sen
sitivity and in all b u t one o f those show ing vinca
sensitivity.
K ru sk al-W allis analysis o f v ariance show ed no
significant differences in sensitivity to anthracycline or
vinca w ith any o f the m olecular m ark ers exam ined,
and forcing these p aram eters into a m ultiple regression
m odel show ed no evidence o f a com bined effect.
Copyright © 2000 John W iley & Sons, Ltd.
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reflects a genom ic ab n o rm ality . In a d d itio n to dow nregulation, there is cell line evidence to su p p o rt th e
acquisition o f m u ta n t top o iso m erases w ith g reater
resistance to anthracyclin es in m elan o m a [25]. T he
Copyrlght © 2000 John W iley & Sons. Ltd.

level o f to p o iso m erase II a lp h a expression has also
been show n to be im p o rta n t in the response o f
m elan o m a cell lines to an th racy clin es [26].
In this study, how ever, th e expression o f topoisom eJ Pathol 2000; 192: 1 7 4 -1 8 1 .
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rase alpha or beta, as assessed by immunohistochemistry prior to drug exposure, showed no relation
ship to ex vivo chemosensitivity. It is worth noting here
that the assay used to assess anthracycline sensitivity
shows an excellent correlation with clinical outcome in
patients with breast or ovarian cancer treated with
anthracyclines [8,27]. Using the assay with melanoma,
we have found similar heterogeneity to that expected
clinically in both skin [28] and uveal melanoma [5,10].
Anthracyclines are affected by classical MDR
mechanisms and it has recently been shown that uveal
melanoma expresses M DRI, MRP, and LRP [29,30].
Of the three, LRP is most widely expressed in uveal
melanoma and most likely to be of clinical importance
[30]. In this study we found no evidence that the
constitutive expression of these molecules prior to
chemotherapy made any difference to the ex vivo
sensitivity of the tumours tested towards either
anthracyclines or vinca alkaloids, in which MDRI in
particular has been implicated in resistance [31].
However, in melanoma such work appears largely
restricted to cell lines [32]. The degree to which any of
these molecules contributes to clinical drug resistance
in melanoma is therefore open to question.
In addition to these efflux pump resistance mechan
isms and topoisomerase expression, anthracycline
sensitivity is affected by the molecular response to
DN A damage [33,34]. Uveal melanomas have no
known abnormality of DNA repair and are almost
always p53 wild-type [35]. The situation in any
individual tumour is therefore likely to be extremely
complex and it is not surprising that there is consider
able heterogeneity o f chemosensitivity between differ
ent uveal melanomas [5,10].
In clinical practice, melanomas are rarely treated
with anthracyclines and there are few clinical data on
their efficacy beyond early non-randomized phase II
trials, in which they have generally performed poorly.
Vinca alkaloids have proved useful in skin melanoma,
but are rarely used in uveal melanoma and generally
perform poorly, although this is true o f all single
agents in uveal melanoma, which generally has a poor
response to chemotherapy [4].
Immunohistological evidence of expression of mole
cular determinants o f chemosensitivity rarely matches
clinical outcome or ex vivo data [36], despite occasional
results to the contrary [37]. None o f the molecules that
we have studied here is likely to be involved in the
process of uveal melanomagenesis, although topo
isomerase II beta may suffer collateral damage from
loss of one copy o f chromosome 3 in many of these
tumours. Since the other molecules can therefore be
up- or down-regulated following exposure to anthra
cyclines, even those choroidal melanomas which do
express topoisomerase II beta may quickly develop
resistance to these agents, rendering them useless for
treatment. It may be more apposite to study the
expression of a large number of molecular markers in
cells or tissue following ex vivo or in vivo drug exposure
C opyright © 2 0 0 0 John W iley & Sons, Ltd.
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to clarify the molecular determinants of sensitivity to
chemotherapy in melanoma.
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Ex vivo activity of XR5000 against solid tumors
Michael H N eale,’ Peter A Charlton^ and Ian A Cree’
’D epartm ent of Pathology, institute of O phthalm ology, University C ollege London, Bath Street, London
EC1V 9EL, UK. ^X enova Ltd, 240 Bath R oad, Slough SL1 4EF, UK.

T o p o is o m e r a s e s I and II unravel DNA du rin g tran scrip tion ,
DNA rep lication and DNA repair. Inhib itors o f both e n z y m e s
are im portant a n tica n ce r d r u g s, but o n ly n o w are c o m b in ed
Inhibitors b e c o m in g a v a ila b le for c lin ic a l u s e . In th is stu d y
w e h ave u s e d an A T P -b a sed c h e m o s e n s itiv ity a s s a y to
d eterm in e the activity of X R 5000 a n d p o s s ib le c o m b in a tio n s
a g a in s t ovarian c a n c er , a tum or s e n s it iv e to current to p o 
is o m e r a s e inh ibitors, and m e la n o m a , a n in s e n s itiv e tum or. A
further six tum ors of o th er ty p e s w e r e a ls o te s te d . The
r e su lts from 20 ovarian c a n c e r a n d 18 m e la n o m a b io p s ie s
s h o w rem arkably little d iffe re n c e b e tw e e n th e tu m or ty p e s in
term s of IC50, IC90 or tw o su m m a ry in d ic e s o f c h e m o s e n s i
tivity b a s e d on all o f th e c o n c e n tr a tio n s te s te d . X R 5000 o n Its
ow n s h o w s a s te e p c o n c e n tr a tio n - r e s p o n s e c u rv e In m o st
tu m ors, o n ly a c h ie v in g high red u ctio n (a b o v e 95%) o f ATP
le v e ls at 2 4 4 0 ng/m l (6 //M). T he r e s u lts w e re o ften sim ilar to
th e co m b in a tio n of e to p o s id e and to p o te c a n , particularly at
th e h igh er c o n c e n tr a tio n s te s te d . T he c o m b in a tio n s with
g r e a te st activity In ovarian c a n c e r w e r e with p a clita x el or
c isp la tin , w hile m e la n o m a s h o w e d g r e a te s t Im provem ent
with p aclita x el or treo su lfa n . T he r e s u lts are e n c o u r a g in g for
th e clin ica l introd uction of th is a g e n t, a n d s u g g e s t that it will
b e e ffe c tiv e in co m b in a tio n with cu rren tly a v a ila b le d ru g s for
both ovarian c a n c e r and m e la n o m a , (k ) 2 0 0 0 L ippincott
W illiam s & W ilkins.]

Key words: ATP, chem osensitivity, c hem otherapy, lumi
n e sc e n c e , top o iso m erase, XR5000.

Introduction
Topoisomcnt.sc inliibitor.s arc an iniportam da.ss of
aniicanccr agent witli the potential lor treating a
va net y of tumors Topoisomerases are niKie.ir en
zymes required for the m aintenance of DNA structure,
and for the relief of the torsional stress which occurs
in douhle-standard DNA during holh transcription and
rc-plrcation fw o major human topoisomerases have

C oirespon dence to lA Cree, Department of Patliology. Institute of
Ophthalmology, U n iv er^ ^ C ollege London. Bath S tieet London
E C lV 9LL. UK
l e t 0 44) 2 0 7608 6808. Fax (4 44) 20 7 6 0 8 6862.
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heen identified. Type 1 topoisomerase transiently
breaks one strand of the duplex DNA, whereas ty%)e
II topoisomerase (a and /? isoforms) transiently breaks
both strands of DNA. Tlie.se enz)'mes are now
recognized as important cellular targets for a num ber
of successful chem otherapeutic agents ’ Drugs tliat
target topoisomerase II (e.g. doxorubicin and etopo
side) have been widely used for many years,^ whereas
those tliat specifically target topoisomerase 1 (e.g.
topotecan and CPT-II) have made an im portant impact
more recently.^ Many of the currently identified
topoisom erase inhibitors do not act as direct enzy me
inhibitors but act tlirough stabilization of the transient
topoisomerase-DNA cleavable com plex resulting in
DNA strand breakage and cell death.
Several groups have suggested that the combination
of both a topoisomerase 1 and a topoisomerase II
inhibitor might be beneficial in cancer therapy. As
topoisomerase 1 and topoisomerase 11 bind to different
sites on DNA and act at different parts of the ceil
cy cle, ’ joint inhibition of both enzymes should hit a
larger population of cells in any asynchronous
population/’ Furthermore, tumors treated w ith topo
isomerase active agents can develop resistance due to
either alteration in levels of expression and catalytic
activity of topoisomerase 1 and/or 11.’ Tlius by
simultaneously inhibiting both topoisomerase 1 and 11
it may be possible to circumvent this acquired
resistance due to alteration of topoisomerase 1 or 11
Both in till to and in vino data h a\e been reponed
which su p p o n a synergistic effect of sequential
exposure to a topoisomerase 1 and a topoisomerase
11 inhibitor/' However, the clinical utility of this
sequential administration of toptjisomerase 1 and 11
inhibitors has been complicated bi severe toxiciti' ”
Thus, at present, the benefit of combination o \e r
single-agent administration has not been p ro ien A
second approach has been to combine topoisomerase
I and to|ioisomerase 11 inhibition in a single molecule.
Recenth described joint inhibit,ii'. of topoisomerase 1
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MU Ncdle ct al
and 11 include intoplicinc,'’ I117H2,'" TAS 103" and
XRStlOO, previously known as DATA ' ' '* XRSOOO is
an acridine derivative which is cunentlv in clinical
evaluation Phase I studies w here XRStKK) was given as
a 120 h i V infusion" have recently been com pleted
and will be reported elsewhere XRSOOO has the
ad\ antage of avoiding topoisomerase-dependcnt multidnig resistance as well as circumventing multidrug
resistance associated with the overexpression of the
t ra ns mem lint nc transporters P glycoprotein (P-gp) and
multidrug resistance associated protein (MRP)
1he introduction of new agents to clinical practice
is a difficult and expensive process We have recently
begun to use a new a p p ro a ch " based on ch e m o
sensitivity testing of tumor-derived cells at an early
stage of the clinical development of new agents to
speed up this process and direct clinical trials
towards tumors for w hich the agents show e.v vivo
activity. The ATP-based tumor chemosensitivity assay
(ATP-TCA), a new-generaiion chemosensitivity assay,
was developed from previous A'TP CAtotoxicity
assays'^"" by Drs Andreotti and ( ree, and published
in 1995
Subsequent development studies showed
first that the results mate he'd clinical outcom e with
75-80% accuracy, comparable to microbial antibiotic
or estrogen receptor testing "
On the basis of
these results. Dr Kurbacher and colleagues conducted
a phase II study of ATP-TCA directed therapy in
recurrent ovarian c a n c e r/' A non-randomized control
group show ed a 37% overall response rate (OR), with
a median progression free survival (PTS) of 20 weeks.
The assay-directed group had a 64% OR with a
median PTS of 50 weeks. A phase 111 study based on
these encouraging results is now in progress.""^ In
addition to its potential for individualization of
chem otherapy, the AlP-TCA has already contributed
to the assessment of new agents,*^ to the design of
new regimens'^"
and to investigation of the
cflects of oncogene expression on chemosensitiv
ity/^’
In t h is s t u d y w e r e p o n t h e e.v I'/vo a c tiv it y of
XRSOOO a g a in s t o v a n a n c a n c e r , a t u m o r w h ic h o f t e n

-.hows anthracycline sensitivity both ex vivo and in
Clinical practice, and against melanoma, a solid tumor
w hich does not benefit from anthracycline therapy.

M eth od s
A test drug concentration ÇTDC) was established for
XRSOOO based on the plasma concentrations
attained clinically and the degree of protein
binding This approach has been used successfully
in predicting clinical outcom e in the ATP-TCA with
other drugs.''’ Following initial studies showing
efficaq' of XR5000 alone in melanom a and ovarian
tumors, w e w ent on to test the drug in combina
tion w ith other agents w ith w hich it might be
usefully combined, using direct addition of drugs
together at standard TDCs.
Tumor tissue

Tissue Irom solid tumors surplus to diagnostic
requirem ents or clinical trials of the ATP-TCA was
used for testing with XR5000. Local ethics committee
apjiroval for the use of tliis tissue w as obtained The
study included 18 untreated m etastatic cutaneous
melanomas, 20 recurrent ovarian carcinomas and six
solid tumors of other types. All of the ovarian
carcinomas had previously been treated with plati
num-containing regimens and five had also received
anthracyclines Full details of the tum ors tested are
given in Fable 1
XRSOOO and other drugs

Aliquots of XR5000 w ere made up according to the
m anufacturer’s instructions and frozen at —20‘’C.'^'
No loss of activity was noted in aliquots stored for 7.5
m onths com pared with fresh drug (n=3) Aliquots of
other drugs were stored as previously published' or
recom m ended by the manufacturer. Tlie FD(is used
for each agent are shown in Table 2

T able 1. T um ors te ste d with XRSOOO, show ing the av erag e a g e (range), sex ratio and previous treatm en t
Number

Age

Sex (M;F)

O varian carcinom a

20

59 (43-74)

0:20

M elanom a
Unknow n primary
Fallopian carcinom a
R enal carcinom a
Medullary carcinom a (thyioid)
L eioniyosaicom a

18
2
1
1
1
1

51 (32-69)
52 (43-60)
64
82
52
33

Tumor type

4 2

\uli >

*•'/

i 1

jij'Xi

10:8
1:1
0:1
0:1
1:0
0 1

Previous treatm ent
all previous platinum ,
anthracycline in th ree c a s e s
none
none
^
previous platinum
none
none
previous platinum

Hx vivo ucliDity oj XK5000
Table 2 TDCs used

Data analysis

Storage (mg/ml)

Drug
XRSOOO
Cisplatin
E toposide
Gemcitabine
Paclitaxel
T opotecan
T reosulfan
Vinblastine

12.0

25 (-20^C)
1 (- 20"C)
20 ( - 2 0 C)
40 (-20"C)

13.6
16.0
200
0.5

1 (-20"C)
50 ( - 2 0 C)
1 (-2 0 'C )

1.2

3.0
16.0

6.0 (Rr)

"Room temperature.

ATP-TCA

The AI P-TCA was pcrfonncd as published
Briefly,
tum or tissue was minced, dissociated overnight and the
ceils resuspended (after wasliing) to 400 000 cells/ml.
Alternatively, ascites w ere centrifuged and the cells
resuspended after washing to 200 0(K) cells/ml If there
w as significant er\tiiro c\ie contamination or debris in
the sample, the cell suspension was purified by density
centrifugation over Histopaque-1077 (Sigma, Poole,
UK), washed 3 times and resuspended to 4(X) 000 cells/
ml (solid tumor) or 200000 cells/ml (ascites). Drugs
w ere prepared as 8 x 100% TDC in a proprietary serumfree medium (CAM; DCS Innovative Diagnostik Sys
tème, Ihtmburg, Germany). The TDC for each drug was
determined by pharmacokinetic data, taking into
account the peak plasma concentration, tlie degree of
protein binding and the toxicity of the agent. W here
dime al response data to the single agent is acailable,
thm IS regarded as the gold standard for TDC
deiemiination. Doubling dilutions of the drugs
(]()() /d/well) w ere made in triplicate wells in six rows
ol a 96 Ll-well polypropylene plate (ConiingCostar,
High Wycombe, UK). The remaining tw o rows w ere
reserved for a no drug control (MO, medium alone) and
a maximum inliibitor (MI) Finally, 190 //I of tum or cells
was added to each well across the plate I he final drug
concentration within the plate is 2(K)-6.25% TDC.
Following incubation of the plate at 37"C in S% COg
and 09% humidity for 6-7 days, ATP was extracted
from the cells by addition of 50 //I of a somatic cell
extractant (DCS). Aliquots of 50 /d w ere tninsferred to
a w hite 9(ywell polystyrene plate (Dynex Libsystems,
Ashlord. UK) and 50 /tl luciferin-luciferase reagent
added The light output (luminescence) liom each
w e ll w a s read in a 96 well microplaie luminometer
(MPI 1 Berthold Diagnostic Systems. Plor/heim Ger
mane) The results w ere expressed as
test
Inhibition -■ 1 - ----MO

Ml

Ml:

100

I he raw luminescenc e counts from the ATP-FCA w ere
etitered into a spreadsheet (Excel 97) for analysis The
spreadsheet automatic ally provides graphs of the
percent inhibition at each concentration against %
TlX. and calculates several summarx' parameters,
incdueling IC.;,, and 10^,,. How ever, these param eters
ignore much of the information present and com par
ison betw een drugs is usually accom plished by the use
of the area under the inhibition- FDC curx e (lnclex,\,,cT
or by a natural log Index which skews the assessment
towards lower concentrations (IndexsuM) Combina
tion effects are examined in the spreadsheet by the
method of Pcxrh et a l ’^

R esu lts
The concentration-inhibition cur\'es for a series of
ocarian carcinomas, melanomas and other tum ois are
shown in Figure 1 There is a clear dose-response
effect, with higher concentrations of XR500d proclucing inhibition around the 9 0 - 100 % mark in most
tumors. The concentrations required to produce 50%
and 90% inhibition (IC^<, and IQx,) are show n with the
two summaiy indices in Table 3(a) An IndexsuM
< 3 (K) indicates strong activity against the tum or and
Inclex^u.M > 4 5 0 is usually indicative of resistance.
XR50(X) achieved sensitivity on this basis as a single
agent in three of 20 ovarian carcinomas and tw o of 18
melanomas, but there is considenible heterogeneity
with a wide range of ohsetxed results ( Fable 3) I here
was resistance to cytotoxicity in nine of 20 o\ arian
tumors and ,seven of 18 melanomas Of the other
tumors tested, one of six showed I n d e x . , , < 300 with
XR50(K), but there was resistance ( I n d e x â t > 450) in
three of six tumors, two unknow n primaries and a
medullar}' C-cell carcinoma of thyroid (Figure 1).
However, the sum m an' indices take no account of
the shape of the concentration-response curx’e, w liicli
conforms to a steep sigmoid pattern in most tumors
(Figure I ). It is notable that XR5000 alone was able to
induce greater than 9 5 % inhibition, usually at the 2 00 %
f ix : level (2.4 /tg/ml) in II of 20 (53%) ovarian
carcinomas, 11 of 18 (61%) melanomas and five of six
(83%) other tumors
We used the combination of topotecan (a tojx)isomei.ise I inhibitor) and etoposide (a topoisomerase
11 inhibitor) for comparison with XR5000 XR5000 was
usual!} better than each of the single agents and nearly
ccjun.ileni to them in combination, although it tended
to be less ,u tn c .it lower concentrations (Figure 2 and
l.iblc s)
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Figure 2. (a) Comparison of XRSOOO with etoposide+topotecan in a melanoma showing similar effects the
combination in companson with XRSOOO. (b) Bar graphs of
the Indexsum index showing the effect of XRSOOO in
companson with etoposide-^ topotecan in 11 ovarian cancer
biopsies.
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Figure 1. The activity of XRSOOO against from (a) six
ovarian tumors, (b) six melanom as and (c) other tumors
showing exam ples of the concentration-response curves
obtained. The 100% TDC level represents 1221 ng/ml,
equivalent to the Cma% achieved in vivo.

We went on to test a n u m b c p ^ different agents
in combination with XRSOOO (Figure 3 and Table
3). The results for pretreated ovarian cancer show
improved activity for the com bination of XRSOOO

474

with pac litaxel ( Table
I here is also some
increa.se with cisplatin, despite previous failure of
platinum based therapy in all ol the patients. The
com bination
ol XRSO(K)
with gemcitabine was
generall\ disappointing in owin.in cancer with little
enhancem ent
ol the K..;,, or in the percentage of
tumors rc-ac hing gieater th.in OS"., inhibition (Table 3),
altliongh there w as im pro\ed .u in it\ of dus combina
tion at low ei conc entr.ition'. re|]< eted in the improved
IC 3,) and snmmaii indices <1 ignrc sa and Table 3)
The resulis for combinations ol XRS(K)0 in melano
mas arc similar (Figure- 3 and I able s) Again, the most
promising agent in combin.ition with XR5(XX) was
pac lit.txel (Table 3) There w .n .ilso considerable
enhancem ent
ol inhibition 101 XK’SdOO-t-treosulfan.
The- combination^ with cispl.inn ind gemcitabine
were .ig.iin dis.ipjiointing .ilihoiigh there was an
interesting incre.ise in .tc ti\ ii\ on the basis of index
w iih \ inbl.i.siinc

P x v i v o a c t i v i t y o f XRSOOO
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Figure 3. The effect of XRSOOO can be modulated by
combination with other agents, (a) The combination of
XRSOOO with gemcitabine in a recurrent ovarian carcinoma
show s little enhancem ent over the response with XRSOOO
alone, (b) The combination of XRSOOO with paclitaxel in a
melanoma (c) The combination of XRSOOO with cisplatin in a
melanoma

D isc u ss io n
XK5000 shows a similar degree of ex vivo activity in
both melanoma and ovarian cancer, despite the fact
(hai melanoma is generally more chemoresistant

T his suggests that it is likely to find wide application
against solid tumors and that it would he worth
testing a larger num ber of tum or types T he few that
we were able to test in this study gave encouraging
results. XRS(X)() has a steep do.se-response cun'e,
which tends not to plateau until KK)% tum or cell
inhibition has been achieved The concentration
required to achieve 1(K)% tutnor cell inhibition is
therefore often in excess of the clinicalh achie\able
jx'ak plasma concentration using the standard dosage
employetl in clinical trials. However, since the drug is
given over 5 days at this dose, the cumulative effect
may obviate the need for an increa.-,e in the dose
given. It may also be possible to achieve dose
intensification by the use of modified preparations
and this may enhance clinical efficacy by analogy
with doxorubicin (Neale et al., unpublished)
It is interesting tliat XR5000 is superior to either
topotecan or etoposide alone in the assay, and that it
often jiroduces similar results to those seen with the
combination of these two agents. There is m ounting
evidence that cells circumvent topoisomerase I
inhibitors by down-regulating this enzyme while
upregulating topoisomerase 11, and vice versa both in
vitro and in n / r i o ^ Exposure of the cells e.v vii>o
to the combination of topotecan+etoposide, or
XRSOOO, avoids this resistance mechanism by inhibit
ing both topoisomerase 1 and II at the same time.
However, both etoposide^ and topotecan^*’
are
sensitive to drug efflux pum pm ediated resistatice
and this may affect the efficacy of the combination.
Ne\'enheless, there is clinical data show itig that
topotecan+etoposide can be an effective regitncn in
some patients w ith ovarian carcinom a/' This is of
course cncouniging for XRS(K)0, w hich is not suscep
tible to drug efflux mechanisms
Once it Ix'came clear that XRS(K)0 had activity in the
AT'P-TCA against both melanoma and ovarian carcino
ma, we decided to test its efficacy in combination with
a num ber of different agents T he best combinations
for ovarian cancer and melanoma differed, although
the XR5(KK)4 paclitaxel combination was effecti\c in
both T he degree of enhancem ent of XRSOOO ac tn ity
in combination with cisplatin in o\ariati earn er is
surprising as all of these w ere recurrent tumors
following platitium-containing therapy. Howcwer, topo
isomerases are involved iti DNA rejiair,^^ " and
enhanced repair is a tiiajor mechanism for resistance
to cisjilatin and other DNA-damaging agents
fu n h en n o rc, it has been noted that inhibition of
DNA repair is greatest for co tn b in a ti^ s of topoisotneni.se 1 atui 11 inhibitors in vitro " Inhibition ol such
repair Iw tonihined topoisomerase inhiliilors siu h as
XRSOOO m.i\ ihcicloic h< .ihlc to reverse' e ispl.itin

I. // / /

M U N e ale

e t a l.

'

|

Table 3. Results of XRSOOO, topotecan + etoposide and combinations of XRSOOO chem osensitivity testing in the tumor
types tested (median + range), with percentage showing greater than 95% inhibition at any concentration tested
Drug/combination

IC,

ICq

Index Auc

95
(26-145)
75
(9-144)
442
(66-3196)

187
(130-258)
246
(184-284)
796
(272-5756)
160
(89-222)
256
(149-461)
192
(64-337)
254
(169-982)
167
96
(81-177)
99
(91-234)

8599
(4326-15434)
10840
(5893-13295)
1620
(-3 2 3 8 -1 0 9 1 4 )
12551
(9332-16060)
11679
(3687-17151)
10532
(5710-18003)
8329
(637-14094)
13334
(7799-16642)
14590
(10571-16655)
13838
(10483-15411)

441
(238-578)
355
(248-571)
553
(322-677)
338
(219-472)
284
(75-529)
363
(95-489)
326
(2 7 7 ^ 8 6 )
288
(153-469)
286
(218-583)
317
(259-423)

182
(99-269)
254
(-2 0 9 - 3 7 3 )
509
(-1 0 9 6 -1 0 7 0 )
88
(149-210)
439
(202-946)
186
(91-473)
239
(96-517)
742
(341-2752)
205
(34-1832)
172
(74-199)
91
(85-187)
133
(80-277)
168
(96-200)
94
(61-119)

9459
(1920-15406)
8505
(-1 1 2 8 7 -1 1 7 8 0 )
3244
(-4 2 6 9 -8 1 3 3 )
14243
(12235-16252)
5236
(-5 8 8 7 -1 5 8 8 1 )
10413
(-1 4 0 5 -1 6 2 6 3 )
6318
(-1 1 7 7 3 -1 6 3 2 0 )
2781
(-1 7 0 2 9 -1 0 1 0 7 )
10158
(-2 0 3 4 -1 8 5 2 6 )
11055
(2704-17291)
15204
(9310-17080)
12700
(5281-16641)
11614
(4812-14950)
14277
(13885-17501)

448
(301-590)
413
(336-828)
534
(388-706)
257
(220-295)
462
(153-714)
351
(193-683)
431
(184-806)
511
(317-1062)
427
(87-656)
348
(153-585)
309
(166-500)
337
(163-551)
423
(217-570)
287
(170-339)

Index SUM

3-95% Inhibition

(a) Ovarian carcinoma
XRSOOO
topotecan
etoposide
topotecan + etoposide
gemcitabine
paclitaxel

20
15
17
13

68

18

(19-95)
23
(4-256)

86

18

(4-149)
cisplatin
XRSOOO+-gem citabine
XRSOOO+paclitaxel
XRSOOO+cisplatin

102

18

(37-546)
56
(5-126)
55
(22-90)
54
(35-84)

16
8
9

(88-221)

11

(53%)

0
(0%)

0
(0%)

1
(8 %)

0
(0 %)

8
(44%)

0
(0 %)

10
(63%)

8
( 100 %)

7
(78%)

(b) Melanoma
XRSOOO

18
''

topotecan

4

etoposide

7

topotecan + etoposide

2

gemcitabine

18

paclitaxel

17

cisplatin

18

vinblastine

17

treosulfan

18

XRSOOO + gem citabine

12

XRSOOO + paclitaxel
XRSOOO + cisplatin

6
13

XRSOOO + vinblastine

7

XRSOOO + treosulfan

4

in some patients. Inhibition o l DNA repair
the combination of cytosine a n a lo g s such as
ita h in e with DNA-damaging agent'' in d appear^

r c s iv i.u u c
u n d e r lie s
g e n ii

91
(25-168)
64
(- 1 1 6 - 2 0 7 )
274
(-5 8 7 -5 9 4 )
39
(28-56)
244
(5-526)
99
(6-263)
72
(14-287)
509
(55-1528)
87
(6-1018)
76
(10-158)
41
(10-121)
67
(6-134)
74
(12-153)
58
(14-67)

);)//+ u u c ei lyndgs ■ Vol 1 1 •2 0 0 0

11
(61%)
0
(0%)
0
(0%)
1
(50%)
0
(0%)
11
(65%)
2
(11%)
0
(0%)
5
(28%)
8
(67%)
6
(100%)
8
(62%)
6
(86%)
4
(100%)

to be able to reverse resistance to these agents in a
large nunihei ol different tumor t y p e s . A l t h o u g h
one would expect XRSOOO to produce signifu ant DNA

Hx v i v o a c t i v i t y o f X R 5 0 0 0

daniaj^c, c'ontomitaiii addition of XR5(K)() with gcnicitabinc or vivo did not greatly enhance cell inhibition,
except at lower io n t entrations. This is consistent with
other St tidies and clinical experience in which the
combination ol topoisomerase inhibitors with gemci
tabine has hati at best additive effects.’'*
Flatimiinoontaimng regimens are also eliective
against melanoma, but in this study the combination
of .XHSOOO with cisplatin was not as effective as its
combination with treosulfan. This drug alkylates DNA
at the 0 position, and is therefore not susceptible to
resistance mediated by up regulation of -met h) lguanyimethyltransferase (M('iMT).*'’ Treosulfan has re
cently been shown to have efficacy against
melanoma both by chemosensitivit}' testing and in
phase II clinical studies.'"'
’ Chemosensitivity
testing suggested that it might benefit from combina
tion with gemcitabine *' and early clinical results are
encouraging fReinhold et a i, unpublished) The fact
that XRs(K)()4 treosulfan is effective in this stud\ may
result Irom similar inhibition of DNA repair, but this is
specula'i\’e and will require molecular phannac ologital confirmation Once again, combination of XR5000
with paclitaxel wtis effective and the combination with
vinblastine also showed good activit}'. The mechanism
involved is difficult to understand, since there is no
direct relationship between microtubules and topo
isomerase However, it may be that the enhancement
obser\ed is based on intracellular phannatology,
rather than any molecular mechanism
Clearh our observations here are a first step they
rec|uirc examination of the molecular pharmacology of
these eombinations, together with further ehemosensitixity studies aimed at establishing the efflcacv of
XRSOOO against a wider group of tumor types, and the
optimal se(|uence for combination of existing drugs
such as paclitaxel, cisplatin and treosulfan The steep
concent nit ion-response is an issue for this drug, but
the cumulative effect of a 5-clay infusion or enhanced
deliven' technology max' permit much higher concenirattons ol XRSOOO to be reached within the tumor.
XRSOOO tnay hax e a role in melanoma as xvell as more
cotix’cntiotial tumor targets for topoisomerase inhibi
tors
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The majority of ocular melanomas occur In the uveal tract. Chemotherapy is generally ineffective
and large tumours requiring enucleation have a greater than 50% mortality at 5 years. Monosomy
for chromosome 3 is conunon in uveal melanoma and it is known that there is loss of
responsiveness to transforming growth factor beta (TGFfi) in melanoma cell lines. Since the gene
for TGF/Î receptor II (TGFAR2) is located on chromosome 3p22, this study investigates the
possibility that the TGF^ pathway, and T G F ^ 2 in particular, might be involved in the
pathogenesis of this rare eye tumour. To this end, the expression of molecules in the pathway has
been examined by immunocytochemistry (TGF^, T G F ^ 2 , SMAD2, SMAD3, SMAD4, and
p27), backed up by a cell culture assay of TGF^-mediated growth suppression, RT-PCR for
SMAD4, and loss of heterozygosity (LOH) on 3p22. There was LOH at 3p22 in 6/19 tumours
and loss of T G F ^ 2 expression in 10/27 tumours. Immunohistochemistry for SMADs 2, 3, and 4
showed potential loss of signal transduction in 14/27 tumours. The results indicate abnormality of
the TGF^ pathway in 61% of tumours for which unequivocal results were obtained and suggest
that abrogation of control of melanocyte growth by the TGFfi pathway may be important in the
formation of uveal melanoma. Copyright © 2000 John Wiley & Sons, Ltd.
Keywords:

transforming growth factor beta; melanoma; eye; loss of heterozygosity; p27; SMAD

Introduction
Uveal melanoma differs substantially from skin mela
noma, although both originate from the melanocyte.
Unlike skin melanoma, UV light appears to play little
or no part in the causation of uveal melanoma [1]. In
contrast to skin melanoma, we have recently shown
that high nuclear c-myc expression is a good prog
nostic factor [2]. There are also differences between
these tumours in their bcl-2 and p53 expression [3]. The
pl6iNK4a ggng has been implicated in some patients by
recent studies [4-6]. Cytologically, the tumours show
major differences in mitotic and apoptotic rate [7], with
less proliferation and less cell death in uveal than in
skin melanoma. The clinical differences are substantial;
uveal melanomas spread haematogenously (of neces
sity, since they do not have access to lymphatics) and
form liver métastasés, while skin melanoma tends to
involve lymph nodes and skin metastasis is a common
problem.
TG F/3 is known to be capable of suppressing the
growth of normal human melanocytes, but this
response is lost by melanoma cells, whether from skin
or ocular tissue [8-12]. TGFj? is produced by the ciliary
body and retina within the eye, where it is thought to
mediate a variety of effects, including immune suppres
C opyright © 2000 John W iley & Sons, Ltd.

sion [13]. It is important in modulating fibrosis in
response to injury. TGFjg binds first to TGFj?R2 and
then forms a heterodimer with TGFj? receptor I
(TGFjSRl) to permit signal transduction via the
cytoplasmic tail of TGFjSRl [14]. (TGFj?)binding
results in the activation of biochemical pathways
involving a series of SMAD proteins, resulting in the
up-regulation of a number of cdk inhibitors, including
p27*^P‘ and pl5^^^^® [14,15]. The TGFj3 superfamily
now consists of over 40 members, with considerable
receptor diversity [16] which may account in part for
the widely differing effects of TG F /3 on different cell
types. However, several molecular bottlenecks exist in
the TGF]3 transduction pathway. The first of these is
TGFj5R2, which is situated on chromosome 3p22 and
is known to be involved in the pathogenesis of some
colonic (and other) adenocarcinomas with microsatel
lite instability [17].
Various chromosomal abnormalities have been
found in uveal melanoma [18-20], particularly monos
omy of chromosome 3, which is associated with a poor
prognosis [21]. Knowing the role of TGFjS in control
ling melanocyte proliferation and differentiation, we
hypothesized that abnormality of TGFj5R2, or another
point in the TGFjS pathway, might be implicated in
many of these tumours.
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Materials and methods
Tumour material was submitted to immunohisto
chemistry for TGFj5, TGFj?R2, SMAD2, SMAD3,
SMAD4, SMAD7, and p27; cell culture with TGFj3 to
determine whether growth suppression occurred; and
microsatellite analysis, to determine whether there was
loss of heterozygosity for markers on chromosome
3p21-22, where TGFj5R2 is situated.

Melanomas
A total of 27 melanomas were included in the study,
from 14 female and 13 male patients with a mean age
of 58 years (range 31-84 years). The site and
histological type of each tumour are shown in
Table 2. In each case, the eye was placed in sterile
culture medium with 3x antibiotics (see below) and
sent immediately to the laboratory to be dealt with by
a consultant pathologist. Following careful macro
scopic examination for possible extrascleral extension,
and transillumination, the eye was cut vertically or
horizontally through the tumour mass to one side of
the optic nerve, using a dermatome blade. Part of the
tumour present in the calotte was snap-frozen in liquid
nitrogen for DN A extraction and molecular studies,
while the remainder was taken for cell culture. The
main block containing the optic nerve and the bulk of
the tumour was fixed in formalin for paraffin embed
ding and diagnostic histopathology.

immunohistochemistry
Immunohistochemisty was performed using a streptavidin-biotin complex method [22] on 5 pm paraffin
sections from the antero-posterior block used for
diagnostic histopathology, with tyramide amplification
to improve the sensitivity of this method. Paraffin
sections were mounted on glass slides coated with 2%
3-aminopropyltriethyloxysilane in acetone, and baked
on a hotplate at 60°C for 45 min to ensure adhesion.
The mounted sections were hydrated by serial immer
sion in xylene and decreasing concentrations of
alcohol, and finally washed in running tap water.
Antigen retrieval for TGFj52, TGFj?R2, and SM AD3
was performed by incubation of sections for 30 min at
room temperature in 0.5 mg/ml pepsin (Sigma) in 0.01
N HCl buffer. Antigen retrieval for SMADs 2, 4, 7, and
p27 was performed in citrate buffer (pH 6.0) by
microwave heating (850 W) for two periods of 5 min
on full power, with a 5 min rest between each period.
Sections were allowed to cool for 15 min at room
temperature after antigen retrieval and then washed in
tap water and placed in Tris-buffered saline (TBS,
pH 7.6). Sections were treated with TNB buffer (0.1 m
HCl/Tris + 0.15 M NaCl, pH 7.5) with 0.3% hydrogen
peroxide for 30 min to block endogenous peroxidase
activity. Blocking o f non-specific antibody binding was
performed by incubation of the sections in 10% normal
swine serum (Dako Ltd., Ely, UK) in TBS for 25 min
at room temperature. The solution was then replaced
C opyright © 2 0 0 0 John W iley & Sons, Ltd.
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by the primary antibody diluted in TBS and the slides
were incubated overnight at 4°C. Primary polyclonal
antibodies to TGFj52 (sc-90, 0.5 pg/ml), TGFj3R2
(sc-1700, 0.8 fig/ml), SMAD2 (sc-6200, l.Opg/ml),
SMAD3 (sc-6202, 0.5 pg/ml), SMAD4 (sc-1909,
l.O^ig/ml), SMAD7 (sc-7004, 1 pg/ml), and p27 (sc528, 0.8 pg/ml) were obtained from Santa Cruz
Biotechnology, CA, USA. The sections were then
washed three times in TBS and incubated at room
temperature for 40 min with a biotinylated swine anti
goat multilink antibody (DAKO, 1 in 100 in TBS). The
slides were again washed three times in TBS and then
incubated for a further 40 min in a streptavidin-peroxidase conjugate (DAKO), used according to the
manufacturer’s instructions. The sections were incu
bated in biotinyl tyramide (TSA Indirect kit, NEN,
Boston, MA, USA) for 4 min and washed three times
in TBS before incubation for a further 40 min in
a streptavidin-biotin-alkaline phosphatase conjugate
(DAKO), used according to the manufacturer’s
instructions. Since many antigens do not survive
bleaching reliably [22], Vector Red (Vector Labora
tories, Peterborough, UK) was used rather than DAB,
since the latter produces a brown reaction product
difficult to distinguish from melanin. Vector Red was
used according to the manufacturer’s instructions. The
sections were counterstained lightly in Mayer’s haemalum for 5 s and differentiated in acid alcohol for 2 s.
The slides were dehydrated rapidly and mounted in
DPX under glass coverslips. Positive control sections
were used as recommended by Santa Cruz (e.g. liver
for SMAD4). Negative controls included omission of
the primary antibody and incubation with an inap
propriate polyclonal anti-thyroglobulin antibody. The
results were graded visually without knowledge of the
other results.

Effect of TGFjS on melanoma cell culture
Melanoma tissue was dissociated for 2-4 h with
collagenase type H (Sigma) at 1.5 mg/ml and the
effect of TGFjS tested in an ATP-TCA as previously
described [23]. The cells were washed twice in complete
assay medium (CAM; DCS Innovative Diagnostik
Système, Hamburg, Germany) and resuspended in
1-2 ml of CAM. The cells were counted and examined
for viability by 0.2% trypan blue exclusion. Melanoma
cells were adjusted to 200 000 cells/ml and plated
in polypropylene 96-well microplates (Costar, High
Wycombe, UK) with recombinant human TGFj?
(rhTGFj?2; Sigma) in doubling dilutions from 4 to
125 pg/ml. Control wells without rhTGFj^ (MO) and
with a maximum inhibitor (MI) were included as
previously described [23]. Plates were incubated for
6 days at 37°C in 5% CO2 , following which ATP
was extracted and read in a Berthold LB953 tube
luminometer or a Dynatech M L1000 microplate
luminometer using matched extractant and luciferaseluciferin reagents supplied by DCS. A summary TCA
index [24] was used to assess the results so that
J Pathol 2000; 192: 5 1 1 -5 1 8 .
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index < 500 = suppression, 500-800 = no effect, and
>800 = growth.

.was added to the cDNA preparation to make up the
volume to 100 pi. PCR was performed by adding 10 pi
of this cDNA preparation to a PCR mix including
Loss o f heterozygosity
10 X KCl buffer (Bioline, final = 1 x , Mg^'*' = 1.5 mM),
dNTP (2 mM stock, 0.2 mM final), 3' primer and 5'
DN A from blood and tumours was prepared using the
primer at 0.3 pm final concentration (mRNA bases
materials and method contained in the Nucleon II
671-690 and 172-190, respectively; see Table 1 for
DNA Extraction Kit (Scotlab, Strathclyde, UK). DNA
sequence), and Taq polymerase (Bioline, 1 unit final).
integrity was checked by electrophoresis on a 2%
The mix was made up to 20 pi with sterile distilled
agarose gel and an approximate DNA concentration
water. PCR was performed using an initial dénatura
was determined. Three tetramer repeat markers
tion of 94°C for 90 min, followed by 35 cycles of 94°C
(CHLC: Cooperative Human Linkage Center, Iowa,
for 30 min, followed by annealing at either 55°C
USA; http://www.chlc.org) were used for each paired
(SMAD4), or 52°C (jS-actin) for 30 min, and extension
blood and tumour D NA sample: 73D01, D3S3047,
at 72°C for 30 min.
which flank TGF)5R2 on chromosome 3; and
D3S2436, which mapped to a region close to the 3q
end of chromosome 3. Approximately 50-100 ng of Analysis of results
DN A for each blood or tumour sample was set up in a Data from each investigation were compiled without
polymerase chain reaction (PCR) with the following: knowledge of the other results, and finally cross
for marker D3S3047, 7.5 pmol of each forward and tabulated.
reverse primer, 0.2 mM dNTP (0.02 mM dCTP), 0.5 pCi
of ^^P-dCTP, 1 mM Mg^'*', 0.2 units of Taq polymer
ase, and 1 X Taq polymerase buffer (Bioline) in a total Results
volume of 25 pi. The PCR conditions were 94°C for
1.5 min for one cycle; 94°C for 30 s, 55°C for 30 s, We examined 27 uveal melanomas using a number of
72°C for 30 s, 35 cycles; 72°C for 5 min for one cycle; different modalities to test the integrity of the TGFj5
for markers 73D01 and D3S2436, the same conditions pathway. Initial experiments were performed to con
as above were used except 1.5 mM Mg^"^ for each firm loss of TGFj3 responsiveness in the primary
marker, and annealing temperatures of 56 or 56.5°C tumours as well as cell lines. We exposed primary
for 73D01 and D3S2436, respectively. PCR products human uveal melanoma cells to concentrations of
were separated on a 6% denaturing acrylamide gel and TGFjg in a short-term ex vivo serum-free cell culture
were exposed to an autoradiograph which was devel system, using measurement of ATP to determine the
oped after overnight exposure at -80°C.
biomass present at the end of a 6-day incubation
period in comparison with controls [23,24]. Results
RT-PCR for SMAD4
were obtained from 15 tumours with clear lack of
inhibition in ten (67%) (Figure 1 and Table 2). Two
RNA was extracted from 5 mm^ (approximately)
of these tumours showed growth in the presence of
tumour samples snap-frozen in liquid nitrogen and
TGFjS.
stored at -70°C. Following defrosting, samples were
Microsatellite analysis of paired blood and tumour
added to 350 pi of lysis buffer RLT (RNeasy Kit,
DNA samples for loss of heterozygosity (LOH) of two
Qiagen, West Sussex, UK) and minced in separate
markers (D3S3047 and 73D013) which flank the
small Petri dishes before being homogenized using a
TGFj3R2 gene on chromosome 3p22 showed LOH of
Griffith’s homogenizer. The lysate was centrifuged at
one or both markers in six o f 20 tumours tested with
14 000 rpm for 3 min and RNA was extracted from the
evaluable results (Figure 2 and Table 2). In three of
supernatant by an RNeasy column (Qiagen) according
these six tumours, there was also LOH for a marker on
to the manufacturer’s instructions. The quantity and
the long arm of chromosome 3 (D3S2437), consistent
purity of the RNA obtained were assessed by spectro
with monosomy in these cases. However, the other
photometry at 260 and 280 nm to obtain an absor
three tumours showed homozygosity of this marker
bance ratio indicative of purity. An absorbance of 1.0
and it is therefore impossible to comment on the
at 260 nm corresponded to 40 mg/ml RNA, allowing
prevalence of monosomy 3 in this small group of
standardization of the RNA concentration in the
tumours. This group of tumours included 13 of those
reverse transcription reaction.
assayed for e x vivo TGFj3-mediated inhibition for
cDNA for SMAD4 or jS-actin (control) was pro
duced by reverse transcription by incubating a mix
Table I. SMAD primers fo r RT-PCR
of extracted RNA (100 ng) with 10 x RT buffer
(Qiagen, final = 1 x ), dNTP mix (Qiagen, 5 mM stock, P r im e r
S eq uence
final = 0.5 mM), RNase inhibitor (Sigma - 10 units
5' cct gtc tga gca ttg tgc at 3'
final), reverse transcriptase (Qiagen, Omniscript - 4 SMAD 4, 5 ' PCR
SMAD 4, 3' RT
5' tac ttg gtg gat get gga tg 3'
units final), and 3' primer (10 pm stock, 1 pm final),
^-actin, S'
S' tga egg ggt eac eea cae tgt 3'
made up to 20 pi with DEPC-treated water, for 37°C j3-actin, 3'
S' eta gaa gea ttt geg gtg gae 3'
for 1 h. Following this, 80 pi of sterile distilled water
C opyright © 2 0 0 0 John W iley & Sons, Ltd.
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F i g u r e I . R e p r e s e n ta tiv e s tu d ie s s h o w in g th e e ffe c t o f T G F ^ o n
m e la n o m a ce lls in s e r u m - fr e e s h o r t -te r m cell cu ltu r e . T h e r e is
su p p r e s s io n o f g r o w t h in c u r v e a w ith n o e ffe c t in b

F i g u r e 2 . M ic r o s a te llite a n alysis o f b lo o d and tu m o u r D N A fo r
m a rk er

which evaluable results were o b tain ed from b o th
investigations. O f the fo u r show ing T G F/ü-m ediated
inhibition, only one show ed L O H at 3p22, b u t o f the
nine w ith o u t in h ib itio n e x vivo, fo u r show ed L O H .
W hile this does n o t reach statistical significance, L O H
at 3p22 is ap p aren tly m ore co m m o n in those tu m o u rs
th a t show loss o f n o rm al T G F //-m ed iated inhibition.
Im m unohistochem istry w as used to evaluate the
expression o f T G F /iR 2 an d o th e r im p o rta n t m olecules
in the T G F /i p ath w ay w ithin tu m o u r cells. T G F /iR 2
expression w as present in 17 o ut o f 27 tu m o u rs
(Figure 3 and T ab le 2). T w o o f the six tu m o u rs with
LO H at 3p22 show ed im m unohistochem ical evidence
o f T G F /iR 2 , suggesting th a t the o th e r allele was intact.
As a fu rth er check on the fu nctional statu s o f the
T G F /i pathw ay in the tu m o u rs, we exam ined them for
evidence o f nuclear p27'^‘'’' expression, w hich has
previously been rep o rted as being ab n o rm al in uveal
m elanom a [12] an d w hich can be contro lled by T G F /i
in the presence o f p i m u t a t i o n [25]. Since
p27‘^‘P' levels are con tro lled by p o st-tran slatio n al
deg rad atio n [26], p27*^''’' expression was assessed by
im m unohistochem isty. Positive staining for p 2 7 ^ '^'
was present in only three o f th e 27 tu m o u rs exam ined
(F igure 1 and T ab le 2). O f these, tw o were T G F/1R2positive (T able 2), suggesting th a t their T G F /i path w ay
w as intact. F inally, im m unohistochem ical positivity for
T G F /i itself w as fo u n d in seven m elanom as, five o f
which also had T G F /iR 2 positivity (T able 2).
T he com plex o f T G F /i w ith T G F /iR l an d T G F /iR 2
recruits S M A D 2 an d S M A D 3, w hich then activate
SM A D 4. W e th erefo re exam ined the p ath w ay fu rth er
by im m un oh istochem istry for all three S M A D s. T he
results (Figure 3 and T ab le 2) show generally w eak
cytoplasm ic positivity fo r either S M A D 2 o r S M A D 3 in
8 o f 27 tum ours, w ith S M A D 4 positivity (nuclear and
cytoplasm ic) in 10 o f 24 tested, including five w ith o u t
S M A D 2 o r S M A D 3 positivity. S M A D 7 w as present in
12/23 tum ours tested (52%). R T -P C R was used to
check for the presence o f S M A D 4 m R N A in the
tum ours, alth o u g h this m ay o f course be present in
non-neoplastic cells, to confirm positive results for
im m unohistochem istry. Few er th an 10% endothelial
Copyright © 2000 John W iley & Sons, Ltd.
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in th r e e

cases,

s h o w in g

h o m o z y g o s ity

fo r

9 7 M 0 0 2 , h e t e r o z y g o s it y f o r 9 7 M 0 0 3 , and lo s s o f h e te r o z y g o s it y
fo r 9 7 M 0 0 4

cells/fibroblasts were present by cytology in dissociated
cell p re p ara tio n s from
sim ilar specim ens [24].
S M A D 4 m R N A w as presen t in 13/20 tu m o u rs
(F igure 4 an d T able 2), b u t S M A D 4 p ro tein w as n o t
detected im m unoh isto ch em ically in fo u r o f these cases.
T hree cases show ed im m u n o h isto ch em ical evidence o f
S M A D 4 w ith o u t a positive R T -P C R , suggesting th a t
the S M A D 4 R T -P C R h ad n o t w orked efficiently in
these sam ples, despite th e positivity o f R T -P C R for
//-actin in the sam e sam ples.
P roxim al T G F /i p ath w ay integrity was assessed from
the im m unohistochem ical d a ta for T G F //R 2 and
S M A D s, an d for th e p u ta tiv e level o f any block in
the p ath w ay , according to the follow ing scheme:
Receptor level: T G F ^R 2 absent, with absence o f SM A D2/
3 expression and SM A D 4 expression {n = 7/27, 26%).
SMAD213 level: T G F /iR 2 present, with lack o f SM AD2/3
and SM AD4 expression (« = 6/27, 22%).
S M A D 4 level: T G F ^ R 2 and SM AD2/3 expression pre
sent, with lack o f SM A D4 expression (« = 1 /2 7 , 4%).
Intact: TGFj5R2, SM AD2/3, and SM A D4 expression
present (« = 9/27, 33%).
Equivocal: A num ber o f cases were judged equivocal due
to lack of inform ation to confirm their status, or
because the data appeared to conflict (« = 4/27, 15%).
T he evidence suggests a b n o rm a lity o f the T G F /i
p ath w ay in 14 o f the 23 m elan o m as w ith unequivocal
d a ta (61%), sim ilar to the p ercentage o f tu m o u rs
show ing lack o f suppression by T G F ^ in cell culture.
H ow ever, there was a relatively p o o r co rrelatio n
betw een im m uno h isto ch em ical assessm ent o f the p a th 
way and th e cell cu ltu re results. O f the five tu m o u rs
show ing suppression o f g ro w th in cell culture, only tw o
had an in tact p ath w ay by im m unohistochem istry.
L O H at m ark ers flanking the T G F /iR 2 gene was
found in only three o f these tu m o u rs. O f the o th e r
three tu m o u rs show ing L O H , one show ed equivocal
results an d tw o had a p p aren tly in tact p athw ays,
suggesting th a t L O H w as o f lim ited im p o rtan ce in
J Pathol 2000; 192: 51 1-5 1 8 .
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F i g u r e 3 . I m m u n o h is to c h e m ic a l stain in g o f m e la n o m a s e c t io n s . (A ) T G F /iR 2 s h o w in g a va ria b le d e g r e e o f p o s itiv e stain in g w ith in
m e la n o m a c e lls ( x 4 0 0 ). (B) C o m p le t e n egativity fo r TGF/:^R2 w ith in a tu m o u r , w ith o c c a s io n a l c e lls sta in in g p o sitiv e ly in th e
o v er ly in g a tr o p h ic re tin a ( x 4 0 0 ) . (C ) P o s itiv e stain in g fo r p 2 7 th r o u g h o u t a t u m o u r c o n t r a s t s w ith ( D ) n o sta in in g (b o th

x 8 0 0 ).

(E) P o sitiv e stain in g fo r S M A D 4 in a tu m o u r w ith (F) n o stain in g (b o th a t x 8 0 0 )

these tu m o u rs an d th a t the o th er TG FjSR2 allele m ight
be intact.

Discussion
These results provide convincing, th o u g h n o t co n clu 
sive, evidence o f ab n o rm a lity o f the T G F /i p ath w ay in
m ost uveal m elanom as (aro u n d 61% o f those exam ined
here), but the p ath w ay is com plex an d conflicting d a ta
are to be expected in som e tu m o u rs. As an exam ple o f
this, the finding o f S M A D 7 expression in a high
pro p o rtio n o f tu m o u rs w ith im m unohistochem ical
evidence o f an intact T G F /iR 2 /S M A D p ath w ay is
potentially im p o rtan t, as S M A D 7 inhibits signal
tran sd u ctio n an d could ab ro g a te T G F /f-m ed iated
grow th suppression in these cells. O u r results fit well
w ith previous studies show ing a b ro g a tio n o f n orm al
Copyright © 2000 John W iley & Sons, Ltd.

grow th co n tro l by T G F /i in m elan o m a cell lines [8-12],
b u t it is still n o t k now n w h at a b n o rm alities o f the
p ath w ay exist in these lines, despite a recent re p o rt by
R odeck et al. [25].
T hose tu m o u rs expressing T G F /iR 2 w ith o u t S M A D
o r p 2 7 ^ ‘'’* positivity, o r e x vivo in h ib itio n by T G F /i are
o f p a rtic u la r interest. T hese tu m o u rs m ay have m u ta 
tion o f a gene d o w n stream o f T G F ^ R 2 , o r m ay
represent m elan o m as w ith expression o f tru n cated
T G F /iR 2 th a t w ould allow m u ta tio n o f one allele to
a b ro g ate function o f the T G F ^ p a th w ay [14,26,27].
T G F /iR 2 m u tatio n s have been m ap p ed to p h o sp h o r
y lation sites and kinase reg u lato ry sites, w ith d o m in a n t
negative effects described fo r m u ta tio n s p ro d u cin g
tru n cated p ro tein s [14,26,27]. It m ay th erefo re be th a t
only one m u tan t allele is req u ired to ab ro g a te
T G F )iR 2 -m ed iated g ro w th sup p ressio n in som e o f the
uveal m elan o m as th a t we have studied. F u rth e rm o re , a
J Pathol 2000; 192: 5 1 1 -5 1 8 .
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SM AD4
RT-PCR

F ig u r e 4 .

R T -P C R

p r o d u c t in lan es

r e su lts

fo r

SM A D4

I, 2, 4 , 5, 7, and 9 - 1 1

s h o w in g

a

5 0 0 bp

o n th e lo w e r r o w .

P o sitiv e c o n t r o ls (PC R p r o d u c t, c D N A ) and n eg a tiv e c o n tr o ls
(P C R p r o d u c t, c D N A ) a r e p r e s e n t in la n es 3 and 4 , and lan es 5
an d 6, r e s p e c tiv e ly , o f th e u p p e r r o w , t o g e t h e r w ith a fu r th e r
t h r e e p o s itiv e s a m p le s in la n es 9 - 1 1 . T h e rem ain in g la n es a re
b lank ( n o sa m p le) and s iz e m a rk ers a re s h o w n in lan e 13

tru n c a te d T G F /iR 2 w ould be indistinguishable on
im m unohistochem istry from a n o rm al pro tein using
p olyclonal an tib o d ies ag ain st m ultiple epitopes,
acco u n tin g for the presence o f T G F j?R 2 im m u n o stain ing in the presence o f a p p a re n t a b n o rm ality a t the
S M A D 2/3 level in som e o f the tu m o u rs th a t we have
exam ined. T he recent suggestion by R odeck et al. [25]
th a t S M A D -m ediated signal tra n sd u c tio n is intact in
skin m elan o m a cell lines is consistent w ith this
hypothesis. In m any tu m o u rs, T G F j?R 2 m u ta tio n is
associated w ith a m ism atch rep air defect [17], bu t in
uveal m elanom a we have so far detected no evidence o f
this, despite the presence o f h M L H l on 3p21 (d ata n ot
show n).
A n altern ativ e ex p lan a tio n fo r o u r results is th a t
o th er proteins dow nstream from the T G F )^R 2/S M A D
section o f the pathw ay [14,28] m ight be ab n o rm al
in uveal m elanom a. T he tu m o u r su p p resso r genes
I NK4A
I NK4 B
and p l5
p l6
m ay be a b n o rm a l in these
tu m o u rs w ith o u t L O H a t 3p22 an d evidence in keeping
w ith this has been rep o rted by som e [4-6,29]. O th er
studies have been less convincing [30], b u t alteratio n o f
the pl6*'^‘^‘^'^ tu m o u r su p p resso r gene by m éth y latio n
has recently been rep o rted in a ro u n d a th ird o f uveal
m elanom as [29,30]. p i w o u l d be consistent with
the occurrence o f uveal m elan o m a in som e dysplastic
naevus/fam ilial m elanom a fam ilies [31]. H ow ever, there
is also a striking lack o f p 2 7 ^ ‘^' expression in these
tu m o u rs, which has been n o ted here and by o th ers [12].
p 2 7 Kipi
yg co n tro lled by TG F)? in th e presence o f
pj^iNK4B
[32], suggesting th a t ab n o rm alities
in the T G F /i pathw ay an d som e cdk in h ib ito rs m ay
not be m utually exclusive. E xpression o f the related
cdk in h ib ito r,
[33] h as been rep o rted to be
a b n o rm al in som e hum an skin m elan o m a cell lines
[34]. W hile the significance o f this o b serv atio n is
Copyright © 2000 John W iley & Sons, Ltd.

d eb ata b le,
can also be regulated by the
TGF)? p ath w ay [35]. T hese possibilities are am enable
to study an d we h ope to p u rsu e them fu rth er.
O u r co m b in atio n o f genetic analysis w ith im m u n o 
histochem isty an d fu n ctio n al cell cu ltu re assays in
prim ary tu m o u r m aterial is an u n u su al b u t pow erful
a p p ro ach . It is p articu larly suited to th e investigation
o f cytokine path w ay s, m any o f w hich co n tain ‘m ole
cu lar b o ttlen eck s’ at which m u ta tio n can lead to
serious consequences for the cell. In this instance, we
have been able to p rovide evidence th a t a b n o rm ality o f
the T G F /?R 2 gene occurs in m an y uveal m elanom as.
O ne o f the m o st com p reh en siv e recent studies using
m icrosatellite analysis alone w as u nable to identify one
site o f cryptic deletion on c h ro m o so m e 3 com m on to
m ost uveal m elanom as [36], an d could n o t c o rro b o ra te
a previous suggestion th a t L O H was com m on at
D3S46 on 3q [37], o r a t th e T H R B locus on 3p24
[38]. H ow ever, 3p22 an d even 3q m ay often be included
in the large deletions (often m o n o so m y ) o f c h ro m o 
som e 3 w hich have been a co n sisten t finding in uveal
m elanom a. It was n o t the in ten tio n o f this study to
determ ine the relatio n sh ip o f m o n o so m y 3 to loss to
TGF)? function, an d this m u st aw ait fu rth e r study. T he
suggestion by W hite et al. [36] th a t the frequent
occurrence o f m o n o so m y 3 an d acq u ired hom ozygosity
in uveal m elan o m as cou ld be due to an im p rin tin g
defect is interesting an d w o rth y o f fu rth er investiga
tion. C onclusive evidence o f T G F /?R 2 m u ta tio n m ust
aw ait sequencing o f the a b n o rm a l genes in these
tu m o u rs. W hile we have co n c e n tra te d on uveal
m elan o m a, it is possible th a t a p ro p o rtio n o f cu tan e o u s
m elanom as m ay also have a b n o rm alities o f the T G F/?
pathw ay.
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I tu

Crtidiotoxicity of a n ttir a cy c lin es h a s largely p rev en ted

d o s e in ten sific a tio n , but th e u s e o f lip o so m a l prep aration s
( t , g , C aelyx/D oxil) a llo w s m u ch h ig h er intra-tum oral c o n c e n 
trations to b e a c h ie v e d w ith o u t c a rd io to x iclty . H ow ever, it is
uncertain h o w m u ch th is will Im prove r e s p o n s e ra tes o v er
standard a n th r a cy c lin e th erap y. T he A T P -b a sed c h e m o s e n 
sitivity a s s a y (ATP-TCA) h a s b e e n u s e d to d e v e lo p n e w
reg im e n s for s e v e r a l tum or ty p e s , to In v estig a te th e m o le 
cular b a s is o f c h e m o s e n s itiv ity and s h o w s c o n s id e r a b le
p rom ise a s a clin ic a l m e th o d for Individualizing c h e m o th er 
apy. In this stu d y , w e h a v e u s e d th e ATP-TCA to d eterm in e
the co n cen tra tio n r e s p o n s iv e n e s s o f tu m or-derived c e lls to
c o n c e n tr a tio n s o f d o x o r u b ic in . T he 22 tu m or s a m p le s
inclu ded w ere o b ta in e d from 20 h ea v ily pretreated p a tien ts
with recurrent o v a ria n c a n c e r . E ight had p r e v io u s anthracyc lin e e x p o s u r e , fou r a s part o f th e CAP reg im en . The r esu lts
sh o w m ore than 95% inh ibition at clin ic a lly a c h ie v a b le
c o n c en tr a tio n s in 11 of 22 tu m o r s te s te d . Of th e rest, s e v e n
s h o w e d a p lateau e ffe c t t>etw een 80 and 95% inhibition,
s u g g e s tin g that th er e m ight t>e a s u b s e t o f r e sista n t c e lls
p r e se n t that is n o t inh ibited b y h ig h c o n c e n tr a tio n s of
d oxorub icin. Two tu m o r s s h o w e d c o m p le te r e s is ta n c e a nd
neither ot t h e s e

had p r e v io u s ly

r e c e iv e d a n th r a cy c lin e

therapy. A s it h a s b e e n s u g g e s t e d that g e m c ita b in e m igh t
e n h a n c e a n th ra cy clin e s e n sitiv ity in co m b in a tio n and w e
have had g o o d

r e s u lts with g e m c ita b in e

m o d u la tio n of

alkylating a g e n ts in th e a s s a y , w e h a v e te s te d th e c o m b in a 
tion ot d o x o r u b icin + g e m c ita b in e un der a s s a y c o n d itio n s in
11 tum ors with little in d ica tio n o f im p ro v em en t. In c o n c lu 
sio n , d oxoru b icin at c o n c e n tr a tio n s a c h ie v a b le with lip o s o 
mal preparations s h o w s str o n g e x
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Introduction

.n

Dose intcnsificaton of anthracydines such ais <loxorubicin is an attractive proposition as these drugs are
very active against some solid tumors, including
ovarian cancer. ' However, their toxicity iias ^)rcvented their use at high dose until liposomal prepara
tions such as Doxil/Caelyx were devised.- ïj p o s o a W f '^ - "
doxorubicin (Caelyx/Doxil; Schering'Plough/Scquus)
enhances intra-tumoral or in tra ^ eS u sio a ik ilv a y îïflb e^
drug to produce local concentrations o f doxorubicin 4to 16-fold greater than those achievable Lwith the
standard soluble p r e p a r a t io n , Liposomal-doxorubi
cin also shows considerable reduction in cardiotoxiciry, although other loxicities such as palmar-plan tar
erythema and dyspnea occur.^
Liposomal doxorubicin has been shown to be active
in Kaposi’s sarcoma,^ ''' and in a proportion of'
patients with other solid tumors,'"^ While its activity
in melanoma was disappointing,'^ liposomal doxo
rubicin has shown activity against breast carcinoma'^'
and ovanan cancer.' ''' Since these tumors are
I lassicalb associated with antliracycline responsive
ness It seems rational to regard liposomal doxorubicin
as a metiiod of increasing the dosage of antliracycline
m these patient grou|)s However, it is uncertain how
mneh the use o l higher-dose densiiv of doxorubicin
w ill im p r o \a
response rates in comparison with
statulani anthi.tevc liiK thentpc used alone or in
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doxorubicin on recurrent ovarian carcinoma
M ic h a e l H N e a le .' A lan L a m e n t,^ A n d r e w H ln d iey,^ C h r istia n M K u rb ach er^ a n d
Ian A C ree

^Depanmen: oi Hainoioyy, institute of Ophthalmology, University College London, London EC1V 9EL, UK.
^Department of Radiotherapy and Oncology, Southend Hospital, Westcliff-on-Sea 880 DRY, UK.
^Department of Radiotherapy and Oncology, Royal Preston Hospital, Fulwood, Preston PR2 4QF, UK.
"Laboratory for Chemosensitivity Testing. Universitats-Frauenklinik, University of Cologne Medical Center,
Cologne 50931. Germany

The- card iü toxiciiy oi a n th r a c y c lin e s h a s largely p rev en ted
d o s e in ten sifica tio n , but th e u s e o f lip o so m a l prep aration s
(e.g . C aelyx/D oxil) a llo w s m u ch h ig h er Intra-tumoral c o n c e n 
tration s to be a c h ie v e d w ith o u t ca rd io to x iclty . H ow ever, it is
u n certain h ow m u ch th is will im p ro v e r e s p o n s e ra tes o v er
stan d ard a n th ra cy clin e th era p y . T he A T P -b a sed c h e m o s e n 
sitivity a s s a y (ATP-TCA) h a s b e e n u s e d to d e v e lo p n ew
tï.«

r eg im e n s for s e v e r a l tum or ty p e s , to In v e stig a te th e m o le 
cular b a s is o f c h e m o s e n s itiv ity a n d s h o w s c o n s id e r a b le
p ro m ise a s a clin ica l m eth o d for Individ ualizing c h e m o th er 
apy. In this stu d y , w e h a v e u s e d th e ATP-TCA to d eterm in e
th e c o n cen tra tio n r e s p o n s iv e n e s s o f tu m or-d erived c e lls to
c o n c e n tr a tio n s o f d o x o r u b ic in . T he 2 2 tu m or s a m p le s
in clu d ed w ere o b ta in e d from 20 h ea v ily pretreated p a tien ts
w ith recurrent ovarian c a n c e r . E ight had p r e v io u s a n th ra cy 
clin e e x p o su r e , four a s part of th e CAP reg im en . T he r esu lts
s h o w m ore than 95% inh ibition at clin ic a lly a c h ie v a b le
c o n c e n tr a tio n s in 11 of 22 tu m o rs te s te d . Of th e rest, s e v e n
s h o w e d a pla tea u e ffe c t b e tw e e n 80 and 95% inhibition,
s u g g e s tin g that th ere m ight t>e a s u b s e t o f r e sista n t c e lls
p r e se n t that is n o t inh ibited by h ig h c o n c e n tr a tio n s o f
d oxoru b icin . Tw o tu m o rs s h o w e d c o m p le te r e s is ta n c e and
n eith er of t h e s e had p r e v io u s ly r e c e iv e d a n th r a cy c lin e
th erapy. A s it h a s b e e n s u g g e s t e d that g e m c ita b in e m ight
e n h a n c e a n th ra cy clin e se n sitiv ity in co m b in a tio n and w e
have

had g o o d

r esu lts with g e m c ita b in e m o d u la tio n of

alkylating a g e n ts in the a s s a y , w e h a v e te s te d th e c o m b in a 
tion of d o x o r u b icin + g e m c ita b in e u n d er a s s a y c o n d itio n s in
11 tum ors with little ind ication o f im p ro v em en t. In c o n c lu 
sio n . doxorub icin at c o n c e n tr a tio n s a c h ie v a b le with lip o s o 
mal p reparations s h o w s stro n g e x
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A ey words: ATP, chemotherapy, doxorubicin, gemcita
bine, liposome, ovarian carcinoma.

Introduction
Dose intcnsificaton o f anthracyclines such as d o x o r 
ubicin is an attractive p roposition as these drugs a re
very a c th c against som e solid tumors, including
ovarian c a n c e r . H o w e v e r , th e ir toxicity has pie- _ ,
ven ted th eir use at high dose im til liposomal prepara
tions such as D oxil/C aelyx were devised.^ liposomal
d o x o ru b icin (Caelyx/D oxil; Sdicring f lough/Scqutcf)"—
e n h an ces intra-tum oral o r in tm ^ e fifu s io n d d iv tiy ^ fx te ^
drug to p ro d u c e local co n cen tratio n s o f doxorubicin 4to 16-fold g reater th a n th o se achievable i with the
standard soluble preparation.'^'^ Liposom al d o x o ru b i
cin also show s considerable red u ctio n in card io to x i
clty, although o th e r toxicities su ch as p alm ar-p lan ta r
cryrthcma and dyspnea occur.®
Liposomal doxo ru b icin has been sh o w n to be active
in K aposi’s sa rc o m a,^ '' ^ and in a p ro p o rtio n of*
patients w ith o th e r solid t u m o r s . W h i l e its activity
in m elanom a w as d isappointing,'^ liposom al d o x o 
rubicin has sh o w n activity against breast c a rc in o m a '^ '
and ovariiui c a n ce r.'
Since th ese tum ors are
. la.ssKalb ass(Kiated will) antliracycline responsivencss. it seem s rational to regard liposom al d o xorubicin
a> .1 m eth o d ol increasing the d o s a g d ^ a n tlira q 'c lin e
in I best patient groups H ow ever, it is uncertain h o w
m n e h ilu use of higher-do.se d ensit\ ol d o x o m b icin
w ill im p r o v e response rates in com parison w ith
standard .iiiihntc'veline iherapv used alone o r in

K(iS

Neale ct al.
combination Since singlc-agcnl antitracyclincs are
raR'Iy used in the treatment of ovarian cancer, we
have used an ATP-based chemosensitivity assay (ATPTC;a)^" to determine the concentration responsiveness
o! tumor-<jcri\'ed cells to concentrations of doxorubi
cin achievable with liposomal preparations such as
Caehot/Doxil. In this study w e have only used the
standard soluble form of doxorubicin, as there is
e\idence that the liposomal preparation is inactive in
vitro^'.

Materials and methods

-,

Tumor-derived cells were obtained from patients»
undergoing chemosensitivity testing to guide rescue
therapy for heavily pre-treated recurrent ovarian
cancer Doxorubicin was tested at 5 times the normal
test drug concentration (TDQ used in the assay tomimic the concentration achieved by the liposomal
preparation in patients/’’^
Tumors

instructions CrCA-lOO; DCS Innovative Diagnostik
Système, Hamburg, Germany) Briefly,' cells from
ascites or enzymatic digestion of solid tumor were
placed in 96-well polypropylene microplates at 10000
or 20000 cells/well, respectively, with each drug/
combination at six doubling dilutions in triplicate from
200 to 6.25% TDC The plate was then incubated at
57"G in 5% CO] for 6 days 'Hie degree of cell
inhibition at the end of this period was assessed by
measurement of the remaining ATP in comparison
with negative control (no drug, MO) and positive
control (maximum inhibitor. Ml) rows of 12 wells.
ATP was extracted from the cells and measured by
-.' .light output in a microplate luminometer (Berthold
.K Diagnostic Systems) following addition of luciferin■ luciferase. TDCs were 0.5 /ig/ml for doxorubicin and
25 pLg/ïxû for gemcitabine. Doxorubicin was used at 5
times the normal assay TDC to mimic the likely
concentration acliievable in patients (i.e. 2.5 A/g/ml).
Data analysis

, J he percentage inhibition for each drug concentra■ tion
was calculated
as
1—
{(test —MI)/
Tumor-derived cells were obtained from 22 samples'* (MO —MD] X 1(X) using an Excel spreadsheet (Microfrom 20 pre-treated patients with recurrent ovadatik ■soft). For each drug-concentration cuive, the area
carcinoma, one of whom was thought clinically to
under the curve (Index^utT, the sum of tlie inhibition
have a Fallopian tube carcinoma treated according to
at each concentration (IndexsuM). the 50% inliibitory
ovarian cancer protocols and one an ovarian mesothe
concentration (IC^o) and the 90% inhibitory concen
lioma, treated similarly. Tlie study included 16 ascites,
tration GGx)) were calculated as previouslv de
tVrO pleural fluids and four solid tumor samples.
scribed.^"
Prev ious treatment of these patients included first-line
platinum-based therapy and second-line therapy with a
variety of agents. Seven patients had previously
Results
received anthracyclines, four as part o f the CAP
regimen. Ascites or solid tumor was transported to
There is considerable heterogeneity of response to
the laboratory in cell culture medium (DMEM; Sigma,
doxorubicin between different tumors, as w e have
Poole, UK) with antibiotics (100 U/ml penicillin and
observed with most chemotherapeutic agents in a
100 gg/ml streptomycin; Gibco/BRL, Paisley, UK) at
variety of solid tumors. Table 1 shows the response for
4'C. For ascites and pleural fluids, a 250 ml bottle was
each of the drugs and combinations tested in each
used containing 1 ml calcium heparin (5000 U/ml)
tumor, expressed as "IndeXsuM Those with an
and 25 ml culture medium (witli 10 mM HEPES;
IndcxsuM less titan 300 would be expected to show
Sigma) to provide support to the cells during transport
clinical effects, if 100% inliibition is achieved ^t
and prevent clotting of any blood present in the
clinically relevant concentrations (i.e. 100% TlX. or
specimen. Solid tumors were transported in 25 ml
less). The median IG^o for doxorubicin was 1.3B Mg/ml
universal containers with 10 ml culture medium
(55% TDC) and the median IC^o was 0.33 /tg/ml (13%
(D.MFM) to which antibiotics (100 U/ml penicillin
TDC).
and 100/ig/nii streptomycin) and HFPFS (lOmM )
l 'se of the lndeXsi ..\, for analysis ignores the shape of
were added
the concentration-inhibition ciiives, which are shown
in Figure I On this basis doxorubicin x 5 shows high
ATP-TCA
activitv with more than 95'.!,, inhibition in I I ol 22
(50%) ;md more than 99/., cell inhibition in six olThesc
i'tie A TP T( A was perlormed as previous!) de(28'f., of total), while in nine ol 22 ( 11%) tumors the
Scnlrecb
and .iccordirm to the manufacturer’s
inhibition reaches a plateau at XO-95'',, mhibitioti
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Doxorubicin and recurrent ovarian cancer
-iT ableJisT u m ofSiested and their clinical characteristics [sam ples 3 and 4 lepresent th e.sa m e patient, as do 6 and 8
(where there w a s intervening therapy with treosulfan+gemcitabine)]
\
TCA no.

1
2
3
4
5
6
7

8
9

10
11

12
i
.
:

13
14
15
16

#17

^ -^19
20
21

22

^

Tumor diagnosis

'Age (years)

Previous chemotherapy

Specimen type

50
50
34
34
64
49
65
49
62
64
50

1.14

ascites

ovarian carcinoma
ovarian carcinoma
ovarian carcinoma
ovarian carcinoma
ovarian carcinoma
ovarian carcinoma
ovarian carcinoma
ovarian carcinoma
ovarian carcinoma
ovarian carcinoma
ovarian carcinoma
ovarian carcinoma
tubal carcinoma
ovarian carcinoma
unknown 1 primary
.
.
n u ovarian carcinoma
f
Ai*&#0p)esothelionia (ovarian)Ji>.-.
ovanan carcinoma
v ' f A ' V •'
ovarian carcinoma
'
' ovarian carcinoma
■
V s \
■ ry
y;
ovanan carcinoma
i ,:k:
ovarian carcinoma ' “ •

66
64
69
60
61

2.5

tumor

1.2.3
1.2.3
1,4.13
3.11

ascites
ascites
ascites
ascites
ascites
ascites

2.3
3 , 11,12

3,9
3.5
1.3
3
3,18
8
none
unknown

28

1.7

66

2.4.5

62
41
73
55

3.5

b

3.5
1,15,16,17,1

tumor

ascites
ascites
ascites
ascites
ascites
pleural fluid
ascites
ascites
pleural fluid
ascites
tumor
tumor
ascites

1, cartx3pla^'(slr»ÿe
2, CAP; 3, cartwplatin+paditaxel; 4, nf^xantnone+pacfitaxel; 5, cartx>platin ordsplaürwgemdtabine; 6, liposomal
doxoojbdtMpacfitaxel^flertx^
7, paditaxel (single agent); 8, chlorambucil (single agent); 9, topotecan (single agent); 10, etoposide
(single ttàgéiQ:^ 1 /%eosulfan (single agent); 12, treosuttarM^gerndtablne; <1 3 ,'Vtnoretolne (single agent);-14,’»eplrubidn+padltaxel; 15,
dsplalin+Jeostiteq^^
17, cydophospligunide+S^luorouracil; 18, mttoxantrone (single agent).

■i

y

>0 TDC

Resistant

Sensitive

Plateau effect

Figure 1. Example concentration-inhibition curves for
doxorubicin x 5 In the ATP-TCA, showing the plateau at
high inhibition, resistance and sensitivity in three recunent
ovarian carcinomas.

Complete resistance w i t h m h ilt it io n n o t greater titan
at any concentration te s t e d w as o n lv seen in twT)
of 22 ( 9 %) tumors tested: n e it h e r of t h e s e had received
previous anthracycline t h e r a p y ,\ll s ix tumors in
80%

w tiidi tK)Üi ranges of doxorubicin were tested ( x 1
and x 5 ) «how tlic expected increased activity, of
doxorubicin x 5 in con^arisoaw ith doxorubicin, but
in none o f the four of thc^^T^otisTvith less than9$%-^
inhibition did the higher concentration range
greater than 95% inliibiticMi.'fiowcvcr, in the II tumcM
samples^whichxiid a cliiev ef 5 %4 nhB)ition w h e a t
with doxorubicin x 5, 95% inhibition was still p
at 25% o f the TDC in seven cases, suggesting that
clinical dose of liposomal doxorubicin would greatly
exceed that required to inhibit greater than 95% of the
cells in these tumors. This would not be achieved
using the standard concentration of doxorubicin.
The combination of gemcitabine with doxorubicin
X 5 showed some improvement in the IndexsuM. but \
this only translated into an improvement in the
achievable percent inhibition in one of 1 1 tumours
in which the combination was tested (fable 2). Tlie
improvement in IndexsuM was generall\’ due to
improvement of the percent inhibition at lower
concentrations of the two drugs, where there was at
least an additive effect in three of the tumors which
showed a decrease in IndexsuM of 5 0 points or more.
In keeping with this, the median
for tbe
combination was i''",, fDC and the median IC50 was
5% TDC, both of which are lower than the figures
867

kl
yCTable 2.Crhe*hem ôsensttivity Index sum for each patient (or each of the three drugs tested, and the median and range for
' .all four param eters m easured on tiie series of patients included 1n"thé<stüdy
TCA no.

^

^ ' Doxorubicin x 5

Doxorubicin

1

2
3
4
5

6
7

8
9

10
11

12
13
14
15
16
17
,18
19

20
21

22

—r

261**
164**
526"
484"
398"
ND
290*
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

81**
36**
295*
348"
173*
195'
177*
284*
317"
165"
"
*
82*
85**
**
47**
'T / V s # : 154**
nH l94**
' 268*
92**
, ,,
183"
^
.
" 1 15522 "

102
202
111

;

Doxorubicin x 5 and
gemcitabine

Gemcitabine
170
425
393
540
159
ND
297
375
243
259
208
446
296
176
155
19
372
383
160
313
475
374
:• 296
159-540

ND
ND
ND
319"
60'*
ND
ND
186*
169"
143"
39**
163*
"
27**
51"
jV-.
5**
ND
ND
ND
ND
w>».i ND
r y .- —
-- X -' • ■ :---ND

21

VJvledian . .„

60

5-319

Descnption
number

■ '

6

6

.

■'

-,V '

. 22
2 2

■r’o^dlr '
, :
’

V-;

■

\

-f

■
;

-i-u.

22

11

i (19-540) ir'M'v
^' 344 (164-526) ^(^-^#65X36-348)
T't.-ço (5-319) V•-«11116 (3737-16974) 4 r17043 (10999-19040) )t18172 (11915^9333) :,aa%B62X3105-18988)'
.,,...,233 (63^)_.T iiii,V fWK (12-311)
•27 (6-300) uk: :'j&..#1(6-980)
, . 56(10-238) >„ .
13(4-51)
5 (3-27)

IndexsuM
IndexAuc
iCgo
,

ICso

this are denoted by ‘
An index lower than 300 Indicates strong sensitivfty In the assay. If > 95% inhtoltionls achieved. Those which
those with best,inhibltion^JB(h95% by
a n d j t t ^ . ^ , 0 yktence of resistance by
(<80% at any concentration).

.XKÂfikkn 'f.::

. -

■

.■

cited above for <ioxDmbicin alone An •example o f one
of these tumors is show n in Figure 2.
i.. , -
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Increasing the conœ ntiation of doxorubicin does not
always induce greater cell inhibition at the clinically
relevant concentration,*as the concentration-response
curve tends to plateau at 80-95% cell inhibition. It is
likely that the remaining cells will survive and produce
resistance. The ATP assay is ven- sensitive and will
detect less than five cells left in the well after the
culture period. It is notable that total inhibition
equivalent to maximum inhibitor (MO wells was seen
in 28% of the tumors tested, a figtire wliich is
remarkably similar to the response rate observed r;r
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6.25

12.5

25

50

100

200

%-TDC

doxorubicin x5

Æ

' -'wj ' "#

*gemcitabine
g ë ^ ila b in e -*•-Doxorubicin >5 ■

Figure 2. The influence of combining high-concentration
doxorubicin with gemcitabine in an example sitowing an
additive effect.

w
Doxorubicin a n d recurrent ovarian cancer

I

l'iv o with Caelyx/Doxil in recurrent ovarian cancer.'^
Most patients with recurrent ovarian cancer are likely
\X'heth(f this parameter will prove to he the best
to have already been exposed to taxanes. Never
predictor of the clinical activin of liposomal doxortheless, taxanes are worthy of study with liposomal
uhi( in remains to he seen and at present it seems_ doxorubicin in other settings (including primary
sensible to regard those with a percent inliibitionV' chemotherapy) and early results are encouraging,
greater than 95% at 100% I DC for doxorubicin x 5 as ? although there is a toxicity i s s u e . T h e option of
likely to respond to liposomal doxorubicin.
’ combining liposomal doxorubicin with topoisomerase
Doxorubicin is a classical topoisomerase inhibitor
I inhibitors is interesting, but potentially toxic.
\\iiich acts through stabilization of the transient
However, it has been reported that doxorubicin also
(opoisomerase-DNA cleavable complex resulting in
has some activity against topoisomerase I /' Setjucntial
DNA strand breakage and cell death Mechanisms of
administration is therefore a different matter, as this
resistance to doxorubicin include downregulation of
has been used successlulh with topoisomerase
topoisomerase Ila, and increased expression of cell
inliibitors m early clinical trials.
It would Ix'
efflux proteins such as the multidrug resistance Pinteresting to measure topoisomerase 1 and 11 activit)'
glycoprotein (MDRl/PgP), lung resistance protein
in cells from patients treated with liposomal doxor
(L R P )
or multidrug resistance related protein
ubicin and topotecan (or a similar agent) to determine
(MRP)/^
Since the end result of doxorubicin^'^ the optimal timing of this sequence Such studies
exposure is DNA damage, enhancement of DNA r e p ^ |^ should be preceded b) careful ex vivo studies since
is also likely to be important, together with the ability y the ATP-TCA is capable of aiding the desigti ol M ich
of the cell to undergo growth arrest rather thanf^' trials.^"
apojAosis while DNA damage is repaired/' iTie,
llie ATP-TCA has been used to direct chemotlu rapy
com])lexity of the possible cellular response t o , in a case control study of recurrent ovarian cano i . *’
doxorubicin exposure makes it difficult to determine .• showing doubling of progression-free suivival and
what combination of factors arc responsible for the
response rate in a cohort o f patients compared with
commonly observed plateau effect of high-dose
controls treated by physician’s choice. Since this study
doxorubicin. Otiter genes ma)' also be involved;
was not randomized, a further study in platinumcellular downregulation of topoisomerase II has been
resistant recurrent ovarian cancer with a randomized
associated with compensator)' upregulation of topoi- sJ" phase III design is in progress/^^^ The option of
somerase I
combining tltis assay with molecular analysis, particu
Knowledge of the molecular response to doxorubilarly in trials of sequential topoisomerase I and II
( in and this chemosensitivif)’ data could assist devel
inhibitors, should be explored
opment of regimens including liposomal doxorubicin
in summary, our data suggest tliat single-agent
in pre-treated ovarian carcinoma, exposed to plati
liposomal doxorubicin is a good option in around a
num ±paclitaxcl.'" Given the ability of gemcitabine to
third of recurrent ovarian carcinomas. Identification of
augment the effect of alkylating agents which also__ these patients is essential to improve response rates
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