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ABSTRACT

The treatment of liver metastases is presently unsatisfactory; many patients receive no
specific therapy because of the significant morbidity associated with current treatments
which have no proven survival advantage. Interstitial laser photocoagulation (ILP) is a
percutaneous technique of in situ liver tumour destruction by heat, using low power laser
energy which is delivered via thin flexible optical fibres.

In this thesis the potential of ILP to effectively treat liver metastases was investigated,
and the aims of the thesis were: (a) to clarify the mechanism of action of ILP; (b) to
improve the laser parameters and safely increase the extent of thermal damage; (c) to
accurately assess the extent of thermal damage radiologically and histologically; (d) to
evaluate the clinical application of ILP.

One hundred and fifty six Wistar rats and two Large White pigs had ILP to their livers.
The parameters evaluated were fibre size and material, different laser wavelengths, and
fibre-tip alterations. Significant findings were that tissue charring around the fibre-tip
was associated with greater thermal damage, and that new less penetrating wavelengths
produced larger necrotic lesions than the 1064nm wavelength, contrary to previously held
beliefs. Histological assessment demonstrated the unexpected finding of a zone of heat-
fixed hepatocytes, outside which were necrotic cells. A computed tomography (CT)-
pathologic study showed that the extent of the tissue density changes seen on CT
corresponded to the extent of thermal damage pathologically.

Ninety three liver metastases in 31 patients were treated with ILP. Monitoring by
ultrasound showed the thermal change as an irregular echogenic zone during ILP, and
dynamic CT demonstrated the laser-induced necrosis as a new area of non-enhancement
24hrs or more afterwards. Necrosis of tumour volume was more than 50% in 89% (83 of
93) of the tumours, and 100% necrosis was achieved in 55% (51 of 93). Tumours smaller

than 4cm were treated more effectively than larger tumours. Complications were minor.

ILP continues to evolve as a minimally invasive technique of irn situ tumour destruction.
This thesis highlights important new concepts on the mechanism of action of ILP, and the
clinical evaluation has shown that ILP can, at present, safely and effectively destroy small
liver metastases (2cm or less in diameter). The current drawbacks of the technique are
discussed and potential solutions suggested.
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OVERALL OBJECTIVE OF THESIS

To safely and effectively destroy human liver metastases by ILP, to define which tumours
are most suitable for this treatment (in terms of number, size and position), how they

should be treated (optimal laser parameters and fibre-tips), and how best to evaluate the
results of therapy.
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INTRODUCTION

Liver metastases occur in over 40% of all malignancies (Pickren et al, 1982), with affected
patients having a poor overall prognosis.

The commonest primary tumour to metastasise to the liver is colorectal cancer. In the UK,
there are 28000 new cases of colorectal cancer each year (Cancer Research Campaign,
1991), and over 17000 people die annually with this condition, making it the second most
common cause of cancer death (OPCS, 1990). The main cause of treatment failure for
patients with colorectal cancer is liver metastases, and these will develop in over 50% of
patients (Kelly and Daly, 1992); 20% of patients will have metastases confined to the liver
(Weiss et al, 1986).

The majority of patients with liver metastases have advanced disease, with a survival of
under 10 months. However, some patients have slow growing liver metastases, which
are usually from colorectal primaries, but have also been reported from patients with renal
or endocrine primaries (Blumgart and Studley, 1988). These patients are potentially
curable by surgical resection of their secondary tumour, provided they have limited disease
and no extra-hepatic tumour is present. About 5-10% of patients with colorectal cancer
will eventually have resectable liver metastases (Scheele, 1993), with a reported 5 year
survival after surgery of 20-30% (Cady and Stone, 1991). Patients with limited liver
metastases from colorectal cancer who do not undergo resection rarely survive for more
than 2 years after diagnosis (Adson et al, 1984).

Many patients with slow growing liver metastases and limited tumour volume do not have
surgery (Allen-Mersh, 1989), either because of a nihilistic attitude of many clinicians
towards metastatic disease (Larner, 1991), or the tumour may be adjacent to vital
structures, or the patient may be unfit for surgery. Furthermore, recurrence occurs in up
to 70% of patients who do have surgery (Greenway, 1988).

It is for these reasons that there is increasing interest in a variety of new treatment
modalities for the large number of patients who may potentially benefit - these include new
systemic chemotherapy regimes, as well as regional and local liver tumour therapies.

Crucial to treatment planning (especially surgery and local treatments) is accurate and
reliable tumour detection, in particular to avoid needless laparotomy. Imaging plays a key
role in this and is vital for precise tumour localisation. Indeed, with the rapid advances in
imaging technology, far more patients are being detected with earlier, small volume liver

tumour.
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This introduction has set out the scale of the problem. The remainder of this chapter will
discuss the detection of liver metastases, the natural history of untreated tumours, and the
various treatment modalities currently available for affected patients. Patients with liver
secondaries from colorectal cancer have the best outlook, and the majority of the literature
is on such patients; therefore, the discussion will be mainly concerned with colorectal
liver metastases.

1.1. DETECTION OF LIVER METASTASES

1.1.1. BIOCHEMICAL TESTS
1.1.2. IMAGING
1.1.3. CONCLUSIONS

With major advances in the surgical and non-surgical treatment of liver metastases over the
past decade, tumour detection has taken on great relevance in the management of these
patients.

Patients presenting with symptoms of liver metastases usually have advanced disease,
whereas those with solitary or several isolated hepatic metastases are usually
asymptomatic. This latter group of patients are potentially curable and it is argued that
early detection of recurrence in these patients allows more effective treatment (Martin et al,
1985), since they are at a more resectable stage (Ovasaka et al, 1990).

Hepatic metastases are said to be present in up to one third of patients undergoing
apparently curative resection of their primary tumour (Greenway, 1988), many of which
are not evident to the surgeon at the time of laparotomy (occult hepatic metastases) (Finlay
and McArdle, 1986). The method of detection must maximise the sensitivity to these

small metastases so that appropriate management decisions can be made.

The most important time for follow-up of patients is the first 2-3 years after resection of
the primary cancer, since 85% of recurrences occur within this time (Kelly and Daly,
1992). This is carried out with clinical evaluation, laboratory tests and imaging.

1.1.1. BIOCHEMICAL TESTS

1.1.1.1. Liver function tests

Serum alkaline phosphatase (ALP) and lactate dehydrogenase are the most reliable liver

function tests for detecting liver metastases, and significant elevations of these usually

indicate extensive liver disease (Kemeny et al, 1986). However, they are often normal in

the presence of small volume liver tumour, and also with extensive tumour infiltration
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(Kelly and Daly, 1992). Tartter et al (1981) evaluated ALP as a screening test for liver
metastases in 327 patients with colorectal cancer; this was found to be elevated in 43 of
the 56 patients subsequently established to have liver metastases (sensitivity 77%).
However, ALP was also raised in 110 patients without metastases (false positive rate of
34%); thirteen patients with liver metastases had a normal ALP (false negative rate of
4%). Baden et al (1971) found neither ALP or gamma-glutamyl transpeptidase of any real
predictive value as markers for liver metastases discovered at laparotomy.

These tests are of limited diagnostic value for the early detection of hepatic metastases.

1.1.1.2. Tumour markers

Carcinoembryonic antigen (CEA) is a glycoprotein which was first described in 1965
(Gold and Freedman, 1965) as a tumour marker for colorectal cancer, but has since been
shown to be produced by other tumours, in non-malignant disorders, and by normal
individuals (Northover, 1986). However, most interest has been in the role of CEA to
detect recurrent colorectal cancer after removal of the primary. Northover (1986)
performed a meta-analysis of six studies reported between 1982 and 1984. In a total of
2147 patients with colorectal cancer, 537 (25%) developed recurrent disease. Of these,
404 (75%) had an elevated CEA before or at the same time as the recurrence became
clinically obvious. Of the patients that underwent laparotomy on the basis of a raised
CEA, 85-90% had abdominal recurrent disease and most of the remainder were found to
have extra-abdominal metastases within a year. Attiyeh and Stearns (1981) reported a
resectability rate of recurrent disease of 43% of patients after a second-look laparotomy
based on a raised CEA level. Similarly, Martin et al (1985) found a resectability rate of
58%, but also reported a 45% overall incidence of needless laparotomy in 145 patients.

The crucial question is whether a second-look laparotomy prompted by a raised CEA level
after resection of the primary, improves overall survival or reduces morbidity. Two
uncontrolled studies have reported overall improvements in survival rates of 2.5%
(Scheissel et al, 1986) and 4% (Martin et al, 1985) following second-look operations
based on a raised CEA level. However, randomised, controlled studies are needed and
any survival improvement needs to be considered in the light of morbidity resulting from
further major surgery, often in difficult circumstances (Lewis, 1988). Such a trial is
currently being conducted in the UK, supported by the Cancer Research Campaign
(Begent, 1992).

Measurement of serum CEA is relatively inexpensive and although not uniformly sensitive
or specific, is a reliable marker of recurrent disease (Northover, 1986); regular
measurements are useful since they are easily performed and can prompt further
investigation if a rise occurs (Kelly and Daly, 1992).
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Another tumour marker is carbohydrate antigen 19.9 (CA 19.9) which is primarily used in
the diagnosis and management of pancreatic cancer. Raised levels of this marker have
been found in 53-58% of patients with advanced colorectal cancer (Fillela et al, 1992), but
it is not as sensitive as CEA for detecting recurrent disease (Szymendera et al, 1985).

The main limitation of biochemical indices in the detection of liver metastases is that they
fail to provide the detailed anatomical information that is required when detecting early,
small volume tumour, which is needed to allow adequate treatment planning. This
requires some form of imaging.

1.1.2. IMAGING

Imaging plays a vital role in evaluating patients with liver metastases, in order to allow
selection of candidates for hepatic resection or alternative therapy. Imaging should not
only be able to detect tumour, but be able to characterise the size, number and segmental
location of the lesions, and assess their relationship to the portal and hepatic veins and bile
ducts. Imaging should also reliably detect extra-hepatic tumour, so that the incidence of
unnecessary surgery is reduced (Balfe, 1992). '

There has recently been a dramatic improvement in the imaging modalities available for
liver tumour detection. The sensitivities of the different techniques have increased
considerably, with nodules less than 1cm in size being frequently found (Ferrucci, 1990).
However, despite the improvements, there is still no single imaging technique which is
optimal for examination of potential surgical candidates.

There have been a large number of comparative studies performed, evaluating the relative
sensitivity of different imaging techniques to detect liver metastases, but they all have the
problem of choosing a reference gold standard. The ideal reference is pathological
assessment, and although some studies do use this, it is confined to the resected specimen,
making it impossible to be certain that the remaining liver is completely tumour-free. The
surgeons hand at laparotomy can frequently miss tumours less than 2cm in diameter
(Allen-Mersh, 1991), and Clarke et al (1989) found that 40% of lesions shown by intra-
operative ultrasound were neither visible or palpable.

A description of the various imaging techniques is given below, followed by the results of
some recent comparative studies.

1.1.2.1. Ultrasound (US)

The last decade has seen considerable improvements in ultrasound technology, with real-

time scanning now being universally performed, and electronic focusing capabilities

resulting in improved images and better resolution. Hepatic ultrasound is performed using
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a 3.5MHz or SMHz transducer. Metastases may be hyperechoic, hypoechoic or of mixed
echogenicity (Marn et al, 1991) and they often have a hypoechoic halo (Wemecke, 1992).
Some metastases may appear only as an area of heterogeneity with poorly defined
margins. In these cases, and in others where histological proof is needed, ultrasound can
be used to guide needles for tissue biopsy allowing tumours as small as 5Smm to be seen
and targeted. One of the main advantages of ultrasound is to differentiate solid from cystic
lesions, but it is not as helpful in distinguishing different causes of solid lesions.

Attempts are being made to improve the sensitivity of ultrasound examinations by using
contrast agents such as perfluoro-chemicals (Behan, 1993) or carbon dioxide
microbubbles (Kudo, 1992).

1.1.2.2. Computed tomography (CT)

CT plays a major role in the detection of liver metastases because of its high resolution
images, short scan times and fast patient throughput. The contrast on a CT image depends
on differences in tissue density . There are several technical parameters which need to be
optimised when imaging liver tumours; these include the scanning time, slice thickness,
slice spacing, and contrast agent (ie. type, volume, rate, and route of administration). The
contrast used is iodine based and this increases the CT density (measured in Hounsfield
units, HU) of perfused tissue; this allows improved detection of some liver lesions.
Whether a tumour is seen on CT depends on the density difference between tumour and
surrounding tissue, as well as the size of the tumour; for example, a 1mm calcified lesion
may be easily seen, but tumours of several centimetres may not be visible if their density is
only slightly different from adjacent tissue. However, CT will reveal the majority of liver
metastases 1cm or larger.

Liver CT may be performed without contrast, following dynamic contrast enhancement, or
4-6 hours after contrast (delayed scans). On non-contrast scans, most hepatic neoplasms
appear hypodense, but in the presence of liver steatosis they may be isodense or
hyperdense (Ueda et al, 1988); calcification is often seen in colorectal liver metastases
(Bernadino, 1979).

Dynamic contrast enhanced CT is performed during a bolus intra-venous injection of
contrast (40-50g iodine) and rapid scanning (after a delay of 30-45 seconds) of the whole
liver within 2-3 minutes (Foley, 1989). This technique gives high lesion-to-liver contrast,
particularly of hypovascular tumours such as colorectal liver metastases, and it is estimated
that the sensitivity of contrast enhanced CT is 10-15% higher than unenhanced CT
(Nelson, 1991). There is very little agreement amongst Radiologists about the ideal type
of contrast agent, optimal dose, rate of injection, or scan delay after injection (Dodd and
Baron, 1993). Up to 39% of hyper-vascular metastases (eg. from an endocrine primary)
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become iso-attenuating to normal liver after dynamic CT (Bressler et al, 1987), and in
these cases a non-contrast CT or delayed CT is indicated.

Delayed CT scanning is useful in some patients, and is based on the fact that normal
hepatocytes slowly excrete 1-2% of contrast agent (Chamberlain and Sherwood, 1966),
and so normal liver will become hyper-attenuating relative to tumours (which do not
contain functioning hepatocytes) usually 4-6 hours after contrast (40-60g iodine)
administration (Bernadino et al, 1986).

Several hepatotropic contrast agents are being developed to improve the detection of liver
metastases by CT. These include ethiodised oil emulsion (EOE-13) (Sugarbaker et al,
1984), perflubron emulsion (Behan et al, 1993), liposomes containing water soluble
iodinated contrast agents (Musu et al, 1988), and polyiodinated triglycerides (Weichert et
al, 1989); EOE-13 and perflubron emulsion do increase the conspicuity of liver
metastases, but the former is not available commercially and the latter is limited by its side-
effects (Miller et al, 1987; Behan et al, 1993). CT with iodised poppyseed oil (Lipiodol)
is very sensitive for detecting primary hepatocellular carcinomas and their intrahepatic
metastases, but is not useful for showing the hypovascular metastases of colorectal cancer
(Matsui et al, 1987).

A recent major advance in CT is the advent of spiral CT (Bluemke and Fishman, 1993),
which allows scanning of the whole liver within 24 seconds. More widespread use of this
system will require re-evaluation of the parameters and techniques presently being used for
liver CT.

1.1.2.3. CT Angiography

The blood supply to normal hepatic parenchyma is mainly from the portal vein, whereas
the hepatic artery supplies most of the blood to liver tumours, primary or secondary
(Breedis and Young, 1954; Taylor et al, 1979). This difference in predominant blood
supply can be taken advantage of by selectively injecting contrast into either the hepatic
artery (directly) or portél vein (indirectly), in order to maximise the enhancement
difference between normal liver and hepatic tumours.

CT hepatic arteriography (CTHA) is performed by placing the tip of a SF or 7F catheter
into the hepatic artery (via the femoral artery), rapidly injecting contrast, and followed
immediately by a dynamic incremental CT scan through the entire liver (Prando et al,
1979); tumours are seen as lesions with hyperattenuating rims (Moss et al, 1982).

CT arterial portography (CTAP) is performed by placing the catheter tip in the proximal

superior mesenteric artery (SMA) or splenic artery. About 10s after starting a rapid

contrast injection, a dynamic incremental CT scan of the liver is performed, the delay
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allowing time for the contrast to pass from the SMA through the mesenteric capillary bed
into the portal venous and eventually the hepatic venous systems (Nelson et al, 1989).
Tumours are seen as hypoattenuating lesions, compared with marked enhancement of the

surrounding hepatic parenchyma.

The choice between using CTHA or CTAP is often based on individual preference, but
CTAP is the more popular technique (Harned et al, 1992), and it probably has fewer
artefacts (Freeny and Marks, 1986) and slightly better sensitivity for detecting liver
metastases (Lundstedt et al, 1986). CTAP can detect metastases Smm in size, and
sometimes smaller ones, although problems exist with misinterpretation of nodular
perfusion defects (Nelson, 1991). Even so, CTAP is reported to be the most sensitive
pre-operative imaging modality for hepatic lesion detection, particularly those less than
2cm in diameter (Harned et al, 1992); it also outlines the hepatic and portal venous
structures very well.

1.1.2.4. Magnetic resonance imaging (MRI)

In MRI there at least ten tissue parameters which can influence the resultant image
(Bydder, 1988); the most important of these are proton density, T1 and T2 relaxation
times. The way in which these parameters influence the MR signal intensity is determined
by the pulse sequence applied, the most frequently used being the spin echo, partial
saturation and inversion recovery sequences; faster sequences include gradient echo and
echo planar imaging. Pulse sequence parameters (such as repetition time, TR, and time to
echo, TE) are crucial for determining tissue contrast, and altering them affects T1 and T2
dependent contrast; subsequent images may be T1 weighted (T1W) or T2 weighted
(T2W). The quality of an MR image is determined by a variety of factors which include
the tissue parameters, pulse sequence parameters, magnetic field strength, number of data

acquisitions, and in abdominal imaging the reduction of motion artefact.

Hepatic metastases have longer T1 and T2 relaxation times compared to normal liver
(Moss et al, 1984), and typically have a low signal intensity on TIW images and high
signal intensity on T2W images. Some authors have described distinctive MR
appearances of hepatic metastases, such as amorphous, target and halo signs on T2W
images, and a doughnut sign on T1W images (Wittenberg et al, 1988); however, these
appearances are only suggestive of metastases and not absolute indicators (Halvorsen and
Thompson, 1991).

The optimal pulse sequence for the detection of hepatic metastases has been controversial

(Kanzer and Weinreb, 1991). Some authors found a higher sensitivity with T1W spin

echo sequences at low (0.6T) magnetic field strength (Henkelman et al, 1986), but at high

field (1.5T) T2W sequences were better (Foley et al, 1987; Vassiliades et al, 1991).

Others have found T1W and T2W sequences to be equivalent at 0.35T (Heiken et al,
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1985; Schmidt et al, 1985). Paling et al (1988) showed a short inversion time inversion
recovery (STIR) sequence to be most sensitive for metastatic disease at 1.0T. There are
many more reports showing various sequences to be optimal at different magnetic field
strength for detecting liver metastases, including gradient echo T2*W at 0.5T and 1.5T
(Nelson et al, 1988), T1W spin echo at 0.5T (Reinig et al, 1989), T1W inversion recovery
at 1.5T (Reinig et al, 1989), and equivalent sensitivities between T1W inversion recovery
and T2W spin echo at both 0.5T and 1.5T (Steinberg et al, 1990).

The available data is contradictory. Valid comparison of two studies is almost impossible
because of manufacturer and inter-machine variability, as well as different sequence
parameters (TR and TE) being applied. The best solution is to use several sequences
(T1W and T2W) to increase the confidence of detecting liver metastases.

Contrast agents are also available. Gadolinium DTPA is widely used; since this is an
extracellular agent rapid imaging (using fast spin echo or gradient echo, breath-holding
sequences) is needed to maximise the tumour-to-liver contrast (Hamm et al, 1987). This
dynamic scanning may improve the sensitivity of MRI for liver tumour detection (Semelka
et al, 1992). New hepatocyte specific and reticuloendothelial system targeted contrast
agents are also being evaluated; these include manganese dipyridoxal diphosphate
(MnDPDP) and superparamagnetic iron oxide, respectively, and early results look
promising (Hamm et al, 1992; Ferrucci and Stark, 1990).

Liver tumours as small as 3mm can be detected with superparamagnetic oxide enhanced
MRI (Stark et al, 1988). One of the drawbacks of MRI is that it is not very sensitive to
extra-hepatic tumour, but with new oral contrast agents becoming available, this situation
is likely to improve. |

1.1.2.5. Intraoperative ultrasound (IOUS)

This technique has developed considerably over the past decade, with the development of
real-time, high resolution scanners and hand held transducers (5-10MHz). Small
transducers which can be held between the fingers to reach less accessible parts of the liver
are also available (Rifkin et al, 1986).

Prior to metastectomy IOUS can show the size and extent of tumour, its depth from the
liver surface, and any intervening or adjacent blood vessels, as well as any simultaneous
minimal hepatic disease in the remaining hepatic parenchyma. Tumours as small as 3mm
can be detected (Soyer et al, 1993).

IOUS can detect 25-35% additional liver lesions compared with preoperative ultrasound

and CT, and up to 40% more lesions than are palpable by the surgeon (Clarke et al, 1989).

Traynor et al (1988) found 13 out of 40 tumours less than lcm in diameter by IOUS,
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which had not been detected by preoperative imaging and were not palpable. Other
surgeons have not found IOUS to detect any new metastases which were not palpable in a
non-cirrhotic liver (Sugarbaker, 1990). Soyer et al (1992) using preoperative CTAP and
IOUS found 3 out of 56 metastases by IOUS which were not seen on CTAP, and only 2
metastases missed by palpation. The high sensitivity of IOUS to small liver lesions means
that benign nodules can often be found (Benjamin, 1991), which may require biopsy and
histology before resection can proceed; this is ideally done with a sensitive preoperative
technique (Sugarbaker, 1990). The use of IOUS necessitates a wide surgical exposure of
the liver, and the technique is operator dependent.

1.1.2.6. Comparative studies of US, CT, CTAP, MRI, and IOUS

Although many authors have reported comparative imaging of liver tumours, these studies
are often hampered by a small number of cases, different patient populations, considerable
differences in technique used, inadequate pathologic proof, or researcher bias. These
factors make comparison of reported differences in sensitivity very difficult (Dodd and
Baron, 1993); for example, a subtle difference in the technique of contrast administration
during dynamic CT could alter tumour detection rates by as much as 20% (Dodd and
Baron, 1993). ’

Tables 1.1 and 1.2 show the sensitivities of the main imaging modalities found in recent
comparative studies. Surgical or pathological proof was obtained in the majority of cases,
but not all liver tumours were metastases. All CTs were contrast enhanced (dynamic or
delayed), and the overall sensitivity of CT is given for each study. The MRI scans were
usually obtained with several sequences, and the sensitivities given are the overall or best
ones. Although the machines and techniques used do vary (sometimes considerably), the
figures do represent what each modality is capable of at a particular institution (presumably
using their preferred and locally optimised technique for CT and/or MRI).

In Table 1.1 there is a fairly wide discrepancy in the sensitivity of tumour detection for
ultrasound (41-68%), CT (48-72%) and MRI (57-78%). One of the principle reasons is
likely to be the various gold standards used in different studies. If pathologic specimens
from liver resection or autopsy are used as the standard, many lesions smaller than 1-2cm
could be found which were missed by imaging. However, if clinical follow-up or
palpation during surgery is used, the sensitivities of most diagnostic tests will be higher
because small lesions are unlikely to be included.

Ultrasound has the lowest sensitivity in these studies, but this modality is highly operator
dependent and can often detect tumour not seen by CT. Ultrasound can also have a high
false positive rate and the images are not easily reproducible for comparative purposes
(Ferrucci, 1990). However, it is quick and easy to perform and is frequently used for
initial assessment of liver metastases.
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Table 1.1: Sensitivities of US, CT, MRI, CTAP, and IOUS for detecting liver tumours

from 10 recent studies.

First author, year US CT MRI CTAP 1I0US
Machi, 1987 41% 48% 98%
Matsui, 1987 58% 63% 84%

Stark, 1987 51% 64%

Heiken, 1989 52% 57% 81%

Nelson, 1989 66% 64% 85%
Sitzman, 1990 66% 70% 94%
Vassiliades, 1991 72% 78%

Wernecke, 1991 53% 68% 63%

Soyer, 1992 68% 71% 91% 96%
Soyer, 1993a 78% 94%

Table 1.2: Sensitivities of US, CT, MRI, and CTAP for detecting liver tumours less than

lcm in diameter.

First author, year US CT MRI CTAP
Heiken, 1989 0% 17% 61%
Sitzman, 1990 5% 20% 82%
Wernecke, 1991 20% 49% 31%

Soyer, 1993a 17% 66%

For more accurate staging of liver tumours, CT is performed. Although some studies have

found MRI to be more sensitive than CT (Stark et al, 1987), the evidence is not

conclusive, and for detection of extra-hepatic disease it is generally accepted that CT is
better than MRI (Chezmar et al, 1988; Vassiliades et al, 1991; Halvorsen and Thompson,
1991). CT is also more readily available and cheaper than MRI, and is currently the

preferred modality for liver imaging in the UK. Although some authors have reported a

very high specificity (99%) for CT in detecting liver tumours (Ferrucci et al, 1988), this is

not the case with solitary deposits when biopsy and histological confirmation of the

diagnosis is frequently required (Halvorsen and Thompson, 1991).
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CTAP has consistently been shown to be the most sensitive pre-operative imaging
modality for detection of liver metastases (Balfe, 1992; Harned et al, 1992), especially for
small tumours (Table 1.2). However, it is a more expensive, cumbersome and invasive
technique, and has a significant false positive rate (Peterson et al, 1992). Combining
CTAP with MRI reduces the false positive rate, and Nelson et al (1989) found a combined
sensitivity of 96%. CTAP is particularly popular in the United States, and greater interest
in this technique is being taken in the UK; a recent study has shown an improved survival
in patients who have CTAP prior to hepatic resection (Langmo et al, 1992).

Two studies from the same centre (Miller et al, 1987; Ward et al, 1989) reported CTAP to
be less sensitive than CT (77-78% versus 82-83%, respectively). However, their CTAP
technique was flawed because they performed diagnostic angiography immediately prior to
CTAP - this leads to contrast perfusing into the interstitial spaces of the tumour thus
significantly reducing tumour-to-liver contrast during CTAP. For conventional CT they
used a much higher dose of contrast (80-90g iodine) than is routine (40-60g), which may
explain the high sensitivity of CT in their studies.

IOUS is very sensitive and can affect surgical decision making in several patients (Soyer et
al, 1993). However, there is some debate over the overall utility of IOUS (Sugarbaker,
1990); it can be valuable in preventing some unnecessary hepatic resection (Benjamin,
1991), but has less impact when high quality preoperative imaging is available (Ferrucci,
1990).

Combining imaging modalities may improve the accuracy of tumour detection, and this
has been shown to be the case for CTAP and MRI (Nelson et al, 1989). However, using
combinations of US/CT, US/CT/MRI, and CT/MRI did not increase sensitivity beyond
80% (Nelson et al, 1989; Wernecke et al, 1991; Soyer et al, 1993).

1.1.2.7. Other imaging modalities

Radionuclide hepatic imaging

The liver-spleen technetium-99m sulphur colloid scan is now only rarely used for the
detection of liver metastases (Drane, 1991). This decline is largely due to its inability to
characterise a lesion - a "cold spot" on the scan may represent a solid or cystic lesion or an
anatomical variant; the test also lacks spatial resolution and is less sensitive and specific
than ultrasound and CT (Alderson et al, 1983). Single photon emission computed
tomography (SPECT) improves tumour detection, and is said to have a sensitivity of
around 90%, but its specificity is lower (Drane, 1991), and it is inferior to CT or MRI
(Charnsangavej, 1993). Technetium-99m red cell scintigraphy is still useful in evaluating
a solitary liver lesion, when the possibility of it being an haemangioma is high (Brown et
al, 1987).
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Hepatic arterial perfusion scintigraphy (HAPS) is a new method for early detection of liver
metastases whereby technetium-99m-macroaggregated albumin is perfused into the hepatic
artery, and tumours appear as hot spots on planar or SPECT scans (Drane, 1991).
Tumour deposits as small as Smm have been detected, and in one study a sensitivity of
97% was found, but the specificity was 50% because of hot spots from the gallbladder
and duodenum (Fagien et al, 1990).

Dynamic hepatic scintigraphy has been used to determine the hepatic artery to total liver
blood flow ratio, using activity-time curves from regions of interest over the liver
(Leveson et al, 1983); early liver metastases cause an increase in hepatic arterial flow, and
this is depicted by an increase in this ratio. Gough et al (1985) found that 50% of patients
with colorectal cancer who had a raised ratio and initially normal liver scans, developed

overt liver metastases within 6 months of follow-up.

Radioimmunoscintigraphy with monoclonal antibodies raised to CEA and labelled with I-
131 or indium-111 allows gamma camera imaging, and can be useful in locating
metastases (Begent et al, 1986) - this technique currently has a sensitivity of 45-64% for
detecting liver metastases, but continues to develop (Norton, 1991). Radioimmuno-
guided surgery using a hand held gamma probe to detect labelled I-125 antibodies
(reacting with colorectal cancer antigens) has also been applied per-operatively to locate
tumour (Blair et al, 1991). However, because of variable tumour vascularity and
heterogeneous antigen expression, uptake of monoclonal antibody by tumour can be poor.

Colour Doppler and duplex ultrasound

This has been used to try to characterise liver tumours. Taylor et al (1987) found high
velocity Doppler signals in primary hepatocellular carcinomas (due to arterioportal
shunting) but low or absent signal in metastases or benign lesions. More recently, Nino-
Murcia et al (1992) showed a considerable overlap between the internal vascularity of
primary and secondary liver tumours.

Colour Doppler and duplex ultrasound has also been used to calculate the Doppler
perfusion index (ratio of hepatic arterial to total liver blood flow); Leen et al (1993) found
this to be significantly raised in patients with liver metastases compared to normal
controls. This may be due to the fact that tumour blood supply is predominantly arterial,
and so the presence of metastases would result in a relative increase of arterial blood flow;
there may also be a circulating vasoactive agent causing an increase in splanchnic
resistance with reduced portal venous flow and a relative increase in hepatic arterial blood
flow.
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Angiography

Diagnostic hepatic angiography has in general become an ancillary technique, its main role
in liver metastases detection being in the catheter placement for CTAP (Ferrucci, 1990).
As a diagnostic modality, it has a low sensitivity for liver metastases (Matsui et al, 1987),
and consistently misses tumour in the left lobe of liver and extrahepatic tumour (Lundstedt
et al, 1985). Prior to surgery, angiography is useful in providing a "road map" of arterial
anatomy (Benjamin, 1991), and slightly delayed imaging allows visualisation of the portal
vein.

1.1.3. CONCLUSIONS ON DETECTION OF LIVER METASTASES

Serum CEA level is a simple test to perform during follow-up of patients who have had
their primary colorectal cancer resected, and many patients referred for hepatic resection
are initially diagnosed as a result of abnormalities in CEA level (Sugarbaker, 1990). The
widespread use of tumour markers and improvements in ultrasound, CT and MRI, as well
as the development of CTAP and IOUS has markedly increased the detection of early
small liver neoplasms.

However, there are no randomised prospective controlled studies to support the
assumption that early detection and early treatment improve patient survival, and so the
most important task of preoperative imaging prior to a planned liver resection is to prevent
needless surgery. However, significant hepatic and extra-hepatic disease is still being
missed. Extra-hepatic tumour presents a particular problem and currently, no pre-
operative imaging method is sensitive to small extrahepatic metastases, especially in
hepatic lymph nodes and on the peritoneal surface (Balfe, 1992).

Significant improvements in the imaging are still needed, not only to accurately localise
tumour deposits, but also to characterise them as benign or malignant, this being a
particular problem with smaller nodules (Ferrucci, 1990).

The rapid pace of new developments requires continuous reassessment of the relative
merits, clinical roles, and optimal techniques of the imaging modalities.

Standardisation of techniques and larger comparative studies are required; these should
include combined state-of-the-art ultrasound and CT to compare with CTAP and MRI,
since the former are still the simplest, cheapest and most widely available modalities for
evaluating liver metastases.
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1.2. NATURAL HISTORY OF LIVER METASTASES

1.2.1. GROWTH RATE

1.2.2. EXTENT OF LIVER TUMOUR
1.2.3. EXTRAHEPATIC TUMOUR
1.2.4. HISTOLOGY OF TUMOUR
1.2.5. CONCLUSIONS

A good understanding of the natural history of untreated liver metastases, and of the
various factors which influence prognosis, is most important for appropriate patient
management. This is needed to evaluate fully the significance of the many treatment
modalities which are now available for patients with liver metastases, since it is impractical
to have a no-treatment arm as a control in a clinical trial (Taylor, 1985); most patients
would desire some form of treatment, even if unproven (Allen-Mersh, 1989). Our
information on the natural history of liver metastases is largely based on earlier non-
randomised, retrospective studies.

The overall prognosis for patients with liver metastases is dismal, regardless of the site of
origin, with an average survival of approximately 6 months (Jaffe et al, 1968), and most
patients dying within 2 years of diagnosis. However, there are several factors which
determine the prognosis, and produce an extensive range of survival patterns, even up to 5
years from the time of diagnosis. These include the general condition of the patient, the
extent of liver tumour present, the presence or absence of extra-hepatic tumour, and the
histological grade of the metastasis. Symptomatic patients have a much worse prognosis
than those without symptoms, the median survival being 6 months and 18 months,
respectively (Steele and Ravikumar, 1989). The other prognostic factors listed are
discussed below.

The observation that liver metastases from colorectal origin have a different natural history
to those from other gastrointestinal neoplasms was made by Jaffe et al (1968), who found
the median survival time of patients with liver secondaries from stomach cancer was 60
days, from biliary tract neoplasms 42 days, and from colorectal cancer 146 days. The
mean survival times of patients with untreated liver metastases from pancreas and breast
primaries is less than 8 months (Wolf et al, 1991). Neuro-endocrine liver metastases give
a better prognosis since these tumours are relatively slow-growing; patients with untreated
carcinoid liver metastases can have a 6 year survival rate of up to 25%, and those with
pancreatic islet cell metastases have a median survival of 40 months (Wolf et al, 1991).
Some patients with metastatic renal carcinoma can also have a relatively long survival if the
metastases are limited to one organ and the disease free interval from diagnosis of the
primary to detection of metastases is over 2 years (Maldazys and deKernion, 1986). Most
data is on colorectal liver metastases, and this will now be discussed in more detail.
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1.2.1. GROWTH RATE

Colorectal liver metastases tend to grow slowly and are said to be present for an average of
4 years before a patients death (Finlay et al, 1988); a tumour of 2cm will have had around
3 years of growth before being detected (Allen-Mersh, 1991). The doubling time for overt
liver metastases is 5-6 months, and for occult metastases it is 3 months (Finlay et al,
1988). The growth rate declines with increasing tumour size (Laird, 1964). Dissemination
to extra-hepatic sites such as lung and bone is often by secondary metastasis from
metastases that have already developed in the liver (Weiss et al, 1986) - but this process
may take several years (Allen-Mersh, 1991).

1.2.2. EXTENT OF LIVER TUMOUR

The overall survival of patients with colorectal liver metastases has been reported in
several studies, which have been summarised by Hughes et al (1988), the median survival
varying from 3 months to 14 months from the time the metastases are detected. The
survival of patients in relation to the extent of tumour present in the liver has been
described in several recent reviews (Taylor, 1985; Greenway, 1988; Hughes et al, 1988).
The relevant data is summarised in Table 1.3. It is clear that survival is related to the
extent of liver involvement by tumour. Hunt et al (1990) collated the survival data from 5
series and found a median survival of 21 months and a 3 year survival of 18% for solitary
liver metastases; the corresponding figures for multiple metastases in one lobe of the liver
were 14 months and 7%, respectively. Five year survivors are extremely rare; the 7%
and 16% S year survival rates quoted in Table 1.3 by Wood (1976 and 1984) represents
only 1 and 2 patients, respectively. Hughes et al (1988) reviewed 18 studies, and out of
1650 patients 11 survived 5 years (only 4 were histologically proven).

Table 1.3 highlights the lack of a well-defined and consistent method of describing the
extent of the liver replaced by tumour; this makes valid comparison between one study and
another very difficult. Simply describing the metastases as single, bilateral or multiple is
inadequate, and a system which takes account of the volume of tumour present is
preferable. The percentage hepatic replacement (PHR) is a more sensitive measure of
tumour extent since it takes account of variation in liver size between patients. PHR can
be assessed at laparotomy, or by imaging with scintigraphy, CT, or ultrasound (Hunt et
al, 1989). However, there is considerable inter-observer variation when using these
modalities for staging liver metastases into 4 broad groups of PHR, <25%, 25-50%, 50-
75%, and >75% (Hunt et al, 1989). Purkiss and Williams (1992) found CT planimetry to
be an accurate method of PHR assessment, using cadaver liver containing metastases. An
inverse relationship between PHR and survival has been confirmed by several
investigators (Purkiss and Williams, 1992; Finan et al, 1985). However, there is a need
for an accurate and standardised methodology for measuring PHR.
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Table 1.3: Survival of patients with untreated liver metastases. All of these studies are

based on colorectal liver metastases except the one by Jaffe et al (1968) which includes

pancreas, stomach and colon primaries.

First author,] Tumour Mean or median Survival (%)
year extent survival (months) lyr 3yr Syr
Jaffe, Solitary 4.5
1968 One lobe 3.1
Widespread 2.8
Nielson, Few 18
1971 Several 9
Multiple 5
Wood, Solitary 16.7 60% 7%
1976 One lobe 10.5 27%
Widespread 3.1 6%
Bengtsson, <25% 6.2
1981 25-75% 5.5
>75% 3.4
Boey, Unilobar 9
1981 Bilobar 6
Goslin, <4 24
1982 >4 10
Lahr, Unilobar 12 2%
1983 Bilobar 4.5
Wagner, Solitary 21 21%
1984 Unilobar 15 6%
Widespread 10 4%
Wood, Solitary 21% 16%
1984 Unilobar 26%
Finan, Solitary 15.5
1985 Multiple 8
Steele, <4 24 85%
1989 >4 10 40%
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1.2.3. EXTRAHEPATIC TUMOUR

Surgery to the primary tumour not only provides palliation with relief of symptoms, but
may also improve survival in patients with liver metastases. Abrams and Lerner (1971)
found a median survival of 219 days in patients with liver metastases who had their
primary resected compared with 65 days in patients who had a bypass or no procedure;
Nielson et al (1971) and Oxley and Ellis (1969) also found improved survival in patients
with liver metastases in whom the primary tumour was resected. However, these studies
were not randomised, and it is likely that those patients with more advanced disease had
the lesser surgical procedure. Finan et al (1985) showed that survival of patients with
established liver metastases is related to the histological grade and stage of the primary;
patients with a well or moderately differentiated primary had a median survival of 13
months compared to 7 months for those with a poorly differentiated primary, and the
presence of affected lymph nodes reduced the median survival from 16.7 months to 10.8
months.

Patients who are found to have extrahepatic disease as well as liver metastases, following
resection of the primary, also have a worse prognosis than those with liver metastases
only; median survivals of 3 months and 6 months, respectively, have been reported by
Purkiss and Williams (1992). Wood et al (1976) found patients with solitary liver
metastases and extrahepatic disease to have a median survival of 16.7 months, whereas
similar patients without extrahepatic disease had a median survival of 25 months.

1.2.4. HISTOLOGY OF TUMOUR

Pestana et al (1964) noted that patients with well-differentiated liver metastases had a
survival of 11 months compared to 5.5 months for patients with poorly differentiated
lesions. Goslin et al (1982) reported a median survival of 6 months in patients with
poorly differentiated tumour, compared to 17 months and 30 months in patients with
moderately and well differentiated metastases, respectively. However, the authors did not
take into account the extent of liver tumour in their analyses.

1.2.5. CONCLUSIONS OF NATURAL HISTORY

The most important factor which influences survival in patients with untreated liver
metastases is the extent of tumour in the liver. Other factors which are likely to affect
survival are the extent of surgery to the primary tumour, the presence of extrahepatic
tumour, and the histology of the metastasis.

Improvements in tumour detection by imaging means that greater numbers of patients with
smaller volume disease are being found, at a much earlier stage. The survival of untreated
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patients with early, small volume disease is likely to be better than reported in previous
natural history studies. Silen (1989) postulated that if the mean age of overt metastases
when detected is 3.7 years (Finlay et al, 1988), then the reported 5 year survival rates in
the natural history studies actually correspond to a survival of about 9 years, with no
treattment.

There is still much to learn about the natural course of liver metastases, and we have little
understanding of the biological relationship which exists between the patient and the
colorectal cancer. Some patients have a very rapid course between diagnosis and death
with widespread metastatic disease consuming them, while others appear to form a sort of
commensal relationship with their tumour and survive for a number of years.

When evaluating treatments it should be remembered that a large proportion of patients
with relatively little liver involvement will bias any study favourably. All future treatment
trials should stratify patients according to PHR; ideally an international standardised
staging system should be used which categorises patients according to the major
prognostic factors discussed above. This would allow more valid comparison of the
results of different treatments. '

1.3. TREATMENT OF LIVER METASTASES

1.3.1. SURGERY

1.3.2. SYSTEMIC CHEMOTHERAPY
1.3.3. REGIONAL TREATMENTS
1.3.4. LOCAL TREATMENTS

1.3.5. CONCLUSIONS

It is generally accepted that the majority of patients with liver metastases are not helped by
currently available treatments. However, there is a group of patients, mainly with
colorectal liver metastases, who have small volume tumour confined to the liver, which
may be surgically resected and the patient potentially "cured”. This number was estimated
to be around 600 in 1989 (Allen-Mersh, 1989), but a more recent estimate is up to 2000
patients each year in the UK (Poston and Winstanley, 1992); Scheele (1993) suggested
that 1-3% of all patients with colorectal cancer (28000 in the UK) may at some time benefit
from hepatectomy. Since around 50% of patients with colorectal cancer develop liver
metastases (Pickren et al, 1982), and 20% have tumour limited to the liver (Weiss et al,
1986), there remains a large number of patients with small volume tumour who are
unsuitable for surgery and for whom an alternative effective treatment is needed. Many of
these patients have a tumour volume significantly less than 25% PHR, but are unsuitable
for surgery either because of several small deposits in different parts of the liver or the
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tumours are very close to essential intrahepatic vascular structures. It is for these patients
that some of the new regional and local treatment modalities may be particularly suitable,
especially since the results of systemic chemotherapy have been disappointing.

Furthermore, far fewer than the estimated number of patients suitable for resection actually
undergo surgery. In the UK, the traditional management of patients with liver metastases
has emphasised the importance of maintaining quality of life; as a result it has been
common for no treatment to be given prior to the development of symptoms, and thereafter
only symptom relieving treatment to be given a trial. This approach has been based on the
view that available treatments have virtually no effect on survival, and since hepatic
metastases may be asymptomatic and slow growing, it is preferable to avoid subjecting the
patient to treatment-induced morbidity (Hunt et al, 1990).

1.3.1. SURGERY

The selection criteria for surgical resection have changed over the past 20 years, but still
remain controversial. The general consensus appears to be that resection is the treatment
of choice for up to 3 colorectal liver metastases confined to one lobe and in the absence of
extra-hepatic disease, assuming that satisfactory surgical margins can be achieved
(Scheele, 1993; Taylor, 1992).

The majority of the literature deals with colorectal liver metastases, and reports of surgery
for non-colorectal metastases are sparse and inconsistent. Wolf et al (1991) reviewed the
literature on 151 reported cases; favourable results were obtained after resecting
metastases from Wilms' tumour or carcinoid (40% 5 year survival). Anecdotal reports of
long term survival after hepatic resection of metastases were also found in patients with
renal, adrenal, gastric and breast primaries, as well as malignant melanoma and
leiomyosarcoma. Blumgart and Studley (1988) suggest that resection of solitary
metastases from unfavourable primaries should be considered, if a low operative mortality
can be maintained; the likelihood of therapeutic benefit may be so marginal that more than
a single metastases should not be resected (Scheele, 1993). Endocrine metastases, such as
carcinoid, islet cell carcinoma and gastrinoma, may grow extremely slowly, patients
sometimes surviving up to 10 years without treatment (Scheele, 1993). Debulking these
tumours by surgery or embolization can significantly improve symptoms and quality of
life (Allison et al, 1985; Modlin et al, 1993).

Operative mortality ranges from 0% to 14% (Iwatsuki et al, 1983; Hunt et al, 1990;

Petrelli et al, 1985), although over the last 5 years this has been commonly reported to be

5% or less (Steele and Ravikumar, 1989; Franco, 1991). Minor and/or major morbidity

has been reported in 10% to 48% of patients (Gennari et al, 1986; Vetto et al, 1990), but

with improvements in surgical technique this is also decreasing (van Ooijen et al, 1992).
39


























































































































































































































































































































































































































































































