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"No c h a r a c te r  o w es i t s  e x i s te n c e  to  

inheritance alone or to environmental factors 

alone. No character is either innate or 

acquired : all are both, but in varying degrees 

because the degree o f  penetrance that genes 

show can be very variable."

Sir Gavin De Beer (1966)
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ABSTRACT

Bronchial carcinoma is not an inevitable consequence of smoking cigarettes. This 
thesis seeks to determine whether any one or more of the well established oxidative 
polymorphisms might directly  control the biological response to cigarette smoking 
an d /o r  environmental agents.

1. In the firs t part of the study, two groups (I and II) of European Caucasian 
patients were investigated with debrisoquine. Patients w ith lung cancer (n=245) and 
controls w ith airflow  lim itation (n=234) were similar in age (66.5 ±  7.4 (mean + SD) 
and 67.2 + 3.2 respectively), sex ratio ((M/F) 1.82, 1.89) and  smoking history 
(60.3 + 24.0 (mean + SD), 59.4 + 21.1 pack year). Debrisoquine 4-hydroxylation 
showed major d ifferences between lung cancer and control series. The metabolic 
ratios (MR) for smoking controls included 21 recessives and were distributed across 
the full range of values. On the other hand, the metabolic ratios for cancer patients 
contained only 4 recessives and were aggregated towards the left end of the 
spectrum of metabolic ratios.

The relative risk for lung cancer for the extensive metabolisers of debrisoquine 
(MR<1) is 13 (95% Cl : 4.0-43.3). Within this group, the risk for lung cancer 
increases fu r th e r  with possible and likely exposure to both asbestos and polycyclic 
aromatic hydrocarbons. The increased risk among this group with likely asbestos or 
polycyclic aromatic hydrocarbon exposure, is 35-fold and 17-fold respectively 
compared to non exposed poor and intermediate phenotypes. The debrisoquine 
hydroxylation status associated with lung cancer risk does not appear to be altered 
in any way by cigarette smoke or by the direct influence of the tum our mass.

2. A study was undertaken to eliminate the possibility of an enhanced, oxidative 
metabolism in lung cancer patients being an effect of the disease ra ther than 
associated with its cause. Two groups of patients (lung cancer (n=24) and controls 
(n=27) were investigated with both debrisoquine and mephenytoin. The % 
mephenytoin recovery as 4-hydroxymephenytoin was variable in both groups but 
statistically insignificant, 19 ± 11.8 mean ±  SD 21.6 + 8.1 for cancer and controls 
respectively. The data showed no correlation between the debrisoquine metabolic 
ratios and the % mephenytoin recovery (rs=0.21 P>0.10).

3. A third  study was undertaken to investigate the hepatic oxidation rates in lung 
cancer patients (n=30) and controls (n=29) as measured by an tipyrine  metabolism 
and to investigate the ability  to metabolise both debrisoquine and an tipyrine in both 
groups. The antipyrine clearance was almost identical in the two groups with mean 
+ SD 2.9 + 0.46 L /h , 3.0 + 0.5 in cases and controls respectively. The results also 
showed tha t there is no d iffe rence  in the pharmacokinetic parameters of an tipyrine 
between both extensive and poor metabolisers for debrisoquine hydroxylation.

4. The results of this thesis suggest a) that cigarette smokers who arc extensive 
metabolisers of debrisoquine are at an elevated risk of developing lung cancer,
b) additive risk between the ability to extensively metabolise debrisoquine and 
occupational exposure to lung carcinogens in male smokers, c) the metabolic 
o x id a t io n  p h e n o ty p e s  may se rve  w ith  o th e r  g en e t ic  m a rk e rs  f o r  assessing 
susceptibility to lung cancer.

5. An agenda for subsequent investigations is proposed.
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1.1 BRONCHOGENIC CARCINOMA (LUNG CANCER) HISTORICAL REMARKS

Scientific progress is dependent both upon acute observation and well planned 

experiments. Both the history of lung cancer and the concept of chemical 

carcinogenesis are no exceptions.

Oviedo (1535) gave the f irs t description of the smoking habits of a group of 

American indians when he wrote "The indians of this island among other of their 

vices, know one very evil thing - to indulge in smoking which they do in order to go 

out of their senses".

In Europe, both the tobacco plant and smoking were firs t in troduced in Spain and 

Portugal in the early part of the 16th century and later in Belgium, France and 

England. The earliest record of the growth of tobacco in Europe is given by a well 

known physician at tha t time called Robert Dodoens (1554). He mentioned that the 

plant was of medical value (Reviewed by Castiglioni, 1943; K u likoff ,  1979).

Later, the plant was applied by both physicians and laymen in the treatm ent of 

chronic skin ulcers. A few years later, it was declared tha t the sn iffing  of tobacco 

cured headaches and the smoke from  its leaves relieved asthma. At that time 

tobacco was acclaimed as the most w onderful treasure of therapeutics. Many 

authors recommended tobacco for its therapeutic virtues and it was used in the 

treatm ent of all ailments of the gums, disease of the chest, insomnia, syphilis, 

falling sickness (epilepsy), as an anaesthetic agent, for burns and "green wounds" 

(Jose de Ascosta, 1590; Gerard, 1597). Dr Barclay (1611) in his book Nepenthes or 

The Virtues of Tobacco, defended the therapeutic value of tobacco and claimed its 

superiority to mercury. Johann N eander (1622) wrote in his book Tobacologia 

"Smoke rises easily to the brain and cleanses it from all filth" (Mac Innes, 1929).

It was not until the second ha lf  of the 17th century when the tide of opinion against 

the usage of tobacco as a medicine f irs t started. In 1671 a pathologist called Redi 

described tobacco as one of the most v iru lent and toxic agents. He based his 

remarks on results obtained from animal experiments (Harrison, 1986).

It can be said tha t since the second half  of the 19th century, the therapeutic virtues



Chapter 1 Page 14

of tobacco were forgotten and anti-smoking societies began their activities in 

Europe. Since then, tobacco smoke gradually but steadily has become the number 

one public health issue through the world.

It is possible tha t cases of lung cancer were mentioned by Agricola in the early 16th 

century  in his book De Re Metallica. but were not confirm ed until the early 19th 

century. This is in sharp contrast to the massive li terature available on the subject 

today (Selawary & Henson, 1973).

There is general agreement (Stocker, 1844; Alder, 1912; Simon, 1937), tha t Bayle in 

1805 gave the f irs t detailed description of prim ary lung cancer which was noted at a 

post mortem. The metastatic pattern of the disease, and its microscopic appearance 

were incompatible w ith tuberculosis.

During the 19th century a few physicians and surgeons in Europe recognised the 

importance of lung cancer and stressed tha t it should be remembered in the 

d if fe ren tia l  diagnosis of respiratory diseases. They also observed the tum our’s 

tendency to invade other organs by metasteses (Hare, 1839; Walshe, 1843; Burrow, 

1844; Kilgor, 1850; Lyon, 1857; Cockle, 1865; Fuller, 1867). Interest in the tumour 

was not restricted to human cancer alone. Siegert (1893) described cancer of the 

lung in a dog.

A few studies illustrated geographical variations in the incidence of lung cancer, 

and one of the best was a retrospective study based on autopsies before 1900 

(Bouses, 1928). The male predominance in lung cancer incidence was f irs t noted by 

both Walshe (1871) and West (1879). There were a varie ty  of opinions on the 

aetiology of bronchogenic carcinoma, some of which had proved valuable later on. 

Some workers pointed to pulmonary tuberculosis as a cause (Rokitansky, 1854), 

w h ile  o th e rs  r e f e r r e d  to the  possib le  c o n n e c t io n  b e tw ee n  c h ro n ic  i r r i t a t io n ,  

metaplasia, and carcinoma of the lung (Passles, 1896). The association between 

certain  occupations and the development of cancer was observed two hundred years 

ago, when Percival Pott described a high incidence of cancer of the scrotum in 

chimney sweeps. (Shimkin, 1969). Both H arting and Hesse (1897) documented high 

mortality  rates due to lung cancer among miners in Schnneberg and Saxony, which 

was caused by uranium  irradiation. Bevek (1892), suggested tha t the development of 

lung cancer is due to the loss of control of the central nervous system on the lung. 

Wolf (1895), discussed the relation between bronchogenic carcinoma and scar tissue
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as a possible cause. Many environmental elements were incrim inated as possible 

causes, such as cobalt (Uhlig, 1921), gasoline (Ktotzin, 1922), nickle (Stephens, 1933), 

asbestos (Loyn, 1935) and radium  (Kotz, 1927).

The importance of tobacco as a cause of lung cancer was only slowly recognized. 

Hill (1761) observed an association between the usage of tobacco snu ff  and the 

development of cancer in the nasal passages in men. Later on, Warren (1837) 

described a case of carcinoma of the tongue in a tobacco chewer, while Soemmering 

(1895) suspected an association between cigarette smoke and the development of 

lung cancer. Only a limited number of authors recorded cases of lung cancer in 

smokers (Gieple, 1844; Seyfarth, 1924; K ikuth , 1925). Alder (1912) referred  to the 

abuse of tobacco and alcohol and their role as ir r i tan t  to the respiratory system. At 

tha t time, many workers in the U nited States supported the above observations. 

Both Faher (1923) and McNally (1932) implicated cigarette smoking as an important 

factor in the increased frequency of the disease.

The results of various laboratory workers were in line with the epidemiological 

observations. Malignant proliferations in the skin of guinea pigs, were produced by 

smearing the skin with tobacco juice (Brosch, 1900; Murphy & Sturn, 1925). The 

work of K im ura (1923) was very impressive. He claimed to have produced cancer of 

the lung in a guinea pig following in trabronchial insuffla tion  of coal tar. This 

work was preceded by Yamagiwa & Ichikawa (1916), when they produced malignant 

tumours by application of coal tar to the ear of the rabbit (Weisburger, 1973).

In the U K  the problem of lung cancer has been attracting  much attention since the 

second decade of this century when this disease had become the second commonest 

cause of death due to malignancy, preceded only by cancer of the stomach. In a 

meeting of the Pathological Society in Manchester, Professor J.B. Duguide observed 

an increase in the numbers of lung cancer cases at post mortem, and at tha t meeting 

in 1927, smoking was discussed as a possible cause. In the same year, Sir Edward 

Mellanby drew attention to the d ifference in the mortality rate from lung cancer, 

between the County Boroughs of Nottingham and Leicester. The form er was a 

centre of the tobacco industry. This observation in itia ted  the now famous study on 

the effects of smoking on lung cancer conducted by Doll and Hill twenty five years 

la ter (Cuthbertson, 1968).
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In the following decade, Muller (1939), reported an excess of smokers among a small 

series of lung cancer patients in Germany and Oschvier (1939) observed that 

v irtually  all his lung patients were cigarette smokers. He suggested that the 

tremendous rise in tobacco consumption which began during World War I was the 

main cause. The association between cigarette smoking and the development of 

bronchogenic carcinoma was strongly demonstrated by R offo  (1939) who wrote 

"Among deaths from lung cancer in the period 1936-1939, there was an antecedent 

history of heavy smoking in 66%, moderate in 21%, and no smoking in 13%". Later 

he expressed the view tha t the regions chiefly  affected  by smoking were the mouth, 

oesophagus, respiratory tree and the u rinary  tract (Roffo, 1943).

H ereditary  factors were considered by Weller (1929). He suggested that "The 

development of carcinoma of the lung may be due to an inheritable intrinsic 

factor(s), which may be activated by chronic stimulation from  a variety of irritable 

compounds".

The epidemic of bronchogenic carcinoma as an im portant health problem was 

discussed in an International Symposium held in London in 1928, and since then 

there has been a large amount of work published on various aspects of lung cancer 

(See Rigdon, 1955; Rigdon & K irchoff ,  1958).

Subsequently, the relentless increase in m ortality  from lung cancer has continued to 

stimulate research into all aspects of this universal public health problem.

1.2 BRONCHOGENIC CARCINOMA

Bronchogenic carcinoma is a malignant tum our which arises from  the epithelium of 

the tracheobronchial tree, and represents up to 90% of lung tumours (WHO, 1982) 

(see Table 1.1).

A. PATHOLOGICAL CLASSIFICATION

Histological typing of bronchogenic carcinoma was agreed by the World Health 

Organisation (WHO,1967) and recently reviewed (WHO, 1982). It has very important 

epidemiological and clinical implications especially in the management of d if fe ren t 

cell types (see Table 1.2). It should be emphasised that the ability to categorise



Chapter 1 Page 17

various pathological subtypes of lung cancer is dependent upon the amount of tissue 

obtained via needle biopsy, at operation, or at necropsy, the stage of the tumour and 

the techniques of preparing specimens.

1.2.1 Sauamous cell carcinoma

Synonyms : epidermoid carcinoma, keratinizing carcinoma

This is the most common pathological subtype which accounts for between 45-60% 

of all bronchogenic carcinoma. This subtype occurs most commonly in the large 

bronchi. Histologically, it shows at least one of three d iffe ren tia t ing  features 

(a) ind iv idual cell keratinization, (b) pearl formation, (c) extensive intracellular 

bridges. The extent to which these d iffe ren tia t ing  features are present, determines 

w hether the tum our is well, moderately or poorly d ifferen tia ted . Squamous cell 

carcinoma is less invasive and has a slow tendency to metastasise in comparison to 

other cell types. U nfortunate ly , this does not alter its grave prognosis which is 

shared by all cell types.

1.2.2 Small cell carcinoma

Synonyms : oat cell carcinoma, anaplastic carcinoma, small cell und ifferen tia ted  

carcinoma

Small cell carcinoma constitutes about 25% of all bronchogenic carcinoma. It is 

often impossible to localise the prim ary site of origin of this tumour, nevertheless, 

more than  80% are centrally located. Histologically, it consists of small ra ther 

unifo rm  cells w ith scanty cytoplasm and nuclei containing finely  stippled chromatin 

and inconspicuous nucleoli. It is an extremely invasive tumour, metastasises early 

and runs a short, fa ta l  course, with very few survivors.

1.2.3 Adenocarcinoma

Synonyms : mucus producing carcinoma, gland forming carcinoma

This prim ary malignant tumour forms about 20-30% of all bronchogenic carcinomas. 

The incidence of this tumour is under estimated in a series of lung cancer studies 

which base their diagnosis on cytology an d /o r  transbronchial biopsy. Generally, it
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is peripherally located and arises in much smaller airways compared to squamous 

cell carcinoma. Histologically, it constitutes mainly glandular structures which 

c o n ta in  cells  w h ich  h av e  the  a b i l i t y  to p ro d u c e  m ucus. T he  d eg ree  of 

d iffe ren tia t ion  of this tumour depends on formation of acini or papillary structures. 

Adenocarcinoma has a tendency to metastasise early and to d istant sites.

1.2.4 Large cell carcinoma 

Synonyms : giant cell, clear cell

This tum our lacks specific d if fe ren tia t ing  histological features of the other 

subgroups, and has no characteristic one. Recent electron microscopic studies have 

disclosed u ltras tructura l features tha t are seen in some cells of squamous carcinoma 

and adenocarcinoma, or both. There is evidence tha t large cell carcinoma includes a 

varie ty  of subtypes of lung cancer as indicated by the similarity of their behaviour 

to poorly d iffe ren tia ted  squamous cell, combined adenocarcinoma and to a greater 

extent to poorly d iffe ren tia ted  adenocarcinoma.

In the UK, the incidence of this type lies between 1-3%. The site of large cell 

carcinoma is equally d istributed between the centre and the periphery of the lung.

1.2.5 Combined adeno and sauamous cell carcinoma

This forms about 1% of all cases of lung cancer. The lesion shows histologically 

defin ite  evidence of both squamous cell and adenocarcinoma on light microscopy.
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Table 1.1 Histological Classification of Lung Tumours from WHO (1982)

I - EPITHELIAL TUMOURS
A. Benign

1. Papilloma
a. Squamous cell papilloma
b. Transitional papilloma

2. Adenoma

B.

C.

a.
b.
c.

Dysplasia
a.

Malignant
a.
b.
c.
d.
e.
f.

Pleomorphic adenoma 
Monomorphic adenoma 
Others

Carcinoma in situ

Squamous cell carcinoma 
Small cell carcinoma 
Adenocarcinoma 
Large cell carcinoma 
Adeno squamous carcinoma 
Carcinoid
Bronchial gland carcinoma
- Adenoid cystic carcinoma (cylindroma)
- Mucoepidermoid carcinoma
- Others 
Others

bronchogenic carcinoma

II - SOFT TISSUE TUMOURS

III - MESOTHELIAL TUMOURS
A. Benign mesothelioma
B. Malignant

1. Epithelial
2. Fibrous
3. Biphasia

IV - MISCELLANEOUS TUMOURS
A. Benign
B. Malignant

1. Carcinocarcinoma
2. Pulmonary blastoma
3. Malignant melanoma
4. Malignant lymphomas
5. Others

V - SECONDARY TUMOURS

VI - UNCLASSIFIED TUMOURS

VII - TUMOURS LIKE LESIONS
a. Hamartoma
b. Lym phoproliferative lesions
c. Eosinophilic granulomas
d. Sclerosing granulomas
e. Inflam m atory pseudotumours
f. Others
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Table 1.2 Histological Classification of Bronchogenic Carcinoma (Lung Cancer)

Applroximate incidence 

UK  USA

1. Squamous cell carcinoma 45-60% 40%
varian t

a) spindle cell (Squamous) carcinoma

2. Small cell carcinoma 35% 20%
variants

a) oat cell
b) intermediate
c) combined cell carcinoma

3. Adenocarcinoma 11-28% 20%
variants

a) Acinar adenocarcinomas
b) papillary
c) bronchioalveolar carcinoma
d) solid carcinoma with mucous formation

4. Large cell carcinoma 1% 20%
variants

a) giant cell
b) clear cell

5. Combined squamous and adenocarcinoma 1% 1%

From Carter & Eggleston (1980)
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1.2.6 Pathogenesis

Most tissue types of bronchogenic carcinoma involve the conducting airways of the 

lung and commonly arise in segmental and subsegmental bronchi. This may be as a 

result of repetitive exposure to an insult with cigarette smoke. Bronchial epithelium 

at sites of segmental b ifurication  are particularly  susceptible due to the reduced 

flow of mucous and alterations in the airflow occurring at these points, where 

carcinogenic agents are likely to deposit and be absorbed (Auerbach et al., 1961; 

Macholda, 1970). This process also facilitates the deposition of d iffe ren t  insoluble 

radioactive particles in cigarette smoke (Little et al., 1965).

The entire process of developing lung cancer may take 10-20 years in a multistage 

process (Doll, 1978).

The respiratory tract is lined by ciliated columnar epithelium from the trachea to 

the beginning of the respiratory bronchioles. In the main airways, these become 

pseudostratified columnar epithelium which rest on a thin  membrane. The small 

airways are covered by only one layer of cells, while the alveolar surface is covered 

only by epithelial tissues (Sorokin, 1983).

The lung is a very complicated organ histoligcally and anatomically. It contains a 

large number of cells which can be divided into those of the airways (epithelial 

cells) and those of the alveoli (alveolar cells) (Gail & Lenfant, 1983) (see Figure 1.1).

1.2.6.1 Eipthelial cells

T h e re  a re  tw o m a in  g roups  o f  e p i th e l i a l  cells ,  s u p e r f ic i a l  an d  basa l cells. 

Superficial cells can be divided into ciliated and non-ciliated cells. Ciliated cells 

are mucous secreting, and are found most frequently  in the trachea and major 

airways. The non-ciliated bronchial cells are mainly found in the bronchioles 

(Clara, 1937; Widdicombe et al., 1982). These cells contain both smooth and rough 

endoplasmic reticulum and are metabolically active tissues (Smith et al., 1979; 

Plopper et al. 1980). Basal cells are composed of two main cells - endocrine and 

basal. The former (Kulchitsky cells) are of ectodermal origin. They have endocrine 

a n d  c h e m o re c e p to r  fu n c t io n s  a n d  a re  ca p a b le  o f  s y n th e s is in g  a v a r ie ty  of 

polypeptides and their precursors.



Chapter 1 Page 22

1.2.6.2 Alveolar cells

There are five  major cells identified  in the alveolar region of the lung, namely, 

Type I and II alveolar epithelial cells, endothelial cells, in terstitia l cells and 

macrophages (Crapo et al., 1982). Some metabolic activities have been identified  in 

the alveolar Type II cell (Devereux et al.t 1981). Pulmonary endothelial cells contain 

a wide range of substances, including amines, prostaglandins, adenine nucleotides, 

peptides, lipids and some drugs (Black et al., 1981; Pang et al., 1981). It is not known 

yet, w hether any specific cell(s) in the lung is able to in itia te  lung cancer or 

influence its site of origin.
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Figure 1.1 Cell types present in the epithelium of the airways and the alveoli

I. Cells of the airways

E p i th e l ia l -------------- Superficial

Ciliated

Non-ciliated

Secretory

1. Serous

2. Goblet

3. Clara

Non-secretory

1. Brush

2. Intermediate

B
Basal

1. Endocrine

2. Basal

II Cells of the alveoli
1. Type I alveolar epithelial

2. Type II alveolar epithelial

3. Endothelial cell

4. In terstitial

5. Macrophages 

From (Reid et a l 1980 & Crapo et a l 1982)
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1.2.7 Histogenesis

There are many pathological types of bronchogenic carcinomas with a considerable 

overlap between them. Immunological studies have shown the tremendous antigenic 

hererogenicities, which characterise this tumour (Gennigs et al., 1981; Hartozinska et 

al., 1983). Hence, it is d iff icu lt  to consider each of the lung cancer histological 

types as a single entity. Bell et al. (1976), suggested tha t both squamous and 

adenocarcinomas are derived from  the endoderm, whereas small cell carcinoma is of 

ectodermal origin. It has been found tha t neuroendocrine features are not only 

confined to small cell carcinoma as postulated by Pearson (1964), but to all major 

histological forms of lung cancer (Berger et al., 1981). Evidence has been 

a c c u m u la t in g  to  suggest th a t  th e re  is a close o n to g e n ic  r e la t io n s h ip  am ong 

histological types (Berger et al., 1981; Godwin et al., 1983), and all could be linked 

along a d iffe ren tia t ion  continuum as suggested by Yesner et al., 1978.

D iffe ren t histological features of the major bronchogenic carcinomas can be present 

w ithin an indiv idual subtype (Yesner et al., 1978; Brereton et al., 1978; A beloff et al., 

1979). A morphological transition between small cell and non-small cell carcinoma 

has been documented (Matthews et al., 1979; Greco et al., 1981).

1.2.8 Diagnosis

The diagnosis of bronchogenic carcinomas is often not d if f icu lt  a f te r  clinical and 

radiological examination, but f ina l diagnosis depends upon the identification  of 

specific malignant changes in tissues obtained by various means e.g. bronchoscopy 

and /o r  malignant cells in sputum or pleural f lu id  (Mestitz, 1958; Sackner, 1975; 

King et al., 1976).

Bronchial biopsies are the s tandard source of tissue in most cases, supplemented by 

material from  lymph nodes, the pleura and distant metastases.
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1.3 CAUSES OF BRONCHOGENIC CARCINOMA

1.3.1 Introduction

The incidence of bronchogenic carcinomas has been increasing since early this 

century, especially in the Western World and correlates strongly w ith  cigarette 

consumption. Sex ratio  and difference between countries and groups are closely 

related to the smoking habits. It is uncommon before the age of 40. Generally, the 

incidence in men reaches its peak around the age of 65 and in women around the 

age of 70 (Royal College of Physicians, 1962; 1977; 1983).

1.3.2 Tobacco consumption

The association between cigarette smoking and lung cancer development has been 

strongly and repeatedly demonstrated since the 1950*s, when five  retrospective 

epidemiological studies from  d iffe ren t  countries identified  tobacco smoking as a 

major cause of the rising incidence of bronchogenic carcinomas in Europe and the 

USA (Doll & Hill 1950; Wynder & Graham  1950; Mills & Potter 1950; Levin et al., 

1950; Schrek et al., 1950). This link must rank  among the foremost achievements of 

epidemiology (G riff i th ,  1976), in which the smoking habits of lung cancer patients 

were compared with those of a control group.

1.3.2.1 Cohort studies on smoking and lung cancer

The f irs t cohort studies to compare the risk of cancer among smokers and non- 

smokers began in 1951. In most instances, smoking habits were ascertained through 

self-adm inistered questionnaires. The cohort studies were subsequently followed up 

to discover cancer deaths, or in some studies the incidence of cancer cases (IARC 

monographs, 1985) (see Table 1-3).

The "British Doctor Study"

The subjects in this study were themselves physicians. They were a reasonably 

uniform  socioeconomic group and the causes of the many deaths tha t occurred 

among them may have been certified  more accurately than might have been the case 

among a sample of the general population. In 1951, a questionnaire on smoking 

habits was sent to all British doctors, 34440 men and 6194 women responded.
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F u rth e r questionnaires about changes in smoking habits were sent in 1957, 1966 and 

1972 w ith  on each occasion about 97% of the survivors responding. Reports were 

published on a cause-specific m ortality  on various occasions (Doll & H ill, 1954;

1964).

American Cancer Society N ine-S tate Study

D uring 1952, a to tal of 204547 smoking histories were collected in  nine states. A 

follow  up study of 187783 of these men was conducted from  1952 through to 1955 

(Hammond & H orn, 1958). D eath certifica tes were collected fo r all deceased people. 

The d istribu tion  of smoking habits in the study population was in  close agreem ent 

w ith  th a t in a large survey on smoking hab it in a sample of the US population 

(Haenszel et al., 1956).

Am erican Cancer Society

This was a cohort study, more than one m illion subjects were enrolled between 1959 

and 1960 in 28 states. 358422 men and 483519 women survivors were follow ed up 

fo r 12 years (Hammond, 1966). D eath certifica tes were obtained from  state or 

local au thorities. This is the largest o f the cohort studies, and hence the one least 

subject to purely random  error, even fo r quite rare  causes of death.

Japanese Study

In 1965, 122261 men and 142857 women aged 40-45 years had the ir d ie t and smoking 

hab its  recorded. They were followed up fo r 16 years (H iryam a, 1982). D uring 16 

years follow -up, 51422 deaths occurred. This study is large and is unique in being a 

non Caucasian population and is being based on interview s ra th e r than  on se lf

com pleted questionnaires.

C anadian Study

In 1955-1956, 207397 w ar veterans were m ailed a questionnaire on smoking habits, 

p rincipal occupations and residence history. Follow-up was conducted from  1956 to 

1962 through quarterly  lists of deaths made available by the D epartm ent of 

V eterans A ffa irs . In most cases the cause of death  was confirm ed by autopsy (Best,

1966).



Chapter 1 Page 27

Table 1.3 Relative risk of lung cancer in large cohort studies among men smoking 

cigarette and other types of tobacco.

Study Tobacco product smoked R elative risk

B ritish Doctor Study cigarette 14.0

(Doll & H ill, 1954; 1964) pipe 5.8

cigar 5.8

A m erican Cancer Society cigarette 9.9

(Hammond & H orn, 1958) pipe 2.3

cigar 2.3

C anadian Study cigarette  14.9

(Best, 1966) pipe 2.9

cigar 4.4

Swedish Study cigarette 7.0

(C ederlof et al., 1975) pipe 7.1

cigar 9.2

Japanese Study 

(H iryam a, 1985)

cigarette 7.8
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L ater, m any investigators conducted large prospective studies in  d iffe re n t countries 

all over the world. T heir conclusions were in agreem ent w ith  the results of the 

in itia l studies. Cancer risk among D anish male seventh-day adventists and other 

tem perance society members showed a m arked reduction  in the risk of tobacco 

rela ted  cancers (Jensen, 1983). The strength of the association between smoking and 

lung cancer depends on many variants, i.e. the host and  the characteristics of the 

smoking habits.

A. THE HOST

1. Sex : The risk of developing lung cancer and other smoking related  diseases 

involves both sexes equally (Wynder et al., 1973; Doll et al., 1980; US Surgeon 

G eneral 1980). The incidence in females is rising steeply a t a ra te  of 7-8% per year 

(G arfinkel, 1980) and is likely to exceed th a t of breast cancer in both the USA and 

the U K  in the near fu tu re . The death rate  from  lung cancer in women increases 

w ith the num ber of cigarettes smoked. Females who smoked more than 25 

c igare ttes /day  had a death rate  from  lung cancer 30 times higher than th a t of non- 

smokers (Wynder at al., 1973; Doll et al., 1980). In the USA the incidence of lung 

cancer has recently  surpassed breast cancer and has become the leading cause of 

cancer deaths in w hite fem ales (Chen, 1984). The same trend  has been recently 

observed in Scotland and north  England (AsJ^, 1989). f v\

2. Race : The risk of developing lung cancer in smokers is not confined to a 

p a rticu la r country  or race, although the incidence varis around the globe (Table 1.8).

3. Age : D eath rate  from  lung cancer is five times higher in one who smokes as a 

teenager com pared to one who smokes a fte r  the age o f 25, even if  the am ount of 

tobacco is the same. The incidence also depends on cigarette consum ption 10-15 

years before the disease has developed. Ex smokers would be less likely to develop 

the disease than  those continuing to smoke. The cu rren t data  dem onstrate th a t a 

h e a v y  sm oker w ho g ives up  sm ok ing  w ill d ec re a se  h is  r isk  o f d e v e lo p in g  

bronchogenic carcinom a, and a fte r  15 years the risk of developing cancer is not 

very sign ifican t (K han, 1966; Hammond, 1966; Doll & H ill, 1964; Dale, 1980) In 

recent years an increasing proportion of lung cancers have orig inated  in the older 

age group and the mean age of patients is rising (Belcher, 1975).
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B. CHARACTERISTICS OF THE SMOKING HABIT

1. Dose : The risk  of lung cancer developing grows in d irec t relation to the num ber 

of cigarettes smoked. In the B ritish Doctors study (Doll & Peto, 1976), the 

standard ised  death  rate  per 100000 population was calculated  fo r 3 groups of male 

smokers, according to the ir smoking habits, 1-14, 15-25 and > 25 cigarettes/day . A 

consistant g rad ian t in the death  ra te  was found  of 52, 106 and 224 per 100000 

population, respectively. The rate  fo r non-smokers in  this study was 10. In the 

A m erican Cancer Society Study (Hammond & Horn, 1958) fou r categories of 

cigarette smokers were found : <0.5 pack, 0.5-1 pack, 1-2 packs and more than 

2 packs per day. A consistent increase was found in the re la tive risk of lung cancer 

w ith increase in  am ount smoked per day. O ther epidem iological studies confirm ed 

the same trend  (IARC monographs, 1985). Nevertheless, the num ber of cigarettes 

smoked per day, can only be a crude measure of the dose received by the bronchial 

epithelium . Very little  is known about the e ffec t of exposure to low doses over a 

long period and it is not known if  there is a threshold dosage below w hich lung 

cancer does not occur.

2. D uration  of smoking : The incidence of lung cancer increases w ith  the power of 

the du ra tio n  of smoking. The incidence of lung cancer in continuing cigarette 

smokers increases approxim ately to the seventh power of age, w hile in non-smokers 

it increases in proportion to the fo u rth  power of age (Peto, 1975; Doll, 1978). Doll & 

Peto (1978) estim ated th a t the excess annual incidence rates of lung cancer a fte r  

about 45, 30 and 15 years of cigarette smoking were approxim ately 100:20:1 to each 

other. According to this method of calculation, a three-fold  increase in the duration  

of regu lar tobacco use, would increase the annual incidence of lung cancer by a 

hundred  fold.

3. V ariations in smoking habits : The risk of lung cancer increases in the follow ing 

categories :

(i) Inhala tion  - inhalers have a higher a ttack  rate  of developing lung cancer. The 

death ra te  in B ritish doctors who said they inhaled cigarette smoke was 80% greater 

than those who said they did not (Doll & H ill, 1964; Surgeon G eneral, 1964; 1976).

(ii) Ind iv iduals who take more pu ffs  per cigarette com pared to just a few  (G raham  

et al., 1968).
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(iii) K eeping the cigarette in the m outh between p u ffs  (Brett & Benjamin, 1968).

(iv) R e-lighting half-sm oked cigarette (D ark et al., 1963).

R eliable data  about the safety  of f ilte r- tip  or low ta r  cigarettes are not yet available 

(Lee et al., 1981).

4. C iear smokers : The risk of developing lung cancer in cigar smokers is tw ice th a t 

of non-smokers (Doll et al., 1964; 1976; K han et al., 1966). In two studies the 

investigators dem onstrated th a t the risk appears to be greater in  cigar smokers than 

among cigarette  smokers (Cederlof et al., 1975).

5. Pipe smokers : The risk of developing lung cancer is less in those who only 

smoke pipes than  those who only smoke cigarettes. The increased risk in British 

doctors was 5.4:1, w hich is still h igher than in non-smokers. In one study, the 

au thors found  tha t the risk of developing lung cancer in pipe and cigar smokers is 

the same as in cigarette smokers (A belint et al., 1972). The reason behind these 

d ifferences is not clear. The larger am ounts of benzo[a]pyrene in the smoke from  

cigars and pipes com pared to cigarettes are of in terest in connection w ith  the much 

lower incidence of cancer of the lung recorded among those who smoke tobacco in 

these forms. A lkaline smoke from  cigars and pipes unlike the acid smoke of 

cigarettes, is o ften  not inhaled. The com bustion tem perature reached in cigarettes is 

h igher than  obtained in cigars and pipes and the conditions are more favourable for 

oxidation  in cigarettes (Campbell & Lindsey, 1957).

1.3.2.2 Passive smoking and lung cancer

It is not know n w hether there is a threshold num ber of cigarettes, below w hich lung 

cancer does not occur in smokers.

Non-sm okers are exposed invo lun tarily  during  passive smoking to a composite of 

efflu en ts  generated in d iffe re n t ways during  the burning of tobacco products. 

These e ffluen ts  comprise of both side stream  (SS) and the m ain stream  (MS) of 

tobacco smoke tha t has not been re ta ined  by active smokers. Side stream  smoke 

from  the end of a burning cigarette contains higher concentrations of noxious 

substances than  does main stream  smoke which is inhaled (WHO, 1979). Active 

smokers are generally exposed to the highest concentration of SS (D alham  et al.,
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1968a,b). M easurement of n icotine and one of its m inor m etabolites, cotinine 

N-oxide in the urine of non-smokers has clearly shown th a t passive smoking does 

indeed lead to m easurable uptake of the com bustion products of tobacco (Wald et al.,

1984). Studies in the US have shown higher levels of respirable particu la te  m atters 

in residences w ith smokers in com parison w ith  non-smokers (N ational Research 

Council, 1986). The cigarette smoke contains radioactive 210Polonium  derived from  

phosphate fe rtiliz e r and this could account fo r some carcinogenic risk to both 

smokers and non-smokers (Wintas & D iFranza, 1982).

M any authors have suspected th a t passive smoking may increase the risk of lung 

c a n c e r. A few  com pounds in  to b acco  sm oke such  as b en zo [a ]p y re n e  an d  

d im ethylnitrosam ine are present in considerable am ounts in restauran ts and bars 

(Galus K inova et al., 1974; Walker et al., 1979).

The m ortality  of 91540 non-smoking women was exam ined in  relation to their 

husbands smoking hab it in cohort studies in Japan (H irayam a, 1981; 1984). A total 

of 429 deaths from  lung cancer was recorded in women during  the 16 years of 

follow -up from  1966 to 1981. Of these 303 were non-smokers and 200 were m arried 

women whose husbands smoking hab its  were known. The exposure index in this 

study was based on smoking habits of husbands. No other characteristic  of 

husbands or wives themselves was found  to elevate the risk of lung cancer in their 

non-sm oking partners. Non-smoking husbands of women smokers also showed an 

elevated risk of lung cancer w ith  standard ised  m ortality  ratios of 1.0, 2.1 and 2.3 for 

non-sm oking husbands w ith non-smoking wives, fo r wives smoking 1-19 cigarettes a 

day and fo r wives smoking 20 cigarettes daily  respectively (P=0.02).

A case control study conducted by the A m erican Cancer Society (G arfinkel et al.,

1985) showed no statistically  s ign ifican t increase in lung cancer m ortality  in non- 

smoker spouses who are m arried  to smokers. The authors found  th a t of the 153 non

smoking women w ith  lung cancer in the cohort, 88 were m arried  to smokers. The 

lung cancer m ortality  ratios were, respectively, 1.0, 1.3 and 1.1 fo r women m arried 

to men who never smoked, to men who smoked less than  20 c igare ttes/day  and to 

men who smoked more than  20 cigarettes/day .

A case-control study was conducted on non-smoking fem ale residents of Athens 

from  Septem ber 1978 to 1982 (Trichopoulos et al., 1981; 1984). The authors found 

the re la tive risk of lung cancer fo r women w ith husbands who were non-smokers or
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ex-smokers who had not smoked fo r 5-20 years was 1.0, th a t fo r wives of ex-smokers 

who had not smoked fo r less than  5 years was 1.9, th a t fo r wives of men curren tly  

smoking less than  20 cigarettes daily  was 2.4 and th a t fo r wives of men curren tly  

smoking 20 or more cigarettes daily  was 3.4. The dose response relationship  in this 

study was highly statistically  significant. A nother study conducted by Correa et al. 

(1983) in Louisiana USA found th a t non-smokers m arried  to heavy smokers had an 

increased risk of lung cancer. The relative risk being 1,0, 1.5 and 3.1, when spouses 

had smoked none, less than  300000 and more than  300000 c igare ttes /life  time 

respectively in the past. A fo u rth  study by K obat & Wyner (1984) concluded tha t 

non-smokers* spouses m arried to smokers had an estim ated 3.3 increased risk of lung 

cancer. Two other studies found tha t no excess of lung cancer was dem onstrated in 

women passively exposed to cigarette smoke at home (Chan & Fung, 1982; Koo et al.,

1984).

In conclusion, the collective evidence from  epidem iologic studies suggests th a t in 

non-smokers there is an overall rela tive risk of lung cancer of about 1.3 associated 

w ith  passive smoking. The risk increases w ith increasing in tensity  of exposure, and 

the m agnitude of risk is more m arked fo r squamous and small cell carcinom as 

com pared to adenocarcinom a of the lung. The published studies were based on 

questionnaire measurem ents of passive smoking w ithout validation  of this data  w ith 

biological m arkers or envirom entally  measured concentrations of tobacco smoke 

exposure. M oreover, the assessment of exposure relied  p rim arily  on the spouse’s 

smoking habits and did not account for other sources of exposures.

1.3.2.3 Chemical composition

The aetiological agents of lung cancer in tobacco smoke have not yet been 

iden tified , and many smoke components have not even been tested fo r in itia ting  

activ ities of cancer, w hile others have not been isolated. The composition of 

tobacco is variable, and depends upon d ifferences in tobacco plants, the locality of 

the soil conditions, ag ricu ltu ra l practice, the presence or absence of trace elements, 

type of organic pesticides employed and various processes of curing which have 

been used (K innaw ay, 1958). O ther factors are concerned w ith  the natu re  of the 

tobacco smoked, the conditions fo r oxidation in smoking, and the am ounts of 

hydrocarbons produced by pyrolysis (Campbell & Lindsey, 1957; K innaw ay, 1958).

Tobacco smoke is an aerosol of a complex m ixture (Lindsey, 1962) containing over
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3000 chem icals (Jusko, 1977). It is composed of a gaseous and a particu la te  phase, 

w ith  a d istribu tion  equilibrium  of certain  smoke constituents in both phases (US 

Surgeon G eneral, 1971). The gaseous phase constitutes of 60% of the m ixture, and 

contains various compounds such as carbon monoxide, hydrogen cyanide, n itric  

oxide, n itrogen dioxide and various aldehydes (Larson, 1975; K ilbu rn , 1974). Many 

of its com ponents have been shown to contain  trace am ounts of carcinogens, such as 

the volatile  nitrosam ines, rad ioactive isotopes e.g. polonium  (210PO) and  tum our 

prom otors e.g. form aldehyde (Wynder et al., 1979, H offm ann  et al., 1979). The 

particu la te  phase constitutes 40% of the smoke and is composed of w ater, soluble 

m aterials such as nicotine, m any hundreds of acids, alkaloids, and  pyrid ines 

(Schum acker et al., 1977). It also contains, fa t  soluble polycyclic hydrocarbons, 

nitrosam ines, phenols (Severson et al., 1977; M cCormick, 1973), and arsenic (H arris, 

1974).

M any of the tum our-in itia ting  and co-carcinogenic agents have been iden tified , 

(Table 1-4), and much of the m utagenicity  seems to reside in  pyrolysis products of 

the am ino acid tryp tophan  (W eisburger et al., 1977; Bridges, 1979). T here are many 

substances in tobacco smoke w hich although themselves are non-carcinogenic, can 

g re a t ly  e n h a n c e  th e  m u ta g e n ic ity  o f  c e r ta in  o th e r  m u tag en s  p re s e n t in  th e  

condensate, w hich raises the possibility tha t the e ffec t of m ixture of various 

com pounds in the two phases may be s ign ifican tly  greater than  the e ffec t of 

ind iv id u al com ponents (Wynder 1964, 1979; L ittle , 1974) (Tables 1.4, 1.5, 1.6).

1.3.2.4. Animal Evidence

The strong associations between cigarette  smoking and lung cancer incidence, have 

prom pted m any laboratories to investigate the carcinogenic po ten tial of tobacco 

smoke.

Tum ours have been induced by applying smoke particu la tes on mouse skin, rabb it 

ear, mouse cervix and in the trachea and the lungs o f both rats and dogs, and in  the 

upper resp irato ry  trac ts of ham sters, mice and rats. Tum ours of the lungs can also 

be elicited  in  response to spraying of the smoke condensates as aerosols, follow ing 

an in tra trach ea l injection of carcinogenic polycyclic hydrocarbons and  through 

repeated  application of cigarette smoke condensate to the bronchial mucosa of dogs 

(Reviewed by A uerbach et al., 1970; IARC monographs, 1985).
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Some authors have shown th a t benzo[a]pyrene and dim ethylnitrosam ine both act 

synergistically  to cause lung cancer in ham sters (Madis, 1974). O ther w orkers have 

dem onstrated th a t a common gaseous air po llu tan t such as S 0 2 and N 0 2 and ferric  

oxide have enhanced the carcinogenicity  of benzo[a]pyrene in a synergistic fashion 

(N ettesham , 1975). 210PO has been found to be able to induce lung cancer in animals 

(L ittle et al., 1974; M cGrandy et al., 1974).

1.3.2.5 Mechanisms o f  lung cancer induction

The m echanism  by w hich cigarette smoke induces bronchogenic carcinom as rem ains 

obscure. C igarette smoke condensate (CSC) exhibits co-carcinogenic prom oting 

activ ities w hich may lead to tum our production and m alignant transform ation  

(Hecht et al., 1981). Cytogenic studies have shown an increase in chromosomal 

aberations in heavy smokers com pared to non-smokers (Hopkin & Evans, 1979). In a 

study conducted among smokers, it  was shown th a t the lym phocytes from  patients 

w ith  un trea ted  lung cancer have a consistently higher rate  of DNA lesions than 

have lym phocytes from  controls w ith  sim ilar life  tim e exposure to cigarette smoke 

bu t w ithou t cancer (Hopkin & Evans, 1979; 1980). In vitro studies have

dem onstrated th a t a m inute concentration of tobacco smoke condensate can lead to 

many DNA lesions in lym phocytes, e.g. single strand  break in DNA (Tsutom a et al.,

1985).

These studies suggest a genetic susceptibility  to DNA damage w hich may result in 

somatic m utation , w hich according to one hypothesis, underlines all carcinogenesis 

(K nudson, 1973).
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Table 1.4 Toxic agents in the gaseous phase of tobacco smoke

1. Carcinogens concentration in smoke of cigarettes

D im ethylnitrosam ine 

O ther nitrosam ines 

H ydrazine 

V inyl chloride

5-180 ng 

2-200 ng 

24-43 ng 

10-40 ng

Tum our prom oters 

Form aldehyde

20-90 ug

C iliatoxic agents 

A crolein

45-140 ug

Incom plete list (data  from  Wynder et al., 1979)
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Table 1.5 Carcinogenic agents in the particu la te  phase of tobacco smoke

Compound R elative ac tiv ity  C oncentration

as complete ng /c igarette

carcinogen

Benzo[a]pyrene +++ 10-50

5-M ethylchrysene +++ 0.6

D ibenz[a,b]anthracene ++ 40

Benzo[b]fluoranthene ++ 30

Benzo[j]fluoranthene ++ 60

D ibenzo[a,j]acridine ++ 3-10

Indeno[l,2,3]pyrene + 4

Benzo[c]anthracene + 40-70
Chrysone + 40-60

D ibenzo[a,b]acridine + 0.1

Dibenzo[c,g]carbazole + 0.7

Incomplete list from  H offm ann et al. (1976).
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Table 1.6 Some of the co-carcinogenic agents in the particu la te  phase of tobacco

smoke.

Compounds C oncentration ng /c ieare ttc

1. N eutral fraction

pyrene 50 - 200

fluo ran thene 100 - 300

benzo[a]perylene 60

benzo[a]pyrene 30

naphthalenes 360 - 630

1-methylindoles 830

9-m ethylcarbazoles 140

4,4-dichlorostilbene 1500

2. A cidic fraction

Catechol 200,000 - 500,000

Incomplete list from H offm ann  et al. (1976).
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1.3.3 O ccupational hazards

Tobacco smoke is established as the dom inant resp irato ry  carcinogen, but some 

agents (m inerals, chemicals, rad ia tion) present in some occupations are known to 

cause about 1.5% of all lung cancer (Doll, 1977; Wynder, 1977; Higginson, 1980). The 

risk  applies to both smokers and non-smokers (Table 1.7).

1.3.3.1 Mining

Lung cancer in m iners is e ither due to the presence of rad ioactive m inerals or due to 

inhala tion  of radioactive gases, such as rodon and thorium , w here airborne 

rad ioac tiv ity  may occur in  mines even when no rad ioactive m inerals are obviously 

present (A lbert, 1966). R adioactive elements orig inate  from  uran ium  238 and 

thorium  232, whenever m ining is carried  out in  rock fo rm ation  (Saccomanno et al., 

1964; A rcher et al., 1963) e.g. fluorspar mining (Parker, 1981), m etal mines (Wagones 

1963) and  iron ore mines. The level of rad ioactiv ity  in coal mines is not associated 

w ith  lung cancer, where there is, no excess of the disease has been reported (Parker, 

1981).

G enerally , there is about a 16 year period from  the com mencement of m ining to the 

developm ent of cancer (Saccomanno et al., 1972).

1.3.3.2 Asbestos

Exposure to asbestos in certain  occupations is recognised as a m ajor health  risk. 

Both fib ro tic  lung disease and an increased frequency  o f mesothelioma, an other 

wise rare  cancer, occur in asbestos workers (Selikoff et al., 1980a). Perhaps of 

g reater significance w ith respect to absolute num bers o f a ffec ted  people is an 

increased risk of bronchogenic carcinomas. The frequency of this disease among 

asbestos w orkers who smoke is 80-92 times tha t of the general non-smoking 

population (Selikoff et al., 1968; 1980b).

Benzo[a]pyrene (B[a]P)is a major carcinogenic polycyclic arom atic hydrocarbon 

(PAH) in cigarette smoke and has been im plicated in the increased risk of 

bronchogenic carcinom a observed in smokers in the general population. Many 

investigators have reported tha t asbestos m ediates a sign ifican t increase in cellular 

uptake of B[a]P and alkylation of DNA when B[a]P is coated on asbestos fibers
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(Lakowicz & H ylden, 1978, Lakowicz & Beven, 1979, Eastm an et al., 1983).

There is a period of about 20 years or longer between the sta rt o f exposure and 

onset of the disease (Selikoff et al., 1973).

1.3.3.3 Arsenic

Inhala tion  and  ingestion of inorganic arsenical compounds have shown to be 

associated w ith  an increased risk of skin tum ours and bronchial carcinom as of up to 

7 times (Hill & Faning, 1948; Hess, 1956). The im portance of arsenic as a potential 

lung can^ercinogen increased follow ing the in troduction  of arsenical parasitic idal 

m ixtures to spray tobacco crops (Weber et al., 1957).

1.3.3.4 Chloroethers

Both bis (chlorom ethyl)ether and (chlorom ethyl)m ethyl e ther are used in the 

chem ical industry  in organic solvents, bacteriocides and fungicides. An increased 

incidence in lung cancer (up to about 8 times com pared to the general population), 

occurred among men exposed to these compounds a t a chem ical m an ifactu ring  plant 

(Lemen et al., 1976, Figuerosa et al., 1973).

1.3.3.5 Nickel

The increased incidence of lung cancer among the nickle re fin e ry  w orkers is about 

14 times more than  in the general population (Spencer, 1967), w ith an increased risk 

of developing pulm onary fibrosis and tum ours of paranasal sinuses.

1.3.3.6 Chromate

Many authors have found a higher incidence of lung cancer among those employed 

in the m anufactu re  or handling or chrom ate (Spencer, 1967; H ill & Ferguson, 1979; 

Tsum eta, 1980).

1.3.3.7 Gas Workers

Workers who made coal gas were found to have an increased risk of lung cancer. 

These workers are exposed to p itch  oil fum es em itted a t high tem peratures from
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generators (Doll, 1952; 1965; Davies et al., 1977).

1.3.3.8 Synergistic e f fect  o f  occupational carcinogens and tobacco smoking

The most s trik ing  observation is in rela tion  to asbestos exposure. A num ber of 

epidem iological studies of respiratory  cancer hazards in w orking populations 

exposed to asbestos have shown an excess o f bronchial carcinom as w hich occur 

exclusively in smokers (Berry et al., 1972; E nterline et al., 1976). The e ffec t of 

smoking appears to be m ultiplicative. A survey of lung cancer deaths among 

insulation w orkers revealed relative risks of about 5 times follow ing asbestos 

exposure alone, 10 follow ing cigarette smoking alone, and 50 follow ing com bined 

exposure (Hammond, 1979). Heavy smokers who are asbestos w orkers, experience 

nearly 90 times the risk of individuals who were not exposed to tobacco or asbestos 

(Selikoff et al., 1980).

A strik ing  carcinogenic e ffec t between cigarette smoking and rad ia tio n  was 

reported by L undin  et al. (1969). The lung cancer rate  is ten times g reater among 

smoking u ranium  m iners than non-smoking miners. Where the tum our induction  

rate is shorter (A rcher, et al., 1976), the same observation was recorded in re la tion  to 

chloroethers (Figuerosa, 1973).

1.3.4 A ir Pollution

Many agents w ith  a poten tial carcinogenicity  escape into the atm osphere in  the 

course of industria l ac tiv ity , e.g. arsenic, asbestos, rad ioactive m aterials and 

polycyclic arom atic hydrocarbons.

The substances can be responsible fo r only a small proportion of all cases of the 

disease. It is possible tha t some pollutant(s) may in te rac t w ith  c igarette  smoke to 

increase the incidence of cancer over and above th a t w hich would be expected by 

the action of tobacco alone (Doll, 1978).
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Table 1.7 Known suspected agents of occupational cancer of the lung and the ir 

re la tion  to various histological types.

O ccupation

1. R ad ia tion

2. Asbestos

3. M ining

4. A rsenic

5. Chrom ate

6. N ickle

7. U ran ium

8. C hlorom ethylether

R elated cell type

Small cell carcinom a 

U n d iffe ren tia ted

A denocarcinom a 

All cell types

All cell types

Squamous 

A denocarcinom a &

Small cell

All tissue types 

Squamous and small cell

Squamous

Squamous and small cell 

A denocarcinom a 

Small cell

R eferences

A rcher et al., 1974 

Saccomanno et al., 1972

H ueper, 1966 

Blot et al., 1978

H aslan et al., 1975 

Seve et al., 1977

Axelson et al., 1978 

Wicks et al., 1981

Nat. Acad. Sci., 1970 

Abe et al., 1982

K reyberg, 1978 

Sunderm ann, 1973

K annerstein  & Churg, 1972

Figuerosa et al., 1973
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1.3.5 V itam in A and bronchogenic carcinom a

There are  three lines of investigations w hich suggest tha t vitam in A levels may play 

a role in the pathogenesis of some epithelia l cancers (reviewed by Goodman, 1984; 

C hytil, 1984).

1 - Epidem iological evidence : This is sum m arised by/Teto/(1981) w j10 conciu(j e(j 

th a t the risk  of cancer in hum ans may be correlated inversely w ith  the serum level 

of retinol, and w ith  the d ie tary  in take of B-carotene. V arious investigators are in 

agreem ent about the im portance of vitam in A consum ption and the developm ent of 

lung cancer (M acLennan et al., 1977; Shekell et al., 1981). The vitam in  A index was 

sign ifican tly  lower fo r cases of lung cancer as com pared to the control. In one 

study th is observation was recorded fo r male patients o n ly j(Q0fj/ge et al., 1980). 

O th e rs  a re  in  d isa g re e m e n t, w h ere  th e y  f irm ly  h av e  e s ta b lis h e d  a p o s itiv e  

correlation  between smoking and the developm ent of lung cancer irrespective of the 

d ie tary  level of v itam in A or other factors (Bjelke, 1975).

2 - Biological evidence : V itam in A has pow erful effects on cell d iffe re n tia tio n  and 

p ro life ra tion  (Sporn & Roberts, 1983). V itam in A deficiency could also im pair the 

norm al s truc tu re  of endothelium  (Goodman, 1984).

3 - Pharm acological evidence : A synthetic re tin in  is found to be useful in the 

prevention of carcinogenesis in  laboratory  anim als. A high dose o f vitam in A 

reduced m arkedly both the incidence of squamous cell m etaplasia (S affio tti et al.,

1967), and  the developm ent of tum ours using ham sters as an anim al model (Cone & 

N ettesheim , 1973; Shekell et al., 1981). These observations have not gained universal

approval. It was dem onstrated by Rogers et al. (1973), th a t v itam in A predisposes
I ^

the ep ithelium  to neoplastic changes, a n d / W illettjt 1984), was unable to confirm  the 

find ing  th a t a low serum retinol level is associated w ith  an increased cancer risk.

In vitro investigations have dem onstrated th a t v itam in A enhances benzo[a]pyrene 

carcinogenicity  (Smith et al., 1972; 1975) and increases the ra te  of benzo[a]pyrene 

m etabolites b inding to the DNA of tracheal epithelium  (Qestb et al., 1974). ^
Czf vv'cv

O ther trace m inerals and nu trien ts such as selenium  m ight also protect cells from  

reactive m etabolites l(C ^ rk i^ ^ / ; , :I979).

/
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F urther w ork is needed before we are able to assess the im portance of v itam in  A in 

the aetiology of lung cancer, and hence its u tility  in chem oprevention programm es.

1.3.6 A cquired Lung Cancer

Many studies had linked the existence of pulm onary scars due to a varie ty  of 

pathological conditions such as tuberculosis (R aeburn & Spencer, 1957) pulm onary 

in farc tio n  (Balo et al.9 1956) to the developm ent of adenocarcinom a and less 

frequen tly  to other cell types (Limas & Japaze, 1971). this concept has since been

challenged fo r the following reasons : a) It was dem onstrated th a t m uch of the

fibrosis associated w ith the tum our may actually  form  as a desm oplastic response to 

the cancer itself. In other words, carcinom a may arise in an area o f pre-existing 

scars and or may evoke a desm oplastic response (Jackm an et al., 1969; C arter & 

Eggleston, 1980), b) It is known th a t m any of the adenocarcinom a are mixed

adeno-squam ous w hich grow in rela tion  to areas of scarring (M ayer & Liebow,

1965), c) I t was dem onstrated tha t patien ts w ith extensive fibrosis due to exposure 

to silica or coal m ining are not a t a high risk of developing bronchogenic 

carcinom as including adenocarcinom a in com parison to others (Turner-W arick et al., 

1980) hence it is d iff ic u lt to relate the developm ent of adenocarcinom a or other 

type of lung cancer to the existence o f scar tissue.

1.3.7 The Im m une System and the Pathogenesis of Lung Cancer

The status of the im mune system and its relation to the developm ent of lung cancer 

has been discussed by only a few  authors. Both Gross et al. (1975) and  Dellon et al.

(1975) reported  th a t the function  of B cells was depressed in patien ts  w ith 

bronchogenic carcinom as whereas K ang et al. (1974; 1977) raised the possibility  tha t 

there may be a relationship  between im paired T lym phocyte population  as an 

ind icato r of reduced im mune surveillance and the propensity to develop m alignancy 

in  patients w ith asbestosis. O ther w orkers have disputed the significance of these 

observations and considered th a t any functional disturbances of the im m une system 

at a la ter stage of the disease are a result ra ther than  a cause of bronchogenic 

carcinom a (Dellon et al., 1975b; Turner-W arick et al., 1980). Some recorded 

im munological abnorm alities are the resu lt of smoking cigarettes ra th e r than  lung 

cancer itse lf (Eric et al., 1979). Im paired cellular im m unity has been observed in 

cigarette smokers. M iller et al. (1982) found a dim inished ra tio  of helper to 

suppressor cells w hich re tu rned  to norm al, six weeks following cessation of smoking.
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Ginns et al. reported alterations of T-lym phocyte subsets in persons w ith  lung 

can c e r. N a tu ra l  k i l le r  ce ll a c t iv i ty  w h ich  m ay be im p o r ta n t fo r  im m une 

surveillance is reported  to be reduced in smokers (Ferson et al., 1979).

Two authors noticed an increase in the incidence of lung cancer in  two groups of 

im m unosuppressed patients. B rinker et al. (1974) observed 8 lung cancer cases 

com pared to 2.8 cases expected in 2544 patien ts w ith  sarcoidosis du ring  a 10 year 

period, all his patients were smokers and 7 were diagnosed as squam ous cell 

carcinom a. Hoover et al. (1975) recorded the developm ent of lung cancer in  8 renal 

transp lan t recipients on im munosuppressive agents com pared w ith  1.8 cases expected.

1.3.8 Rem arks on the histological diagnosis of bronchogenic carcinom a

The d istribu tion  of lung cancer cell types is a ffec ted  by the source of tissue 

specimen. In this respect, the ab ility  to categorise bronchogenic carcinom a is 

dependent upon the am ount of epithelial tissues available fo r histological diagnosis, 

the stage of the tum our and the pathology techniques employed (Review ed by Ives 

et al., 1983; Lamb, 1984).

Bronchoscopy has a m ajor im pact on the diagnosis and m anagem ent of lung cancer. 

A bout 80% of the available histological diagnoses was made by th is procedure, 

where no fu rth e r  diagnostic method was required  (M itchell et al., 1980). The tum our 

is usually visible in about 50% of the cases, where diagnosis by the above technique 

can be made in over 90% of cases (M artini & McCormick, 1978). If  the lesion is not 

visible, the positive biopsy ra te  falls to about 40%. A ccurate cell typing from  a 

2mm tissue specimen obtained a t fib reop tic  bronchoscopy is o ften  d iff icu lt. This is 

due to the complex morphological characteristics of lung cancer and because the 

tissue of a tum our may contain  more than  one cell type, each of varying 

d iffe ren tia tio n  (H uhti et al., 1980). Indeed, Chung et al. (1984) review ed the records 

of 107 patients, who had a diagnosis of lung cancer established by fib reop tic  

bronchoscopy, and who subsequently underw ent surgical resection or staging. They 

found  th a t 41% of the 107 patien ts studied were d iffe re n t in cell type from  the ir 

corresponding bronchoscopic diagnosis. In the ir review  m any of the poorly 

d iffe ren tia ted , large and small cell tum ours turned  out to be adenocarcinom a. This 

problem is com pounded by considerable v ariab ility  in the histological diagnosis of 

lung cancer cell type among pathologists (Feinstein et al., 1970) w hich explains why 

histological types of lung cancer vary considerably in published series from
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d iffe re n t parts of the w orld (Moden, 1978).

The last point w hich is w orthy of m ention is the possible e ffec t of changes in the 

smoking habits w ith in  a given population and m odification of both the f il te r  and 

ta r content of the cigarette on the prevalance of certain  bronchogenic carcinom a 

types in various published series.

Sputum cytology is capable of yielding many positive results, bu t it is dem anding in 

both time and expertise (Philips, 1954; Melamed & Cohen, 1968). U sually, there  is a 

higher proportion of positive cytology w ith squamous cell carcinom as w hich are 

often exfo lia ted , arise from  central grow th, and also in the readily  detected  small 

cell carcinom as. Cells from  adenocarcinom a, characteristically  peripheral growths, 

are less frequen tly  seen. G enerally, a considerable measure of agreem ent exists 

between the diagnosis of lung cancer cell types seen in  the sputum  and in  resected 

or necropsy specimens. Nevertheless, some discrepancies exist as seen in various 

series (H inson & K uper, 1963; K am entsky & Melamed, 1964). Oswald et al. (1971) 

com pared the histological types of lung cancer detected by exam ining sputum  

samples w ith  those detected by exam ining specimens obtained by surgery or at 

necropsy from  a to tal of 2035 patients. They found, of 47 diagnosed cases of small 

cell carcinom a on sputum  cytology th a t 8 were classified as u n d iffe re n tia ted  cell 

c a rc in o m a  in  re se c te d  or n ec ro p sy  spec im ens in  39 p a t ie n ts  d ia g n o se d  as 

u n d iffe ren tia ted  cell carcinom a, 47 were associated w ith d iffe re n tia ted  cell types on 

resection or at necropsy. They also detected 20 cases of adenocarcinom a w hich were 

previously diagnosed as squamous cell tum ours by using sputum  samples.

1.3.9 The relationships between histological types of bronchogenic carcinom a and 

epidem iological factors

The relationship  between cigarette smoking and histological types of lung cancer 

has been the subject of num erous bu t conflic ting  reports. The US Surgeon G eneral 

(1982) concluded tha t the association between a single cell type of lung cancer and 

smoking rem ains equivocal. The discrepancies between various studies may be in 

part due to varying methods w hich are used in the categorisation of histologic cell 

types.

K reyberg (1954) divided lung cancer in to  two groups. G roup I com prising squamous 

small and large cell types and group II com prised m ainly adenocarcinom a. He and
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others suggested at th a t tim e tha t smoking increases the incidence of only group I 

tum ours (K reyberg, 1955; Doll et al., 1957). Later on K reyberg (1962; 1967) proposed 

a c lassification  of lung cancer w hich was agreed by the World H ealth  O rganization 

(WHO, 1967). He suggested two m ain groups. The group I tum ours were squamous 

and small cell carcinom a, while group II were adenocarcinom a, bronchioalveolar 

and large cell carcinom as. At th a t tim e there was a m arked d ifference  in  smoking 

habits between sexes, hence group I consisted of those cell types w ith  a male 

predom inance, w hereas group II had more or less an equal sex d istribu tion , increases 

w ith  advancing age and has a weak association w ith  carcinogenic agents including  

smoking. R ecently  the classification of histological types of lung cancer was 

review ed and approxim ately 90% of all cancer was included in fo u r m ain 

histological categories nam ely, squamous, small, adeno and large cell carcinom as 

(WHO, 1982).

Some investigators believe th a t the dose of c igarette smoke has no influence on the 

developm ent of a p articu la r type and th a t overw helm ing m ajority  of cases o f lung 

cancer, had smoked regardless of the cell type (H errold et al., 1972; V incent et al., 

1977; S tayner et al., 1983; R obert et al., 1984). O thers disagree and th ink  th a t there 

is a positive relationship  between the num ber of cigarettes and the developm ent of 

small cell carcinom a especially in men under the age of 70 (Yesner et al., 1973; 

A uerbach et al., 1975; Feinstein  et al., 1974), w ith  squamous cell carcinom a (Weiss 

et al., 1977) or w ith both cell types (Doll et al., 1957; K reberg 1967; Wynder et al., 

1977). Some found tha t ind iv iduals who had started  smoking early, had rela tively  

more small and squamous cell types than  those who had started  smoking late. 

Y esner et al. (1973) pointed out th a t adenocarcinom a is the most common cell type 

among patien ts who did not smoke.

This conflic ting  p icture has emerged because of m any factors not least of w hich is 

the lack of agreem ent on a common nom enclature. In a random  survey of 57 studies 

perta in ing  to lung cancer, 13 d iffe re n t systems of histological classifications were 

used by various authors (Sobin et al., 1973).

In tra-observer v ariab ility  has been dem onstrated in the classification  of lung cancer 

h is to lo g ic a l ty p es , e sp e c ia lly  fo r  p o o rly  d i f f e r e n t ia t e d  an d  u n d if fe re n tia te d  

carcinom as. Between two separate panels of pathologists, disagreem ents in 

classify ing lung kcancer were observed in 40% or 53% of the poorly d iffe re n tia ted  

squamous cell carcinom as, 42% or 58% of the poorly d iffe ren tia ted  adenocarcinom a
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and 23% or 20% of the large cell carcinom a (Yesner et al., 1965; Feinstein et al., 

1970).

It is also know n th a t lung cancer may contain more than  one cell type, each of 

varying d iffe re n tia tio n , therefore, inadequate tissue sam pling may result in 

m isleading findings.

T he  a e tio lo g y  o f a d e n o c a rc in o m a  a n d  its  r e la t io n s h ip  w ith  sm ok ing  an d  

occupational exposures have provoked conflicting  opinions between epidemiologists. 

Some authors believe th a t adenocarcinom a has only a weak association w ith 

cigarette smoking (Doll et al., 1957; K reyberg, 1962; Wynder et al., 1970) and has 

rarely  been associated w ith  environm ental carcinogens or a specific occupational 

hazard  (W ynder et al.t 1961). Few believe tha t adenocarcinom a is caused by 

endogenous ra th e r than  exogenous factors (K reyberg, 1962; Wynder et al., 1967).

These views have not been shared by all investigators. In a large prospective cohort 

study of 6136 men w ith lung cancer, Weiss et al. (1972) found  a sign ifican t dose- 

response rela tionsh ip  to cigarette smoking fo r well d iffe re n tia ted  squamous cell 

carcinom a, small cell carcinom a and adenocarcinom a. A uerbach et al. (1975) 

review ed autopsy data  on 652 men who had lung cancer. They observed th a t among 

men under the age of 70 years, only the frequency of small cell carcinom a showed a 

sign ifican t correlation  w ith cigarette  dosage but not squamous or adenocarcinom as. 

V incent et al. (1977) review ed the histopathology of a group of lung cancer patients 

and were unable to dissociate smoking as a cause in any of the lung cancer cell 

types. R ecently, Stayner et al. (1983) dem onstrated th a t c igarette smoking was 

sign ifican tly  associated w ith  all th ree m ain histologic types of lung cancer.

There are a few  explanations fo r these d ifferences :

1. V ariab ility  in c rite ria  fo r the histology of lung cancer.

2. Changes in smoking habits and m odification of the f ilte r  and content of 

tobacco content of cigarettes.

3. Diagnosis of the pathological types of lung cancer by transbronch ial biopsies 

does not always correlate w ith  the actual pathological type, because the 

fragm ent is too small.
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4. Increased incidence of bronchogenic carcinom as among the elderly  (G riff ith  

et al., 1987).

1.4 BRONCHOGENIC CARCINOMA, THE SIZE OF THE PROBLEM!

Lung cancer is a world wide health  problem. A lthough the incidence of th is tum our 

is high in the developed countries, nevertheless the epidem ic of this disease has 

already began to involve the developing countries as pointed out by the WHO (1983). 

Many of these countries are experiencing an alarm ing increase in the incidence of 

this tum our e.g. India, Brasil and Bangladesh.

World consum ption of cigarettes showed a constant steep rise up to 1983 w hen a 

plateau was reached. When the consum ption is analysed by geographical areas, the 

steepest rise has been fo r many years in the developing countries. The increase in 

the consum ption in the industrialised  countries is very small and in m any countries 

has declined.

C igarette smoking is considered to be responsible fo r at least 80% of death  from  

lung cancer, 75% of death  from  chronic airflow  lim itation  and em physem a and 25% 

of ischaem ic heart m ortality  (WHO, 1986).

In the U K bronchogenic carcinom as have become the th ird  most common cause of 

death, preceded only by heart disease and pneum onia. Scotland stands f irs t in the 

percentage of its death rate  due to lung cancer in the World, follow ed by England 

and Wales (ACS, 1982). Bronchogenic carcinom as constitu te about 90% of all 

resp iratory  trac t tum ours causing 112 deaths per 100,000 alive male population and

37.7 per 100,000 alive fem ale population. In the U K, lung cancer causes about 27% 

of all cancer death. It comes as the f irs t cause of death  due to m alignancy in  males 

w ith 39%, w hile in females, it lies in the second plae w ith 14%, preceded only by 

breast cancer w hich causes 20% of all fem ale deaths due to cancer (DHSS, 1982; 

Coggon & Acheson, 1983).

The picture is no brighter in the US where bronchial carcinom as claim  about 26% of 

all cancer deaths, 34% of all male deaths and 16% of all fem ale deaths due to cancer 

(ACS, 1982).
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The fu tu re  p ic ture  fo r fem ales is a gloomy one. The death  ra te  is doubling every 

ten years in  the UK (DHSS, 1962; 1982) and the tum our has already become the 

leading cause of cancer deaths among fem ales in some states in the USA, pushing 

breast cancer to second place (Meigs et al., 1977; Curm en et al., 1983). Changes in 

trea tm en t have had little  e ffec t on the fa ta lity  rate  w hich rem ains extrem ely high. 

It could be said th a t real changes in m ortality  are therefore reflected  by real change 

in incidence, w hich is about 91% of all resp iratory  tum ours in B ritish patien ts, i.e. 

94% of males and 81% of fem ales (Tables 1.8, 1.9, 1.10).

The grim  statistics fo r this tum our are com pounded by m any factors, m ainly of 

biological natu re , which adversely a ffec t its management. Lung cancer is an 

insidious disease tha t develops over a period of one to two decades, and  rem ains 

asym ptom itic un til late in its course, when the vast m ajority  of cases w ill be 

d issem inated a t the time of diagnosis (Geddes, 1979; Caplin, 1981).

The tum ours grow at a fa ir ly  constant ra te  (C arter & Eggleston, 1980), and the ir 

doubling time "the time it takes fo r the tum ours to double in size", varies according 

to the histological type. In a review, Geddes (1979) estim ated the doubling tim e at 

about 29 days fo r small cell, 88 days fo r squamous cell and 161 days for 

adenocarcinom a of the lung. In another series this was estim ated as 33 days, 136 

days and  184 days for the three tissue types respectively (C arter & Eggleston, 1980).

There is an inverse relationship  between the doubling time and the surv ival ra te  of 

the subject. This means th a t surgical resection, even a t a very early  stage cannot 

alw ays be considered com patible w ith  long term  survival. This may expalin  why the 

surv ival rates have not im proved over the last 30 years and rem ain around  5% fo r 5 

years (Geddes, 1979). In an extensive review  on 8781 patients w ith lung cancer who 

w ere operated on by seven surgeons in  England during  the years 1949-1980, and in 

spite of a great advance in  surgical techniques, there has been no im provem ent in 

surv ival rates (Belcher, 1983). H alf of the resectable cases of each m ajor cell type 

fe ll in to  an early  m ortality  group w ith  m edian survival of only 9-16 months. In 

add ition , a small percentage of patien ts judged non-resectable showed surprisingly  

long term  survival w ithout surgical in tervention  (Ball, 1987; Belcher, 1983).
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It can be concluded th a t some of the factors tha t exert an im portan t in fluence on 

the outcome of surgery cannot be iden tified  before or at the tim e o f the operation, 

w ith  the resu lt th a t many patients subject to an apparen t curative resection die from  

an early  recurrence.

Recognising the gloomy effects of the n a tu ra l history of lung cancer on both the 

m anagem ent and prognosis of this tum our, attem pts have been made a t screening the 

population a t high risk, i.e. heavy smokers over 40 years of age by both chest X -ray 

and sputum  cytology (Fontana et al., 1972). These techniques have proved costly, 

ine ffec tive  and inpracticable (Geddes 1979, G ran t 1982). A large prospective study 

has produced discouraging results (Fontana et al., 1972; Woolner et al.t 1981).
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Table 1.8 Death rate per 100,000/population in various countries due to lung 

cancer (1982).

C ountry  Percentage

Male Female

1. N etherlands 100.0 10.1

2. D enm ark 85.8 26.7

3. H ungary 84.0 17.4

4. F in land 80.0 9.0

5. G erm any 71.4 12.5

6. USA 66.7 22.2

7. Greece 65.8 10.0

8. France 58.0 7.2

9. N orway 46.6 10.0

10. Hong Kong 44.6 25.4

11. Y ugoslavia 41.4 8.6

12. A rgentina 44.1 6.4

13. Singapore 36.8 14.0

14. Rom ania 36.7 7.9

15. Iceland 34.4 27.9

16. Japan 28.7 10.3

From  WHO (1984)
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Table 1.9 Death rate per 100,000/population in the UK due to lung cancer (1983)

A rea

1.

2 .

Total deaths due D eath  due D eath rate

to all m alignancy to lung cancer per 100,000

of population

Scotland Total : 14077 4016

M : 7315

F : 6762

M : 2917 

F : 1199

117.3

44.7

England Total : 130122 35367

M : 69179 

F : 60944

M : 26297 

F : 9070

109.6

35.6

N orthern  Ireland  Total : 3010 689

M : 1521

F : 1489

M

F
511

178

67.7

22.6

From DHSS (1984)
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Table 1.10 The incidence and m ortality  ra te  due to the most common types of 

cancer of England and Wales.

Type of cancer % incidence % of all Sex ratio  of

of cancer deaths death  rate

M : F

1. Lung 18.6 27.0 3 - 1.0

2. Large bowel 12.1 12.9 1.2 - 3.0

3. Breast 11.0 0.3 0.01 - 1.0

4. Skin 10.8 9.5 1.7 - 1.0

5. Stomach 7.4 8.8 2.3 - 1.0

6. Bladder 4.7 3.3 4.2 - 1.0

7. Prostate 4.6 3.8 -

8. Pancreas 2.8 4.7 2.7 - 1.0

9. Cervix and uterus 2.6 1.6 -

10. O vary 2.3 2.0 -

From  Doll & Peto (1983)



Chapter 1 Page 54

A nother study conducted by the N ational Cancer Institu te  in the USA, showed tha t 

even early detection of lung cancer w ith  high respectability  ra te  bears no 

corresponding reduction in m ortality  from  lung cancer (Malcolm et al., 1980; Ball 

et al., 1983; Fontana et al., 1984). It is w orth m entioning th a t carcinom a in situ  and 

early  invasive carcinom a are not always accom panied by gross mucosal abnorm ality  

and can escape detection a t bronchoscopy. The presence of so called "skip areas", 

fu rth e r  lim its the poten tial fo r early diagnosis (R ichard i et al., 1967; Sanders et al., 

1972).

G enerally , no advances have occurred in  the treatm ent of lung cancer in recent 

years. In most series only 20-25% of all cases w ith  bronchogenic carcinom as are 

su itable fo r surgical treatm ent, and of them  only a q uarte r to a th ird  survive 5 

y ea rs , g iv in g  ov er a ll 5 y ea rs  su rv iv a l o f a p p ro x im a te ly  5-8% (G if fo rd  & 

W addington, 1957; Bignall, 1958; Belcher & A nderson, 1965; Shields, 1973). The 

results in women are somewhat worse than  in  men (Bignall & M orgoric, 1972) and 

the p ic tu re  has not changked during  the last 30 years (Spiro, 1984).

M ethods of treatm ent other than surgery such as rad io therapy , chem otherapy and 

im m unotherapy o ffe r no better choices (Emerson, 1981).

Within the last few  years, a num ber of studies have shown th a t laser therapy has a 

place in  the treatm ent of certain  categories of bronchial carcinom as (Hetzel et al., 

1983). A lthough there is little  evidence as yet th a t laser therapy can im prove 

survival rate , nevertheless, pallation can be achieved and m ain tained  fo r a lim ited 

period and the distress of dyspnea and or hemoptysis can be controlled w ithout the 

side effects tow ards this treatm ent (Hetzel, 1983). The use of hem atoporphyrin 

derivative HPD, has some value in the detection of tum ours a t bronchoscopy, 

consequently im proving the diagnostic yield of this procedure, in spite of its 

curren tly  lim ited practical application (Lipson et al., 1967; K insey et al., 1978).

In conclusion, neither cu rren t treatm ents nor available screening techniques can 

sign ifican tly  influence the na tu ra l history of this tum our. The m ajor dom inant 

facto r in the outcome of lung cancer is the disease process itse lf and much more 

knowledge is needed before we w ill be able to control it.
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Concluding remarks

Not all individuals who are exposed to the carcinogenic agents of cigarette smoke 

will develop lung cancer, actually only 12% do so, whereas some less heavily exposed 

individuals  or passive smokers are known to su ffer  from  this tumour (Mulvihill, 

1976; RCP, 1983). Cigarette smoke is a major risk factor, but it alone is not a 

su ff ic ien t cause because most smokers never get lung cancer. Hence, Rothm an

(1976) suggested tha t most cases of cancer are a ttr ibu tab le  to a mechanism that 

involves smoking as a component cause. He believes tha t cigarette smoke is an 

active component cause of lung cancer, while the genetic characters of individuals 

are passive components which create the condition in which the carcinogenic 

compounds of cigarette smoke may induce malignant changes at the cellular level or 

a f fo rd  protection against the cigarette smoke. This suggests tha t exposure to the 

environm ental carcinogens is only one facet determining an ind iv idual’s risk of lung 

cancer (Higginson & Muir, 1973).

General biological principles lead us to believe that genetic factors play some part 

in determining susceptibility to the development of lung cancer, ra ther than to 

accept tha t lung cancer induction is partly  a matter of chance and partly  related to 

the dosage of particu lar carcinogen(s). The quantita tion  of cigarette smoking in 

lung cancer patients is not precise, and in no case is there the slightest suggestion of 

a threshold dose below which no increased lung cancer risk occurs (Science, 1957).

Determ ination of the constitutional differences associated with a specific gene(s) 

related to bronchogenic carcinomas will enhance our knowledge towards the disease 

etiology at the molecular level, elucidate its pathogenesis and contribute to 

programmes of lung cancer control and treatment.
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CHAPTER 2

PHARMACOGENETICS, CYTOCHROME P-450 GENES 

AND GENETIC SUSCEPTIBILITY TO BRONCHOGENIC 

CARCINOMA IN SMOKERS
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Although knowledge gained from  the study of environmental agents in cancer in 

man has been considerable, very little has been added, until recently, by genetic 

studies. A strong emphasis has been placed on the identification  of the causes of 

human disease and much less concern has been focused on the role of host factors in 

the disease process itself.

S tu d ie s  o f  c a rc in o g e n e s is  in  a n im a ls ,  as w ell as d e s c r ip t iv e  e p id e m io lo g ic  

investigations in humans, consistently show non-uniform responses to a given 

carcinogen i.e. cancer yield, not only between species but w ithin species. Even 

within highly inbred strains only relatively few of the animals exposed to controlled 

dosages of supposed carcinogens develop cancer (IARC, 1977a; 1977b), a factor 

w h ich  suggests  th e  im p o r ta n c e  o f  th e  fo llo w in g : 1) v a r i a t io n  in  g en e t ic  

susceptibility to cancer w ith in  membership of any highly inbred strain  2) 

pecularities in the interaction of genetic environmental factors w ithin a given host. 

The d iffe ren tia l  susceptibility to toxic and carcinogenic compounds is recognized in 

many situations and their causes have long been sought (Viscount, 1917). For 

example, of the many thousands of foetuses exposed to diethylstilbestrol, only a 

small number have developed adenocarcinoma of the vagina or cervix. Of the 

millions of women on estrogen contraceptive agents, only a relatively small 

proportion developed carcinoma of the breast. Thus a ra ther limited number of 

exposed humans develop the malignant neoplastic lesions or other pathology, 

a s so c ia ted  w ith  a sp e c if ic  e n v i ro n m e n ta l  ag en t .  T he q u e s t io n  is, "What 

characteristics of these cancer affected  individuals distinguish them from  the 

majority of their peers who have the same, or even greater, exposure to carcinogens 

or other compounds, but who remain free of cancer? (Lynch et al., 1979). Haldane 

(1938) suggested a possible role for genetic constitution in the occurrence in 

bronchitis among potters and endorsed the possibility of eliminating the genetically 

predisposed person from potentially unhealthy work environment. He wrote "The 

majority of potters do not die of bronchitis at Stoke-on-Trent. It is quite  possible 

that i f  we really understood the causation of this disease, we should f ind  tha t only a 

fraction of potters are of a constitution which renders them liable to it". Within this 

context, it must be emphasised tha t genetic factors are but one of a number of host 

characteristics tha t may affec t one’s susceptibility to environmental agents. In 

many instances, it is possible for such factors to in teract in ways tha t may enhance 

or offset the effect of each other (Calabrese, 1978; 1979).
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Genetically determined variations among individuals have been demonstrated 

strongly in both biochemical and physiological processes. Omenn (1984) showed that 

the haploid human genome has enough DNA for about 3 x 106 average size gene 

sequences, from  which he estimated th a t  there should be some 20,000 protein 

polymorphisms, only about 120 (or 0.6%) have been described so far.

The purpose of this Chapter is to illustrate how the exploitation of genetic 

d ifferences in drug metabolism in man might be helpful in elucidating genetic 

factors tha t may predispose certain individuals to an increased risk of lung cancer 

development in smokers.

2.2. GENETIC POLYMORPHISM

Genetic polymorphism was defined by Ford (1940) as "The occurrence together in 

the same habita t at the same time of two or more distinct forms of species in such 

proportions that the rarest of them cannot be m aintained merely by recurrent 

mutation". In this situation, the expression of a phenotype is often  controlled by 

major genes i.e. the genes have a large effec t upon the phenotype compared to the 

e n v i ro n m e n t .  T h a t  is w hy some w o u ld  co n s id e r  th is  p h en o m e n o n  as an 

organizational arrangem ent of nature, whereby the population can be s tructured to 

give it a better chance of survival should change occur in the environment. It has 

been suggested tha t selective forces have been im portant in determ ining their 

incidence and distribution. It was advocated by Fisher (1930) tha t balanced 

polymorphism may follow if  the fitness of a genotype is related to its frequency. 

Sheppard (1975) stated that genetic polymorphism usually advertises a situation of 

particu lar genetic and evolutionary interest, whereas the presence of two or more 

genotypes means tha t there is a balance of selective forces m aintaining all of them 

in the population. Hence, it was desirable to detect as many as possible of the 

polymorphisms which must exist in man for two main reasons (a) they are 

influenced by powerful selective pressure, (b) they could act as markers of the 

human chromosomes. Considerations along this line lead to the prediction that 

various discovered genetic polymorphism are associated with liability  to develop 

specific diseases. Actually many associations between diseases and well documented 

polymorphisms have been established (see Table 2.2).
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Genetic polymorphism is a fa irly  common phenomenon among the very large 

numbers of enzymes in the human organism (Harris, 1964; 1966), (see Table 2.1). It 

has been shown from  studies of isoenzymes and protein variability , that in a 

number of organisms, 30-60% of gene loci studied are polymorphic (Harris, 1966; 

Lewentin, 1976; Parkin, 1979). Two examples will be discussed briefly , namely a) 

HLA antigen polymorphism and b) the polymorphism of alphaj-antitrypsin .

2.2.1 HLA antigen polymorphism

The antigens of the HLA system (Human Leucocyte Antigens) are present on the cell 

membrane of lymphocytes and a wide variety of other cells. The HLA region as a 

whole, though it may comprise only 1/1000 thousandth of the hum an genome, is 

likely to include at least a few thousand genes. More than  300,000,000 genetically 

d if fe ren t  individuals can be formed by known alleles of HLA-A-B-C-D loci, and of 

these, more than  30,000,000 have a distinguishable combination of antigens. The 

genetic make-up of individuals is apparently  determined by 2 closely linked 

autosomal genes and each of them is highly polymorphic. The proportion of 

individuals  who are heterozygotes at HLA,A,B,C,D loci is greater than  80% and 

more than 75% of typical individuals, will have 4 d if fe ren t  HLA, A & B antigens 

(Bodmer, 1978).

Large numbers of associations between this system and various diseases have been 

established (see Table 2.2).

2.2.2 The polymorphism of a lpha^an titrvos in  inhibitors

The polymorphism of alphaj-antitrypsin  (alphaj-at) is well established (Carrel et al., 

1982). The protein is encoded by 2 independent alleles at a single locus (Laurell 

et al., 1963). The varients of this polymorphism are classified alphabetically by the 

Pi (proteinase inhibitors) nomenclature (Fagerhol, 1968). Abnormal phenotypes of 

(a lpha^at)  have been associated with a number of diseases, but the strongest is the 

association with the development of emphysema in smokers and of liver diseases, 

mainly in neonates (Larsson, 1978).

T h is  p o ly m o rp h ism  d e m o n s t ra te s  th e  im p o r ta n c e  o f  g e n e t ic -e n v i ro n m e n ta l  

interaction in the pathogenesis of emphysema in adult smokers (Gadek et al., 1981).
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Table 2.1 Examples of known genetic polymorphisms in humans and their mode of 

inheritance.

Genetic polymorphism

Glucose-6-phosphate

dehydrogenase

Pseudocholine esterase

Inability  to taste 

phenylthiocarbamide

Plasma paroxonase

Alcohol dehydrogenase

Actalasia

Mode of inheritance

80 varients 

sex linked

autosomal recessive

autosomal dominant

autosomal recessive

3 alleles and many 

atypical forms

autosomal recessive

References

Motulsky & Yoshida, 1971

Kalow, 1962; 1957 

Harris  et al., 1948

Player et al., 1976 

Smith et al., 1973

Takaharsa et al., 1952
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Table 2.2 Associations of some diseases of unknown etiology with human genetic 

polymorphisms.

Genetic polymorphism

The a lphax protease inhibitor system

HLA antigens system 

HLA-B27

HLA-B8

HLA-DR4 

The phenylthiocarbamide tasting 

system

The blood groups

Paraoxonase polymorphism

Glucose-6-phosphate dehydrogenase 

deficiency

Associated diseases

emphysema in cigarette smokers 

liver cirrhosis 

rheumatoid arth ritis  

duodenal ulcer

ankylosing spondylitis

R eiter’s syndrome

acute anterior uveitis

yersinia & salmonella a r th ri tis

dermatitis herpetiformis

myasthenia gravis

chronic autoimmune hepatitis

celiac disease

Juvenile diabetes mellitus

idiopathic Addison’s disease

Beheet’s syndrome

rheumatoid a rth ri tis

nodular non-toxic goitre (non-taster)

toxic goitre (taster)

group A carcinoma of the stomach & the lip

parathion toxicity

drug induced haemolytic anaemia

(Compiled from  Mourant et al., 1978)
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Garrod (1909) postulated tha t genetic variations in metabolism might explain the 

development of various diseases and play an important role in the pathogenesis of 

unw anted effects towards certain medications, in some individuals (cited in Vesell

1973). His view was supported by Haldane (1939). Motulsky (1957) called attention 

to hereditary  disorders in which symptoms may occur spontaneously but are often 

aggrevated by taking medications. Two years later, Vogel (1959) introduced the 

term pharmacogenetics for the study of genetically determined varia tions tha t are 

revealed solely by the effect of drug consumption. By 1962, Kalow published the 

f i r s t  book on p h a rm a c o g e n e t ic s  th a t  d e a l t  la rg e ly  w i th  th e  r e s is ta n c e  o f  

microorganisms and insects to drugs and insecticides respectively, human genetic 

conditions tha t a f fec t drug toxicity and racial differences in response to drugs. At 

tha t time various authors associated genetic factors w ith a predisposition for 

industrial pollutant induced toxicity (Zavon, 1962; Jensen, 1962). A decade later, 

Brewer (1971), coined the term ecogenetics. He suggested tha t genetic variations, 

not only were relevant to drug action but needed to be considered in response to any 

type of environmental agent.

Genetically transm itted variations in drug response arise mainly from  mutation of 

DNA, through which structural alterations occur in proteins which exert their 

e f f e c t  s im u l ta n e o u s ly  on v a r io u s  p h a rm a c o k in e t ic  p rocesses  i.e. a b s o rp t io n ,  

d i s t r i b u t io n ,  b io t r a n s fo r m a t io n ,  in t e r a c t io n  w i th  in t r a c e l lu l a r  f r a c t io n s  and 

excretion. Although each of these five processes may be under separate genetic 

control, various investigators have demonstrated tha t biotransform ation, ra ther than 

other processes are responsible for many of the well documented pharmacogenetic 

conditions (Kalow, 1962; Motulsky, 1963; Evans & White, 1964; Mahgoub et al., 1977; 

Sjoqvist et al., 1980; Kalow, 1987; Vesell, 1988).

In pharmacogenetics, observations are made either of measured properties of a 

kinetic nature  such as half-life  (Vesell, 1973), steady plasma state concentration 

(Evans et al., 1963) and clearance (Blain et al., 1982) or of measured properties of an 

oxidative metabolic nature  such as metabolic ratio (Mahgoub et al., 1977), rate of 

urinary  metabolites excretion (Danhof et al., 1979), hydroxylation index (K upfer 

et al., 1981) and sulphoxidation index (Mitchell et al., 1984).
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The environmental and heritable components of ind ividual variations in rates of 

drug metabolism can be uncovered through the use of various investigative 

approaches, namely, empirical clinical observations, twins, fam ily  and population 

studies and use of animal model systems (Vesell et al., 1968; Mahgoub et al., 1977; 

Evans et al., 1980; Al-Dabbagh et al., 1981).

Population studies are usually conducted by adm inistration of a f ixed dose of a 

drug to a large number of individuals and then measuring either the response to the 

drug or any of the pharmacokinetic characteristics at a f ixed time a f te r  the 

adm inistration of the drug. From the data available, a frequency d istrib tuion curve 

is constructed, which usually shows two common patterns, namely (1) biomodal 

d i s t r i b u t io n  due  to  m onogen ic  co n tro l  or (2) u n im o d a l  d i s t r i b u t io n  d u e  to 

m ultifactoria l control (Nebert, 1980).

2.3.1 Monogenic control

If one particu lar aspect of drug disposition assumes param ount importance in the 

overall host response to the drug under study, a genetic varia tion  in that process 

may be identified  as a discontinuous distribution in the population. This implies 

tha t the param eter under study is controlled by a single gene of two alleles. A 

trimodal pattern  also indicates genetic polymorphism in which there is a phenotype 

for each of three possible genotypes. Generally, the number of modes seen in the 

population depends on the degree of dominance operating w ithin  the single gene 

effected. Within this context, genetic polymorphism occurs when a gene product, 

usually an enzymatic protein, exhibits d iffe ren t activities in the population, either 

due to varian t structures or amount of enzyme.

2.3.2 M ultifactorial control

This occurs when the variance under investigation has a Gaussian distribution. This 

pattern will be demonstrated regardless of whether the population variance is 

mainly due to environmental fators or to small additive gene effects.
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Synonymous : Microsomal Hydroxylase, Monooxygenase, Cytochrome P-450 

Most epithelial tissues in mammals contain intracellular, well developed endoplasmic 

reticulum, richly endowed with numerous enzymes on their smooth surfaces, which 

are concerned with the metabolism of large numbers of endogenous and exogenous 

s u b s t ra te s .  T he  enzym e system  w h ich  r e g u la te s  th is  p rocess  is c a l led  the  

monooxygenase system (Drug metabolizing enzyme system, cytochrome P-450). It is 

basically located in the cells of the liver, as this is where the highest basal level of 

the system (0.21 - 1.02 nmol/mg microsomal fraction in man) (Yainio & Hietanen 

1980) is found. Other cell organs also possess considerable metabolic activities and 

may play a very im portant role in the detoxification and activation of various 

compounds in organs other than  the liver (Hook et al., 1972; Elliot et al., 1983). This

mainly depends on the route of adm inistration of the substances concerned

(DePierre & dallner, 1975). Functionally, drug metabolism has two phases I & II 

(Williams, 1959).

Phase I presynthetic reactions :

oxidation

reduction

hydrolysis

Phase II conjugations :

glucuronide formation 

glycine conjugation 

glutamine conjugation 

m ercapturic acid synthesis 

ethereal sulphate synthesis 

methylation 

acetylation

thiocyanate formation

Phase I is composed of three components. The f irs t is a group of haemoproteins, 

collectively termed cytochrome P450 which binds a substrate to a molecule of 0 2. 

The second component is NADPH cytochrome P450 reductase, which acts as an 

electron carrier shuttling electrons from NADPH to cytochrome P-450. The th ird  is 

a phospholipid, which facilitates the transfer of electrons from NADPH cytochrome
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C reductase to cytochrome P450 (Conney et al., 1974; Conney et al., 1980; Lu, 1976, 

Poland & Nebert 1982). During Phase I, a substrate is subjected to oxidation, 

reduction or hydrolysis, by introducing one or more polar groups, such as OH, N H 2, 

COOH or SH, into the hydrophic parent molecule, rendering it into a relatively 

polar substance.

Phase II, is mediated by many conjugation enzymes such as epoxide hydralase, 

glucuronyl transferase and glutathione transferases, which convert Phase I products 

to a more polar moiety, and this promotes their excretion (Conney et al., 1982; Jari et 

al., 1981; Parke et al., 1981).

2.4.1 Cytochrome P450

The most im portant component of both phases, is the cytochrome P-450, which is 

responsible for the oxidative metabolism of diverse arrays of structura lly  unrelated 

substances (Rayn et al., 1980). Cytochromes (derived from  Greek literally  "coloured 

substances") are hemoproteins which include haemoglobin, catalase, peroxidase and 

other microsomal and mitochondrial cytohaemes. The term cytochrome P-450 

derives from  the observation by Ohura & Sato (1964). They observed, tha t this 

cytochrome has an unusual absorption spectrum with a peak around 450nm where 

heme iron is reduced and combined with carbon monoxide. The name (cytochrome 

P-450) has persisted because of the increasing complexity of this enzyme system 

perceived with each passing year and because of the lack of an agreement on any 

better nomenclature.

Cytochrome P-450 represents an adaptation to convert lipid-soluble organic food 

substances into water-soluble substances in preparation fo r  u rinary  excretion 

(Brodie, 1958). Actually this enzyme system is the major component of a defence 

system tha t protects living organisms against toxic chemicals just as the immune 

system deals w ith foreign pathogenes. Paradoxically, some of the foreign chemicals 

which are in itia lly  inert are converted to active toxic or carcinogenic metabolites by 

P-450 catalyzed reactions. It is possible tha t inherent variations in these enzymes are 

associated with variations in susceptibility to cancer induced by chemicals (Nebert 

et al., 1980).

Cytochrome P-450 was thought to represent a single molecular entity  of a 

haemoprotein with an extraordinarily  broad substrate specificity. The data
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accumulated over the last few years has revealed tha t cytochrome P-450 actually 

represents a family of haemoprotein isoenzymes with d iffe ren t,  but overlapping 

substrate specificities (Lu & West, 1980; Nebert & Negishi, 1982; Sato & Kato, 1982).

It is a heterogenic system between species and among d iffe ren t  strains of animals 

(Walz et al., 1982; 1983). Various cytochrome P-450*s have distinct polypeptide 

chains and  variable regions of the type known for immunoglobulins. The liver 

microsomal P-450’s d if fe r  significantly in their  amino acid composition where full 

sequences are now available for several of the isoenzymes (Hanine et al., 1982) of 

d if fe re n t  species (Fujii-Kuriyum a et al., 1982, T arr  et al., 1983). This indicates tha t 

each isoenzyme is a separate gene product.

2.4.2 The P-450 gene suoerfamilv

The cytochrome P-450 genes represent a gene fam ily similar to that of the 

in terferon  or HLA-system. The absolute number of s tructura l genes fo r  isoenzymes 

of cytochromes is not known, and speculations on the ultimate maximal number 

range from  20-1000 (Nebert, 1982). Many isoenzymes of cytochrome P-450 have now 

been pu rif ied  and studied at the protein and DNA level.

It has recently become apparent that P-450’s exist as a gene superfam ily of enzymes 

which can be divided into a series of 8 gene families and subfamilies on the basis of 

s tructura l similarities (Nebert et al., 1987). These enzymes consist of proteins of 

roughly, f i f ty  to sixty thousand molecular weight. Individual isoenzymes show 

distinct substrate and inhibitor selectivity and can be subject to d iffe ren tia l  

induction and  or inhibition.

The cytochrome P-450 gene superfamily is div ided into separate gene families when 

there is <36% similarity at the amino acid sequence level between genes and into 

subfamilies when the proteins are 40% to 70% similar. I f  there is greater than  70% 

sequence similarity, the genes are classified as being within the same subfamily. At 

least five P-450 gene families have been documented, each comprising from one to 

more than  twenty genes. Several other P-450 families are believed to exist. Only a 

single subfam ily appears to exist in P-450 gene families, namely, I, III, IV, XVII, 

XIX and XXI. The P-450 XI gene family contains at least two subfamilies and the 

P-450 II gene fam ily is composed of at least five  subfamilies.
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2.5. OXIDATIVE METABOLISM IN THE RESPIRATORY SYSTEM

The lung is an active metabolic organ (Gary et al., 1976; Philpott et al., 1977; Gail & 

Lenfant, 1983), which is exposed to a large number of substances from  both inspired 

a ir  and in the blood. The route by which xenobiotics enter the body may determine 

their  fa te  and their metabolic effects (Bridges & Fry 1979). A compound entering 

the body via the lung will bypass the liver and may reach the peripheral lung tissues 

in  a m uch  h ig h e r  c o n c e n t ra t io n  th a n  w hen  th e  d ru g  is a b so rb e d  f ro m  

gastrointestinal tract and subjected to the f irs t pass effect in the gut and the liver 

(Routledge & Shand, 1979).

The existance of the monooxygenase system has been established on the microsomal 

fraction  of the lung (Hook et al., 1972; Bend et al., 1973; Brown, 1974; M atsubaratt 

et al., 1974; Pelkonen & Nebert, 1982), the activity  of which, may play a significant 

role in the pathogenesis of various pulmonary lesions in relation to chemical 

exposure. The system in the lung possesses wide spread enzymatic activ ity  (Hook & 

Bend, 1976), and has similar functional components compared to the one in the liver. 

Some isoenzymes are apparently  more active than their hepatic counterpart,  and 

mediate reactions in disproportionately higher rates in comparison to those in the 

liver (Drew et al., 1974; Gary et al., 1976). Some cytochrome P-450s in the 

respiratory system have substrate specificities (Hook et al., 1974). It was 

demonstrated by Nebert in 1975, that one P-450 which is induced by polycyclic 

aromatic hydrocarbon (PAH) in the lung, is a relatively minor component of the 

hepatic monooxygenase system, but it has a prom inant function  in the microsomal 

fraction  of the lung tissue.

The histological distribution of this enzyme system in the respiratory system is fa r  

from  clear, in spite of some progress which has been recorded recently. These 

d iff icu lties  are due to the complexity of lung histology, where more than  forty  

d if fe re n t  cells exist (Sorokin, 1970; Gail & Lenfant, 1983).

Generally, various investigators are in agreement w ith the fact tha t most parts of 

the respiratory system are able to metabolise a large number of exogenous 

compounds (Cohen et al., 1976; Kahng et al., 1981) and the monooxygenase enzyme 

system is uniform ly distributed through the respiratory system. In one study, both 

h ila r  and peripheral lung tissues were equally able to metabolise polycyclic aromatic 

hydrocarbons (Watson et al., 1973).
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Large numbers of studies have investigated the metabolic activities of d if fe ren t 

epithelial cells, which line the bronchial, bronchiolar, and alveolar walls. There is 

no doubt that the Clara cell may be an im portant site of oxidative metabolism of 

xenobiotics in the lung. Histochemical studies have demonstrated high activities of 

cytochrome P-450s in this cell, which is greater than  those of alveolar macrophages 

(Azzopardi & Thurlbeck, 1969), and other pulmonary cells (Kisch, 1958; Sarahjit- 

Singh et al., 1979). The Clara cell was considered by Boyd (1977) as the primary 

locus of the monoxygenase system in the lung. Type II and type I epithelial cells 

which line the alveolar wall also possess considerable metabolic activities, because 

they contain endoplasmic reticulum (Sorokin et al., 1977; Watenberg, 1972). The 

pulm onary alveolar macrophage is able to metabolise benzo(a)pyrene (BP) into 

DNA-binding metabolites in quite a similar way to tha t of the bronchus (Autrup 

et al., 1978), and it is able to conjugate the prim ary (BP) metabolites into water 

soluble products (Marshall et al., 1980). It is not known w hether the endocrine cells 

are able to metabolise exogenous compounds, or if  they are a target for chemical 

carcinogens (Boyd, 1977; Gail & Lenfant, 1983). Many workers have demonstrated, 

tha t lung tissues obtained from  both surgical specimens (Grover et al., 1974; Uotila 

& M ariniemi, 1977; Cohen et al., 1980), and cultured human epithelial tissues and 

cells (Harris et al., 1976), are both able to metabolise PAH to their various 

m e ta b o l i te s  in c lu d in g  re a c t iv e  in te rm e d ia te s  (R u d ig e r ,  1980). I t  has  been  

demonstrated that cigarette tar is metabolised locally to biologically active products 

(Grover et al., 1971; 1972; Ames et al., 1973), which in turn  may be responsible for 

various pathological lesions in the respiratory system (Miller et al., 1974; Sims et al., 

1974).

Large in terindiv idual variations in the metabolism of benzo[a]pyrene, and the level 

of covalent binding of (BP) to DNA of cultured human bronchus have been 

consistently observed (Cohen et al., 1979; Harris et al., 1974; 1980; Perera & 

Weinstein, 1982; Autrup et al., 1980). Harris  et al. (1979) showed 75 fold

in terind iv idual variation in the levels of covalent binding of benzo[a]pyrene to 

DNA of cultured human bronchus. A positive correlation exists between the level 

of binding of polycyclic aromatic hydrocarbon to bronchial DNA, and their 

carcinogenic potency in animal experiments (Hubermann et al., 1977; H arris  et al., 

1976; A utrup  et al., 1983). Many have observed very large variations in the ability 

of short term organ cultures of peripheral lung tissue from lung cancer patients to 

metabolise the environmental carcinogen benzo[a]pyrene to organic solvent-soluble 

metabolites. The amounts of benzo[a]pyrene metabolized ranged from  a little, 1% to
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almost 92% within 24 hours in a culture (Prough et al., 1977; Cohen et al., 1979).

Large variations in covalent binding of BP to human bronchial DNA have been also

observed. Harris et al. (1979) showed 75 fold in terindiv idual variations in the levels

of covalent binding of benz[a]pyrene to DNA of cultured human bronchus.

Both peripheral lung tissues and bronchial epithelium form  similar oxygenated 

metabolites, although differences in their selective abilities to conjugate their 

metabolites were observed (Harris et al., 1977).

It can therefore be suggested tha t the cytochrome P-450 oxidative system in the 

respiratory tract possibly plays a certain role in the pathogenesis, site, and 

anatomical distribution of lung cancer and other pathological conditions..

The genetic polymorphism of various isoenzymes in this system, in combination with 

other factors, may render some smokers more susceptible to the development of lung 

cancer.

2.6 OXIDATIVE METABOLISM OF CHEMICAL CARCINOGENS

Most chemicals introduced into living organisms are extensively modified by 

metabolism to yield a variety of products. Considerable varia tion  in carcinogen 

metabolism and activation has been demonstrated in vitro using tissues from  various 

organs and or experimental animals (Harris et al., 1980; 1982). These studies have 

also shown a positive association between the monooxygenase activities and 

susceptibility to chemical carcinogens. The quantity  of carcinogen DNA adducts 

formed in vitro has been shown to vary 50 - 150 fold among cultured  tissues from 

d if fe re n t  people (Harris et al., 1982; Vahakangus et al., 1979). The significance of 

this is not clear yet as the association between DNA adduct level and tumour 

in itia tion  due to chemical carcinogens is under intense investigation.

The biotransform ation of drugs and their ultimate disposal requires multiple 

enzyme-mediated reactions. Since genetic action controls the activ ity  of each 

enzyme step in such reactions, variation in drug response would often  be expected to 

have a genetic basis. In fact genetically determined indiv idual d ifferences in drug 

metabolism are well described.



Chapter 2 Page 72

The observation tha t some isoenzymes of cytochrome P-450 exhibit a high degree of 

substrate selectivity raises the possibility tha t genetic influences which control 

ind iv idual components of cytochrome P-450 may render tha t person susceptible or 

resistant to the toxic effect of chemicals. Hence there is a possible pharmacogenetic 

basis of genetic susceptibility to cancer induced by environm ental factors including 

bronchogenic carcinomas. In 1973 an IARC workshop suggested tha t the plasma 

half-l ife  of a non-toxic drug tha t is metabolized by the same enzyme system(s) tha t 

metabolise an environmental carcinogens in human may serve as an indirect index 

of indiv iduality  in the metabolism of carcinogen (Conney et al., 1974; Pantuck et al., 

1974; Jackson et al., 1974) and may prove to be useful in probing genetic

polymorphism of carcinogen metabolism (Sabadie et al., 1981; Conney et al., 1982). 

More recently a correlation between drugs and carcinogen metabolism has been 

made in human liver. The pharmacokinetics of chemical carcinogens and their 

m e ta b o l i te s  can  r a t io n a l ly  be e x p la in e d  on th e  bas is  o f  p h a rm a c o k in e t ic  

considerations tha t might apply to any exogenous chemicals.

2.7 GENETIC POLYMORPHISM OF DRUG OXIDATION

The most im portant advances in pharmacogenetics in recent years surround the 

discovery of the various oxidative polymorphisms and their characterisa tion in 

terms of both a molecular basis and pharmacological implications. Several 

polymorphic oxidative reactions occurring at carbon, sulphur and nitrogen centres 

have been described (Table 2.3). They involve d if fe ren t  enzyme systems including 

the  m ic ro so m al P-450 cy to ch ro m e  isoenzym es, th e  Z ie g le r  f l a v i n  c o n ta in in g  

microsomal enzyme and possibly the cysteine oxidase system.

2.7.1 Oxidative metabolism

2.7.1.1 The debrisoquine/ sparteine oxidative polymorphism

The existence of a genetic polymorphism regulating the metabolism of the two drugs 

debrisoquine and sparteine became apparent from independent studies carried out 

in the U.K. and West Germany in the 1970s (Mahgoub et al., 1977; Eichelbaum et al.,

1979). For these two drugs two phenotypes can be discerned in the population: the 

so-called e x te n s iv e  m e ta b o liz e r  (EM) a n d  poor m e ta b o l iz e r  (PM) p h en o ty p es .  

Impaired oxidation of these drugs is inherited as an autosomal recessive tra i t  and
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occurs w ith a frequency of about 8% in Caucasian subjects (Evans et al., 1980). 

However, there are marked inter-ethnic variations in the frequency of occurrence of 

the PM phenotype (Idle & Smith, 1984).

2.7.1.2 S-mephenytoin aromatic hydroxylation polymorphism

Mephenytoin [RS-N-methyl-S-ethyl-5-phenyl-hydantoin] is used as an anti-epileptic 

drug. It is metabolised along two pathways, namely, by N-demethylation and by 

aromatic hydroxylation. The aromatic hydroxylation pathway is stereospecific for 

the S-isomer and exhibits polymorphism. Some individuals have an inherited  

deficiency for this particular metabolic pathway. The incidence of poor metabolism 

of mephenytoin is less than 5% in the Caucasian population (K upfer  & Preisig, 

1984), but is much higher (20%) in the Japanese population (Jurim a et al., 1985).

2.7.1.3 Tolbutamide

Tolbutamide an antid iabetic  drug, is oxidized by the cytochrome P-450 system to 

hydroxytolbutam ide, which is fu r ther  metabolised to carboxytolbutam ide (Back 

et al., 1984). Genetic polymorphism of tolbutamide oxidation was suggested in 1979 

(Scott & Poffenbarger, 1979), when a trimodel frequency distr ibu tion  of the plasma 

elimination rate constant of a parent drug was reported a f te r  i.v. adm inistration to 

42 healthy subjects. The oxidation of tolbutamide was found to be independent of 

polymorphic debrisoquine oxidation (Harmer et al., 1986; Peart et al., 1987).

2.7.1.4 S-carboxymethyl-L-cysteine sulphoxidation polymorphism

S-carboxymethyl-L-cysteine (carbocysteine) is used clinically as a mucolytic drug. 

In m an  th e  d ru g  is m e tab o l ised  a long  th e  p a th w a y s  o f  d e c a rb o x y la t io n ,  

N-acetylation and sulphoxidation to generate an array  of metabolites. The major 

pathway of metabolism of the la tter is to generate two metabolites, namely, S- 

methyl-L-cysteine sulphoxide and S-carboxymethyl-L-cysteine sulphoxide (Waring,

1980). Population and pedigree studies have shown tha t the sulphoxidation pathway 

for carbocysteine exhibits polymorphism in the British white Caucasian population. 

Impaired sulphoxidation occurs as an inherited recessive tra i t  in about 30% of the 

British white population (Mitchell et al., 1984). Studies on other populations or 

ethnic groups regarding this genetic polymorphism are not available yet.
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Table 2.3 Polymorphisms of human drug metabolising pathways.

Oxidative Archetypal examples

pathways

A - oxidative metabolism

1. C-centre debrisoquine 4-hydroxylation/

sparteine oxidation

Aromatic hydroxylation of

S-mephenytoin

Angular methyl hydroxylation 

of tolbutamide

2. S-centre S-carboxymethyl-L-cysteine

3. N-centre Trimethylamine 

B - Acetylation pathways

Arylamine Sulphadiazine

Hydrazine Isoniazide

Recessive tra i t  

and incidence *

poor metabolizers (PM)

6- 10%

defic ien t hydroxylators 

2-3%

poor sulphoxidizers 

25-30%

slow acetylators 

50%

50%

* Data for Caucasians
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The rate of acetylation of Arylamine and Hydrazine compounds in man vary 

considerably between individuals who may be categorized as fast and slow 

acetylators. This heterogenicity is controlled genetically by 2 autosomal alleles at a 

single locus; the tra i t  for rapid acetylation being dom inant and those for slow 

acetylation recessive (Evans et al., 1964). The frequency distribu tion  of the 

genotypes of this polymorphism varies between d iffe ren t populations.

Various studies have demonstrated that the debrisoquine gene locus does not 

co-segregate w ith any of the described genetic polymorphisms at C-centre (Inaba 

et al., 1984; Peart et al., 1984), S-centre (Haley et al., 1985) and N-centre (Ayesh et al. 

1989) nor with any defective acetylation pathways (Peart et al., 1986).

2.8. THE ASSOCIATIONS BETWEEN MIXED FUNCTION-OXIDASE SYSTEMS 

AND THE DEVELOPMENT OF COMMON DISEASES.

Many common diseases of the varying heritability  type may arise from  interactions 

of predisposing allelic combinations with certain  specific environm ental chemicals. 

Studies over the past decade or so have revealed the rem arkable polymorphism that 

characterises the drug metabolising enzymes of the body particu larly  those that

determine oxidative metabolism at various C-, N- and  S-centres of xenobiotic

substances (Maghoub et al., 1977; Al-Waiz et al., 1987; Mitchell et al., 1984). Such

metabolic processes are crucial in maintaining a safe homeostasis w ithin the

e x te rn a l  ch em ica l  e n v i ro n m e n t .  S ince the  d is c o v e ry  o f  th e  a c e ty la t io n  

p o ly m o rp h ism , m any  in v e s t ig a t io n s  h ave  suggested  th a t  p o ly m o rp h ism  of 

x e n o b io t ic s  o x id a t iv e  m echan ism s can  be c h a ra c te r i s e d  as s p e c i f ic  h u m a n  

spontaneous disease diathesis factors.

The field  of drug metabolism is poised to make fundam ental contributions to our 

own understanding to the aetiology of a range of human spontaneous diseases for 

four reasons :

Firstly, many human common diseases have a genetic component. Its significance 

can range from conditions of simple dominant, or simple recessive inheritance to 

c o n d i t io n s  o f  a d d i t iv e  m u l t i f a c to r i a l  in h e r i t a n c e  w i th  v a r io u s  deg rees  o f
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heritab il i ty  (Newcomb, 1964; Goldsmith & Brow, 1983). Thus, many of the diseases 

of the varying heritab ility  type may well arise from the in teraction  of predisposing 

allelic combinations with specific environmental chemicals. Secondly, it has been 

recognised in recent years that the genes regulating the enzymes of xenobiotic 

b iotransform ation  have a highly polymorphic nature  particularly  those concerned 

w ith  metabolic pathways. This is not surprising because genetic polymorphism as a 

phenomenon is extremely common (Harris, 1980). From a functional point of view, 

the m ajority of polymorphisms are benign and apparently  neutra l in their  effects as 

no obvious diatheses associations have been detected. However, the minority  of 

polymorphisms cannot be described as neutral. They have a certain  impact on 

f u n c t i o n a l  ex p re s s io n  an d  can  be c h a ra c te r i s e d  as im p o r ta n t  h u m a n  d isease  

diatheses factors. There is a growing awareness tha t polymorphism, as a 

phenomenon, is more associated with externally related functions and the enzyme 

p rocesses  re sp o n s ib le  fo r  the  m e tab o lism  an d  d e to x ic a t io n  o f  e n v iro n m e n ta l  

chemicals. By contrast genetic polymorphism is much less frequen t w ith internal 

cellular metabolic processes and their respective control mechanisms (Johnson, 1973;

1974). The th ird  factor is the now well-known observation tha t various types of 

common disease cohorts can show marked propensity w ith respect to the frequency 

occurrence of a particular genetic polymorphism including drug metabolising 

phenotype. The fourth  factor is concerned with the changing pattern  of various 

common diseases, especially in the industrial countries where major demographic 

transitions have occurred in relatively short periods of time. This phenomenon 

might, at least in the past, be a ttr ibu ted  to exposure of the human genome to rapidly 

changing environmental factors which induce a specific diathesis whenever a non

neutra l polymorphic character is challenged by, for example, an environmental 

chemical. The most obvious explanation of such an association is tha t the 

genetically altered ability to metabolise an environmental chemical, or group of 

chemicals, may be a major diatheses factor.

2.9 CAUSES OF HUMAN CANCER : ENVIRONMENTAL VERSUS GENETIC

Epidemiological studies have suggested that tobacco smoke contributes to the 

production of the majority of lung cancer and 30% of all cancer deaths in the U.K. 

(Doll & Peto, 1982). Many believe tha t man made environmental carcinogens, diet 

and customs are the major causes of most human cancers (Table 2.4) (Higginson, 

1969; 1976; Boyland, 1969; Doll, 1981; Cairns, 1981. Harden, 1983). Moreover, they



Chapter 2 Page 77

concluded tha t genetic and other factors play a small, i f  any role in the pathogenesis 

of cancer in general. They consider that the degree of fam ilial aggregation in 

common cancer is slight and unim portant in the m ajority of cases. Some of them 

th ink  tha t the major determ inant of cancer risk is the rate to which the people are 

exposed to carcinogens through e.g. habits, occupation, food etc. where cancer 

induction is a m atter of chance (Doll, 1967; Doll, 1978; Doll & Peto, 1982).

Table 2.4 Main causes of cancer in the U.K.

1. D ietary constituents and habits

2. Tobacco

3. Occupation

4. Alcohol

5. Ionizing rad ia tion  and ultra violet light

6. Pollution

7. Industrial products and food additives

8. Medical procedures

(From Doll & Peto, 1982)

In some studies, geographical differences in cancer incidence, provid the principle 

evidence tha t most cancers are environmentaly induced (Higginson, 1973). Studies 

on migrants from  countries with a lower cancer rate fo r  a particu lar organ, show an 

interm ediate incidence for that cancer. This result is in favour of the notion that 

environmental rather than genetic factors are the major causes of human cancer 

(Haenzel & K urihara ,  1968). On the other hand, there are examples of ethnic 

d ifferences in cancer incidence which have persisted, despite migration, which 

suggest tha t they are genetically influenced (Williams et al., 1975).

H ereditary  predisposition to cancer has so fa r  been shown to be operational in only 

a few percent of human cancers which are inherited  in a clear cut Mendelian 

fashion such as retinoblastoma (Vogel et al., 1979), neuroblastoma (McKwisk, 1983), 

multiple endocrine syndrome (Lynch et al., 1982) and Williams tumours (Kundson et 

al., 1973).

The most pressing problems of cancer susceptibility rest w ith the common tumours 

though very little is known about inherited susceptibility to them (Weatherall, 1984).

33%

30%

4-5%

3%

3%

2%

1%

1%
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In the absence of clear-cut mendelian segregation, the classical approach is to assess 

the magnitude of a potential inherited contribution to a given disease is to establish 

w hether, and to what extent, there is increased incidence of the disease among the 

relatives of affected  individuals (Cavalli-Forza et al., 1971).

Almost 60% of all cancer mortality in Britain is found in five sites, the lung, breast, 

stomach, colon and rectum (Alderson, 1982). Retrospective genetic studies 

comparing the mortality rates among firs t degree relatives of patients with a control 

of relatives or w ith the expected population, showed a s ignificant two to four fold 

excess of cancer of the same type but not to cancer in general e.g. breast (Anderson 

et al., 1958; K ing et al., 1980); lung (Tokuhata & Lilienfeld, 1963), large intestine 

(Lynch et al., 1973) and urinary  tract (K antor et al., 1984). U nfortunate ly , the study 

of fam ilial clustering as a base for identify ing inherited  susceptibility is subject to 

major difficulties. Population studies showed tha t the f ind ing  of a significant 

genetic component to a disease is compatible w ith the absence of any obvious 

fam ilial clustering (Bodmer, 1982; 1984; Ponder, 1983). In actual fact, Peto (1980) 

illustrated this by numerical examples. He demonstrated how genes, conferring 5-10 

fold relative increase in susceptibility, would give rise to only a very moderate 

increase in the relative risk of the disease among siblings. To c larify  this, he has 

proposed the existence of a dominant gene which increases the chance of developing 

a cancer by a factor of about 10, from say 1/1000 to 1/100. The probability  that 

two siblings carrying this gene would both be affected  by the cancer is 1/10000. In 

other words, only 1/10000 of the siblings including a pair of gene carriers will be 

expected to have cancer. In this situation fam ilial clustering, in spite of the 

substantial genetic contribution to susceptibility will be a rare event and most 

probably would go undetected. This has supported Doll’s assumption in 1978 when 

he concluded tha t a recessive gene tha t increases the risk of cancer 50-fold in 

homozygotes would produce only a four-fold increased risk of cancer in siblings of 

a proband if  the gene frequency in the population was 0.1.

In most studies, fam ilial aggregation of cancer is almost confined to one ra ther  than 

to a few organs, hence, the genes which confer susceptibility are therefore limited 

in their effects. Neither the functions of these genes, nor their  mechanisms of 

actions are known, but two categories of gene effect on cancer development can be 

distinguished. A - the expression of a gene may be limited to the tissue of only one 

organ e.g. retinoblastoma; B - the gene may be more generally expressed, but its 

carcinogenic effects are limited to a certain tissue by a requirem ent for interaction
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w ith  environmental carcinogens (Bodmer, 1982). In actual fact, the considerable 

heterogeneity in cancer at the common sites implies the existence of a number of 

d if fe re n t  genes which increase susceptibility in d if fe re n t  ways (Knudson et al., 

1973; Lehamin et al., 1983; Bodmer, 1982).

Tw in studies have contributed little to the elucidation of genetic influences in 

common cancers. This is due to the low frequencies of tw inning and the 

heterogeneity of common cancers (Mulvihill, 1976; 1982).

2.10 THE MIXED FUNCTION OXIDASE SYSTEM AND SUSCEPTIBILITY TO 

CANCER

The possible role of drug or carcinogen metabolizing enzymes in the development of 

chemically induced cancer can be summarised as follows: a) most environm ental 

carcinogens, drugs and chemicals in our environment are metabolised by cytochrome 

P-450 dependent mono-oxygenases and other enzyme systems, b) these enzymes 

mediate carcinogenesis, mutagenesis and toxicity through the form ation  of reactive 

electrophilic intermediates, c) the localisation and relative activities of the enzymes 

in the body determine the dose of ultimate carcinogens tha t can reach critical 

macromolecules in target organs (Nebert, 1980; Gelbein, 1983).

It is not known with certainty whether inherent variations in these enzyme systems 

a re  a s so c ia te d  w ith  v a r ia t io n  in  s u s c e p t ib i l i ty  to c a rc in o g e n s  w hen  h u m a n  

populations are exposed to genotoxic or carcinogenic agents. The li te ra tu re  suggests 

a positive link between the activities of the metabolising enzyme system and the 

development of tumours related to environmental exposure. The evidence stems 

from  the following observations :

I. Ah locus and its relation to cancer in both humans and animals

II. Acetylation and bladder cancer

2.10.1 The Ah locus

Studies on the in vivo metabolism of chemical carcinogens have been severely 

hampered by the fact that this kind of approach is not feasible in man for ethical
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reasons. Several systems have been used in an attem pt to obtain prelim inary  

in f o r m a t io n  on possib le  in t e r in d i v id u a l  v a r ia t io n s  in  c a rc in o g e n  metabolism 

(K untzm an et al., 1966; Nebert et al., 1971, Pelkonen et al. 1972).

In 1972, two groups independently reported tha t benzo[a]pyrene is metabolized in 

cultured human lymphocytes (Whitlock et al., 1972; Busbee et al., 1972). The 

biotransform ation process is mediated by aryl hydrocarbon hydroxylase (AHH) 

(P450 I family). The gene for the isoenzyme is located on chromosome 15 (Gonzalez 

et al., 1987) and can be readily induced by a number of polycyclic aromatic 

hydrocarbons to phenolic products and epoxide, some of which are toxic, mutagenic, 

and carcinogenic. Kellerman et al. (1973) reported a wide varia tion  in the 

magnitude of AHH induction in a test group of 103 individuals. Subsequently, in a 

study comprising of 353 healthy subjects including 67 families w ith  165 children, 

(Kellerman et al., 1973b), the population tested were separated into three distinct 

groups according to their low, intermediate or high AHH inducibilities. The genetic 

control of these groups could be explained by two d if fe re n t  alleles at a single locus. 

In this model, the groups with low and high inducibilities were homozygous for the 

two allels, while the group with intermediate AHH activ ity  was heterozygous. The 

gene frequencies of the low and high alleles were 0.171 and 0.283 respectively. A 

pilot study by Kellerman et al. (1973c) on a group of 50 patients w ith bronchogenic 

carcinoma showed tha t 66.0% and 30.0% of these patients who were heavy smokers 

fell into the groups with intermediate and high AHH inducibility. By comparison 

in normal healthy individuals 44.7% fell into the group with low and 45.9% 

intermediate AHH inducibility  and only 9.4% showed high AHH inducibility .

Subsequently, there have been several additonal studies suggesting an association 

between high AHH inducibility  and an increased prevelance of lung cancer (Emery 

et al., 1978; Gahmberg et al., 1979), laryngeal carcinoma (Trell et al. 1976) and cancer 

of the oral cavity (Trell et al., 1978). Other studies, however, resulted in conflicting 

data and showed no correlation between the AHH inducibility  and the development 

of lung cancer (Lieberman, 1978; Ward et al., 1978). The d is tribu tion  of AHH 

inducibility  in these patients was the same as in controls (Ward et al., 1978). The 

data at tha t time although inconclusive, nevertheless was suggestive of a link 

between AHH and cancer (Reviewed by Gelboin, 1983).

Recently, the use of a new assay that is substantially more reproducible has led to 

the conclusion tha t Ah- responsive smokers are 20-40 times more prone to
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bronchogenic carcinoma than Ah nonresponsive smokers (Kouri et al., 1982).

Animal studies showed tha t the lack of AHH induction behaves as an autosomal 

recessive tra i t  between C 57BL/6 and DBA/2 mice, and the f irs t inducing chemicals 

characterised, were aromatic hydrocarbons, hence the name Ah locus. The Ah locus 

encodes the cytosolic Ah receptors which are involved in the regulation of the 

P 1-450 and Ps-450 genes (P-450 I family). A receptor defect was subsequently found 

to be responsible for the decreased AHH inducibility  in DBA/2 mice (Nebert et al., 

1973; Poland et al., 1976). Animals studies also demonstrated an increased risk of 

polycyclic hydrocarbon-induced cancer for the high AHH inducibility  phenotypes 

(Nebert et al., 1981; Kouri & Nebert, 1977).

2J0.2 N-acetvlation and bladder cancer

A single gene of two alleles is involved in the metabolism of isoniazid by 

acetylation. Individuals with high and low blood levels have been identified. 

Family studies indicated tha t the former is a fast acetylator, a characteristic  which 

is transm itted  as an autosomal dominant, while the la tter is a slow acetylator, a 

characteristic  which is transm itted as an autosomal recessive (Evans et al., 1960; 

1962).

T h is  p o ly m o rp h ism  is due  to the  la ck  o f  i s o n ia z id  a c e ty la t in g  enzym e 

(acetyltransferase), which is located in the cytosol, and transfers an acetyl group 

from  acetyl co-enzyme (Evans, 1962). It is unrela ted  to intestinal absorption, 

protein binding and renal tubular excretion (Jenne, 1961).

The activ ity  of this enzyme controls the acetylation of many aromatic amines of 

many drugs (Dapson, sulphondimidine, hydralazine, sulphapyridine, procainamide, 

phenelzine and the amino metabolite of nitrazepam), which are polymorphically 

acetylated (Glowinski et al., 1982; 1978). Animal studies indicate tha t this enzyme 

could act as a rate-limiting, detoxifying step for those chemicals which cause 

bladder cancer such as benzidine and R-naphthylam ine (Glowinski & Weber, 1982).

Gene frequency has shown a wide global heterogenity, the lowest value is found in 

Eskimos (0.22), followed by the Eastern population (0.32). It is a quite high in the 

black population (0.65), and has a frequency which varies between 0.5 - 0.8 in 

European and the white American population (Kalow, 1982).
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Significant associations have been demonstrated between this polymorphism and a 

variety of diatheses (reviewed by Evan et al., 1983).

Price Evans (1983) has reviewed 46 series in addition to his own about the 

relationship between the acetylation status and the development of bladder cancer. 

He found a significant association between the slow acetylator phenotype and the 

incidence of bladder cancer.

2.11 G E N E T I C  S U S C E P T I B I L I T Y  TO T H E  D E V E L O P M E N T  OF  

BRONCHOGENIC CARCINOMAS IN SMOKERS. PHARMACOGENETIC 

APPROACH.

Genetic factors must operate and determine why some individuals in a given 

environment do and others do not develop cancer. Such factors may be multiple and 

complex (Mourant, 1978). The genetic constitution of an indiv idual may determine 

the probability  of a malignant focus arising and progressing to give rise to a cancer 

related to environmental exposure (Harnden, 1978).

Conventional approaches used by many epidemiologists to understand the etiology 

of lung cancer have, with profit , focussed on environm ental agents i.e. smoking, 

chemical and physical agents. Generally, e ffo rts  to iden tify  and control human 

carcinogens have been most successful with respect to the hazards of occupational 

inhalants. These approaches have their limitation. They were retrospective ra ther  

than predictive and did not take into account the biological characters of humans in 

the causation and the development of cancer and other environm entally  related 

diseases.

As regards lung cancer, H arnden, 1983, although he accepts tha t there is some 

e v id en ce  o f  g en e t ic  co m p o n en ts  o f  com m on can c e r  in c lu d in g  b ro n c h o g e n ic  

carcinomas, believes tha t the genetic contribution is likely to be small because the 

environmental exposure i.e. cigarette smoke is massive, clear and overwhelming. He 

and others have estimated that the entire increase of lung cancer mortality  results 

directly from  both the duration and dose of cigarette smoke. Many workers have 

predicted tha t in the absence of other causes of death in smokers, the incidence of 

lung cancer might reach 100% (Doll & Peto, 1976; Harden, 1983). They argue that 

environmental ca rc inogens  ac t  a g a in s t  a r e la t iv e ly  hom ogenous  s u s c e p t ib i l i ty
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combined with stochastical elements.
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The in terpreta tion  of the existing epidemiological data and the new discoveries in 

the discipline of genetics of both humans and animals lead us to believe tha t a 

genetic factor(s) play an im portant role in the development of cancer.

One carefully  controlled study conducted by Tokuhata and Lilienfeld (1963), 

showed tha t there is a fam ilial clustering of lung cancer irrespective of the 

influence of the smoking habit. In their study which included 270 lung cancer 

patients and 1900 relatives, the authors demonstrated a synergistic interaction 

between fam ilial tendency towards the development of lung cancer and cigarette 

smoking. In their study, those who have both characteristics are 14 times more at 

risk of developing lung cancer, in comparison to those who do not possess either of 

them. They also found tha t the incidence of lung cancer is 2.4 - 2.7 times higher 

among relatives of patients w ith lung cancer than  among the control relatives. In 

their studies, controls and patients were matched by sex, age, race and residence. 

The diagnosis was histologically confirmed. The data  were not analysed by 

histological cell type.

Schimke et al., 1978, pointed out that the occurrence of one or more affected  family 

members w ith lung cancer would not be unexpected and probably is under reported. 

In the literature, there are a few sporadic reports which describe such families. 

Brisman (1967) and Nagy (1968) both reported two families w ith multiple affected  

siblings with squamous cell carcinoma. In both families, the patients had been 

heavy smokers. Lynch et al. (1971), suggested that lung cancer may occur as a 

second prim ary neoplasm more often than expected by chance alone. G offm an et 

al., 1982, published a case study of 2 families w ith lung cancer and showed that the 

firs t degree relatives of lung cancer patients have a 3-fold increased risk compared 

to control relatives.

Generally, the evidence for the existence of a group of subjects at possibly high risk 

of developing lung cancer in smokers stems from  the following observations, which 

show tha t people d if fe r  in their response towards the effect of cigarette smoke.

1. Epidemiological evidence

This suggests tha t some of the chronic a irflow  limitation sufferers  are highly
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susceptible to the effect of cigarette smoke. In 1963, Laurell and Eriksson reported 

an association between the development of emphysema in some individuals  and an 

hereditory enzyme deficiency namely a lp h a ^  antitrypsin. Later, it  has been found 

tha t cigarette smoking appears to be an im portant factor in modifying the 

development of the disease (Eriksson, 1964). Epidemiological studies have suggested 

tha t airflow  limitation appears to a ffec t only a m inority  of smokers who may 

therefore be unduly susceptible in some way to the effec t of cigarette smoke 

components or other environmental factors (RCP, 1983). There is also evidence of 

fam ilial aggregation of chronic bronchitis and obstructive lung disease which are 

independent of a lphaj-antitrypsin  deficiencies (Larsson et al., 1980). They suggested 

tha t genetic components of chronic obstructive lung disease were more im portan t in 

determining the development of this disease than  the level of smoking cigarettes. 

More recently, Kamishima et al., 1982, in his study on twins, dem onstrated tha t 

genetic factors determined the clearance of the mucous from  the airways. It is 

possible tha t some cigarette smokers are at risk of developing chronic respiratory 

diseases but not lung cancer. In other words, lung cancer is not an inevitable 

consequence of cigarette smoke as only 8 - 12% of smokers developed lung cancer 

and not all life long smokers develop airflow limitation.

From an epidemiological point of view, the relationship between the development of 

chronic airflow  limitation and cigarette smoking is remarkably similar to tha t of 

bronchogenic carcinomas. Chronic airflow  limitation (AFL) has been shown mainly 

to be related to cigarette smoking (RCP, 1977; 1983) and to a lesser to pipe and cigar 

smoking (Hammond, 1965). The death rate for chronic a irflow  lim itation in both 

sexes was significantly  higher in cigarette smokers than in non-smokers (Khan, 

1966; Doll & Peto, 1976; Doll et al., 1980). The effec t of stopping smoking on the 

prognosis of AFL is significant. Death rates from  chronic bronchitis and

emphysema in ex-smokers were similar to those of light smokers and below the rate 

of all cigarette smokers (Doll & Hill, 1964). The effect of starting smoking at an 

early age adversely affects  the development of chronic airflow  lim itation and  other 

smoking related diseases in the respiratory system. It is known tha t school children 

who smoke cigarettes have more cough and chest illnesses than  non-smokers 

(Holland & Elliott 1968). Various studies show tha t an increase in m ortality  rate 

due to chronic airflow  limitation is parallel w ith descending socioeconomic class 

(B M J, 1971). The incidence of this problem is also related to atmospheric pollution 

and dusty occupations (College of General Practitioners, 1961; RCP, 1983).
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2. Geographical variations in relative risk of lung cancer.
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According to the available epidemiological data, the relative risk of lung cancer 

varies between countries and is not only related to the amount of cigarettes which 

have been smoked (Table 2.5). The data  which is presented from  the U.S.A. and 

other countries shows that smoking cigarettes, ra ther than the am ount of cigarettes 

which had been smoked, increase the risk of developing lung cancer. Whether this 

means tha t there is a degree of saturation or plateau which is reached by certain 

amounts of cigarettes, or there is a host variability  and /o r  other un iden tif ied  factor 

which dictate the relative risk of developing lung cancer in a smoker is not clear.

Table 2.5 Geographical distribution of relative risk of lung cancer by smoking 
category

Amount of Relative risk Country
cigarettes of lung cancer by
smoked/day smoking category

(non smokers = 1.0)

Reference

+ 25 32.4 U.K. Doll & Hill, 1964

21 - 40 16.9 U.S.A. Hammond & Horn, 1958

> 40 16.6 U.S.A. Hammond, 1966

20

25

17.3

7.8

Canada

Japan

Best et al.t 1966 

Hiryama, 1972

3. Biological observations

There are various lines of evidence which suggest that host factors may play a role 

in the development of lung cancer and the exposure to cigarette smoke is only one 

facet in the pathogenesis of this health problem.

a). Epidemiological studies were unable to relate the development of lung cancer to 

certain doses of smoking and in no case was there a threshold below which smoking 

can be declared safe i.e. the total number of cigarettes smoked is not the only 

relevant factor in the development of lung cancer.
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b). This is supported by the current studies which have linked passive smoking to 

the development of lung cancer and other respiratory diseases.

c). Well controlled family studies and other sporadic reports have pointed to the 

possibility of the existence of fam ilial aggregations of lung cancer in smokers.

d). K ronitris  et al. (1985) have identified  certain  gene alleles present in patients 

with cancer, including lung cancer, and not present in the unaffec ted  population. 

These alleles were demonstrated for the human homologue of the transform ing gene, 

of the Harvey murine sarcoma virus (Ha-vas).

e). A consistent deletion in the short arm of chromosome 3, spanning the region 

from band 3p 14 to 3p 23 has been associated with small cell carcinoma (Whang- 

Peng et al., 1983).

f). Hopkins & Evans (1979) have shown tha t lymphocytes from  patients with 

untreated  lung cancer have a consistently higher rate  of DNA lesions compared with 

lymphocytes from controls with similar life time exposure to cigarette smoke. They 

addressed the question of biological variations and their correlation between 

individual susceptibilities and carcinogenic factors.

g). Generally, human beings are extensively heterogenic characters. Within this 

context, smoking and other occupational hazards do not act against homogenous 

biological environments in the individual smokers. This may explain, at least, 

partly, why only one in eight smokers develop bronchogenic carcinoma.

The host genome may control the probability w ith which the in itia l cancer event 

occurs and can confer susceptibility to one or more classical carcinogens as may 

confer resistance to them. The differences in drug metabolism, toxicity towards 

certain compounds and susceptibility to the development of unw anted effects 

towards certain  substrates can be associated with d ifferences in a single gene locus 

or small number of genes.

It is tempting to study whether a cytochrome P-450 phenotype can be defined in 

cancer patients, and whether the incidence of cancer induced by chemical 

c a rc in o g e n s  is a s so c ia ted  w ith  a w ell d e f in e d  cy to c h ro m e  P-450 g en e t ic  

polymorphism.
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D eterm ination of the constitutional differences between individuals and how they

relate to the development of lung cancer in smokers due to a specific gene(s) will

contribute  to the following :

1. Identif ica tion  of high risk populations

2. The ability  to predict the relative individual susceptibility to specific 

carcinogens.

3. U nderstanding the genetic and enzymatic basis for the disease thus leading to 

better management.

2.12 AIM OF THE THESIS

1. To test the hypothesis tha t the debrisoquine 4-hydroxylase P-450 named d b x 

(II DI)/may influence the development of lung cancer in smokers.

2. To study the effect of lung cancer on the metabolism of specific isoenzymes of 

the cytochrome P-450 enzyme system, namely mephenytoin hydroxylase 

MP1 (II C) and others which handle the metabolism of antipyrine.

3. To e v a lu a te  th e  p re v io u s ly  sugges ted  a s s o c ia t io n  b e tw ee n  a n t ip y r in e  

metabolism and the development of lung cancer in smokers.
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CHAPTER 3

DEBRISOQUINE OXIDATION PHENOTYPES 

AS MARKERS FOR SUSCEPTIBILITY 

TO BRONCHOGENIC CARCINOMAS IN SMOKERS
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While epidemiologists have  placed a strong emphasis on iden tif ica tion  of the 

environm ental causes o f  h u m an  diseases, much less concern  has been focussed on the 

role of host fac tors  in  the disease process itself. These can  be either inherited  or 

acquired and can be operated  at the systemic level or a t the target cell level 

(Bodmer, 1982). Host fac to rs  may be a cause of cancer, or a weak cause in the 

presence of some other fac to rs  (Weinstein, 1982). Calabrese (1984) emphasized tha t 

genetic components are  bu t one of a number of host charac teris t ics  th a t  may a ffec t 

one’s susceptibility to environm ental agents (Table 3.1).

Table 3.1 H ost fac to r  and  human cancer (Weinstein, 1982)

1. Age

2. Sex
3. Hormone, grow th factors and receptors

4. Immunological factors

5. N u tr i t io n a l  status

6. A cquired diseases

7. Carcinogen metabolism

8. D N A  repa ir  mechanisms

9. Chromosomal defects

10. Oncogenes

D uring the past decade, there  has been a growing awareness of the functioning of

cytochrome P-450 as the p rim ary  enzyme in terface between xenobiotics such as

drugs and  carcinogens an d  the  individual organism. T h e  cytochrome P-450 enzyme 

system can serve functions  th a t  may be beneficial or detrim ental to the organism. 

Hence the isoenzyme’s biological effects may result in either drug and carcinogen 

detoxifica tions or the ir  activations to toxic or carcinogenic metabolites.

Genetic polymorphisms of oxidative metabolism involv ing  the cytochrome P-450 

enzymes have been recognized during the past decade among various human 

populations. Thus, cytochrome P-450 may provide a prototype fo r  a mechanism of 

cancer predisposition which can be associated with d ifferences  in a single gene or 

small num bers of genes (Wolf et al., 1984) and can be employed as tools to 

demonstrate the  presence of specific genes. It is tem pting  to study whether the
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development of lung cancer induced by cigarette smoking and other carcinogens is 

associated with a specific phenotype and can be defined  by the rate of drug 

metabolism for the following reasons. 1) No advances have occurred in the 

treatm ent of lung cancer in recent years and the death  rate still reflects the 

incidence of the disease. This is compounded by the fa ilu re  of various screening 

programmes to improve the survival rate. Hence, the iden tif ica tion  of high-risk 

populations would make imperative a reduction of their exposure to carcinogens, 

whether from  cigarette smoke or from the environment. 2) Our understanding of 

the mechanism of lung cancer at the molecular level is very limited, thus a new 

strategy is required for both an effective treatm ent and  a successful screening 

programme.

The question is whether or not any one of the well established oxidative 

polymorphisms directly controls the biological response to cigarette smoking and or 

environmental carcinogens.

Studying the frequency distribution of the debrisoquine gene in series of lung 

cancer patients and controls may offer an opportunity  to answer such question for 

the following reasons :

1. It has been established that a broad spectrum of metabolic oxidation is 

influenced by genetic polymorphisms of the drug-metabolising enzymes.

2. Individual susceptibility to the biological effects of exogenous chemicals can 

be better appreciated through the study of distinct polymorphic variables 

within various test populations.

3. The debrisoquine genetic polymorphism is one of the most extensively studied 

examples of a genetically determined variation in drug metabolism.

4. Debrisoquine is the prototype of the largest group of drugs showing genetic 

polymorphism of oxidation and displays the most strik ing variations among 

the individual rates of metabolism.

5. The gene responsible for extensive debrisoquine hydroxylation is a structura l 

gene, hence it is less likely that the debrisoquine metabolic ratio will be 

influenced by various environmental factors
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6. The phenotyping procedures are safe and practicable and therefore applicable 

to the study of large cohorts.

Many investigators have utilized our progressive knowledge in this f ie ld  and studied 

the relationship between the debrisoquine 4-hydroxylation frequency d is tribution in 

3 diseases. Hetzel et al. (1980) compared the frequency d istribution of debrisoquine 

4-hydroxylation in 106 smokers with lung cancer w ith 258 healthy volunteers. They 

found 2 poor metabolisers (1.9%) in the cancer group and 23 poor metabolisers (8.9%) 

in the healthy control. They concluded tha t genetically determined oxidative 

capacity may be a contributory factor in the aetiology of lung cancer in cigarette 

smokers and tha t poor metaboliser phenotype have a 4-5 fold lower incidence of 

lung cancer. Idle et al. (1981) studied the frequency distribution of debrisoquine 

metabolic ratios in 59 Nigerian patients who had presented with hepato-cellular 

carcinoma and other abdominal tumours and compared them with the results of 123 

healthy volunteers. The authors observed only one poor metabolizer (1.4%) in the 

cancer group. This was in stark contrast to the control group, where ten poor 

metabolisers (10%) were identified.

A th ird  study was conducted by Ritchie et al. (1983) who investigated the oxidative 

status of 67 endemic nephropathy patients and 161 healthy subjects by using 

debrisoquine as a drug probe. They found that the endemic nephropathy group 

contained fewer subjects with impaired oxidative ability  to metabolise debrisoquine 

and a greater proportion of subjects with enhanced oxidative ability  to handle 

debrisoquine compared to the control group. The authors concluded tha t metabolic 

oxidation as measured by debrisoquine 4-hydroxylation is a contributory  factor in 

the pathogenesis of this disease which is probably caused by various environm ental 

toxicants such as mycotoxin and ochrotoxin.

3.2 AIMS OF THE INVESTIGATIONS

The previous two chapters have illustrated the poor prognosis for lung cancer and 

the d ifficu lties  in making a diagnosis at an early stage. There is a strong evidence 

that ind iv idual variations in susceptibility to the carcinogenic effects of cigarette 

smoking and various chemical and physical agents may be genetically determined. 

The early results of the study by Hetzel et al. (1980) and the animal studies cited in 

this chapter, hold some hope that metabolism of debrisoquine and possibly some
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other compounds which exhibit genetic polymorphisms may be used as a valid model 

for elucidating a genetic component in the pathogenesis of lung cancer induced by 

cigarette smoke and other environmental agents.

The work in this chapter describes the following : a) a large study of the

d is tribution of polymorphism for debrisoquine 4-hydroxylation in lung cancer 

patients, and in a control group of patients with various degrees of airflow 

limitation, of a similar age and smoking habits, to see if  the results of the pilot 

study (Hetzel et al., 1980) could be fu r th e r  substantiated, b) A study of the effect 

of both cigarette smoke and lung tum our on the debrisoquine metabolic ratios in 

humans.

3.2 THE DEBRISOQUINE STORY

Debrisoquine is an effective agent in the treatm ent of moderate to severe 

hypertension (Kit et al., 1966; Sommers et al., 1968) which was f irs t synthesized in 

1961. Chemically, it is 3,4-dihydro-2-(IH)-isoquinoline carboxamide. Structurally 

and pharmacologically is related to other guanidine based antihypertensive drugs

e.g. bethanidine, guanoxan and guanethidine. It was f irs t  introduced in the U.K. in 

1966 (Kitchen and Turner, 1966; Athanassiadis et al., 1966).

3.3.1 Mechanism of action of debrisoquine

Debrisoquine is an adrenergic neurone blocking agent. The exact mechanism by 

which this compound exerts its hypertensive effect has not been identified , but is 

possibly a ttr ibu ted  to its interference with the release of neuroadrenaline from 

sympathetic nerve terminals (Moe et al., 1964).

3.3.2 Metabolism of debrisoouine

The drug is metabolised by two pathways, one involving oxidation at the alicyclic 

and aromatic ring structures, while the other involves ring cleavage to give 2 acidic 

metabolites, namely, 2-(guanidinomethyl)benzoic acid and 2(guanidinomethyl)- 

phenylacetic acid (Angelo et al., 1975; Allen et al., 1975; 1976) (Figure 3.1). By using 

radio-labelled 14C debrisoquine orally, Idle et al. (1979) confirm ed tha t the oxidative 

r e a c t io n  is by f a r  the  d o m in a n t  m e ta b o lic  p a th w a y  w h ic h  p ro d u ces  f iv e
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h y d r o x y la te d  m e t a b o l i t e s ,  n a m e ly ,  4 - h y d r o x y d e b r i s o q u i n e  b y  a l i c y c l i c  

hydroxylation and 5-, 6-, 7-, 8-hydroxydebrisoquine by aromatic hydroxylation. The 

form er i.e. 4-hydroxydebrisoquine was clearly found to be the major metabolite 

among the monohydroxylated products of debrisoquine. By contrast, the products of 

aromatic hydroxylation of debrisoquine form only a small fraction of the total 

oxidative metabolites.

The drug is well absorbed in man (Angelo et al., 1975; Silas et al., 1978; Idle et al., 

1979). By using an oral dose of 14C debrisoquine it was demonstrated tha t 75% of 

the dose is excreted in the urine by the f irs t 24 hours, and an average 8.0% of the 

rad ioactiv ity  was recovered in the faeces over a three day period. This study has 

also revealed tha t the amount of unchanged drug excreted, varies between 16-60%, 

while the excretion of 4-hydroxydebrisoquine varies between 5-24% (Idle et al. 

1979). Debrisoquine metabolism is independent of liver blood flow and plasma 

protein binding. The drug is subject to significant f irst pass metabolism which 

varies widely between individuals (Angelo et al., 1975; Silas et al., 1978; Sloan et al., 

1979).

3.3.3 Bioavailabilitv and pharmacokinetic consideration

Debrisoquine is a well absorbed agent. Using 14C debrisoquine it was demonstrated 

tha t between 75-80% of the compound is absorbed and excreted during the first 

24 hours (Schwartz & Baukema, 1966; Idle et al., 1979). The recovery of the parent 

drug from urine varied between 8.6-80.2% of the given dose whereas that for

4-hydroxydebrisoquine varied between 0-29.7% (Idle et al., 1979). It was estimated 

that only 15-30% of debrisoquine is bound to plasma protein. In vivo experiments 

re v e a le d  a l in e a r  r e la t io n s h ip  be tw een  the  dosage  o f  d e b r is o q u in e  a n d  its 

accumulation, which suggests that debrisoquine is not bound to specific saturable 

cellular binding sites. The estimated half-life  of elimination for both debrisoquine 

and 4-hydroxydebrisoquine ranged from 11.5 - 26 hours and 8.5 - 14.5 hours 

respectively (Silas et al., 1978). Renal clearance of debrisoquine is 282 + 82 ng/ml 

while tha t for 4-hydroxydebrisoquine is 371 + 178 ng/ml.

3.3.4 Genetic polymorphism of debrisoquine

A review of the literature revealed that clinical management of hypertension with 

d e b r is o q u in e  is co m p lica ted  by m a rk e d  in t e r i n d i v i d u a l  v a r ia t io n s  in  dose
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requirement. At an early stage of its clinical use, many investigators noted tha t the 

effective  daily dose of debrisoquine ranged from 10 to 360 m g/daily  (Athanassiadis 

et al., 1966; Silas et al., 1978). Angelo et al. (1976) in a study, which included both 

healthy volunteers and hypertensive patients, demonstrated a correlation between 

the response to debrisoquine and the amount of unchanged drug (seven fold 

variations excreted in the urine). In other words, the extent of oxidative 

metabolism of debrisoquine was found to be inversely related to the percentage fall 

in mean blood pressure in both normotensive and hypotensive subjects. Lennard 

et al. (1976) found that the correlation between u rinary  recovery of unchanged 

debrisoquine (interindividual variation in the range of 9-80%) and the fall in 

s ta n d in g  d ia s to l ic  blood p re ssu re  is h ig h ly  s ig n i f i c a n t  (r=0.86) a n d  la rg e ly  

independent of the dose.

The uncovering of debrisoquine hydroxylation polymorphism followed from  the 

original observation on the variable metabolism on the drug and on a single 

ind iv idual who showed an impaired ability to metabolise the orally adm inistered 

d r u g  to  i t s  m a in  m e t a b o l i t e .  I t  w as  f o u n d  t h a t  t h e  f o r m a t i o n  o f

4-hydroxydebrisoquine is subject to a large in terindiv idual variation, while those of

5-, 6-, 7- and 8-hydroxydebrisoquine showed fa r  smaller intersubject variability. 

Later on, it became evident that this inter-individual variability  was conveniently 

determined by measuring excretions of debrisoquine and 4-hydroxydebrisoquine in 

urine (Mahgoub et al., 1977). From the u rinary  contents of debrisoquine and 

4-hydroxydebrisoquine, a param eter termed the metabolic ratio  is calculated as 

follows :

% oral dose excreted as unchanged debrisoquine 

% oral dose excreted as 4-hydroxydebrisoquine

in a 0-8 hour period followed the ingestion of lOmg debrisoquine (12.5mg 

debrisoquine sulphate). A low metabolic ratio reflects an extensive drug oxidising 

ability, while a high ratio represents an impairment to debrisoquine oxidation.

An in itia l population study on 94 healthy unrelated volunteers (Mahgoub et al., 

1977), followed by a  large population and family studies (Evans et al., 1980) have 

demonstrated that 4-hydroxylation of debrisoquine, as judged by the frequency 

distribution of debrisoquine metabolic ratio is bimodally distributed. In these 

studies and others (Idle & Smith, 1984) about 8.9% of British white population are
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u n a b l e  to  m e t a b o l i s e  d e b r i s o q u i n e  to  i t s  m a i n  m e t a b o l i t e ,  n a m e l y  

4 -hydroxydebrisoquine , hence, they have been te rm ed poor metabolisers (PM), while 

the rem inder are  term ed extensive metabolizers (EM), w ith  an tim ode a t an M R of

12.6 (Log MR>1.10). G enerally , a PM subject is unab le  to excrete more th an  2% of 

the  debrisoquine  dose as a metabolite. The s tr ik ing  fea tu e  of this po lym orphism  is 

th a t  the m easured var iab il i ty  o f  drug ox idation  reveals a v a r ia t io n  in the ra te  of 

h yd roxy la t ion  up to 20,000 fold. The m etabolic ra t io  is an  in d iv id u a l  charac teris t ic  

w hich  is h ighly  reproducible. Various studies showed th a t  sex, age, and  absorption 

do not bear any  in fluence  on the value  o f  the phenotype (M ahgoub et al., 1977; 

Evans et al., 1980; Islam et a l., 1980). The 4 -hydroxyla t ion  o f  debrisoqu ine occurs 

pre-system ically  as judged by the coincidence of peak excretion ra tes  of both  the 

pa ren t  com pound and  its m etabolite  in u rine  d isp layed  by both phenotypes. This 

de fec t  is one o f  oxida tion  capacity , since it can be dem onstra ted  th a t  the  fo rm ation , 

bu t no t the excretion of 4 -hydroxydebrisoquine is ra te  l im iting  fo r  its appea rance  in 

urine.

It has been shown th a t  the value of the m etabolic ra tio  is inversely p roportional to 

both  the  hepatic  clearance o f  debrisoquine and  the  f i r s t  o rder ra te  fo rm ation  of 

4-hydroxydebrisoquine . Hence, it is possible to com pare 2 subjects fo r  the ir  

ox ida tion  capacities by using this param eter.

Pedigree analysis revealed th a t  the t ra i t  fo r  poor m etabolic  ac t iv i ty  is inhe ri ted  as 

an  autosom al recessive, w hile th a t  fo r  extensive m etaboliser phenotype is an 

autosom al dom inant. A lthough two phenotypes are recognized, th ree  gentoypes exist 

w ith  heterozygotes behaving as extensive metabolisers.

The two alleles w hich govern the debrisoquine gene have been te rm ed  the DH allele 

fo r  extensive metabolic t r a i t  and  DL allele fo r  poor m etabolic  tra i t .  The frequency  

of the allele controlling poor metabolisers is (0.2986) w hile  th a t  fo r  extensive 

metbaolisers is (0.7014). Thus, the expected genotype frequencies  are  as follows: 

homozygous poor metaboliser 0.0891, heterozygous extensive m etaboliser 0.41, and  

homozygous extensive m etaboliser 0.49 (Evans et al., 1980; 1983). The dom inance of 

the extensive metaboliser phenotype over the poor m etaboliser phenotype is 

estim ated  a t abou t 30% (Evans et al., 1980). Recently , Evans et al. (1983) has applied  

a new m athem atica l model to define  the genotypes and  to id e n t ify  the genotypes 

w ith in  the  dom inan t phenotype.
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There are population differences in the gene frequency fo r  poor debrisoquine 

4-hydroxylation (Kalow et al., 1984; Idle & Smith, 1984). The incidence of the 

defic ien t tra i t  exhibits considerable inter-ethnic variability  and appears to decline 

in moving from  Europe towards middle and fa r  east. It can be seen tha t there is 

about a 10 fold in ter-ethnic variation in the frequency of the allele for poor 

metaboliser status (Table 3.2).

Table 3.2 The frequency of deficient trait of debrisoquine 4-hydroxylation in 

various populations.

Ethnic group Sample % PM Reference

size

A. Caucasians

British 258

Swiss 222

Canadian 80

H ungarian  100

A ustralian  100

Swedish 757

Spanish 377

Finnish 211

B. Egyptians 72

Saudi Arabia 102

C. Ghanians 80

Nigerians 123

San Bushmen (S. Africa) 96

D. Japanese 100

Chinese 269

8.9 Evans et al., 1980

9.9 Dick et al., 1982

8.0 Inaba et al., 1983

10 Gachalyi et al., 1986

6 Peart et al., 1986

5.4 Steiner et al., 1988

6.6 Benitez et al., 1988

5.2 Kallio et al., 1988

1.4 Mahgoub et al., 1979

1.0 Islam et al., 1980

5.0 Woolhouse et al., 1979

8.1 Mbanefo et al., 1980

18.8 Sommers et al., 1988

0.0 N akam ura et al., 1985

0.7 Lou et al., 1987
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An a n im a l  m odel f o r  d e te c t in g  d e b r is o q u in e  o x id a t io n  has  been  d esc r ib e d  

(Al-Dabbagh et al., 1981). It was found tha t the 4-hydroxydebrisoquine is a major 

metabolite in females of various rat strains e.g. Lewis, which eliminate 44-55% of 

the debrisoquine dose, as 4-hydroxydebrisoquine. The same authors also found that 

female DA rats poorly hydroxylate debrisoquine and excrete only 7-10% of an orally 

adm inistered dose of debrisoquine as a major metabolite. Breeding studies showed 

tha t poor hydroxylation phenotypes were recessive and transm itted  by a simple 

Mendelian inheritance (Al-Dabbagh et al., 1981; 1983). Imm unoquantitation

techniques were used to investigate the biochemical basis of im paired debrisoquine 

hydroxylation in the female DA rat. Guengrich et al. (1982) purif ied  a form of 

cytochrome P-450 from the livers of Sprague-Dawley rats and found  it very active 

in the oxidation of debrisoquine. K upfer et al. (1982) found tha t debrisoquine does 

not elicit a binding spectrum with DA rat liver microsomes, suggesting tha t this PM 

strain has either a very low amount or lack of a specific cytochrome P-450 

isoenzyme that catalyzes the oxidation of debrisoquine related compounds.

S tu d ie s  u t i l i z in g  a n t ib o d ie s  d i r e c te d  to w a rd s  th e  P-450 isoenzym e catalysing 

debrisoquine 4-hydroxylation in rat livers have indicated tha t the levels of this 

specific isoenzyme are low or possibly absent in female DA rats (D istlerath et al., 

1984). Larrey et al. (1984) proposed tha t debrisoquine 4-hydroxylase (dbj) activity  is 

36 times less abundant in the female DA rats than in the female Sprague-Dawley 

rat. Others investigators have shown that the debrisoquine 4-hydroxylase deficiency 

in the female DA rat is not due to a decreased amount of the d b x isoenzyme 

(Gonzalez et al., 1987). The authors believe that d b x isoenzyme in the DA rat is 

p ro b a b ly  a s t r u c t u r a l ly  a l te r e d  fo rm  th a t  n e i th e r  h a n d le s  no r  m e tab o lise s  

debrisoquine. Alternatively, they have suggested tha t a genetic defect in the DA 

rats may be due to another gene that modifies the d b x - protein and hence alters its 

enzymatic specificity.

T he  b io lo g ica l  im p o r ta n c e  of th e  g en e t ic  p o ly m o rp h ism  o f  d e b r is o q u in e  

4-hydroxylation was demonstrated when the modulation of chemical carcinogenesis 

was studied using an animal model w ith a defined genetic character at the level of 

oxidative metabolism.
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NH

NH2

D e b r i s o q u in e  

( 0 . 3  - 7 9 . 8 % )

S-, 6-, 7', 8 'HydroxY'dobrisoquinc 

(2.7 - 1 2 , 7 % )

4-1 lydroxv-debrisoquine 

( 0 . !  - 6 3 % )

F i g u r e  3. 1 T h e  m e t a b o l i s m  o f  d e b r i s o q u i n e  In m a n ,  t h e  f i g u r e s  In 

p a r a n t h e s l s  I n d i c a t e  t h e  p r o p o r t i o n  o f  a l O m g  o r a l  d o s e  

c x c c t c d  In u r i n e  ( 0 - 8 h )  f r o m  I d l e  el  a l ,  ( 1 9 7 9 ) .
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F em ale  D A  r a ts  (poo r  m e ta b o li s e rs  PM) a n d  F is c h e r  r a ts  ( e x te n s iv e  m e tab o l ise rs )  

w ere  f e d  a f l a to x in  B1 (A FB 1), in  th e i r  d ie t  f o r  4 m o n th s  a n d  a f t e r  a f u r t h e r  12 

m on ths , th e  a n im a ls  w e re  s a c r i f i c e d  a n d  th e i r  l iv e rs  e x a m in e d  h is to lo g ic a l ly  fo r  

signs o f  to x ic i ty .  I t  w as  f o u n d  th a t  a l l  f i s h e r  ra ts  h a d  d e v e lo p e d  m u l t ip le  h e p a to m a .  

T h is  i l lu s t r a t e d  t h a t  lo w e r  s u sc e p t ib i l i ty  o f  th e  PM  m a y  re s u l t  f r o m  th e  l in k a g e  o f  

the  gene c o n t ro l l in g  d e b r is o q u in e  4 - h y d ro x y la t io n  to  t h a t  o f  A F B  e x p o x id a t io n  (Id le  

& R i tc h ie ,  1983).

3.3.7 M o le c u la r  bas is  o f  d e b r is o o u in e  g en e t ic  p o ly m o rp h is m

D e b r is o q u in e  4 -h y d ro x y la t io n  a c t iv i ty  in  h u m a n  l iv e r  is c a ta ly s e d  b y  a  c y to c h ro m e  

p-450 m e d ia te d  r e a c t io n  (K a h n  et a l., 1982). T h e  h u m a n  l iv e r  c y to c h ro m e  P-450 

r e s p o n s i b l e  f o r  d e b r i s o q u i n e  4 - h y d r o x y l a t i o n  h a s  b e e n  p u r i f i e d  r e c e n t l y  

(G u e n g e r ic h  et a l., 1985; M ey e r  et a l., 1985). T h e  p u r i f i e d  d b 1 p r e p a r a t io n s  iso la ted  

by D is t le r e a th  et al. (1985) h a d  a n  a p p a r e n t  m o le c u la r  w e ig h t  o f  51000 a n d  c a ta ly se d  

d e b r is o q u in e  4 - h y d ro x y la t io n  in  o rd e r  to  m a g n i tu d e  g r e a te r  t h a n  d id  m ic ro so m a l 

p re p a ra t io n s .  T h e  d e c re a se d  c a p a c i ty  to  h y d r o x y la te  d e b r is o q u in e  is n o t  d u e  to  an  

o v e ra l l  im p a i r m e n t  o f  o x id a t iv e  m e ta b o lism  s ince  po o r  m e ta b o l i s e r s  c a n  m e tab o l is e  

o the r  d ru g s  (M eyer  e t al. 1987). T h is  h as  b een  e n fo rc e d  by  w o rk  w h ic h  sh o w e d  th a t  

a n t ib o d ie s  r a is e d  a g a in s t  d b x in h ib i t e d  d e b r is o q u in e  m e ta b o l i sm  in  h u m a n  l iv e r  

m icrosom es  b u t  d id  n o t  i n h i b i t  th e  m e ta b o l ism  o f  d ru g s  n o t  s u b je c t  to  d e b r is o q u in e  

p o ly m o rp h ism . Im m u n o c h e m ic a l  q u a n t i t a t i o n  c a r r i e d  o u t  w i th  these  a n t ib o d ie s  w i th  

l ive r  m ic ro so m es  f r o m  e x te n s iv e  a n d  poor  m e ta b o l is e rs  o f  d e b r is o q u in e  sh o w e d  no  

d i f f e r e n c e s  in  th e  re c o g n iz e d  p ro te in  b e tw e e n  p h en o ty p es .  D e c re a s e d  c y to c h ro m e  P- 

450 a c t iv i t y  in  th e  p o o r  m e ta b o l i s e r  p h e n o ty p e  co u ld  be th e  re s u l t  o f  sev e ra l  

m echan ism s . T h e  r a te  o f  sy n th es is  o f  a p a r t i c u la r  iso en zy m e is a l t e r e d  b ec a u se  o f  a 

m u ta t io n  o f  a  s t r u c t u r a l  gene  or a n o th e r  gene  r e g u la t in g  th e  a c t iv i t y  o f  a s t r u c tu r a l  

gene. H en ce ,  th e  a c t iv e  c e n t re  o f  th e  iso en zy m e  u n d e r  s tu d y  m ig h t  be  a l te r e d  

because  o f  th e  s y n th e s is  o f  a s t r u c tu r a l ly  a l t e r e d  p r o te in  w i th  d e f e c t iv e  c a ta ly t ic  

p ro p e r t ie s .

D a ta  o b ta in e d  f r o m  h u m a n  l iv e r  m icrosom es , a n d  f e m a le  D A  ra ts ,  as w ell  as 

p u r i f i e d  c y to c h ro m e  P-450 iso en zy m e p re p a ra t io n s  s u p p o r t  th e  h y p o th e s is  t h a t  th e re  

is e i th e r  a b se n c e  o f  o r  a l t e r a t io n  to a  f o r m  o f  a h e p a t ic  c y to c h ro m e  P-450 iso en zy m e  

fo r  w h ic h  d e b r i s o q u in e  is a se lec tiv e  s u b s t r a te  (D av ie s  et a l ., 1981: L a r r e y  e t a l ., 

1984; K a h n  et a l ., 1985). In  o rd e r  to  d e f in e  th e  m e c h a n is m  o f  th e  d e b r is o q u in e  ty p e  

o f  g e n e t ic  p o ly m o rp h is m  o f  d r u g  o x id a t io n ,  D a y e r  et al. (1984) s tu d ie d  th e  k in e t ic s
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of bufuralol 1-hydroxylation in liver microsomes from both extensive and poor 

metabolisers with purif ied  reconstituted human cytochrome P-450 isoenzymes with 

high activities for P-450 (dbj). They found tha t the enzymatic reaction in extensive 

metaboliser microsomes displayed apparent Michaelis-Menten-Kinetics. By contrast, 

the enzymatic reaction in poor metboliser’s microsomes was characterised by four to 

five fold increase in the K m value. This group of investigators concluded tha t poor 

metabolisers have a quantita tive or qualitative deficiency of this isoenzyme. 

Recently, in vitro studies of human liver suggested that the basis of the differences 

in oxidative capacity between PM*s and EM’S is more likely to be the result of a 

varien t isoenzyme w ith defective catalytic properties, ra ther than  a decreased 

amount of the isoenzyme (Osikowska-Ever et al.t 1987).

Mapping the peptides of the proteins of purified  P-450 isoenzymes from  EM’S and 

PM’s or characterisation of the defect at the genomic level with specific cDNA 

probes will certainly elucidate the molecular mechanisms responsible for this 

polymorphism. Recently Gonzalez et al. (1988),showed tha t poor metabolisers have 

negligible amounts of the cytochrome P-450 db j complementary DNA and by direct 

cloning sequencing DNAs from  several poor metabolizers, they have identified  three 

varian t messengers RNAs tha t are products of mutant genes producing incorrectly 

spliced d b t pre-mRNA. They, and others believe that at least 3 d if fe ren t  m utant 

alleles of the P-450 db x gene locus associated with PM phenotype must be present in 

the population or possibly even more. The molecular genetics of this system is 

complex. Meyer et al. (1988) demonstrated that the P-450 db x gene locus is highly 

polymorphic. Of 20 restriction enzymes tested, only 7 displayed no Restriction 

Fragment Length Polymorphisms (RFLPs) and with the remaining 13 enzymes 14 

allelic forms of the db j gene can be described, only 2 of them are linked to the PM 

phenotypes.

In order to determine on which chromosome the gene controlling debrisoquine (D) 

metabolism might be located, linkage studies of polymorphic (D) oxidation to 

various genetic polymorphisms have been carried out. Positive inform ation for close 

linkage between polymorphic (D) oxidation and the Pi blood group was obtained. 

Since Pi has recently been provisionally mapped to chromosome 22, the gene 

governing polymorphic (D) metabolism should be situated on chromosome 22 in close 

vinicity to blood group Pi (Eichelbaum et al., 1987; Gonzalez et al., 1988).
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3.4.1 Patients

3.4.1.1 Study number one

1. General details

Two groups of patients (I & II), all of whom were Caucasians of European origin 

were recruited  from  chest units at the following London Hospitals:

a) Whittington Hospital

b) The N ational Temperance

c) St. James Hospital

Participants in this study were identified  a t both chest outpatients clinics or as 

inpatients at the above mentioned hospitals.

Group I (bronchogenic carcinoma patients). In  this group, 245 newly diagnosed 

patients (158 males, 87 females) age 66.5 + 7.4 (mean + S.D.) range 34-83 years were 

identified. All had a defin ite  diagnosis of lung cancer, proven by histology, 

cytology, and histology/cytology, from tissue samples obtained at bronchoscopy, 

transcutaneous needle biopsy, mediastinscopy and pleural biopsy.

G ro u p  II ( c o n tro l  p a t ie n ts ) .  T h is  g roup  co m p rised  234 p a t ie n t s  (153 m ales , 

81 females) age 67.2 + 6.6 (mean + S.D.) range 43-85 years, with various degrees of 

airflow  limitation (emphysema, chronic bronchitis, asthma). The diagnosis of each 

case was assisted by measuring the following parameters:- peak expiratory flow rate, 

forced expiratory volume in the standard time of 1 second (FEV^), forced vital 

capacity (FVC) and the ratio of these two volumes which is usually expressed as a 

percentage (FEV/FVC%). N either the Wright peak flow meters nor the vitalograph 

were calibrated each time the measurement was made. Other pulmonary function 

tests were sometimes performed as part of both the assessment and the management 

of each case individually, such as measuring the maximal flow - Volume loop, gas 

transfer factor, arterial P 0 2 and P C 0 2.
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Pack years (PY) of cigarette consumption was assessed from  the age at which 

regular smoking began, number of cigarette smoked per day, pertubation in smoking 

pattern  and f inally  curren t smoking sta tus/date  when smoking ceased. In cases 

where hand-rolled tobacco used, each 1/2 oz tobacco was registered as pack (20 

cigarettes).

3. Laboratory investigations

Various blood parameters were measured for each patien t on the day of their 

admission for bronchoscopy or as in patients, namely, haemoglobin (Hb), leucocytes 

(WBC), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin 

concentration (MCHC), mean corpuscular volume (MCV), packed cell volume (PCV) 

and platelets.

Both routine liver and renal function tests were performed i.e. sodium, potassium, 

urea and  plasma bicarbonate, total protein, albumin, b ilirubin , alkaline phosphatase 

(AIK.p) and aspartate am inotransferase (AST).

4. Occupational history

For each studied subject, a general occupational history was taken. Questions were 

asked about odd-jobs and principal jobs held. Specific questions were put regarding 

asbestos. The occupation history was obtained by asking fo r  the following 

informations:-

A. Dates and types of jobs. I f  the job(s) was relevant to lung cancer carcinogenesis, 

the indiv idual was asked the following questions -

a) What did the company make or do?

b) What did the work involve?

c) Was dust inhaled?

d) Did chemical dust get on the skin?

B. Specific questions were asked regarding national service especially in navy and 

airforce and in particu lar jobs which had involved working in shipbuilding, 

s u b m a r in e s ,  b o i le r  room , h e a t in g  system s, a i r c r a f t  in d u s t r y  a n d  a i r c r a f t
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C. Questions were asked regarding asbestos exposure in London and w hether any of 

the partic ipants in both groups had held job(s) in London docks and or power 

stations.

D. All patients were asked whether or not they have held jobs as garage workers or 

at petrol stations.

E. Each indiv idual was asked about their work in specific occupations to reveal any 

exposure to lung cancer casual agents namely, arsenic compounds (pesticide making), 

plastics (chloroethylethers), nickle (refinery), mining (radioactive gases), oil and tar 

(oil, asphalt plant, coke oven, road maintenance) and asbestos (pipe fitters, millers, 

road repairers, insulation and heating, boilers and shipbuilding).

Interviews were inform al and in a clinical setting.

5. Drug therapy

Concurrent drug treatm ent was taken in detail for each individual who had 

participated in the investigation, also other medications were recorded up to two 

weeks before h is /her  attendance at a chest outpatient clinic an d /o r  hospital 

admission.

6. Family history of cancer

During the same history taking, inform ation was requested regarding family 

structure, causes of death of other first-degree relatives, and known cancer cases in 

first-degree relatives w ith a specific reference to lung cancer. No attempt was made 

to pursue death certificates for these relatives.

7. Exclusion criteria

To minimize both the influence of various pathological conditions and the effect of 

certain drugs on the debrisoquine phenotyping test, the following groups of patients 

were excluded from  both studies I and II:
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a. Patients who had received cytotoxic drug therapy or a course of radiotherapy

b. Patients who suffered  from ischaemic heart disease

c. Patients who were taking drugs known to in terfere  with the debrisoquine 

phenotyping test i.e. metformin hydrochloride, flucloxacillin and 

dextropropoxyphene hydrochloride (Oates et al., 1986).

d. Patients who were taking drugs which would in terfere  with the debrisoquine 

metabolic pathways at the time of the study, namely, beta-adrenoceptor blocking 

drugs, antidepressant drugs (amitriptyline, nortriptyline, desipramine), 

an tia rrhy thm ic  agents (sparteine, encainide) and benzodiazepines.

Patients who were on enzyme inducers (rifam picin, barbiturates, phenytoin, 

carbamazepine, primidone) were also excluded.

e. Patients with one organ or multiorgans fa ilu re  (renal, liver and heart).

f. Patients with severe physical incapacity  an d /o r  with dementia (inability  to 

comprehend protocol and urine  collection procedure).

g. Patients who were suffering  from other cancers including metastases

h. Patients with total debrisoquine u r inary  recovery of less than 5% of the ingested

dose.

3.4.1.2 Study number two

In order to study the effect of cigarette smoke on the debrisoquine metabolic ratios, 

the following study was conducted. 11 (3M, 8F) healthy Caucasian volunteers (31-67 

years) partic ipated  in the study. All were used to attend on a regular basis Drayton 

Park Smoking Advisory Clinic (London N l)  where they participated in a group 

discussion once a week for 3 months, to get advice about how they should give up 

their smoking habits. Only individuals who intended to give up smoking w ithin  one 

month of visiting the clinic were included. 3 females had been on contraceptive 

pills for more than a year, 4 other females were on nitrazepam for more than  2 

years and one male was on penicillin for one week. The participants did not 

consume excessive amounts of alcohol and all were smokers of 20-40 cigarettes/day 

for at least 5 years.
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On day one, two hours a f te r  a light breakfast, each volunteer received an oral dose 

of 12.5mg debrisoquine sulphate (lOmg debrisoquine). The subsequent 0-8 hours 

urine samples were collected and frozen (-20 °C) until required for analysis. At 

days 30 and 60 af te r  they gave up cigarette smoking, the same procedure was 

repeated.

3.4.1.3 Study number three

In order to study the effec t of lung tumours on the debrisoquine metabolic ratios, 

the following study was performed. 6 male cancer patients (all histologically 

diagnosed as squamous cell carcinoma) participated in this study (they were all part 

of study one in this chapter). A fter a light breakfast, each patient received an oral 

dose of 12.5mg debrisoquine sulphate (lOmg debrisoquine). The subsequent 0-8 

hours urine samples were collected and frozen (-20 °C) until required for analysis. 

Within ten days, in patients who had had a surgical resection for the tumour, the 

same procedure was repeated. None of the patients were on any medications which 

might influence the metabolism of debrisoquine (Table 3.16) and all participants 

were stable clinically.

Ethical Considerations

Patients gave inform ed consent and the Project was approved by Hospital Ethics 

Committee.

3.4.2 Methods

3.4.2.1 Determination o f  oxidation phenotype

The oxidation phenotype status [extensive metaboliser (EM)/poor metaboliser (PM)] 

of all patients was determined as follows. A fter an overnight fast, each patient 

received a single oral dose of 12.5mg debrisoquine sulphate (lOmg Declinax, Roch). 

Other medications were deferred  for at least one hour. Subsequently no dietary 

restriction was enforced and patients were encouraged to consume flu id  during the 

day. All urine was collected during the subsequent eight hours. The urine volume 

was recorded amd 10ml aliquot saved in tubes labelled with patien t’s number and 

date of investigation. U rine samples were stored at (-20 °C) and analysed later for 

debrisoquine and 4-hydroxydebrisoquine.
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3.4.2.2 Analysis

This was carried out using the method of Idle et al (1979). The urine (0.1ml) was 

placed in a screw-capped septum vial to which was added 50 u\ of an internal 

s tan d a rd /b u ffe r  solution (5«g/ml 7-methoxy-guanoxan in 1M sodium bicarbonate 

solution) followed by 50«1 hexafluoroacetylacetone and 1ml toluene. The mixture 

was heated in an aluminium block at 100°C for 1 hour, the vial removed and left to 

cool then 3M sodium hydroxide (5ml) was added to hydrolyse the excess derivatizing 

agent and 2ml toluene were added. The reaction vial was vortexed, centrifuged at 

2000 rpm for 5 minutes, and a portion of the toluene layer (1«1) was injected into a 

Pye Unicam GCD gas chromatograph (oven temperature 190 °C, injection port 

tem perature 250 °C), f it ted  with an OV-1 column (3% on Chromosorb WHP, 1.83 in 

length, 3mm in ternal diameter) w ith oxygen-free nitrogen carrier gas flow rate of 

60ml m i n '1 p re s su re  20 p.s.i.g. Bis ( t r i f l u o r o m e th y l ) p y r id in e  d e r iv a t iv e s  of 

debrisoquine and 4-hydroxydebrisoquine were detected using an electron-capture 

detector (tem perature 205 °C). A typical gas chromotographic trace is shown 

(Fig. 3.2). The measurement of metabolic ratio  (% dose excreted as debrisoquine/% 

dose excreted as 4-hydroxy-debrisoquine was made and used as a determ inant of 

phenotype. The assignment of oxidation phenotype was as described by Evans et al. 

(1980, 1983). Subjects w ith metabolic ratio  >*12.6 were phenotypically poor

m e ta b o l is e rs  (PM), w h ile  those  w i th  ^12.5 w ere  p h e n o ty p ic a l ly  e x ten s iv e  

metabolisers (EM).

3.5 STATISTICS

For the statistical analysis, the odd ratio  is used as an estimate of the relative risk 

(RR). R R  and confidence intervals (Cl 95%) adjusted for age, sex, pack-years of 

cigarette use and occupational lung carcinogen exposure were determined by logistic 

regression analysis. For selected analyses, the excess risk and the relative excess risk 

due to in teraction were calculated according to Cole et al. (1971); Rothm an (1984).
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A Z Debrisoquine 

B Zd-hydroxydebrisoquine

C - I n te r n a l  S tandard (IS)

B

F i g u r e  3 . 2  T y p i c a l  c h r o m a t o g r a m  of  d e b r i s o q u i n e  a n d  d - l i y d r o x y -  

d e b r l s o q u l u e .
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3.6 RESULTS 

A. Study number one

Table 3.3 gives the individual details of both cases and controls, namely, age, sex, 

smoking (PY), cell types of lung cancer patients, metabolic ratio  of debrisoquine and 

% re c o v e ry  o f  the  in g e s ted  dose of d e b r is o q u in e  (as d e b r is o q u in e  a n d  4- 

hydroxydebrisoquine) in 0-8h urine collection.

In this study, two groups (I and II) of European Caucasian patients were 

investigated with debrisoquine. Patients with lung cancer and a irflow  limitation 

were of similar age 66.5 + 7.4 (mean + S.D.) and 67.2 + 3.2 respectively, sex ratio 

(M/F) 1.82, 1.89 and smoking history 60.3 + 24.0 (mean ±  S.D.), 59.4 + 21.1 pack-years 

(Table 3.4).

Group I comprised 245 (158M, 87F) lung cancer patients. Various techniques were 

used to obtain tissue specimens. They were bronchoscopy (n= 194), mediastinoscopy 

(n= 9) transcutaneous needle biopsy (n=24) and pleural biopsy/cytology (n=6). The 

p a th o lo g ic a l  d ia g n o s is  was based  on h is to lo g y  (n=108), cy to lo g y  (n=85), or 

histology/cytology (n=44). Tissue samples were classified according to the WHO 

criteria  (WHO, 1967), which revealed 138 (91M, 45F) cases of squamous cell 

carcinoma, 68 (38M, 30F) cases of small cell carcinoma, 30 (22M, 8F) cases of 

adenocarcinoma, 8 (5M, 3F) cases of large cell carcinoma and 3 unclassified or 

poorly d iffe ren tia ted  cell carcinoma (Appendix 1).
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Initials Number Age
( y )

Sex Smoking
( p y )

Cell Type MR Recovery
( % )

WG 1 65 M 120 N 1.1 18.6
AB 2 76 M 75 S 0.1 11.4
FS 3 73 M 40 N 2.5 17.7
AR 4 69 M 75 S 0.6 16.7
HM 7 73 M 100 S 4.3 27.2
AH 8 60 M 120 N 5.9 9.6
RB 9 70 F 33 N 3 12.5
TG 10 77 M 60 N 0.4 14.8
JW 11 65 M 100 N 0.2 20.3
BH 12 73 F 43 0 1.4 13.8
JH 15 66 M 70 0 7 23.3
TM 16 58 M 60 0 2.2 11.7
FH 17 77 M 90 S 1.2 21.7
FW 18 67 M 49 S 0.2 9.9
EF 19 64 M 200 L 0.1 13.6
GI 20 78 M 75 S 0.7 8.8
FI 21 65 M 60 S 0.1 16.2
CO 22 77 M 60 S 0.2 17.5
GF 23 69 M 95 N 3.3 8.5
CL 24 54 M 34 N 1.8 16.4
GB 26 44 M 75 N 0.6 18
PM 27 34 M 20 A 0.1 43
TO 28 70 M 45 0 1.2 27.1
GD 29 70 M 50 N 0.6 35
KG 30 66 F 37 N 0.2 30.9
EH 31 68 M 50 S 0.5 40.8
AO 32 65 F 55 0 0.6 34.8
TH 33 81 M 45 A 27 25.2
PB 34 71 M 100 N 3.1 12.7
BH 35 60 M 52 N 1.9 23.3
TE 36 71 M 60 S 0.6 5.9 .
AA 37 79 M 70 S 0.3 11.4
AJ 38 56 F 60 s 0.3 11.4
EN 39 63 M 45 s 0.3 10.6
CG 40 66 M 50 N 8.6 37.5
AB 42 79 M 140 N 6.5 23.1
DJ 43 70 M 50 S 0.9 12
BH 44 66 M 75 S 0.8 23.9
JD 45 62 M 80 0 1 22.7
W S 46 61 F 70 N 0.4 13.1
MW 47 68 M 40 N 8.6 37.3
WM 48 67 M 35 N 0.3 34.2
ME 49 62 F 50 S 0.3 18.4
AG 50 65 M 50 s 5.1 17.1
OM 51 40 M 60 A 1.8 28.4
JJ 53 68 M 100 A 0.2 7.8
HB 54 69 M 70 N 0.5 24.7
HD 55 57 M 80 N 1.6 6.1
HR 56 65 M 75 0 0.4 28
SC 57 62 M 40 A 0.3 27
JA 59 83 M 55 N 0.7 22.9
HP 60 72 M 60 N 3.1 24
AP 61 71 M 45 S 1.5 33.9
VF 62 63 F 30 N 59.2 30.1
RP 63 56 M 80 N 0.3 24
AS 64 68 F 63 A 0.6 31.4
RM 65 50 M 60 N 0.9 22.4
MJ 66 61 F 40 S 0.2 16.7
FT 67 57 M 45 N 2.8 38.5
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itials Number Age,
(y)

Sex Smoki ng
,(py)

Cell Type MR Recovery
(%)

ID 70 62 M 40 N 62.4 31.7
TE 71 58 F 90 0 0.2 19.2
RV 72 62 F 45 N 1.5 11.9
KC 73 43 F 30 N 0.5 14
MR 75 68 F 35 N 1.1 15
MC 76 60 M 75 N 1.2 22.1
AB 79 61 M 80 0 0.4 8.5
JH 81 68 M 90 N 1.1 19.7
PW 82 66 F 45 0 0.4 8.6
JH 83 72 M 75 S 0.4 26.9
KN 84 56 M 30 0 0.6 27.7
RT 85 63 M 110 N 3 19.1
JD 86 69 M 150 S 100 39
TR 87 68 M 50 s 2.6 16.6
GH 88 65 M 60 s 0.9 37.3
CC 89 74 M 60 s 0.2 17.1
ED 90 78 M 60 N 2 19.2
WH 92 69 M 54 s 0.9 28.1
EP 93 67 M 50 N 2.2 18.6
GG 94 77 M 50 S 0.4 10.9
PC 95 63 M 45 0 0.2 47.5
CC 96 69 M 90 N 50.7 72.4
AD 97 67 M 52 N 1.1 10.1
AC 98 77 M 43 N 0.6 7.6
JK 99 69 F 60 S 0.4 18.8
EB 100 65 F 100 s 0.7 30.9
FP •' 101 73 , M 34 0 0.4 23.1
JH 103 71 F 60 N 50.5 30.9
GK 104 68 M 75 s 2.9 35.6
SH 105 64 F 90 s 0.2 41.4
DL 106 68 M 50 N 3.2 48.6
JW 109 71 M 55 0 0.2 11.5
CR 110 57 M 80 0 0.2 11.8
AR 111 63 M 65 A 1 6.5
EJ 112 67 F 60 0 1 6.8
RO 113 69 F 40 N 0.6 10.6
LH 114 76 F 45 S 0.6 8.4
MC 115 81 M 100 N 0.9 5.1
TD 116 81 M 65 N 2 7.5
RC 117 71 M 50 • S 7.4 9.2
RD 118 66 M 45 0 1.1 16.1
FW 120 62 M 40 N 1.2 8.1
ES 121 73 M 45 S 0.6 14.9
MM 122 77 F 95 s 0.7 19.6
ET 123 65 M 45 N 30.2 59.2
HR 124 80 M 120 L 0.6 9.1
GG 125 66 F 100 0 0.8 13.8
IW 126 59 F 34 L 0.9 22.3
AJ 127 59 F 40 0 0.8 26.6
HC 128 61 M 55 N 3 8.7
SA 129 72 M 50 N 0.3 20.5
EG 130 79 M 60 S 0.4 15
JA 132 73 M 55 N 0.9 30
JP 133 59 M 75 N 0.3 65.8
WB 134 65 M 50 S 0.2 12
CG 135 65 M 40 S 0.6 17.9
MT 136 66 M 75 N 2.4 44
RL 137 75 F 47 A 2.1 9.1
EB 138 68 F 62 S 0.4 10.4
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Ini t ial s Number Age
( y )

RJ 139 60
AC .1.40 67
HP 141 59
ES 142 62
HL‘ 143 83
JC 144 55
TG 145 57
DE 146 57
PD 147 69
AA 148 79
CL 149 76
JK 150 73
AA 151 68
GK 152 59
BL 153 57
GD 154 79
RG 155 64
LS 156 63
JI 157 67
MP 158 59
JF 159 69
EF 160 67
TR 161 71
GG 162 65
LH 163 65
MC • 164 66
CD 165 64
ES 166 67
TK 167 65
CB 168 62
RL 170 77
DC 171 71
DB 172 67
AO 174 71
ES 175 77
WF 176 64
SB 177 79
JM 178 70
LW 179 78
AF 180 55
RE 181 76
EF 182 66
MD 183 68
AB 184 71
PG 185 59
EP 186 69
CG 187 59
EC 188 74
WD 189 80
JS 190 72
MB 191 68
KC 192 59
DM 193 63
VL 194 68
RW 195 63
VH 196 69
EH 197 69
PL 198 75
FW 199 61
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Sex Smoki ng
* (py)

Cell Type MR Recovery
(%)

F 35 N 2.3 23.2
M 90 N 87.3 26.5
M 70 N 1.6 27.9
M 80 N 1.1 14.4
M 40 A 0.2 12.9F 40 0 0.4 19.4
M 80 0 1.1 15
M 50 S 0.4 30.4
M 60 N 57 29
M 60 S 0.3 12.8F 55 N 7 38.2
M 82 0 0.2 24.1
M 37 N 3.3 20.4
M 80 0 0.6 11.4
M 37 0 0.6 62.1
M 63 N 2.5 50.7F 46 N 28.8 11.9F 40 S 0.6 48
M 43 s 0.6 9.9F 34 0 0.5 15.9
M 70 N 1.3 27.2F 65 N 12 92.2
M 88 N 4.5 74.3
M 45 S 0.2 23.8F 50 s 0.9 19.4
M 34 A 0.6 26.4
M 100 A 2.8 9.9
M 75 N 1.9 18.5
M 35 S 0.3 28.7
M 55 N 1.8 27
M 120 X 0.6 15.4
M 43 N 4.7 72.2
M 48 N 1 10.6
M 95 S 0.4 46.6
F 120 0 0.5 22.2
M 34 N 3.8 35F 60 0 0.5 24.9
F 70 L 0.4 16.3
M 120 A 68.8 41.9F 80 S 0.4 25.8
M 44 S 0.7 57.1F 60 N 3.8 76.5
M 45 N 0.7 34.5
F 60 0 0.6 17.5
F 45 N 1.3 54.5
M 75 S 1 15.3
M 40 N 1.5 70.9F 40 S 0.6 57.3
M 100 N 2.8 43
M 60 N 0.8 56.1F 75 S 0.2 65.1
F 30 S 0.3 33.4
M 90 0 0.5 47
F 50 s 0.4 10.8
M 35 N 1.5 15
F 55 s 0.3 10.4
M 50 s 0.1 13.4
F 60 N 1.1 27.8
M 46 N 1.2 47.7
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i t i a 1 s Number Age
(y)

LP 200 69
JS 201 66
EB 202 73
WG 203 67
BG 204 66
WC 205 63
AG 206 69
VM 207 61
HW 208 65
JH 209 64
JM 210 67
GW 211 70
JW 212 67
HF 213 59
RW 214 73
CS 215 78
IP 216 72
MO 217 67
PC 218 54
FC 2.1.9 79
JH 220 69
LA 221 71
JT 222 59
VF 223 70
JB 224 66
GP 225 78
FK 226 59
EW 227 67
PR 228 64
FS 229 70
FB 230 76
SS 231 73
JB 232 68
TR 233 65
MS 234 58
AN 235 71
GW 236 78
MB 237 78
EG 238 72
CH 239 70
CR 240 74
JR 241 67
EK 242 68
CS 243 70
JP 244 75
FF 245 61
CO 247 74
DT 252 56
HE 254 71
JS 255 55
JN 256 64
EL 257 59
LM 258 68
HW 259 61
GK 260 64
TM 261 66
GR 262 71
LO 263 68
JM 264 74

Sex » Smoking Cell
(py)

F 55 N
M 34 S
M 55 N
M 44 N
M 100 S
M 80 N
M 80 N
F 40 S
M 75 0
M 90 N
M 70 N
M 90 0
M 75 s
F 80 0
M 43 A
F 120 N
F 55 L
M 30 N
M 34 0
M 60 s
F 105 0
F' 52 N
M 60 s
F 100 N
M 40 S
M 55 N
M 34 N
F 60 N
M 35 N
M 45 S
M 100 N
M 55 0
F 45 N
M 50 S
F 38 0
M 55 s
M 60 N
M 100 N
F 75 N
M 40 A
M 62 S
F 34 0
F 45 s
M 48 s
M 55 A
F 75 0
M 90 N
F 40 0
M 88 N
M 40 N
M 40 0
M 40 s
M 75 0
F 40 0
M 55 . N
F 50 N
M 67 N
M 50 S
F 80 N
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MR Recovery
(%)

2.6 10.1
0.4 14.2
0.6 17.1
0.9 15.6
1.2 65.6
11.2 36.6
1.5 14.9
0.4 45.8
0.4 25.6
64 65
0.7 133.8
0.3 7.1
0.7 18.8
0.4 12.3
0.6 25.1
0.2 32.6
1.2 26.8
0.9 64.4
0.4 34.1
0.6 25.7
0.4 9.7
41.7 98.3
0.6 6.2
1.1 39.9
0.2 52.2
1.1 39.9
3.6 47.8
1.7 12
25.8 86
0.4 27.9
7.8 55.7
0.7 19.3
1.9 27.5
0.3 12.9
0.3 8.3
0.9 26.1
3 18.3
0.7 43.5
2.3 21.5
0.3 15.9
0.4 12.2
0.3 25.2
0.1 41.4
0.9 42.9
1.1 7.6
3 35.7
2.7 30.7
0.2 10.9
4.5 74.3
3.8 69.8
1.1 26.8
0.1 87.6
0.4 28.4
0.3 14.5
5.2 18.9
1.5 28.6
2.7 32.3
0.4 15.2
10.3 38.5
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itial 5 Number Age
( y )

k g 265 74
PC 266 74
GG 267 67
ww 268 64
DT 269 59
EP 272 62
FW 273 68
EB 274 75
BG 275 59
w s 276 71
HT 277 67
CG 278 63
AH 279 59
CW 280 74
JT 282 74
LS 285 69
MH 286 58
CD 287 70
RH 288 67
JO 289 69
EP 290 54
FD 291 69
CM 292 63
AD 293 66
LF 294 71
CM •. 295 67
AW 296 61
MM 297 59
WC 298 67
FP 299 46
MC 300 63
RT 302 72
CM 303 65
JV 304 73
JC 305 68
BS 306 66
CB 307 70LR 308 55
EW 309 72
PS 310 62WC 311 66
RR 312 74
FP 313 67SR 314 69
AO 315 70AR 316 64
MR 317 67
CB 318 66
WM 319 63
SP 320 59AS 321 66GA 323 67GC 324 64
MH 325 69
FT 326 71
AP 328 66
DP 329 69
JT 330 66
FW 331 59

Sex Smoking Cell Type
( p y )

F 55 N
M 12 0 N
M 60 N
M 34 N
M 40 N
F 75 A
M 65 N
F 55 S
F 50 S
M 40 N
M 80 N
M 46 N
F 40 S
M 80 0
M 10 0 s
F 40 s
F 45 s
M 70 s
M 53 s
F 56 N
F 39 0
M 52 N
M 60 A
M 55 N
F 75 S
F 40 0
M 45 N
M 40 0
M 50 s
M 60 0
F 120 s
M 55 s
F 48 N
M 83 U
M 50 N
M 40 N
F 50 S
F 37 A
F 53 S
M 58 S
M 75 N
F 60 N
M 55 N
F 55 S
F 55 N
F 41 S
F 48 S
M 50 0
M 48 A
F 50 0
F 100 N
M 55 S
M 45 N
F 60 N
M 53 A
F 43 S
F 52 S
M 50 N
M 45 S
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MR Recovery
(%)

0.7 14.8
1.1 6.2
80 41.5
1.2 16.6
0.6 7.5
0.5 39.7
1.1 8
0.8 24.2
0.1 11.2
3.4 17.7
0.7 16.7
6.6 9.9
0.4 15.2
0.3 26.7
0.3 27.7
0.4 17.4
1 8.6
2.9 47.9
0.6 46
5.1 8.6
1.1 18.1
0.8 27.4
0.6 18
10.5 6.9
0.6 8.9
0.2 52.3
1.9 27.2
0.5 24.8
0.5 31.1
0.3 48.5
1.2 6.9
0.3 50.8
5.3 26.9
0.8 46.4
4.5 14.3
2.2 9.6
0.3 50.9
0.3 33.7
1.1 24.5
0.8 13.3
0.7 14
0.9 5
2.3 29.3
0.8 10.1
4.1 10.8
1 14.1
0.3 7.3
0.6 25.6
0.6 40.8
0.7 9.6
11.3 8.8
0.3 16.6
0.7 61
0.9 14.4
1 10.6
100 31
0.7 28.1
1.3 15.8
0.4 23.1
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ti al s Number Age
(y)

Sex Smoki ng 
(py)

Cell Type MR Recovery
(%)

DG 333 60 F 70 0 0.3 62.6
FW 334 59 M 50 N 3.3 70.3
SL 335 59 M 45 S 0.8 66.7
DN 337 68 M 48 S 0.3 55.7
BW 338 61 F 43 N 0.9 46
JT 339 64 M 45 N 0.6 25.7
CP 340 57 M 80 N 8.5 36,2
LB 341 64 F 45 S 0.3 45.9
JK 344 66 F 55 N 1 12.2
FO 345 68 M 50 S 0.5 11.8
FC 346 71 M 55 S 0.5 27.1
LA 349 63 M 50 N 0.9 53.9
PC 353 62 M 45 N 0.6 17.2
AC 354 68 M 55 N 2.4 21.8
AB 355 59 M 40 S 0.5 17.5
LM 356 59 M 50 0 0.4 34.7
PH 357 77 M 46 s 0.9 28.1
PW 358 57 F 80 N 1 49.6
FG 359 67 M 74 N 28.3 35.1
EW 360 69 F 110 N 0.9 46
GH 361 69 M 52 N 3.7 59
JI 362 66 M 45 S 0.7 9.8
MH 363 63 F 45 . s 0.1 26.4
PJ 364 72 M 46 N 0.6 12.9
AG 365 61 F 45 N 2.1 18.1
FF 367 73 M 55 L 0.4 36.2
LM 368 65 F 47 N 1.5 37.2
BB 369 63 F 25 . N 17.7 41.1
EM 374 59 F 55 S 0.4 61.7
EW 375 55 F 60 0 0.3 15.7
SN 377 69 M 55 N 0.3 65.4
AJ 378 78 M 38 N 2 115
RM 379 54 M 80 0 0.5 10.6
JR 381 72 F 58 N 1.3 25.4
FM 383 68 M 50 S 0.2 63
MD 384 76 M 60 N 0.3 47.9
JH 386 59 M 60 A 0.4 8.8
CS 387 65 M 60 S 0.4 6.6
RC 388 72 M 84 N 47.5 29.1
AC 389 63 F 55 S 0.2 65.2
JS 390 69 M 48 0 0.5 33
BC 391 66 F 50 N 0.4 14.8
JK 392 69 M 90 S 0.2 33.7
FG 393 70 F 110 N 6.5 12
AG 394 68 F 84 N 7.5 71.8
AG 395 71 M 75 S .1.1 12
FC 396 75 F 55 N 7.3 43.7
HC 397 62 M 47 N 0.4 9.7
CG 398 70 M 45 0 0.3 23.2
MB 399 64 F 90 s 5.7 52.2
AB 400 80 M 40 A 2.4 78.6
JB 401 68 F 53 S 0.3 14,8
EB 402 70 M 40 A 0.6 11.4
CB 403 61 M 80 L 0.5 30.5
CB 404 62 F 45 S 0.3 88.9
EB 405 69 F 100 0 0.7 8.9
CC 406 70 F 52 N 3.1 10.6
WC 407 67 M 35 N 1.2 29.9
ED 409 69 F 53 N 0.4 18.4

J  J  J
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Sex Smoki ng
*(py)

Cell Type MR Recovery
(%)

ED 410 53 F 45 N 0.3 10.8
ND 411 68 M 110 N 1.1 11.8
RL 412 60 F 60 N 4.7 8.5
MM 413 68 M 53 N 0.8 11.7
EF 414 67 M 40 S 0.3 8.4
CT 415 66 M 50 N 0.4 21.8
ES 416 65 M 100 N 0.3 58.9
PG 417 65 M 50 S 0.3 9.8
FH 418 59 M 80 N 3.6 68.5
EH 419 68 F 52 N 1.2 10.5
RH 420 69 M 37 N 3.7 14.1
JH 421 67 M 84 N 2.6 8.2
GF 423 66 M 80 0 0.4 107
EG 424 63 M 48 N 4.8 11.6
WG 425 57 M 40 N 1.3 11.5
JH 426 73 M 110 S 0.5 5.5
EH 427 73 F 30 0 0.5 6.5
FH 428 58 F 80 s 0.7 33.1
CG 429 66 M 46 . N 1.2 24.6
TG 430 63 M 47 s 0.7 17.4
AC 431 67 F 39 N 2.7 43.8
BM 432 64 F 47 N 0.3 14
MP 433 60 F 66 N 7.3 83.1
RO 434 64 F 40 N 0.5 8.1
DP 435 63 F 48 N 1.4 29.7
CP 436 71 F 65 N 4.3 62.5
MR 437 59 F 45 N 0.6 22.5
AR 438 80 F 55 N 1.4 21.4
RH 439 74 F 35 A 0.3 9
AH 440 83 M 65 S 2 8.9
WH 441 61 M 90 S 0.4 6
FG 442 62 M 48 N 1.1 11.4
RW 443 73 F 56 N 3.1 5.3
JT 444 59 F 43 S 0.9 5.7
HG 445 59 M 80 0 0.2 25.9
LS 446 79 F 45 A 0.3 10.7
CF 447 64 F 46 N 2.1 5.9
MB 450 60 M 45 N 35.2 57.9
SC 451 79 M 40 N 0.2 12
GC 452 78 M 40 S 0.1 23
CW 454 57 F 40 N 2.7 16.3
PR 455 62 M 45 N 0.7 30.6
EA 456 59 F 43 N 0.6 46.3
LC 457 81 M 65 A 1 8.5
PP 458 59 M 160 S 1.3 11.4
WY 459 56 M 60 0 0.4 119.6
MC 460 62 M 60 N 5.9 9.5
RK 462 77 M 45 0 0.6 67.8
AB 463 58 M 40 N 100 29.6
FB 464 75 M 70 N 100 18.3
WB 465 85 M 70 N 1.1 104.6
PM 466 64 F 38 N 1 38.8
RS 467 80 F 55 N 0.4 14.6
RS 469 70 M 55 S 0.8 8.4
JM 471 67 F 52 N 7 11.4
BM 472 67 F 52 N 10.5 12.6
FM 473 72 F 110 N 2.4 22.2
RM 475 80 M 65 N 0.7 20.9
ID 476 59 F 40 0 0.4 50
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tials Number Age
(y)

Sex

FT 477 68 M
IM 480 70 M
GD 481 73 M
LS 483 68 M
AL 483 77 M
AR 484 63 M
EE 485 67 M
AG 486 68 M
LF 487 68 M
EB 488 71 F
RB 489 71 M
JF 490 70 M
JM 491 69 M
EM 493 74 F
SS 493 61 F
RF 494 77 M
MW 495 74 M
MW 496 66 M
PL 497 57 F
JA 498 69 F
JB 500 59 F
EH 503 60 F
LL 503 80 F
EW 504 63 M
ST 505 78 M
JM 506 80 M
GG 507 70 M
CM 508 69 M
BM 509 68 M
RS 510 70 M
JT 511 63 F
TM 513 74 M
JM 513 53 F
MM 514 66 M
CM 516 44 M
SB 517 69 M
LH 518 71 F
MS 533 67 F
DO 533 64 M
RH 534 80 M
TC 535 66 M
MA 537 69 F
MJ 538 66 M
PM 539 64 M
WB 530 64 M
MY 533 61 F
SS 534 63 F
AR 536 66 F
BS 537 54 F
MM 538 57 F
DR 539 71 F
MO 541 68 F
GT 546 67 M
AW 547 80 M
RO 548 66 M
LH 570 77 M
GH 573 79 F
RH 573 68 M
JM 574 56 M
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Type MR Recovery
(*)

S 0.6 11.3
N 0.6 38.5
N 39 36
N 1.1 6.6
N 1 7.3
N 0.4 1L8
S 0.1 39.6
S 3 14.1
A 4.4 30.9
N 1.6 34.4
N 1.5 45.1
N 1.8 5.4
N 1.8 60.4
N 3.3 11.5
N 0.4 9.9
S 4.4 63.7
S 0.3 49.8
s 1.5 13.7
0 0.5 70.6
s 1.3 10.7
0 0.4 13.8
N 3.7 41.5
N 100 33.9
0 1.9 38.4
s 0.6 30.9
s 0.8 16.5
N 3.5 7.7
s 0.4 6.4
p 1.4 31.9
L 0.3 69.3
N 1.1 5.5
S 0.1 15.7
0 0.6 15.9
s 0.1 18.9
A 0.5 5.6
0 0.7 14.9
N 1.4 13.9
N 6.3 19.7
N 1.3 8.9
N 0.3 58.6
N 6.3 11.6
N 3.3 57.3
N 0.8 10.4
N 3.5 63.4
N 1.1 37.8
N 0.5 9.6
S 1.4 6.8
A 0.7 7.1
S 1.3 7.5
0 0.4 35.7
A 3.3 41
N 1.9 50
N 1.4 53.7
N 0.7 15.4
N 3.4 60.5
N 4.4 30.1
N 1.1 31.6
N 0.7 98
N 6.8 41.6

Smoki ng
(py)

53
55
78
53
56
47
53
80
100
36
47
54
53
88
30
90
50
50
30
110
86
43
60
55
60
63
55
78
53
45
43
56
38
100
55
54
80
90
43
63
50
53
50
34
47
38
39
39
33
41
34
53
50
55
60
63
45
53
40
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Initials Number Age
(y)

Sex Smoki ng
, ( p y )

Cell Type MR Recovery
m

LL 575 61 F 60 N 18,9 30.5
II 578 64 M 96 N 3.2 37.8
DK 579 71 M 38 N J.,4 11.4
JN 580 66 M 55 N 1.2 5.1
JE 581 73 F 80 N 4.1 7,6
AC 582 69 F 90 N 2.3 55.7
ET 999 66 M 50 S 0.1 79.2

N  » .  C o n t r o l
S  b  S q u a m o u s  c e l l  c a r c i n o m a  

0  S m a l l  c e l l  c a r c i n o m a

A  «  A d e n o c a r c i n o m a  

L  a  L a r g e  c e l l  c a r c i n o m a

, M R , n  D e b r i s o q u i n e  m e t a b o l i c  r a t i o

o/o R e c o v e r y  »• %  r e c o v e r y  o f  t h e  a d m i n i s t e r e d  d o s e  o f  d e b r i s o q u i n e  ( l O m g )

d u r i n g  0 - 8  h o u r s  u r i n e  c o l l e c t i o n
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Table 3.4 Selected characteristics of lung cancer patients and airflow limitation 

controls

Param eters

Lung cancer 

mean + SD

A irflow  lim itation  

mean + SD

Age

Smoking pack years 

Sex M : F

% drug recovery (0-8h)

66.5 ± 7.4 

60.3 ± 23.9 

159 : 86

59.4 + 21.1

67.2 + 6.6

153 : 81

D ebrisoquine

4-hydroxydebrisoquine

Total

9.2 ±  8.3 

16.5 ± 14.6 

25.7 + 19.1 30.5 + 23.5

19.7 ± 18.0

10.8 + 12.0

Group II was of 234 (153M, 8 IF) patients w ith airflow  lim itation. Patients were 

diagnosed according to the follow ing physiological param eters i.e. peak expiratory  

flow ra te , forced  expiratory  volume in  1 second (FEV j), forced v ita l capacity (FYC) 

and the ra tio  FE V j/V C  %.

Table 3.5 shows the d istribu tion  of the histological subtypes of lung cancer patients 

by age and sex. It also shows the d istribu tion  of controls according to the same 

param eters.

Table 3.5 The distribution of study group members by age, sex and disease.

Male Femlae

Age (year) 30+ 60+ 65+ 70+ to tal 30+ 60+ 65+ 70+ total

I lung cancer 25 17 55 62 159 26 17 25 18 86

squamous cell 7 4 42 38 91 10 13 15 7 45

small cell 14 6 9 9 38 14 3 8 5 30

adenocarcinom a 4 5 3 10 22 1 1 2 4 8

large cell 0 2 0 3  5 1 0 0 2 3

others 0 0  1 2 3 0 0 0 0 0

II airflow  
lim itation 18 34 55 46 153 7 20 27 27 81
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The results showed tha t patien ts had also sim ilar levels of N a+ (137 + 6 (mean + SD), 

137 + 4mM) in cases and controls respectively, HCOs (27.0 + 5.4, 26.8 + 4.9mM0, urea 

(5.0 + 1.3, 5.1 + 1.6mM), to tal protein  (70.5 + 4.8, 70.9 ±  5.0 gL"1) and b ilirub in  (8.6 + 

8.7, 8.0 + 7.6 uM) and com parable w hite cell counts (WCC) (9.0 + 3.2, 8.7 + 2.7 X 10L 

-1), mean corpuscular haem oglobin concentration (32.7 ± 2.2, 32.8 + 2.0gm per 100ml) 

and p latelet count (321 + 85, 325 + 89 X 109L_1 . Values fo r plasm a K +, album in, 

a lkaline phosphatase (AIKp), asparta te am inotransferase (AST), haem oglobin (Hb), 

packed cell volume (PCV), mean corpuscular volume (MCV) and mean corpuscular 

haem oglobin (MCHC) all showed small but s ta tistically  s ign ifican t d ifferences 

between the two groups, but nevertheless fe ll w ith in  the ‘norm al’ clinical range 

(Table 3.6).

Table 3.6 The measured parameters for both blood chemistry and haematology of 

the study group patients.

M easured param eters A irflow  lim itation  Lung cancer
mean +SD mean + SD

(range) (range)

A. Blood chem istry

sodium 137.4 + 4.43 137.2+ 5.6
(125 - 148) (116 - 148)

potassium 4.06 + 0.47 3.9 + 0.54
(2.8 - 5.1) (2 - 5.3

total C 0 2 26.8 + 4.9 27 + 5.4
(18 - 37) (19 - 41)

urea 5.1 + 1.6 5.0 + 1.3
(1 - 9.9) 1.9 - 8)

to tal protein 7 1 + 5 70.5 + 4.8
(58 - 96) (59 - 89)

album in 37.8 + 3.4 36.8 + 4.2
(25 - 55) (25 - 69)

b ilirub in 8 + 7.6 8.6 + 8.7
(1 - 29) (2 -4 1 )

AIK P 68.5 + 22.6 81 + 22.7
(5 - 132) (7 - 138)

AST 23.7 + 10.5 27.1 + 1420.1
(3 - 88) (3 - 100)
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B. Haematology

w c c 8.65 + 2.5 9.02+ 3.17
(2.2 - 17.8) (1.5 - 22)

Hb 14.6+ 2 13.4 + 3.17
(8.6 - 19.7) (9.6 - 21.2)

PCV 4 6 +  5.7 42.7 + 5.2
(33 - 61) (9 - 73)

MCV 83.4 + 10.4 78.4+ 9.1
(60 - 110) (57 - 112)

MCH 30.5 + 2.3 29.1 + 2.3
(23.1 - 36.4) 22.4 - 35)

MCHC 32.8 + 2.0 32.7 + 2.2
(25.8 - 38.6) (22 - 40)

platelets 324 + 89.4 321.3 + 85.49
(107 - 641) (95 - 657)

Table (3.7) shows the num ber of patients in both groups w hich have haem atological 

or biochem ical param eters above or below the clin ical range of each m easured 

param eter (Appendises 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13).

D ebrisoquine 4-hydroxylation showed several major d ifferences between lung 

cancer and control cohorts (Figure 3.3). The m etabolic ratios fo r smoking controls 

included 21 recessives (value >12.6) and d istribu ted  across the fu ll range of values. 

On the other hand, the m etabolic ratios fo r cancer patients contained  only 4 

recessives and were aggregated tow ards the le ft end of the spectrum  of m etabolic 

ratios. F igure (3.4) shows the com bined data  in logarithm ic form , w hich both 

compresses and norm alizes the d istribu tion . A nalysis of fam ily  pedigrees and a 

sim ilar d istribu tion  fo r a healthy w hite British population (Evans et al., 1983) has 

allow ed estim ation of the (mean + SD) log10 m etabolic ratios fo r homozygous 

e x te n s iv e  m e ta b o lis e r , h e te ro z y g o u s  e x te n s iv e  m e ta b o lis e r  a n d  recessive poor 

m etaboliser genotypes as 0.26 + 0.23, 0.13 + 0.33 and 1.44 + 0.31, respectively. The 

add itive  cancer and control d istribu tions have major modes a t 0.37, 0.05 and  1.75, 

w hich certain ly  correspond to the three genotypes (F igure 3.4). In th is study, most 

cancer patients w ith  log10 m etabolic ratios of less than 0 (193/245, 78.8%) probably 

have homozygous dom inant genotypes, whereas the m ajority  of smoking controls 

(148/234, 63.2%) w ith  log10 values between 0 and 1.1 are probably heterozygotes.
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Probably homozygous individuals, in  the control group were 27.8% (65/234) 

extensive metabolizers and 9.0% (21/234) poor metabolisers genotypes. The 

inspection of the extrem ities of the d is tribu tion  reveals not only tha t there are no 

controls w ith  ratios of 0.1 - 0.2, but also the poor m etbaolizers mode is almost devoid 

of cancer patients. Of fou r cancer patients w ith  a poor m etabolizer phenotypes, two 

were adenocarcinom a patients. A lthough more 4-hydroxydebrisoquine is recovered 

in cases and more unchanged debrisoquine is recovered in controls, the sum of these 

two quan tities is sim ilar (Table 3.4, 3.8). Ind iv iduals w ith  % to tal recovery less than 

5% were not included in this study.

The association between specific histologic types of lung cancer and debrisoquine 

m etabolism were exam ined w ithin  pack-year groups (<40 pack-years, 41-50 pack- 

years, 51-70 pack-years and 71+ pack-years). The debrisoquine hydroxylation status 

associated w ith lung cancer risk doesn’t appear to be altered  in  any way by smoking 

status (3.5, 3.6). F igure (3.7) shows th a t there is no association between the 

debrisoquine m etabolic ratios and smoking (PY) in control series.

Table (3.8) shows th a t the d istribu tion  o f the extensive m etabolisers of debrisoquine 

(MR<1) is even in all subtypes of lung cancer regardless of sex, smoking (PY) and 

the % recovery of the ingested compounds.

The possibility tha t m edications m ight have an e ffec t on the debrisoquine m etabolic 

(D /M R) was considered. Patients on a num ber of drugs known to influence the 

(D/M R) or in te rfere  w ith assay were excluded from  both studies (Table 3.16).

In this study, drug used was recorded. The num ber of ind iv iduals on each drug is 

noted in table (3.9). Using a non-param etric ranking  statistical approach (Wilcoxon), 

no drug showed a statistically  sign ifican t deviation of (D /M R) in both groups 

(Appendices 14, 15).

Table 3.9 The number of individuals on each drug used by both groups of patients.

Controls Cases

am inophylline 21 10
salbutam ol 117 71
ip ratrop ium  brom ide 35 11
beclomethasone 36 15
chlorm ethiazole 2 4
atropine 11 55
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m u ltiv ite
p a ren tro v ite
am p ic illin
q u in in e  su lphate
n itrazep am
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vitam in B 1 0
folic acid 2 0
tetracycline 0 1
brom hexine 1 1
flucloxacillin 1 1
triam terene 1 0
flurazepam 3 1
orciprenaline 1 0
glyceryl tr in itra te 2 0
betam ethasone 1 0

For the analysis of lung cancer risk w ith respect to debrisoquine metabolism, A - 

subjects were categorised as poor (MR >12.6) or extensive (MR <12.6) metabolisers. 

This study shows tha t few er lung cancer cases than controls were poor m etabolizers 

(1.6% versus 9.01% P <0.01). Poor metabolisers thus have one f if th  the risk of 

smoking - related  lung cancer of extensive m etabolizers. B - subjects were 

characterized  as poor m etabolisers recessive (MR >12.6), probably heterozygotes 

dom inant or in term ediate (MR = 1-12.6) and homozygotes dom inant or extensive 

metabolises (MR <1). Setting the rela tive risk for lung cancer to 1.0 fo r the poor 

metabolisers group, the age and sex adjusted, re la tive risk (RR) fo r lung cancer in 

the in term ediate  group is not statistically  s ign ifican tly  elevated (RR = 1.5, 95% Cl =

0.4 - 5.8).

Table 3.10 Relative risk (RR) of developing lung cancer in smokers by debrisoquine 

metaboliser status

D ebrisoquine Phenotypes 

Study group (n) Poor (PM) Interm ediate  Extensive

(IM) (EM)

MR > 12.6 MR = 1-12.6 MR = < 1

40 201

143 70

1.6 17.0

(0.4 - 7.0) (4.3 - 75.9)

A djusted fo r age (30-59, 60-64, 65-69, 70+) 

sex and pack-years (<40, 41-50, 51-70, 71+)

Lung cancer patients 4

A irflow  lim itation  = 21

RR (95% Cl) 1.0

(range) (0.4 - 7.0)
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H owever, fo r the extensive m etaboliser group, the re la tive risk is 13.0 (95% Cl : 4.0 - 

47.3). When adjusted fo r age, sex and smoking, the resu ltan t relative risks are R R  -

1.6 fo r the in term ediate  group and 17.0 fo r the extensive m etabolizers group 

Table (3.10).

The da ta  show a m arginal i f  any, d ifference in risk between poor and in term ediate  

m etabolizers of debrisoquine, while a strong risk is associated w ith  extensive 

m etabolism  of debrisoquine.

In Table (3.11) the re la tive risks are shown by cell types and sex fo r extensive 

m etabolisers as com pared to both the poor and in term ediate  m etaboliser groups 

com bined. For males the lowest risk is associated w ith  adenocarcinom a, although 

fo r this group, as fo r all other groups, the elevation in risk is sta tistically  

s ign ifican t.

The high risk  fo r adenocarcinom a in females is based on only 8 cases and  may not 

be a reliab le  estim ate, as ind icated  by the wide associated confidence in te rva l (1.5 -

Table 3.11 The relative risk for lung cancer among extensive metabolisers of 

debrisoquine by sex and cell type.

121.1).

Cell type Males Females Total

R R 2 (95% Cl)R R 1 (95% Cl) R R 1 (95% Cl)

Squamous cell 

Small cell 

A denocarcinom a

All 8.9 (5.1-15.7) 12.5 5.3- 30.3 9.9 (6.3-15.8)

9.7 (4.9-19.8) 12.2 4.3- 36.2 10.5 (5.9-18.7)

10.4 (3.8-29.5) 16.9 3.9- 84.5 12.3 (5.4-28.5)

4.8 (1.6-14.3) 11.8 1.5-121.1 6.0 (2.3-15.6)

1. A djusted  fo r age

2. A djusted  fo r age and sex

For each subject, a general occupational history was taken in a clin ical setting. 

Q uestions w ere asked about tem porary and principal jobs held. Specific questions 

regard ing  asbestos exposure were asked. For analysis of the data, subjects were
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placed in one of three categories, unlikely, possible, or likely occupational exposure 

to polycyclic arom atic hydrocarbons, and asbestos. Indiv iduals classified as having 

"likely" exposure to asbestos had worked in occupations such as pipe fitters , 

sh ipyard  w orkers, boilerm en or in the construction trades, or had stated  expsoure to 

asbestos. Those w ith "likely" exposure to polycyclic arom atic hydrocarbons had 

worked fo r example as asphalt w orkers, or truck  drivers. Subjects w ith  no stated 

exposure who worked in setting considered unlikely  to encounter occupational lung 

carcinogens e.g. housewives, o ffice workers, were classified as "unlikely" w ith  regard 

to each exposure. Individuals tha t f i t  neither category were classified  as "possible" 

w ith regard  to occupational expsoure (Table 3.12).

Table 3.12 The relative risk of lung cancer in male by occupational expsoure to lung 

carcinogens.

O ccupational exposure Lung cancer Control R R 1 (95% Cl)

A. Asbestos 

None 111

Possible 31

Likely 17

B. Polycyclic arom atic hydrocarbone

None 76

Possible 72

Likely 11

R R  : re la tive  risk, Cl, confidence in terval

The re la tive risk fo r lung cancer was assessed in relation to a job history  of possible 

or likely expsoure to lung carcinogens Table (3.12). O f the 167 fem ales in both 

groups I and II, only one was classified as having likely exposure to occupational 

lu n g  c a rc in o g e n s . F o r m en w ith  p o ssib le  an d  lik e ly  ex p o su re  to asbesto s, 

irrespective of debrisoquine phenotype, the associated risks were R R  = 1.2 (Cl 95%,

0.7-2.3) and R R  = 3.1 (Cl 95% 1.0-9.4) respectively. S im ilarly, fo r men w ith  possible 

and likely exposure to polycyclic arom atic hydrocarbons the associated risks were 

R R  - 1.4 (Cl 95%, 0.9-2.4) and RR = 2.5 (Cl 95% 0.8-8.9) respectively (Appendices 

16, 17, 18, 19).

91 1.0

57 1.5 (1.0 - 2.5)

5 2.4 (0.8 - 7.4)

121

26

1.0

1.2 (0.7 - 2.2) 

2.9 (1.1 - 7.7)
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Table (3.13) shows the risks associated w ith  debrisoquine m etabolic ratios and 

occupational exposure to asbestos and polycyclic arom atic hydrocarbons. Among 

those not exposed to occupational lung carcinogens, extensive m etabolisers are a t a 

3.1-fold risk com pared to both poor and in term ediate  m etabolisers. W ithin the 

extensive m etaboliser phenotype, the risk fo r lung cancer increases fu rth e r  w ith  

possible and likely exposure to both occupational lung carcinogens. The increased 

risk  among extenisve metaboliser w ith likely asbestos exposure is 35-fold (95% Cl : 

3.9-31.7) com pared to non exposed poor and in term ediate  phenotypes. A 17-fold 

elevated risk is found fo r polycyclic arom atic hydrocarbon exposure (95% Cl : 

4.6-61.4).

B. Study number two

The m etabolic ratios (0.4-2.2) obtained prior to giving up smoking ind icate  th a t all 

volunteers had extensive m etaboliser status. These values did not a lte r sign ifican tly  

at days 30 and 60 (Table 3.14).

Table 3.14 The influence of cigarette smoking on the debrisoquine metabolic ratios

D ebrisoquine m etabolic ratio

No day 1 day 30 day i

1 0.6 0.6 0.4

2 1.8 2.0 1.9

3 0.4 0.7 0.4

4 0.9 1.0 1.0

5 1.1 1.1 1.3

6 0.6 0.7 0.5

7 2.2 1.8 1.8

8 1.0 1.0 0.9

9 0.6 0.6 0.6

10 0.4 0.8 0.9

11 1.5 1.3 1.3

(0.4-2.2) (0.6- 1.8) (0.4-1.8)
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Tum our resection in  six patients w ith squamous cell carcinom a d id  not a lter the 

m etabolic status in any of them. All had extensive m etaboliser status before (0.2-

0.8) and  a fte r (0.6-1.3) the operation respectively.

3.7 DISCUSSION

In recent years, evidence has accum ulated which shows th a t in  experim ental anim als 

genetic factors can m arkedly influence the incidence of spontaneous or chemicaly 

induced tumours. In man, the situation is less clear and more com plicated. There 

are some rarely  occurring cancers fo r which one or several genetic facto rs have been 

clearly established. Such neoplasms include fo r exam ple retinoblastom a, basal cell 

carcinom a, phaeochromocytom a and polyposis coli (F raum eni 1973). These cancers 

are inherited  in a M endelian pattern , thus ind icating  a single-gene transm ission. 

Some other tum ours, occur as a com plication of inherited  precursor lesions w hich 

are clin ically  recognizable such as Bloom’s syndrom e, neurofibrom atosis and 

m ultiple exostoses. It is not en tirely  clear w hat role environm ental conditions play 

in the pathogenesis of hered itary  neoplasms. They are considered to be minor 

im portance, but can increase the risk of cancer in certain  pre neoplastic states.

Though genetic factors have been well established fo r a few  rare  hum an cancers 

un til recently  there has been a little  evidence available to substan tiate  the same for 

the common cancers such as lung, colon and breast.

D uring the last three decades, a slow but a steady progress has been made in our 

understanding  regarding the role of various genetic elements in the pathogenesis of 

lung cancer in smokers. T okuhata and L illienfeld  (1963) com paring relatives of 

lung cancer patients w ith those of m atched controls, proposed more than 25 years 

ago th a t genetic factors together w ith certain  environm ental agents play a role in 

the aetiology of lung cancer. The im portance of the ir find ing  is also revealed by 

the results of two recently  conducted studies. Ooi et al., 1986, studied fam ily 

members of 336 deceased lung cancer probands and 307 controls (probands spouses). 

They found tha t f irs t degree relatives of probands com pared w ith  f irs t degree 

relatives of controls showed an excess of lung cancer. In the ir study, the crude risk 

fo r lung cancer tha t still rem ains a f te r  accounting fo r any com peting effects of age,
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sex, smoking and occupation was estim ated to be 2-4 by logistic regression. They 

also observed a 4-fold greater risk among parents of probands com pared w ith 

parents of spouses which implies tha t a fam ilia l risk is detectable over many 

generations. The authors concluded th a t the role of a pu ta tive genetic fac to r in 

permissiveness in cancer causation is evident, otherw ise the response of proband 

fam ilies to environm ental stim uli would be expected to parallel closely tha t of 

spouse fam ilies. Lynch et al. (1986) evaluated the cancer risk in relatives of 254 

consecutive probands w ith histologically verified  lung cancer and 231 probands 

w ith o ther smoking related cancers. The authors observed an excess of lung cancer 

in those relatives of lung cancer probands. T heir find ings suggest a potent fam ilia l 

effect on the developm ent of lung cancer in smokers.

In  th is  s tu d y  245 new ly  d iag n o sed  lu n g  ca n c e r p a t ie n ts ,  a ll  sm okers  w ith  

histologically proven bronchogenic carcinom a, have been investigated by means of 

debrisoquine hydroxylation and their results were com pared w ith  those obtained in 

234 smokers w ith airflow  lim itation but w ithout evidence of carcinom a.

The results revealed four find ings : (1) the control groups yielded a frequency 

d istribu tion  of debrisoquine m etabolic ratios closely sim ilar to th a t given by healthy 

volunteer subjects, (2) there were sign ificantly  few er "poor metabolizer" phenotypes 

amongst the controls, and (3) the frequency d istribu tion  curve in extensive 

m etabolizers is m arkedly sh ifted  tow ards lower ratios in cancer patien ts as 

co m p ared  w ith  co n tro ls , (4) g e n e tic a lly  d e te rm in e d  a b i l i ty  to m e tab o lise  

debrisoquine effic ien tly  is associated w ith  a m arked excess risk for lung cancer 

among smokers who are occupationally exposed to lung carcinogens i.e. asbestos and 

polycyclic arom atic hydrocarbon compounds.

Evans (1984) has suggested crite ria  for the assessment of an association between a 

particu la r genetic polym orphism and a well defined  disease. He stated  th a t the 

disease en tity  being investigated should be adequately defined  clin ically  and 

histologically. The ethnic composition of both patients and control groups should be 

clearly stated. The phenotyping test is perform ed in a technically  satisfacto ry  

m anner, w hereas the separation between the 2 phenotypes is clear. He suggested 

tha t the investigators should address the question of w hether the disease being 

investigated  or its treatm ent in terferes w ith the phenotype test. The f irs t three 

points w ere answered in previous pages. The fo u rth  w ill be discussed here.
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Factors w hich influence debrisoquine 4-hydroxylation in man.

T he c y to ch ro m e  P450 enzym e system  is su sc e p tib le  to a l te r a t io n  by m any 

pathological and environm ental factors such as drugs (Conney et al.t 1967), alcohol 

(Mirsa et al., 1971), cigarettes (Conney et al., 1977), insecticides (K olm edin et al.,

1969) and d ie tary  constituents (Conney et al.t 1980). Many clin ical disorders can 

also a lte r pathw ays of drug metabolism, d istribu tion , excretion and receptor actions 

(Vesell, 1979; Row land, 1980).

A. The influence of various pathological conditions on debrisoquine 4-hydroxylation

1. Systemic e ffec t of bronchogenic carcinom as

The question arises as to w hether or not the d ifferences in debrisoquine metabolism  

between the two series contribute to the cause of lung cancer or are a resu lt o f it. 

The lung is a complex endocrine organ. Feyrter et al. (1954) described a group of 

cells in  the bronchial epthelium  of many mammals w hich are believed to contain 

and secrete amines, peptides and prostaglandins. They also have APUD (amine- 

precursor uptake-decarboxylations) characteristics (Pearson et al., 1968; Coombes et 

al., 1978).

Bronchogenic carcinom as can produce e ffec t at a d istance from  th e ir site of origin. 

These include a variety  of m etabolic abnorm alities and many systemic derangem ents 

w hich cant be explained by the size and location of the tum our or by the 

m echanical effects of the tum our mass.

Systemic effects of bronchogenic carcinom a can be d iv ided  in to  two com ponents (a) 

non-specific sequelae due to the secretion of unknow n factors by the tum our, (b) 

specific sequelae of clinical an d /o r biochemical consequences due to inappropria te  

biosynthesis of various hormones by the tum our.

(a) N on-specific sequelae : these include cachexia, fever, tiredness etc. C achexia is 

a common syndrom e w hich includes anorexia, w eight loss, weakness, anaem ia and 

m alnu trition . Q uite often, the symptoms of anorexia do not only precede the 

appearance of a large bulk of tum our, but also occur when only tiny  am ounts of 

tum our are present. Indeed it may precede the appearance of any dem onstratable 

mass. This suggests tha t effects of the tum our are m anifested through the release of
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some highly potent m ateria l or the in itia tion  of a pow erful reaction w ith  quite a 

specific type of e ffec t on the hum an m etabolic processes.

(b) Specific sequelae : the lung appears as the tum our site most commonly associated 

w ith  a varie ty  of hormones across the entire range of the paraendocrine syndrome. 

A ctually, th is explains why bronchogenic carcinom as are the commonest neoplasm 

associated w ith  non m etastatic  sequale. This fac t has been known since 1928, when 

Brown et al. reported adrenocortical over activ ity  in  a patien t w ith  lung cancer.

The range of hormones secreted by various subtypes of bronchogenic carcinom a is 

sum m arised in Table (3-15) together w ith  clinical consequences.

The reported  incidence of ectopic hormone secretions may be m isleading, because 

the true  fig u re  depends upon w hether clinical or biochem ical c rite ria  are used. In 

some series, the recorded incidence of ectopic horm one secretion is about 10% of all 

patien ts w ith lung cancer (Rees et al., 1980).

A lthough m any investigators have found th a t all lung cancer subtypes possess 

endocrine activ ities, nevertheless, there is a tendency fo r one subtype to be more 

correlated  w ith  the production  of one or more ectopic hormones whereas the 

h istopathology-function relationship  is not absolutely clear (H augher-K leven et al., 

1968; V aitukoitis et al., 1973; Rees et al., 1974). The secretion of adrenocortical 

horm one is characteristic  o f small cell carcinom a (A zzapardi et al., 1968; Omenn 

et al., 1970), in spite of being reported in some cases of both squamous and 

adenocarcinom as (R a tc liff  et al., 1972). The secretion of ACTH causes adrenal 

hyperplasia and may give rise to many of the characteristic  fea tu res of Cushing’s 

syndrom e, though because of the rap id  onset of the disorder, the classical changes 

rarely  appear; hypokalaem ic alkalosis (K ,3.0 m E q '1, HCOs >30mEq-1) o ften  being 

the sole fea tu re . It is know n th a t the incidence of overt ectopic ACTH secretion is 

low (0.2-8.0%), whereas the incidence of the biochem ical p ic ture  is higher and varies 

between 36-75% of all cases of small cell carcinom a. N on-m etastatic hypercalcaem ia 

(NMH), occurs in about 1.4-15% of all cases of lung cancer (A zzopardi et al., 1969; 

A nderson et al., 1973). This p icture has been recorded in the absence of either 

radiological or necropsy evidence of bone metastases, and here, two d iffe re n t forms 

of NMH have been recognised. The firs t is due to ectopic parathyro id  hormone 

w hich is strongly associated w ith  sequamous cell carcinom a (Rigges et al., 1971). 

The second is due to the secretion of osteoclastic activation  fac to r (Powles et al.,
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1973). O ther compounds also have been im plicated in the pathogenesis of NMH such 

as prostaglandins and lysosomal proteolytic enzymes (M artin et al., 1980).

C alcitonin is a peptide produced by the cells of the thyro id  gland and can be 

ex tracted  from  norm al lung tissue. It was reported th a t a high level of this peptide 

can be detected in 60% of patients w ith small cell, and in 40% of all other 

pathological subtypes (Silva et al., 1978).

The com monest association between inappropriate  secretion o f an tid iu re tic  hormone 

(ADH) is found  w ith small cell carcinoma. It was estim ated th a t about 32% of the 

patients, found  to be able to secrete high level of ADH, w hich invariab ly  produces 

hyponatraem ia (Robertson et al., 1986). Many other hormones, all found to be of 

high levels in patients w ith  lung cancer such as prolactin  (Turkingston et al., 1971), 

glycoprotein and hum an chronic gonadotrophin. The la tte r causes gynaecom astia 

and in te rs titia l cell hyperplasia of the testicles (V aitukaitis et al., 1978).

Table 3.15 The range of clinical syndromes as a consequence of hormones 

production by bronchogenic carcionm a.

C linical syndrom e Ectooic hormone R eference

Cushing’s Syndrome 

H ypokalaem ic alkalosis

Inappropria te  A n tid iu retic  

H orm one secretion 

G ynaeconostia 

H ypertrophy Pulm onary 

O steroarth ropathy  

H yperthyroidism  

H ypercalcaem ia 

M alabsorption

ACTH and MSH often  Azzopardi & Williams, 68

R enin

ACTH

ADH

G onadotrophins

GH

TSH-like 

PTH, calcitonin 

Glucagon

H ayer-K leven et al., 70

George et al., 1972

Omenn et al., 1970 

G reenberg et al., 1972

Omenn et al., 1970 

M auligit et al., 1971 

Gleeson et al., 1971

Several lines of investigations suggest tha t systemic effects of bronchogenic 

carcinom as do not contribu te to the differences in the frequency  d istribu tion  of 

debrisoquine m etabolic ratios between cohorts, which was observed in this study, for
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the follow iong reasons:- F irstly , it is known tha t ectopic hormones are produced by 

m any other tum ours (Table 3.16). Extensive data  collected a t the D epartm ent of 

Pharm acology at St. M ary’s Hospital M edical School showed th a t cancer a t other 

sites, such as colon, rectum , prostate, breast and u rin ary  b ladder has no e ffec t on 

the phenotyping test. A recent study observed a norm al prevalence of poor 

m etabolisers in a group of pharyngeal cancer patients (Root et al., 1989). Secondly, 

Root et al. (1988) studied 18 lung cancer patients w ith  debrisoquine before and a fte r 

resection or other therapy. He showed no sign ifican t deviation in the ir m etabolic 

ra tio  values. T hird ly , an unpublished study on the debrisoquine oxidation  status of 

128 non-insulin  d iabetic patients showed tha t the rela tive proportions of extensive 

and poor m etabolisers in a d iabetic population are not d iffe re n t from  those in a 

sim ilar non-diabetic population, hence insulin  secretion and other m etabolic changes 

in patien ts w ith  d iabetics bear no influence on the ind iv idual m etabolic status as 

m easured by debrisoquine m etabolic ratio . M orever, it can be suggested that 

endocrine influences neither a ffec t the disposition of debrisoquine, nor the to tal 

recoveries of the drug plus its m ajor metabolite.

Table 3.16 Ectopic hormones produced by bronchogenic carcinom as and other 

tumours

Ectopic hormone

1. Insu lin  Insulinom as, carcinoid  tum our o f bronchus, oat

cell carcinom a of bronchus.

2. P arathyro id  hormone P a ra th y ro id  tu m o u rs , c a rc in o m a  o f  b ro n c h u s , 

kidney, gonads, gastro-in testinal, liver, pancreas 

and liver.

3. C alcitonin M edullary carcinom a of the thyro id , carcinom a of 

bronchus and breast.

4. G row th hormone P itu ita ry  tum ours and carcinom a of the bronchus.

5. A drenocortical hormones P itu ita ry  tum ours, oat cell carcinom a of bronchus,

carcinoid tum our, islet cell carcinom a, m edullary 

carcinom a of the thyro id , phaeochrom ocytom a
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6 . A ntid iuretic  hormone Oat cell carcinoma, islet cell tumour, breast and 

prostatic carcinomas.

7. Gonadotrophins Choriocarcinomas, teratoms, carcinoma of the 

bronchus.

8. Carcinoplacental alkaline 

phosphatase

Wide variety of tumours such as, bronchus calonic, 

gonad, cervical, liver, pancreas, choriocarcinoma, 

germ cell tumour.

9. Carcinoembryonic antigen Wide variety  of tumours as above (No. 8).

II. The influence of various pathological conditions :

Specific studies on the influence of various diseases on the debrisoquine oxidation 

status are not available. Nevertheless, the effect of various pathological conditions 

of the monooxygenase system is addressed and whenever possible, their  influence on 

debrisoquine 4-hydroxylation is discussed. Study number 3 in this chapter d id  not 

show tha t lung tumours exert any direct influence on the genetically determined 

ability  to metabolise debrisoquine. This topic will be the subject of fu r ther  

investigations in both chapters 4 and 5.

H epatic tumours

Animal studies have suggested tha t tumours may decrease the activities of many 

isoenzymes of the monooxygenase system such as aniline hydroxylase, aminopyrine 

-N-demethylase (Kato et al., 1968) and benzo[a]pyrene hydroxylase (Watanabe et al.,

1970). Generally, there is a little inform ation available on the effec t of hepatic 

tumours on the activ ity  of the monooxygenase system. The data  available concerns 

only a few substrates, which suggest a decrease in the hepatic drug-metabolizing 

activ ity  as a result of hepatocellular malignancy (Hepner et al., 1975; 1976; 1977; 

Burnett et al., 1979).

The mechanisms of this effect are not known and two factors have been implicated. 

The firs t,  is the extent of form ation of tumour tissue, since drug-metabolizing 

activ ity  in the tum our itself is lower than that in the immediate neighbouring areas 

and in normal tissues. The second is the effect of some endogenous compounds
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which are known to be produced by hepatic tumours, on the activities of this 

enzyme system (Rogers et al., 1963; Conney et al., 1963; Saine et al., 1976).

Pulmonary diseases

The effec t of pulm onary diseases on drug metabolizing activity  has barely been 

investigated. It was found  by De Souich et al. (1978) that cor pulmonale reduces the 

hydrolysis of both procainamide and procaine in humans. Others found tha t the 

metabolism of zoxazolamine and hexobarbital is decreased in rats when arterial 

oxygen tension falls below 45mmHg (Cumming et al., 1970; Roth  et al., 1976). In 

other words, drug metabolism by microsomal monooxygenase is not affected  u n t i l e  

very low 0 2 tension is reached which, under normal circumstances, is incompatible 

with life in the in tac t animal.

Blood disorders

Hepatic cytochrome P-450 content can be reduced by the adm inistration of small 

amounts of Haemoglobin (Marver et al., 1969), but mice with hereditary  hemolytic 

anaemia possess normal levels of microsomal cytochrome P-450 (Sassa et al., 1979). 

In humans, patients w ith sickle cell anaemia showed no significant alteration in 

an tipyrine  ha lf- l ife  (Anderson et al., 1977), whereas R ifk ind  et al. (1976) found that 

antipyrine  half- l ife  in patients with B-thalassemia major was either unaltered or 

shortened.

Vascular disease

In humans, a ltered drug metabolism is not apparent in vascular disease, although 

some evidence from  animal experiments suggest changes in cytochrome P-450 levels 

(Hartle et al., 1977).

A lteration in blood flow due to changes in arteria l pressure, influence a number of 

physiological parameters. Of particu lar interest, are changes in plasma volume, 

vascular permeability, renal vascular resistance and renal plasma flow. In general, 

there is no apparent change in drug metabolism, except changes due to alterations in 

heaptic perfusion (Anderson et al., 1979).
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Renal dysfunction may influence the activity  of the monooxygenase system in at 

least two d iffe ren t  ways. The possibility exists tha t the accumulation of potentially 

toxic end products as a result of renal fa ilure  and the d irect effect of many 

endogenous compounds may be expected to inh ib it various hepatic functions and 

hence cytochrome P-450. It is not unexpected tha t renal fa ilu re  results in a 

considerable impairment of the elimination of water - soluble drugs and /o r  their 

metabolites. The reduction in the glomarular f il tera tion  rate observed may parallel 

the increase in plasma drug levels or drug half-life  under such conditions (Karlsson 

et al., 1974; Reidenberg et al., 1974). In many cases of drugs undergoing oxidation, 

no alterations in drug metabolism are observed in renal diseases (Lowenthol et al.,

1978).

Some drugs are not exclusively metabolised, but are eliminated for example via 

renal excretion, as pinadolol, yet the plasma half-l ife  of this compound is not 

affected  by renal failure.

Sloan et al. (1983) observed tha t the formation of 4-hydroxydebrisoquine ra ther  than 

its renal clearance is the rate-limiting factor for the appearance of its metabolite in 

the urine. They also showed that the excretion of 4-hydroxydebrisoquine usually 

parallels tha t of debrisoquine in both EM and PM subjects. Hence, it is unlikely 

that the results obtained in this study were influenced by renal function in the 

absence of renal failure. As stated previously, any individual in either series with 

renal, liver or heart fa ilure  was excluded from this investigation. Hence, it is 

unlikely tha t the renal functions of participants in both cases and controls have 

influenced the debrisoquine metabolic ratio  in either groups. The mean total % of 

drug recovery was 25.7 + SD 19.1 and 30.5 + 23.5 for lung cancer patients and 

controls respectively (Table 3.4).

Correlation of altered drug metabolism with liver function  tests

Liver dysfunction would be expected to lead to changes in drug disposition by 

altering the activities of drug-metabolizing enzyme systems. In spite of this there is 

no correlation between alteration* in drug metabolism and altered liver function 

tests (Ktotz et al., 1975; Breimer et al., 1975). Various investigators concluded that 

none of the commonly used liver function tests provide a useful index of the degree
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of im pairm ent of the drug metabolizing system (Wilkinson 1975; 1976).

This problem is compounded by the fact that liver diseases may a ffec t  the activities 

of d if fe re n t  isoenzymes of the monooxygenase systems to a d if fe ren t  extent (Farrell 

et al., 1979). Hence, even when a correlation is established between drug clearance 

and liver function  tests it should be considered as being only relevant to that 

particu la r  drug (Breimer et al., 1975). Davies et al. (1981) found  tha t impaired 

4-hydroxylation of debrisoquine was similarly d istributed between several grops of 

patients w ith abnormalities in liver histology and d if fe ren t  drug intake. In a larger 

study, Lanth ier et al. (1984) showed tha t the incidence of debrisoquine poor 

metabolizers among alcoholics and non-alcoholic in whom severe liver damage had 

occurred, was not significantly d iffe ren t  from the incidence in the healthy 

population. They also found no significant correlation between values fo r  the 

metabolic ra tio  and standard liver function tests w ith  the exception of a weak, 

though significant, correlation with prothrombin time (r = 0.145, P<0.05).

Infection and fever

Fever often accompanies infectious disorders and may be responsible for alterations 

in drug-metabolizing activity. Changes in d rug 'C learance  during  artif ic ia lly  

induced fever are small (Blaschke et al., 1973). In a study conducted on healthy 

volunteers, it  was demonstrated that neither the disintegrated virus vaccine nor the 

pneumococcal one has produced any changes in both debrisoquine metabolism and 

phenotypic status (Ayesh et al., 1987). Generally the available inform ation

regarding this topic does not allow us to draw general conclusion regarding the 

e ffec t of infection on the drug metabolizing pathways (Renton, 1983).

B. Concurrent drug adm inistration and debrisoquine substrate specifities.

The effec t from  concurrent medications is particularly  likely w ith those agents 

which are known to induce, inhibit or compete for the same metabolic pathways.

It is now known tha t debrisoquine genetic polymorphism is restricted to a partiuclar 

isoenzyme. This is supported by the f ind ing  that both in vivo and in vitro metabolism 

of a number of other drugs not subject to this polymorphism is unim paired in the 

PM phenotype (Eichelbaum et al., 1984). The oxidative biotransform ation of an 

increasing number of drugs of diverse chemical structure has been linked to varying
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extents to the debrisoquine phenotype suggesting the involvement of the same 

genetic fac to r  (Idle and Smith, 1984). The substrate specificity of the form of 

cytochrome P-450 oxidising debrisoquine has been investigated both in vivo and in 

vitro (Davies et al., 1981; Otton et al., 1984), when many workers have searched for 

common struc tura l features for such substrates. Wolf et al. (1987) have proposed 

tha t all substrates concerned have a lipophilic domain, containing at least one basic 

nitrogen w ith  an estimated distance of 5A° between the site of hydroxylation and 

the basic n itrogen atom. It was demonstrated tha t all drugs which share metabolism 

with debrisoquine in vivo are potent competitive inhibitors of debrisoquine 4- 

hydroxylase in vitro (Boobis et al., 1983; Meir et al., 1983; Otton et al., 1983, 1984). 

Many studies showed tha t the metabolism of many of those drugs were closely 

correlated and  tha t each of these substrates could competitively inh ib it the 

metabolism of others. It is generally accepted tha t drugs whose oxidation is not 

a ffec ted  in PM phenotypes either do not inh ib it or are poor non competitive 

inhibitors of debrisoquine 4-hydroxylation. It has been shown, from  a large number 

of studies, tha t a wide range of s tructura lly  diverse compounds, which we 

metabolized through about 20 oxidative reactions are either regulated or influenced 

by the debrisoquine hydroxylation locus (Idle, 1983; Ayesh & Smith, 1989). 

Although, it is clear tha t there is no obvious correlation between substrate structure 

and various metabolic pathways under study, nevertheless, many features in respect 

to substrate fo r  polymorphic oxidation of debrisoquine have emerged. All substrates 

so f a r  iden tif ied  are nitrogenous with the exception of phenacetin which does not 

show a high a f f in i ty  for debrisoquine. By contrast, weak acids and neutral 

compounds have not been demonstrated to be substrates for the debrisoquine type of 

polymorphic oxidation (Davies et al., 1981; Idle & Smith, 1984).

Quinidine has been shown to inhibit the oxidation of debrisoquine strongly (Speris 

et al., 1986) both in vivo and in vitro. It also alters debrisoquine EM into PM 

temporarily.

The cytochrome P-450 isoenzyme which is involved in the debrisoquine genetic 

polymorphism is known not to be inducible either by barbiturates  or by phenytoin 

(Von Bahr et al., 1982). Screeing of various endogenous substrates for this capacity 

to inh ib it the activ ity  of debrisoquine hydroxylase showed tha t both epinephorine 

and tryptam ine are competitive inhibitors (Von Bahr et al., 1982). In this study, 

patients who were on any drug affected by the debrisoquine gene were excluded 

(Table 3.17).
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Table 3.17 Drugs of which one or more metabolic pathways have been reported to 

co-segregate with debrisoquine/sparteine polymorphism as assessed in 

in vivo and /o r  in vitro studies.

Drugs

Tricyclic antidepressants 
nortrip ty line  
am itrip tyline 
desipramine 
im ipram ine 
clorimipramine

Beta-blockers
propranolol
bufuralo l
alprenolol
oxprenolol
pindolol
timolol
metoprolol

A ntiarry thym ics
encainide
propafenone
propylazmaline

References

Mellstrom et al., 1981 /) ■
Balant - Gargia et al., 1982 ? Gr*
Von Bahr et al., 1985 
Brosen et al., 1986 
Balant et al., 1986

Lennard et al., 1984 
Dayer et al., 1984 
Otton et al., 1984 
Otton et al., 1984 
Otton et al., 1984 
Lewis et al., 1985 
Lennard et al., 1986

Wang et al., 1984 
Siddoway et al., 1987 
Zekeron et al., 1985

Others
guanoxan
p-methoxyamphetamine
phenform in
chlorpromazine
yohimbine
perhexiline
am iflam ine
methoxyphenamine
haloperidol
phenacetine
quin id ine  3-hydroxylation

Sloan et al., 1988 
K itchen et al., 1979 
Shah et al., 1980 
Otton et al., 1983 
Inaba et al., 1984 
Cooper et al., 1984 
Alvan et al., 1984 
Roy et al., 1985 
Inaba et al., 1985 
K ahn et al., 1985 
Guengerich et al., 1986

C. Cigarette smoking

Davies et al.t 1981, compared the activities of the d iffe ren t  components of the 

hepatic monooxygenase system in liver biopsies in two groups of EM and PM with 

normal architecture  from both smokers and non-smokers. They showed that 

smoking does not change any of the hepatic monooxygenase components in both 

smokers and non-smokers. Steiner et al. (1985) have reached the same conclusion. In
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another study, Oates et al. (1987) studied the frequency distribution of debrisoquine 

metabolic ratios in both smokers and non-smokers in large numbers of individuals. 

They found  tha t cigarette smoking had no effect on debrisoquine metabolism. Our 

work has not found smoking to influence the debrisoquine metabolic ratio  in 

healthy individuals.

It has been suggested tha t the risk of lung cancer was associated with increased 

dura tion  of employment in occupations with potential exposure to any lung 

carcinogens and more specifically asbestos and aromatic hydrocarbons. The highest 

age and smoking - adjusted risk is seen for potential exposure to asbestos (Berg, 

1970; Stayner & Wegman, 1983; Vena et al., 1985). Increased duration  of

emmployment in occupations with potential exposure to asbestos was associated with 

increase drisk of squamous cell carcinoma (Vena et al., 1985), adenocarcinoma 

(Whitwell et al., 1974) or all major histological types (K annerstein & Churg, 1972). 

Vena et al. (1985) observed an increased risk for adenocarcinoma in light smokers 

who had  worked in occupations with potential exposure to lung carcinogens.

The present study indicates tha t genetically determined ability  to metabolise 

debrisoquine is associated with a marked excess risk for lung cancer among smokers 

who are occupationally exposed to lung carcinogens. The results cannot be 

a t tr ibu ted  to d ifferences between the study groups with regard to age or cigarette 

used. Due to a lack of women with likely exposure to occupational lung 

carcinogens, it  was d if f icu l t  to assess the effect of sex on this association.

It has been estimated tha t the frequency of bronchogenic carcinoma among asbestos 

workers who smoke is 80-92 times tha t of the general non-smoking population 

(Selikof et al., 1963; 1980a). Benzo[a]pyrene B[a]P is a major carcinogenic 

polycyclic arom ati hydrocarbon (PAH) in cigarette smoke and has been implicated 

in the enhanced bronchogenic carcinoma observed in smokers in the general 

populations. Eastman et al. (1983) reported that asbestos mediates a significant 

increase in cellular uptake of B[a]P and alkylation of DNA by the la tte r  when PAH 

is coated on asbestos fibres.

This study suggests a synergism or an additive effect in risk between the ability to 

extensively metabolise debrisoquine and occupational exposure to lung carcinogens 

in male smokers.
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Thus, in this investigation, there are no obvious sources of bias which can explain 

the predominance of extensive metabolisers in the lung cancer group. However, two 

points are worth mentioning. The f irs t is related to both the selection and exclusion 

crite r ia  of the cohorts, which led inevitably to a degree of selectivity. It may be 

argued tha t both cohorts because of exclusive factors, are not representative of their 

respective diseases, which may have an impact on the in terpreta tion  of the results. 

The second is concerned with the occupational history. Data collected for this study 

included inform ation  on curren t and previous jobs, specific high risk work practices 

and occupations in known local locations where exposure to carcinogens was highly 

likely. A strictly standarized data  collection instrum ent was not used. Certain 

details of the occupational histories were therefore missing such as the duration  and 

time period of work and industry  in which the jobs were held. This would be 

expected especially in the polycyclic aromatic hydrocarbon group where the diverse 

na ture  and varied carcinogenecity of the class of compound make a job title a less 

accurate  reflection of actual exposures. The final resoltuion of these questions will 

require  a large prospective study w ith minimum selection and exclusion criteria.

The da ta  presented here suggest tha t there exists an as yet uncharacterised genetic 

e ffec t which partly  dictates ind iv idual cancer risk in smokers in combination with 

other genetic factors an d /o r  mechanisms (Table 3.18) or tha t this gene is in the 

so -ca lled  l in k a g e  d is e q u i l ib r iu m  w ith  th e  gene d e te rm in in g  d e b r is o q u in e  

4-hydroxylation. The fact tha t cancer patients in this study were mainly 

homozygous dominants for extensive metabolism may well be an indirect measure 

therefore  of a closely-linked genetic event of true oncogenic potential. One cannot 

eliminate this possibility, nor tha t it is another P-450 gene(s) which is directly  

responsible for the bronchial activation of cigarette-tar procarcinogens. Cigarette 

smoke contains more than 3000 d if fe re n t  compounds. Only a few of them have been 

investigated for their  carcinogenicities. The actual compound(s) which induce lung 

cancer in smokers are not known yet. It is generally accepted tha t most chemical 

carcinogens require metabolic activation before in itia ting  the chain of events 

u ltim ately  leading to neoplasia (Miller, 1966). Although no evidence exists at 

present tha t the debrisoquine isoenzyme participates in the metabolic oxidation of 

carcinogens in cigarette smoke, a role for the debrisoquine isoenzyme cannot be 

excluded. The debrisoquine cytochrome P-450 participates in drug metabolism via 

aliphatic, alicyclic and aromatic hydroxylation and oxidative o-dealkylation (Idle & 

Smith, 1984). The metabolism of at least 20 drugs is influenced by the debrisoquine 

phenotypes and the clinical consequences of this genetically based in terindiv idual
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varia tion  in metabolic capacity have been described (Nebert, 1988). However, the 

correlation between debrisoquine 4-hydroxylation and the metabolism of some 

carcinogens was also investigated. A study by Schlede & Roots, (1985) has suggested 

tha t there is no association between genetic hydroxylation polymorphism of 

debrisoquine and the formation of 6 benoz[a]pyrene metabolites. Wolff et al. (1987) 

by using polyclonal antibodies raised towards a debrisoquine 4-hydroxylating 

cytochrome P-450 species from rat liver found that their  antibodies did not inhibit 

t h e  o x i d a t i o n  o f  v a r i o u s  c a r c i n o g e n s  a n d  o t h e r  c o m p o u n d s ,  n a m e ly ,  

dim ethylnitrosam ine, benzo[a]pyrene and vinylidene chloride.

Because m an’s environment is heterogenous and complex, the m ajority of the 

genetically conditioned diseases are likely to involve multiple rather than  single 

gene influences.

The present study suggests a) that cigarette smokers who are extensive metabolisers 

of debrisoquine are at an elevated risk of developing lung cancer, b) the 

development of lung cancer in smokers is due to a combination of genetic 

susceptibility which may involve more than one genetic factor and smoking 

cigarettes, c) tha t the metabolic oxidation phenotypes may serve with o ther genetic 

markers fo r  d if fe re n tia l  lung cancer susceptibility.

Table 3.18 Suggested inherited factors in lung cancer development

1. H eritable  chromosomal fragile sites

2. Rare oncogenic alleles (Ha-ras) gene

3. Inherited  metabolic differences

Aryl hydrocarbone hydroxylase 

Debrisoquine 4-hydroxylase 

G luta thione transferase

4. ABO blood group ?

5. HLA antigens ?
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C a rc in o g e n e s is  in v o lv es  a com plex  in t e r a c t io n  o f  h e r e d i ty  a n d  environm ent. 

U nderstanding this interaction is im portant to the control of lung cancer at cellular 

level. It is obvious tha t the genetic predisposition to lung cancer may operate at 

several levels. An inherited instability  or inherited abnormality  of chromosomes 

may exist in some patients. Certain rare forms of oncogenes may predispose to lung 

cancer. Individual variation in the activ ity  of procarcinogen activating enzymes 

may be responsible for individual sensitivity or resistance to the action of chemical 

carcinogens both in the cigarette smoke and in the environment. By defin ing the 

in teraction of environment and heredity, we may come to understand the nature  of 

cancer genes. This would be a major step for understanding the malignant process 

as well as help the development of new approaches fo r  early diagnosis and 

treatm ent of lung cancer.

Within this concept, the study of genetic polymorphism of the cytochrome P-450 

system may provide clues to host variability  in the metabolism of carcinogens

an d /o r  some aspects of environmentally induced cancers. There is considerable

evidence at both animal and human levels for polymorphism in the P-450 structura l 

genes. Nebert & Negishi (1982) have speculated tha t any indiv idual mammal has a 

m ultifo ld  genetic capability of producing unique P-450 proteins. Hence, this system 

harbors a powerful potential for understanding cancer etiology (Idle & Ritchie, 

1983). The data in this study suggests that genetic factors influence the

development of lung cancer in smokers, but at this stage, debrisoquine oxidation 

phenotyping does not appear likely to provide a reliable means of recognising 

susceptible individuals. This is due to the following reasons :

1. F urther  studies are needed to assess the influence of selectivity on the 

frequency distribution of the debrisoquine 4-hydroxylation.

2. At this stage of our knowledge, we cannot say tha t the debrisoquine gene is 

the dominant genetic factor in lung cancer development in susceptible

individuals. The role of this gene requires fu r th e r  assessment with the 

association of other known genetic markers.

3. F u rther  inform ation is required regarding the funtion  of this gene in non- 

Caucasian populations, where the frequency of the homozygote dominant 

genotype is higher than in their Caucasian counterparts.
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CHAPTER 4

GENETIC POLYMORPHISM OF MEPHENYTOIN 4-HYDROXYLASE 

IN LUNG CANCER PATIENTS,

A COMPARATIVE STUDY WITH DEBRISOQUINE 4-HYDROXYLASE
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In man large in terindiv idual differences in the intensity and duration  of the 

response to a drug are often seen. Mechanisms responsible for these large inter- 

ind iv idual variations in rates of drug metabolism were sought, since these variations 

had such im portant therapeutic and biological implications. E ffo rts  to discover 

underly ing mechanisms have disclosed that numerous host factors were capable of 

altering rates of hepatic drug metabolism. In addition to environm ental influence, 

studies published during the last decade have established tha t monogeneically 

transm itted  factors could also contribute to large variations in rates of elimination 

of certa in  drugs.

Over the last few years, the extreme multiplicity of cytochrome P-450 isoenzymes 

has been realised. More than 10 d iffe ren t forms of isoenzyme have been isolated 

from  livers of inbred strains of rodents. These isoenzymes show differences in 

chemical, immunological and physical properties. More im portantly , they possess 

d if fe re n t  substrate specificities. Although some isoenzymes of cytochrome P-450 

e x h ib i t  b ro a d  an d  o v e r la p p in g  s u b s t r a te  s p e c i f i c i ty ,  o th e r  en zy m es  show a 

p r e f e r e n c e  fo r  one or m ore  su b s t ra te s  a n d  e x h ib i t  r e m a rk a b le  reg io n a l  

stereoselectivity for the oxidation of these substrates (Nebert & Negishi, 1982; 

Meyer, 1984; Boobis et al., 1985). Data obtained from  both animal and human 

studies have provided evidence tha t d iffe ren t s tructura l genes encode the d iffe ren t 

isoenzymes. The number of d if fe ren t isoenzymes and their structura l genes is not 

known and speculations on the ultimate number range from twenty to thousands 

(Nebert & Negishi, 1982).

Genetic polymorphism is probably the single most im portant determ inant of enzyme 

multip licity  in man. Table (4.1) shows factors causing indiv idual d ifferences in the 

rate of drug metabolism.

Table 4.1 Factors causing interindividual differences in the rate of drug metabolism

- Genetic factors

- Age and sex

- Diseases

- Environmental factors (diet, smoking etc.)

- Drug interactions
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D uring the past three decades several polymorphic oxidative reactions have been 

d e sc r ib e d .  A sso c ia t io n s  o f  some sp o n ta n e o u s  d iseases  w i th  h u m a n  g en e t ic  

polymorphism have been documented. Drug-metabolising phenotypes, because of 

linkage and association, may simply represent markers for other genes more 

proximally involved in the expression and phenotype process. In chapter 3, an 

association between the debrisoquine extensive metaboliser phenotype and the 

development of bronchogenic carcinoma in smokers has been suggested.

The pharmacokinetic profile of drugs can be markedly influenced by the induction 

of disease states. Drug-metabolising enzyme activity  as well as metabolic rates and 

patterns can be influenced either by diseases affecting  hepatic function  or by 

diseases of non-hepatic origin which indirectly  alter liver function. However, the 

number of disease states and substrates studied in such investigations is relatively 

limited. As a consequence, currently  available data  is inadequate for the 

development of an overall conceptual approach (Williams, 1983). It is also clear tha t 

the e ffec t of disease states on drug metabolism is generally limited unless the 

disease is of a suffic ien t severity to d isrupt various enzyme systems in the liver. 

Generally, various studies have suggested tha t disease states may produce more 

pronounced effects on other pharmacokinetic parameters such as protein binding, 

absorption, d is tribution and elimination, and tha t these may be of greater relevance 

to alterations of drug action ra ther than the effects on drug-metabolising enzyme 

activ ity  (Wilkinson & Schenker, 1985).

Aim of the study

This study was undertaken to eliminate the possibility of an enhanced, oxidative 

metbaolism in lung cancer patients being an effect of the disease ra ther  than  

associated with its cause.

Two groups of patients (lung cancer and controls) were investigated with both 

debrisoquine and mephenytoin. The la tter was chosen because mephenytoin 

4 -h y d ro x y la t io n  is a lso  p o ly m o rp h ic  b u t  u n r e la te d  to the  d e b r is o q u in e  4- 

hydroxylation polymorphism (K upfer et al., 1984; Inaba et al., 1984).



Chapter 4

4.2 MEPHENYTOIN

Page 154

Mephenytoin is a 5,5-disubstituted hydantoin  (3-methyl-5-phenyl-ethylhydantoin) 

which was introduced in both Europe and the U.S.A. more than fo rty  years ago as 

an anticonvulsant drug (Loscalzo, 1952) (Figure 4.1). This compound was proved to 

be superior to diphenylhydantoin in the control of grand mal and other seizure 

types in some patients (Lennox & Lennox, 1960) and has been suggested as an 

alternative to phenytoin particularly  in patients who develop excessive sedation 

(Troupin et al., 1976). However, due to severe and sometimes fa ta l  side effects, its 

clinical use was reserved for epileptic patients whose seizures are not controlled 

with other available anticonvulsants (Livingston, 1972).

4.2.1 Meohenvtoin metabolism

Mephenytoin is a racemic mixture of optically active isomers (K upfer  & Bircher,

1979). The D-enantiomer represents the S and the L-enantiomer represents the 

R c o n f ig u r a t io n  re sp e c t iv e ly  ( K u p f e r  et a l., 1979). T he  co m p o u n d  is

stereoselectively metabolized in man by two major pathways (K upfer  et a l., 1981). 

T he  f i r s t  is a ro m a t ic  h y d ro x y la t io n  o f  the  S -e n a n t io m e r  to 3 -m ethy l-5 (4 -  

hydroxyphenyl)-5-ethylhydantoin (4-OH-M) which is subsequently conjugated with 

glucuronic acid and rapidly eliminated in urine (K upfer et al., 1981). The second is 

the oxidative N-demethylation of R-enantiomer to 5-phenyl-5-ethylhydantoin (PEH) 

which is a pharmacologically active metabolite (Nirvanol) (K upfer et al., 1980; 1981) 

(Figure 4.1). Commercially available mephenytoin is a racemate; a 1:1 m xiture of 

th e  tw o  e n a n t io m e rs .  A f te r  an  o ra l  a d m in i s t r a t io n  of lOOmg o f  racem ic  

mephenytoin, the major initia l metabolite is 4-OH-M this metabolite has a rapid 

rate of excretion into urine with a urinary  half-l ife  of 3-5h and is eliminated as a 

glucuronide. In other words more than 45% of ingested mephenytoin is typically 

eliminated in hydroxylated form in the urine in 24h. The stereospecificity and 

speed of this hydroxylation reaction is the key determ inant of the fate  of 

mephenytoin. The normally fast elimination of the S-enantiomer a f te r  ingestion of 

the racemic mephenytoin leaves the R-enantiomer to its separate and generally slow 

fate. The fastest of its slow reactions is demethylation to R-PEH. This compound 

undergoes renal elimination and fu r ther  metabolism at extremely slow rates, with a 

half- l ife  in the order of 5-6 days (K upfer et al., 1982; Theodore et al., 1984).

In vitro studies clearly demonstrated that the two major metabolic pathways of
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mephenytoin are catalyzed by microsomal enzymes which require NADPH (Jurima 

et al., 1981). The same authors also showed that classical inhibitors of oxidative 

drug metabolism e.g. SKF 525-A, metyrapone and carbon monoxide, also inhibit 

mephenytoin to (4-OH-M). These results, therefore confirm  tha t mephenytoin 

aromatic hydroxylation is catalyzed by cytochrome P-450.

4.2.2 Genetic polymorphism of mephenytoin 4-hvdroxvlase

The existence of genetic polymorphism regulating the metabolism of mephenytoin 

became apparent from studies carried out by K upfer  et al. (1979). The aromatic 

h y d ro x y la t io n  p a th w a y  of th is  co m pound  is s te re o s p e c if ic  a n d  e x h ib i ts  

polymorphism. The other major pathway of mephenytoin metabolism remains 

unaffec ted  (K upfer & Preisig, 1984). For mephenytoin (MP), two phenotypes can be 

discerned in the population: the so called extensive (EM) and poor metbaoliser (PM) 

phenotypes. The simplest test for testing mephenytoin metaboliser status consists of 

the measurement of the 4-OH-Mephenytoin in urine collected 8 or 24h a f te r  intake 

of a 50 or lOOmg tablet of racemic mephenytoin. The d ifference between EM and 

PM of MP is clear cut and unquestionable, since the former will excrete almost half 

the dose during 24h (42.8 + 8.3%) mean + SD, while the la tter  excretes almost 

nothing (K upfer et al., 1984; Inaba et al., 1984). Family studies clearly demonstrated 

tha t im paired oxidation for the drug is inherited as an autosomal recessive trait 

(K upfer et al., 1979; Inaba et al., 1986; Ward et al., 1987). The PMs are genetically 

homozygotes, while EM may be either homozygotes or heterozygotes. The incidence 

of poor metabolisers of mephenytoin among Caucasians and Chinese is 2.7 - 5%, but 

among Japanese, the occurrence is reported to be 18 - 23% (Jurima et al., 1985; 

N akam ura et al., 1985). Hence considerable inter-ethnic d ifferences seem to exist in 

PM incidence for MP oxidation (Table 4.2).



Chapter 4
Page 156

R-Mephenyloln 

0

N H - C N H - C
C2H5 

PEH, Nlrvanol

S-Mephenyloln

0c2h5n
V VV

C N
/ c h 3

\
NH —C

0

C 0 H 5  II /  
*  \  £ — N

Nc/

4-OH-Mephenytoln

Figure 4.1 The chemical structure of mephenytoin and its main 

metabolites, from Kalow, (1986).
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Table 4.2 I n te r - e th n ic  d if fe re n c e s  in in c id en ce  o f  poor m e ta b o l i s e r s  fo r  

mephenytoin oxidation.

Ethnic Origin No of subjects PM incidence References

A. Caucasina 

Swiss 

Canadian 

Dutch

221

118

172

5.4

4.2

2.3

K ufer  & Preisig, 1984 

Jurim a et al., 1985 

Schellens et al., 1986

B. Chinese 39 5.1 Jurim a et al., 1985

C. Japanese 31 23 Jurim a et al., 1985

D. Amerindians 

Panama 90 Inaba et al., 1988

4.2.3 Enzymatic basis of mephenytoin polymorphism

Mephenytoin 4-hydroxylase is a member of the multigen family P-450 C2C (Nebert 

et al., 1987) with a minimum of 2 genes located on human chromosome 10 (Meehan 

et al., 1988) and constitutes about 0.2% of hepatic mRNA in ra t (Freideberg et al., 

1986).

In vitro studies clearly demonstrated the involvement of the cytochrome P-450 

system in the oxidation of mephenytoin (MP) (Jurima et al., 1985; Meier et al., 1985). 

An isoenzyme with high a f f in i ty  for MP 4-hydroxylation has been characterized 

and purif ied  to homogeneity (Gut et al., 1986; Shimada et al., 1986) and  designated 

P-450 ~MP) (Shimada et al., 1986) and P-450 mep (Gut et al., 1986). Detailed kinetic 

studies revealed tha t microsomes of PM are characterized by a high K m and a low 

Vmax f ° r S-mephenytoin hydroxylation and a loss of stereoselectivity for the 

hydroxylation of S-mephenytoin versus R-mephenytoin. The microsomal form ation 

of 4-OH m e p h e n y to in  f ro m  R -m e p h e n y to in  an d  th e  r a te  o f  m e p h e n y to in
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demethylation remains unaffected  by this polymorphism. Furtherm ore, a loss of 

stereoselectivity towards oxidation of S- and R-MP was assessed (Hall et al., 1987). 

The K m value established in microsomes of EMs revealed the existence of a large 

variability , which is consistent w ith the observed variability  in vivo (Meier et al. 

1985).

Antibodies against P-450Mp were shown to inhibit MP hydroxylation substantially 

(Meyer et al., 1986). No correlation could be established between MP 4-hydroxylase 

activity  in vitro and immunochemically-detectable levels of the enzyme, which seems 

to indicate the presence of a functinally  altered enzyme ra ther than a quantita tive  

decrease in isoenzyme protein as a basis for the impaired catalytic in PM’s (Gut 

et al. 1986, Meyer et al., 1988).

4.2.4 Co-segregation of other compounds with mephenytoin polymorphism

In vitro inhibition studies have been carried out to screen substrates fo r  overlap with 

MP polymorphism. Table (4.3) lists substrates which inhibit MP oxidation in vitro. 

Interestingly phenytoin was reported to inhibit MP hydroxylation, which suggests a 

co-segregation of metabolic pathways (Shimada et al., 1986). This was not found in 

an in vivo study (Schellens et al., 1987). Also no inhibition was detected by 

m e th y lp h e n y to in  (H a ll  et a l ., 1987). In in vivo s tu d ie s ,  th e  o x id a t io n  of 

phenylethylhydantoin (PEH) was studied in both PM’s and EM’S of MP. Formation 

of 4-hydroxy-PEH out of S-PEH was almost completely impaired in PM’s, whereas 

no alteration was observed in EM’S. The oxiation of mephobarbital (MPB) was also 

found to co-segregate with the PM polymorphism (K upfer & Branch, 1985; Jacqz 

et al., 1986). It has also been suggested tha t tolbutamide hydroxylation co-segregates 

with MP polymorphism (Knodell et al., 1986), however, preliminary results obtained 

in vivo did not support this observation (Knodell et al., 1987), (Table 4.3).

Generally the isoenzyme responsible for 4-OH-MP formation seems to show less 

overlap in substrate selectivity than those oxidising debrisoquine.
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S u b s t r a t e s  w i th  i n h i b i t i n g  p o t e n c y  t o w a r d s  m e p h e n y t o i n  

4-hydroxylation in vitro.

Drug

Diazepam

Desmethyldiazepam

Flurazepam

Temezepam

Nialamide

Pimozide

Labetalol

Propranolol

Ajmaline

Papaverine

Phenytoin

Nirvanol

Mephobarbital

Methsuximide

Reference 

Inaba et al., 1985

Shimada et al., 1986 

Shimada et al., 1986 

Hall et al., 1987 

Hall et a l ,  1987
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T he  b io lo g ic a l  p o te n t ia l  o f  the  g en e t ic  p o ly m o rp h ism  o f  m e p h e n y to in  

4-hydroxylation can be illustrated by the following observations in rodent models. 

The P-450 C2C locus is also a multigene family that is concordant w ith constitutive 

aryl-hydrocarbon hydroxylase (AHH) activity  which has been associated with 

carcinogenic activation and the development of lung cancer in smokers (Nebert & 

Jensen, 1979; Conney et al. 1982)., Antibodies raised to P-450 C2C inhib it the 

metabolism of both known carcinogens, namely 7-ethoxyresorufin and  of aflatoxin 

in uninduced ra t microsomes (Ishii et al., 1986; Wolf et al., 1986). Studies on rodent 

enzymes indicate tha t members of this family also play a role in the control of the 

o x id a t io n  d e g ra d a t io n  of s te ro id  ho rm ones  e.g. 2-, 15a lpha-  a n d  16alpha- 

hydroxylation of estradiol and the 16alpha-hydroxylation of testosterone (Cheng & 

Schenkman, 1987; Waxman, 1984).

4.3 METHODS

4.3.1 Subjects

Twenty four randomly selected lung cancer patients (14M, 10F, age range 59-80yr) 

and 27 controls with various degrees of air flow limitation (15M, 12F, age range 54- 

81yr) were investigated with both debrisoquine and mephenytoin on two separate 

occasions with at least 2 days elapsed between each study. All patients were 

Caucasians. Exclusion and inclusion criteria  were applied in this study as described 

previously in chapter 3. Smoking habits (PY), drug concomitant, the measurement 

of renal and liver function tests and routine haematology were all recorded. 

Following an over night fast, on day one, each patient received a single oral dose of 

debrisoquine (lOmg, Declinax table, Roche laboratory). On day three each 

partic ipan t received an oral dose of lOOmg racemic mephenytoin (Mesantoin tablet, 

Sandoz Pharmaceuticals). Urine was collected on each occasion over the subsequent 

8 hours, its volume was measured, and aliquots were stored frozen until  analysis.

Both studies were apparently  the Ethic Committee of Whittington Hospital.
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4.3.2.1 Debrisoquine oxidation phenotype

The oxidation phenotype status [extensive metaboliser (EM) poor metaboliser (PM)] 

of 51 patients (cases and controls) was determined following an oral challenge test 

w i th  d e b r is o q u in e  su lp h a te  a n d  a n a ly s is  o f  th e  s u b se q u e n t  0 - 8h u r in e  fo r  

debrisoquine and 4-hydroxydebrisoquine as previously described (Mahgoub et al., 

1977). Assignment of oxidation phenotypes was as described by Evans et al. (1980; 

1983). See chapter 3.

4.3.2.2 Mephenytoin oxidation phenotype

T e s t in g  fo r  m e p h e n y to in  m e ta b o li s e r  s ta tu s  re q u ire s  th e  d e t e r m in a t io n  o f  

mephenytoin metabolite in urine (K upfer et al., 1984; K upfer  & Preisig, 1984). The 

s im p les t  te s t  cons is ts  o f  m e a su re m e n t  o f  3 -m e th y l-5 (4 -h y d ro x y -p h e n y l)5 -  

ethylhydantoin  which is the key metabolite, rapidly formed in most people but 

absent in those with mephenytoin 4-hydroxylase deficiency; in urine collected 

during 8h af te r  intake of lOOmg tablet of racemic mephenytoin. The d ifference 

between extensive (EMm) and (PMm) metabolisers of mephenytoin is clear cut, since 

the la tter are unable to excrete the main metabolite. The urine analysis was carried 

out as follows 1.0ml of urine was transferred  to a glass vial. To this was added 

lOOuml of internal standard  (phenyl-propyl-hydantoin) and 1.0ml of HC1 37%. The 

vial was capped and heated for 2 hours at 100°C. the sample was then cooled at 

room temperature. Later, 5ml of ethylacetate was added. Each sample was 

centrifuged at 5000 rpm for 5 minutes to separate the 2 layers. The organic one was 

transferred  to a glass vial and was evaporated using a vacuum centrifuge. The 

residue was reconstituted in 1ml of DMS0/H2O (50:3 v/v), 0.2ml KOH 12.8 M and 

0.2ml of propyliodide. Each sample was shaken in a horizontal position for 30 

minutes. To each vial 1.5 - 2ml of H20 and 4ml of chloroform (ethylethere) were 

added and followed by shaking for 10 minutes. The organic layer was transferred  

to a new vial and cleaned again by adding 2ml of H 20 with a fu r th e r  2 minutes 

shaking. The organic layer was transferred  to a 5ml vial and was evaporated by 

using a vacuum centrifuge. The residue was reconstituted in lOOwl of methanol and 

an aliquet 2«1 was then injected on to a Pye Unicam GCD gas chromatograph f it ted  

with an OV-1 column, 3% on Chromasorb WHP, 1.83m length, 3mm in ternal diameter 

with oxygen-free nitrogen carrier gas flow rate of 60ml min"1.
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Oven temperature was 190 °C, injection port temperature 250 °C and detector 

tem perature 205 °C. Figure (4.2) shows an example of a chromatograph obtained 

a f te r  extraction of urine containing mephenytoin.

4.4 RESULTS

Table (4.4) shows various personal characteristics of patients (cancer and control) i.e. 

age, smoking (PY), % mephenytoin recovery in 0-8h afte r  the oral adm inistration  of 

lOOmg of mephenytoin and debrisoquine metabolic ratios (MR). The tissue subtype 

d is tribution in the cancer group revealed 12 squamous cases, 8 small cell and only 

4 patients with adenocarcinoma. Table (4.5) shows comparison between the 

debrisoquine oxidation status and the % dose recovery of mephenytoin in 0-8h urine 

collection for each group. None of the patients were on drugs which are known to 

be metabolised by either of the two isoenzymes. (Tables 4.6, 4.3). Four poor 

metabolisers for mephenytoin 4-hydroxylation were detected, two in each group 

(cases and controls). Only three of them were challenged with debrisoquine and 

they turned  to be extensive metabolisers w ith  metabolic ratio  values of 0 .1, 0.5 and  

7.3. Both age and smoking (PY) were comparable in both cases and controls. This 

would exclude the potential effect of smoking on the metabolism of mephenytoin. 

In the control group, four poor metabolisers of debrisoquine were identified , all of 

them are extensive metabolisers for mephenytoin 4-hydroxylation.

The % mephenytoin recovery was variable in both groups but statistically not 

significant (19 + 11.8 mean + SD, range 0-44.7, 21.6 + 11.9, 0-49.2 fo r  cancer and 

controls respectively). Statistical analysis of the data  showed no correlation between 

debrisoquine metabolic ratios and the % mephenytoin recovery (Spearman Rank 

correlation (rs = 0.21, P>0.10), (see Figure 4.3). The study also showed, tha t there is 

no correlation between smoking cigarettes as expressed by (PY) and the % recovery 

of mephenytoin in both series Figure (4.4).

Because of the small number of each diagnosed histological type in the lung cancer 

group, no attempt was made to correlate between each subtype and % recovery of 

mephenytoin dose.
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Table 4.4 General character ist ics  o f  lung cancer patients and controls  

(Mephenytoin Study)

I Lung cancer patients

a) Male

No Deb. No. Age 
yr

1 364 81
2 1 81
3 8 67
4 28 76
5 11 77
6 7 68
7 241 59
8 146 73
9 23 74
10 214 54
11 230 67
12 232 66
13 224 80
14 33 66

b) Female

1 246 66
2 445 58
3 248 57
4 237 74
5 225 68
6 212 59
7 213 55
8 53 62
9 84 76

10 247 54

Smoking Tissue
PY type

65 Adenocarcinoma
65 Adenocarcinoma
52 Squamous
75 Squamous
90 Squamous
53 Squamous
80 Small
55 Small
56 Squamous
80 Small
40 Squamous
80 Small
40 Adenocarcinoma
70 Small

29 Adenocarcinoma
43 Small
41 Small
35 Squamous
53 Squamous
55 Squamous
60 Small
50 Squamous
45 Squamous
32 Sqamous

% Debrisoquine
Mephenytoin (MR) 
recovery 
(0-8h)

24.6 1.0
22.8 1.0
16.8 0.1
Nil 0.1
20.0 0.4
16.9 0.6
40.8 0.6
22.3 0.7

5.5 0.1
1.76 0.5
9.1 0.3
9.9 0.4

29.2 2.4
26.4 3.0

7.7 0.7
44.7
31.7 0.4
37.4 0.3
23.4 0.3
18.9 0.6
7.9 0.3

11.3 5.2
19.3 0.6
5.8 1.3
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a) Male

No Deb. No. Age Smoking % Debrisoquine
PY Mephenytoin (MR)

recovery 
(0-8h)

1 114 71 88 18.4 4.4
2 114 67 41 Nil -

3 181 66 55 11.3 3.2
4 213 78 38 17.9 2.0
5 223 67 35 13.6 1.2
6 221 62 47 11.0 0.4
7 233 69 37 24.0 3.7
8 230 65 100 16.9 0.3
9 207 69 52 8.1 3.7
10 231 59 80 37.5 3.6
11 235 63 48 46.5 6.8
12 250 60 45 39.17 35.2
13 205 67 74 14.4 38.4
14 116 64 47 33.25 1.1
15 130 80 100 28.7 2.8

b) Female

1 184 65 48 29.6 5.2
2 197 61 43 49.2 0.9
3 247 73 56 12.6 3.1
4 209 61 45 31.3 2.1
5 220 75 55 Nil 7.3
6 238 67 39 11.2 2.7
7 210 65 47 10.5 1.5
8 214 72 58 21.6 1.3
9 211 63 25 18.3 17.4

10 118 61 38 9.6 0.5
11 94 61 60 34.0 18.4
12 117 59 43 28.5 -
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Table 4.6 The number of individuals on each drug used by both groups of patients

Name of the drug Cases

Salbutamol 2

Aminophylline 1

Paracetamol 5

Atropine 3

Papaverine 6

Codeine linctus 1

Temazepam 1

Allopurinol 

Ipratropium  bromide

M ultivite 1

Cyclopenthiazide 1

Potassium chloride 

ACTH

Beclomethasone 

Cefuroxime 

Quinine sulphate 

Oxytetracycline

Control

6
8

1

1

14

3 

1

4 

1 

1 

1
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V a rio u s  s tu d ie s  h ave  shown th a t  the  g en e t ic  p o ly m o rp h ism  o f  m e p h e n y to in  

4-hydroxylation is unrelated to the debrisoquine 4-hydroxylation polymorphism 

(K upfer et al., 1984; Inaba et al., 1984). In this study, it was not surprising that 

attempts to correlate the % recovery of mephenytoin as 4-hydroxymephenytoin with 

the known genetic polymorphisms of oxidation, namely the 4-hydroxylation of 

debrisoquine, proved negative. This was well confirm ed by the poor oxidation of 

debrisoquine tha t was found to occur in 4 patients who were normal for the 

oxidation of mephenytoin and vice versa. The percentage recovery of mephenytoin 

as 4-hydroxy mephenytoin in both cancer and control patients is comparable and 

statistically not significant (P>0.10). These results are in accordance with various 

published population studies (Table 4.2). The data  in this study revealed that 

neither sex nor smoking has any influence on the % mephenytoin recovery in both 

groups.

Lung cancer could possibly influence the drug metabolizing enzyme system in two 

ways. a) Distant metastases. It is known that bronchogenic carcinomas often 

metastasise distantly. Although some variation according to cell type can be found, 

these tumours are very aggressive with respect to their propensity for lymphatic and 

hematogenous spread to extrathoracic locations. It was shown by Matthews et al., 

1973 and Minna et al., 1982, that at autopsy, widely metastatic tumours are easily 

demonstrable in 80 to 100% of cases of small cell cancer, in 50-85% of cases of 

adenocarcinoma or large cell and in 30-55% of cases with squamous cell cancer. 

U nfortunate ly , the proportion of patients w ith bronchogenic carcinoma having 

distant metastases at the time of their initial clinical presentation is very large. 

Many metastases can be identified  by the currently  available techniques, but many 

others remain occult despite the clinician’s best efforts  to detect them (Owens & 

Abeloff, 1985). b) Paraneoplastic syndromes. In recent years increasing attention 

has been  ca l led  to the  sev e ra l  p a ra n e o p la s t ic  sy n d ro m es  a s so c ia te d  w ith  

bronchogenic carcinomas. Increasingly sensitive techniques have enabled the 

id e n t i f i c a t i o n  an d  m e a su re m e n t  o f  a v a r ie ty  o f  p o ly p e p t id e s  an d  o th e r  

physiologically active substances secreted by these tumours especially small cell 

carcinoma (Tables 3.15, 3.16).

The data obtained in this study, however, suggests tha t lung cancer does not 

influence the metabolism of mephenytoin 4-hydroxylase (a member of the multigen
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fam ily  P-450 C2C (Nebert et al.t 1987)). This is not surprising, since we know that 

the drug  metabolising enzyme systems contain a large number of isoenzymes with 

various substrate selectivities. Hence, it has been suggested tha t the activ ity  of 

d if fe re n t  forms of cytochrome P-450 might be enhanced or inhibited  to a d if fe ren t  

degree, by trea tm ent w ith  d iffe ren t  compounds administered either exogenously or 

endogenously.

It can there fore  be concluded a) tha t debrisoquine 4-hydroxylation but not 

mephenytoin 4-hydroxylation is markedly enhanced in the lung cancer group, b) 

this is much more likely to be a cause and not an effect of lung cancer in smokers,

c) at this stage of investigation, it is unlikely that mephenytoin 4-hydroxylase 

influence the development of lung cancer in smokers.
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CHAPTER 5

COMPARISON OF PHENOTYPES FOR METABOLISM OF 

ANTIPYRINE AND DEBRISOQUINE AS INDICATORS 

OF LUNG CANCER RISK IN SMOKERS
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In recent years, the concept has been developed tha t all chemical carcinogens that 

are not themselves chemically reactive must be converted to chemically reactive 

forms before they exert any harm ful effects in humans. It has been shown that 

most synthetic and natura lly  occurring carcinogens are not carcinogens as such. 

R ather  they appear to be pre-carcinogens which require metabolic transform ation  in 

order to become ultimate carcinogens (Miller, 1974). O f all the other carcinogens, 

only limited numbers of agents such as some alkylating compounds are chemically 

reactive and do not require metabolic activation to exert their noxious effects 

(Miller & Miller, 1966). If  the majority of carcinogens are, in fact, so-called pre- 

carcinogens they require enzymatic transform ation to become active carcinogens. 

In terindiv idual variations of some of the activating enzymes might explain why, in 

a population, some individuals are uniquely sensitive or resistant to the action of 

chemical carcinogens present in our environment (Nebert et al., 1977).

In terindiv idual differences in drug metabolism have been described to such a 

degree tha t it is possible to presume tha t a similar varia tion  in metabolic rates also 

exists for chemical carcinogens and other hazardous compounds. For example, the 

metabolism of the well-known carcinogen benzo[a]pyrene (BP), which is found 

widely in our environment in the form of cigarette smoke, polluted air and 

barbecued meat has been studied in the human lung (Grover et al., 1973; Sabadie 

et al., 1981), liver (Kuntzman et al., 1966), cultured monocytes (Bast et al., 1972), 

macrophages (Cantrell et al., 1973) and mitogen-stimulated lymphocytes (Busbee et 

a ll  1972). All these studies agree that there is a wide in terind iv idual varia tion in 

the metabolism of benzo[a]pyrene in man. Sabadie et al. (1981) in their  studies on 

f r e s h  lung  tissues ,  show ed  la rg e  in t e r in d i v id u a l  v a r i a t io n  in  th e  o x id a t iv e  

metabolism of BP in the order of 20 to 40-fold.

Many workers have attempted to assess drug metabolizing capacity in humans by 

m e a su r in g  ra te s  o f  e l im in a t io n  f ro m  p lasm a o f  d ru g s  m e ta b o l iz e d  by the  

monooxygenase enzyme system. Others have expressed interest in the possibility of 

predicting the capacity of certain individuals to oxidise certain  drugs on the basis 

of measuring half-lives or total clearance values of model substrates (Kellerman et 

al., 1973; K adar et al., 1973; Mellstrom et al., 1980).
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Methods of studying carcinogen metabolism in humans are limited due to ethical 

considerations. Conney et al. (1974; 1976) suggested tha t data  on the metabolism of 

non-toxic prototype or model drugs metabolized by the same enzyme systems as 

carcinogens may serve as an index of ind iv iduality  for the metabolism of 

carcinogens. They may also determine the potential hazards of exposure of 

d if fe ren t  individuals to various toxic compounds. In this respect an tipyrine (AP) 

has been used frequently  to serve such aims. Table (5.1) lists some studies on the 

correlation of oxidative metabolism by human liver monooxygenases between 

substrate pairs. K apitu ln ik  et al. (1977) found tha t antipyrine  hydroxylation 

activ ity  correlates with arylhydrocarbone hydroxylase (AHH) activ ity  in liver 

autopsy specimens. Kalamegham et al. (1979) demonstrated a positive association 

between AHH activity and antipyrine half-life. Sotaniemi et al. (1978) reported a 

correlation between cytochrome P-450 content determined in vitro in liver biopsies 

and an tipyrine  (AP) half-l ife  in vivo.

Table 5.1 Correlations of oxidative metabolism by human liver monooxygenase 

between substrate pairs.

1. Liver (autopsies) in vitro

Aryl hydrocarbone hydroxylase (AHH) activity  vs an tipyrine (AP) 

hydroxylation (K apitu ln ik  et al., 1977).

(r = 0.85, P<0.01, n = 32)

2. L iver in v itro /in  vivo

AHH activity vs AP half-life (Kalamegham et al., 1979)

(r = 0.52, P<0.05, n = 15)

Cytochrome P-450 content vs AP half-l ife  (Sotaniemi et al., 1978)

(r = 0.8, P<0.01, n = 200)

Kellerman et al. (1976) found a good a correlation (r = 0.92) between the plasma or

s a l iv a  d i s a p p e a ra n c e  r a t e  o f  AP an d  the  a c t iv i t y  an d  in d u c ib i l i ty  o f  a ry l

hydrocarbone hydroxylase in mitogen-stimulated lymphocytes. More recently 

K ellerman et al. (1980) measured the saliva an tipyrine  half-lives and metabolic 

clearance ra te  of AP in 57 lung cancer patients, 57 cancer-free matched controls and 

59 healthy smoking controls. They found that the mean antipyrine  half-life  was 

significantly  shorter (P <0.001) in lung cancer patients when compared with the
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cancer-free matched control group, but d if fe red  little from tha t of smoking group 

(P >0.05). They suggested that lung cancer patients have increased oxidation rates 

which may have predisposed them to developing lung cancer.

Table (5.2) lists three studies in which the metabolism of antipyrine in cancer 

patients was compared with tha t in cancer-free controls.

Table 5.2 Metabolism of antipyrine (AP) in cancer patients and in cancer free 

controls.

Study Type of cancer Metabolic parameter D ifference References

measured observed

1. Lung (n=9) AP t j h  NS Tschanz et al.,

1977

2. Lung (n=10) AP t j h  and AP metabolites NS Danhof, 1980

3. Stomach (n=10) AP t^ h  NS Higuchi et al.,

1980

Aim of the study

This study was undertaken  : a) to investigate the hepatic oxidation rates in lung 

cancer patients and controls as measured by AP metabolism, in other words to 

investigate the tum our bearing state on antipyrine metabolism, b) to compare the 

ability to metabolize both the debrisoquine and an tipyrine in both groups.

5.2 ANTIPYRINE

Antipyrine (phenazone) l,5-dimethyl-2-phenyl-4 pyrazoline, is a colourless crystal 

with a slightly b it ter  taste (Martindale, 1982). It was the f irs t synthetic drug 

produced in Germany (1884) and was used as an antipyretic  and an analgesic 

(Stevenson, 1977). This drug was replaced by more superior and safer compounds, as 

many cases of skin and various haematological disorders had been reported in the 

past, in susceptible individuals on normal therapeutic doses (Stevenson, 1977).
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Many investigators in d iffe ren t countries have been using an tipyrine  as a research 

tool in various disciplines e.g. pharmacology, physiology and oncology for the 

following reasons :

a) A n t ip y r in e  is r a p id ly  ab so rb ed  f ro m  th e  g a s t r o - in te s t in a l  t r a c t  and

d is tribu ted  in the total body water, with a peak plasma concentration usually 

a tta ined  at 1-2 hours.

b) It was estimated tha t less than 10% of the dose is bound to plasma proteins.

c) A ntipyrine  is extensively metabolized by the liver monooxygenase system,

where it is not influenced by hepatic blood flow. It is known tha t only 5% 

of the dose appears in the urine in an unchanged form. Brodie in 1948, used 

an tipyrine  to measure the volume of body water. Vesell (1971) introduced 

w hat he called the "Antipyrine Test", to study the effec t of various 

e n v i ro n m e n ta l  f a c to r s  on th e  l iv e r  m ono o x y g en ase  system . O th e rs  

investigated the individual variability  of drug metabolizing capacity in man 

by measuring an tipyrine half-lives or clearance (K adar et al., 1973; Sjoqvist 

& Yon Bahr, 1973). More recently an tipyrine  half-l ife  was used as a drug 

p ro b e ,  fo r  the  s tu d y  an d  p re d ic t io n  o f  th e  m e tab o lism  o f v a r io u s  

c a rc in o g e n ic  com pounds  in  p a t ie n ts  w i th  b ro n c h o g e n ic  ca rc in o m as  

(Kellerman et al., 1976).

d) It has been demonstrated that the mean in tra ind iv idual variations in

an tipyrine  half-l ife  and clearance were 10.0%, 10.4% respectively, indicating 

tha t the overall pharmacokinetics of an tipyrine are quite reproducible within 

individuals  (Kellerman et al., 1976; Vesell, 1977).

5.2.1 A ntipyrine  metabolism

A ntipyrine  is metabolized via at least three d if fe ren t  pathways (two hydroxylations 

a n d  N - d e m e t h y l a t i o n )  to  a t  l e a s t  f o u r  p r i m a r y  m e t a b o l i t e s ,  n a m e ly ,  

4-hydroxyantipyrine (4-OH), 3-hydroxymethylantipyrine (3-HMA), norantipyrine 

(NORA) and 3-carboxyantipyrine. It has been estimated that about 60-90% of the 

ingested dose is metabolized to 4-OHA, 3-HMA and NORA (Eichelbaum, 1976). 

These are rap id ly  excreted in the urine, predominantly in conjugated forms (Brodie 

& Axelrod, 1950; Zietz et al., 1978; Danhof et al., 1979), (see Figure 5.1).
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A ntipyrine elimination in man depends upon the major oxidative routes of 

metabolism and there is increasing evidence that each metabolite is produced by a 

separate form of cytochrome P-450, but w ith an overlap in their specificities 

(Danhof et al., 1979; Inaba et al., 1980; Penno et al., 1981). D anhof et al. (1980) 

demonstrated a strong relationship between the clearance of an tipyrine  to both 

3-HMA and 4-OH-A, which indicates tha t the hydroxylation in 4-position and on the

3-methyl group might be performed to a large extent by the same isoenzymes of the 

cytochrome P-450 monooxygenase system. He also found tha t the N-demethylation 

of antipyrine to norantipyrine is handled by a d iffe ren t  cytochrome P-450 

isoenzyme.

In terindiv idual differences in antipyrine biotransform ation are well documented 

(Vesell et al., 1968; Danhof, 1980). Total clearance varies almost 3-fold amongst 

young healthy subjects, whereas the rate of form ation of the metabolites varies 

between 5-6 fold (Danhof, 1980). It is not known w hether these d ifferences are 

caused by genetic or environemntal factors or both. The subject is governed by two 

conflicting pieces of evidence.

Vesell et al. (1968) observed that monozygotic twins are more concordant in 

antipyrine half-life  than dizygotic twins. Kellerman et al. (1976) investigated the 

m e tab o lism  o f  th is  co m pound  in u n re la te d  s u b je c ts  a n d  show ed  a t r im o d a l  

d istribution of an tipyrine half-life  in the population studied. The authors suggested 

a monogenic control as a mechanism for their findings. The weakness in this study 

lies in using antipyrine half-life ra ther than the plasma elimination rates as an 

index in their study. Penno & Vesell (1983) studied the biotransform ation of 

an tipyrine in 13 families and found that the heretability  for the rate  constant 

formation for the three main metabolites namely 4-OHA, 3-HMA and NORA are

0.88, 0.85 and 0.70 respectively. This has given rise to the possibility tha t a common 

genetic locus may control or participate in the regulation of all the three oxidative 

reactions which govern the antipyrine metabolism, where similar gene frequencies 

for the form ation of each antipyrine metabolite were observed (Penno & Vesell, 

1983). On the other hand, in a well planned study, Blain et al. (1982) investigated 

antipyrine clearance in 208 individuals of 78 families. The authors found no 

significant differences between parents and their offsprings. They concluded tha t 

environmental influences are more im portant than genetic factors in the metabolism 

of antipyrine.
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5.2.2 T h e  i n f l u e n c e  o f  d e b r i s o q u i n e  4 - h v d r o x v l a t i o n  on  a n t i p y r i n e

bio transform ation

D anhof et al. (1981) studied the influence of genetically controlled deficiency in 

debrisoquine hydroxylation on antipyrine metabolite form ation in 14 extensive and 

10 poor metabolisers of debrisoquine. The antipyrine elimination half-life , volume 

of d is tribu tion  and total clearance were almost equal for the two groups as none of 

these param eters were found to be statistically significantly  d if fe ren t  for poor and 

extensive metabolizers (see Table 5.3).

Table 5.3 Pharm acokinetic  parameters of antipyrine in groups of extensive and

Significant d ifferences in the excretion of an tipyrine metabolites were not observed 

b e tw e e n  th e  tw o g roups ,  excep t fo r  3 - h y d ro x y m e th y l - a n t ip y r in e  w h ich  was 

significantly  lower in poor metabolisers compared to extensive metabolisers of 

debrisoquine. However, this d ifference only reaches borderline significance, when 

clearance values for the production of this metabolite were calculated (see Table 

5.4). The extent of the conjugation of the metabolites was essentially the same in 

both genotypes (D anhof et al., 1981).

Table 5.4 U rinary  excretion of oral antipyrine in both extensive and poor

poor metabolisers of debrisoquine 4-hydroxylation (Danhof et a l 1981).

Param eter

h a lf- l ife /h

total c lea ran ce /L /h

volume of d is tr ibu tion /L

Extensive metabolisers Poor metabolisers

11.7 ±  1.5 h 11.5 ± 3.4 h

2.9 ±  0.8L/L 2.8 ± 0.8L/h

48.7 ±  9.7/L 44.3 ± 10.8/L

metabolisers of debrisoqine (Danhof et al., 1981).

U rinary  excretion of antipyrine Extensive 
metabolisers 
% of the dose

Poor metabolisers 
% of the dose

4-hydroxyantipyrine 

N oran tipyrine  

3-hydroxym ethyl-antipyrine 

3-carboxyantipyrine 

U nchanged drug

24.7 ± 2.0 

17.5 ±5 .9  

29.0 ± 5.2

3.8 ± 1.4

3.8 + 2.0

24.7 + 4.8

16.4 ±3 .9

22.4 ±  6.0

3.3 ± 0.9

2.3 ± 0.8
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These results lead to the conclusion tha t the genetically controlled deficiency in 

carbon oxidation of debrisoquine does not influence the metabolism of an tipyrine to 

its 4 main metabolites. The reason behind this lies in the m ultiplicity  of the 

monooxygenase system. Both debrisoquine and an tipyrine are thought to be 

metabolised by the mixed function oxidase system, but d if fe re n t  isoenzymes are 

involved in the alicyclic hydroxylation of debrisoquine and those of involved in the 

metabolism of antipyrine via d iffe ren t pathways.

5.3 METHODS

5.3.1 Subjects

T hirty  randomly selected lung cancer patients (19M, 11F, age range 57-74 yr) and 29 

controls w ith various degrees of airflow limitation (17M, 12F, age range 57-81 yr) 

were investigated with both debrisoquine and antipyrine on two separate occasions 

with at least 2 days elapsing between each study. All patients were Caucasians. The 

histological d is tribution of lung cancer subtype, was 20 squamous, 8 small cell and 2 

adenocarcinoma cases. Exclusion and inclusion criteria  were applied in this study 

as described previously (CHAPTER 3), smoking habits (PY), drug concomitant, the 

measurement of renal and liver function tests and routine haematology were all 

recorded. Following an overnight fast, on day one, all cancer patients but only

23 of the control patients, each received a single oral dose of debrisoquine (lOmg,

Declinax table, Roche Laboratory). U rine was collected on each occasion over the 

subsequent 8 hours. Its volume was measured, and aliquots were stored at -20 °C 

until  analysis. On day three, each partic ipant received an oral dose of antipyrine 

(500mg in a capsule). Heparinized blood samples were obtained a t 0, 3, 6, 9, 12, 24,

48 hours past dosing. Plasma was separated and the samples were stored frozen at

-20 °C until  analysis.

5.3.2 Analysis

5.3.2.1 Debrisoquine oxidation phenotype

The oxidation phenotype status [extensive metabolizer (EM)/poor metabolizer (PM)] 

of 53 patients (cases and controls) was determined following an oral challenge test 

w ith  debrisoquine sulphate and the analysis of the subsequent 0-8 h urine for
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Figure 5.2 Chromatogram obtained a f te r  extraction of hydrolysed 

plasma af te r  intake of 500mg antipyrine by a patient.
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debrisoquine and 4-hydroxydebrisoquine as previously described (Mahgoub et al., 

1977). Assignment of oxidation phenotype was as described by Evans et al. (1980; 

1983) (see Figure 3.2).

5.3.2.2 Assay o f  antipyrine in plasma

2.0ml of plasma was transferred  to a glass vial. To this was added 50wl internal 

s tandard  (lm g/m l) metpyramine and lOOtd 5M sodium hydroxide. The vial was 

capped and then shaken fo r  20 minutes. The samples were then centrifuged at 5000 

r.p.m. for 5 minutes to separate the two layers. 2ml of the organic layer was 

transferred  to 5ml vial and was evaporated using a vacuum centrifuge. The residue 

was reconstituted in methylene chloride (50m1) and the sample vortex mixed for 

10 seconds. An aliquot (l.Oul) was then injected onto the g.l.c. column (g.l.c. Pye 

U nicam  series 204, electron capture). The chromatographic conditions were, column 

SE 30(10%) on Chromosorb WHP, temperature (oven 250°C, injector 300°C, detector 

300 °C). A.g.l.c. trace obtained from  a plasma sample is shown in (Figure 5.2). The 

calibration curve of an tipyrine  in plasma is in the concentration range % 0.1 - 

20«g/ml.

5.4 CALCULATIONS

H alf-life  ( t jh )  and concentration of an tipyrine  at zero time (CQ) were calculated 

f ro m  th e  leas t  sq u a re  reg re s s io n  l in e  f i t t e d  to  a semi log p lo t  o f  p lasm a 

concentration of an tipyrine  against time a f te r  adm inistration of the drug. The 

volume of distribution (V d/L) was calculated by dividing the given dose by the 

extrapolated value of the an tipyrine  concentration at time zero.

The clearance (CL L /h) was calculated as follows :

CL _ 0.693 Vd

For the statistical analysis, S tudent’s t-test was used.
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Table (5.5) shows the general characteristics of both series (patient and control) i.e 

age, sex, smoking habit and lung cancer cell type. The pharmacokinetic parameters 

of an tipyrine  fo r  each patient taking part in the study are given in Table (5.6). 

Table (5.7) shows the sum of the pharmacokinetic parameters of an tipyrine  and 

debrisoquine metabolic ratios in patients w ith lung cancer and controls. In the 

cases, the an tipyrine  half-l ife  was found to be shorter with a mean ±  SD (range) of

8.5 + 1.2 h (7.2 - 10.9) as compared to 9.4 + 1.4 h (7.6 - 13.4 h) in the control group, 

but statistically this is insignificant. However, the antipyrine  clearance was almost 

identical in the two groups with mean + SD (range) of 2.9 + 0.46 L /h  (2.4 - 4.4) in 

the patients w ith  lung cancer as compared to 3.0 ±  0.5 (1.94 - 3.9) in the controls. 

The volume of d istribution (Vd/L) was d iffe ren t between the two groups, but 

statistically ins ignificant mean ±  SD (range) 44.5 + 5.4 (37 - 56.2), 50 + 6.0 (46.0 - 

60.2) for both lung cancer patients and controls respectively. There was a 

substantial in terind iv idual variation in antipyrine clearance and plasma t^  in both 

groups (Table 5.6). In patients with lung cancer, body weight (kg) was found to be 

lower with a mean value + SD (range) of 67 + 7.3 kg (55 - 79) as compared with 73 +

12.6 (55 - 94) in controls P>0.05 and there was a reasonable correlation between body 

weight and an tipyrine  half-l ife  (r = 0.735, n = 59, P<0.001) (Figure 5.3). However, it 

is worth  restating tha t the clearance of antipyrine, when adjusted for un it body 

weight; which reflects the rate of an tipyrine metabolism by all routes, did not 

d iffe r  between the cancer and control patients.

The results of the debrisoquine phenotyping are given in Table (5.6). In the cancer 

subjects, the metabolic ratio  of debrisoquine was in the range 0.2 - 5.8 which means 

that these are extensive metabolisers with respect to debrisoquine hydroxylatin  with 

possible 26/30 homozygotes dominant. In the 23 cotrols, the metabolic ratio  was 

found to be in the range of 0.9 - 59.7, with 5 poor metabolisers and only 2 patients 

with metabolic ratios <1. Table (5.7) shows that there is no d iffe rence  in the 

p h a rm a c o k in e t ic  p a ra m e te r s  of a n t ip y r in e  b e tw ee n  b o th  e x te n s iv e  a n d  poor 

metabolisers fo r  debrisoquine 4-hydroxylation. Figures (5.4, 5.5) shows tha t there is 

no association between both the half-lives, clearance of an tipyrine and debrisoquine 

metabolic ratios. Figures (5.6, 5.7) show that smoking cigarettes has no impact on 

either the clearances or half-lives of antipyrine. Because of the small number 

stid ied  in each histological subtype of lung cancer patients, no a ttem pt has been 

made to calculate the results for each histological type separately. Known
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an tipy rine  inhibitors or inducers were not used in either cases or controls (Table 

5.8). All haematological and clinical chemistry parameters measured were within 

normal laboratory  ranges.
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Table 5.5 General characteristics of both series (patient and control).

I. Lung Cancer

a) FEMALE

No. Age (years) Smoking (PY) Cell type

1 68 50 Squamous
2 69 90
3 66 45
4 71 95
5 66 34
6 65 45
7 65 60
8 70 45
9 78 60
10 59 40
11 69 48
12 65 50
13 63 60
14 74 50
15 61 42
16 57 80 Small cell
17 59 65
18 63 53 Adenocarcinoma
19 71 40

b) FEMALE

1 68 45 Squamous
2 64 45
3 64 90
4 59 43
5 57 30 Small cell
6 59 40
7 53 38
8 53 38
9 58 55
10 65 40
11 66 40

Mean ± SD 64.1 + 5.9 51.9 + 16.9
(range) (57 - 78) (30 - 90)
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II  Control

a) MALE

No. Age (years) Smoking (PY)

1 71 67
2 67 70
3 81 65
4 73 55
5 73 40
6 78 38
7 64 41
8 59 82
9 63 48
10 60 45
11 69 52
12 63 50
13 67 74
14 56 40
15 77 62
16 72 78
17 66 75

b) FEMALE

1 57 80
2 74 88
3 60 35
4 71 65
5 63 25
6 60 60
7 68 52
8 60 66
9 63 43

10 60 43
11 63 30
12 59 37

Mean + SD 
(range)

66 ± 6.8 
(57 - 78)

55.3 + 8.5 
(25 - 88)
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Table 5.6 Individual pharmacokinetic parameters and debrisoquine metabolic 

ratio (MR) in both lung cancer patients and controls.

I. Lung Cancer

a) MALE

No Deb. No. Debriso.
MR

CL(L/h) t j ( h ) V D /L Wei
k

1 345 0.5 3.3 8.5 56.2 79
2 392 0.2 3.0 10.90 54.3 77
3 362 0.7 3.14 8.6 48.6 66
4 145 1.1 2.75 7.8 39.6 61
5 174 0.3 2.82 7.4 40.1 59
6 111 1.0 2.96 9.10 53.2 73
7 201 0.4 2.77 9.10 47.3 69
8 162 0.2 3.47 7.30 55.0 74
9 88 0.2 3.19 10.10 52.7 75

10 326 1.0 2.96 10.30 56.0 77
11 229 0.5 3.1 7.8 44.0 67
12 505 0.6 2.34 8.5 47.0 60
13 355 0.5 3.05 10.20 56.0 79
14 390 0.5 2.63 8.10 46.0 63
15 417 0.3 3.48 9.4 53.2 75
16 445 0.2 2.97 9.30 51.8 68
17 292 0.6 2.58 7.2 46.0 60
18 495 0.2 3.05 7.50 41.1 62
19 37 0.2 3.31 9.70 55.0 79

b) FEMALE 

1 424 0.1 2.42 8.3 52.8 64
2 341 0.5 3.18 9.20 55.2 70
3 497 0.4 2.11 6.8 38.2 55
4 476 0.4 2.56 8.2 439.4 65
5 513 0.6 2.85 7.2 41.2 58
6 399 5.8 3.6 8.9 51.1 67
7 234 0.3 2.9 9.6 53.7 69
8 444 0.9 2.89 9.1 42.1 61
9 32 0.6 4.37 4.9 37.0 58
10 66 0.2 2.17 9.2 39.0 61
11 259 0.3 2.64 8.2 52.0 59
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II. Control Patients

a) MALE

No Deb. No. Debriso.
MR

CL(L/h) t j ( h ) V D /L Wei
k

1 262 3.63 9.5 58.6 83
2 210 - 2.9 8.3 54.1 70
3 116 1.0 2.54 8.2 43.2 61
4 132 0.9 2.66 8.0 46.5 63
5 3 2.6 3.87 9.2 62.6 94
6 378 2.0 3.2 9.7 60.0 83
7 - 2.9 10.5 59.1 81
8 418 3.6 2.61 7.7 47.0 59
9 424 4.8 3.4 9.1 58.3 84

10 450 35.2 3.92 9.0 60. 88
11 361 3.7 3.15 9.6 45.0 70
12 349 0.9 3.4 7.7 42.0 62
13 359 28.4 3.68 10.6 58.9 92
14 574 6.8 2.66 9.85 51.5 75
15 570 4.4 3.0 12.1 58.6 85
16 481 36.9 2.75 9.2 49.2 68
17 136 2.4 3.59 8.0 53.1 71

b) FEMALE

1 358 1.0 2.21 8.4 48.0 55
2 492 1.8 3.28 10.0 56.2 84
3 139 2.3 2.92 10.3 55.2 78
4 436 4.3 2.55 7.8 45.6 59
5 369 17.4 2.48 7.7 46.0 58
6 412 4.7 3.43 11.2 58.0 88
7 419 1.2 3.71 8.8 57.0 66
8 433 7.3 1.93 8.7 43.0 56
9 511 - 2.94 13.4 61.0 93
10 502 - 2.36 8.7 48.0 61
11 62 59.7 3.29 11.0 58.0 88
12 - - 2.73 9.5 47.2 62
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Table 5.8 The number of individuals on each drug used by both groups of patients

Name of the drug Cases Control

Ampicillin 1 4

Aminophylline 3 11

A tropine 4 0

Beclomethason - 3

Codeine lintus 3

Flucloxacillin - 1

Frusemide - 1

Hyoscin 9

Ipratropium  bromide 3 7

N itrazepam  1 0

Papaverin  11 1

Paracetamol 6 1

O xytetracycline - 2

Potassium chloride 2 5

Spironolactone 0 1

Septrin 1 4

Salbutamol 3 16

Temazepam 0 1

Vit D 0 1

Thyroxine 0 1
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A ntipyrine is a widely used model drug in investigations on the influence of 

diseases and environmental factors, on the rate of hepatic drug metabolism in man 

(Vesell et al., 1977; Stevenson, 1977). Both an tipyrine half-l ife  an d /o r  clearance are 

used w ith in  this context (Danhof et al., 1979). However, half-l ife  is an inferior 

index of the elimination process for the following reasons - a) half- l ife  is dependent 

on both values of clearance and distribution due to the following equation

t = 0.693.Vd 
CL

b) The half-l ife  of a drug may not reflect its rate of metabolism (Sjoqvist & Von 

Bahr 1973), as poor correlations between the clearance and t j  of a large number of 

drugs have been demonstrated (Sjoqvist et al., 1973; D anhof, 1980). On the other 

hand, there are many advantages in describing elimination in terms of clearance 

ra ther  than half-lives namely - i) clearance is a constant rate process independent 

of both dose and plasma concentration, ii) it is directly  related to the activity  of 

d rug metabolizing enzymes (Gilette et al., 1971), according to the following equation

Vm (the maximum rate of the reaction)
CL = -----------------------------------------------------------

K m (the substrate a f f in i ty  constant)

For an tipyrine  more than 80% of the administered dose appears to be excreted in 

urine as oxidised metabolites, which means tha t its clearance reflects not only its 

overall rate of metabolism, but its rate of oxidation. In addition to this, it has been 

shown tha t the total antipyrine clearance is significantly  correlated with the 

clearance for production of each metabolite (Danhof et al. 1981). The data obtained 

in the present study has shown tha t the antipyrine clearance was almost identical in 

the 2 groups with a mean value + SD (range) of 2.9 + 0.45 L /h  (2.4 - 4.4) w ith lung 

cancer compared to 3.0 + 0.5 (1.9 - 3.9) in controls. However, antipyrine  half-life  

was shorter in the cancer patients 8.5 + 1.3/h (7.2 - 11) than  in controls 9.3 + 1.4 (7.6 

- 13.4). this being due to the lower body mass of the form er 66.7 + 7.6 kg compared 

to controls 73.7 + 17.8 (55 - 94). Not surprisingly there was a reasonable correlation 

between these two parameters (r = 0.735, n = 59, P<0.001). With regard to antipyrine 

plasma elimination rate these results are in agreement w ith the data  presented by 

others (Tschanz et al., 1977; Danhof, 1980). Tschanz et al. (1977) measured the 

metabolism of an tipyrine (iv) in 9 patients w ith lung cancer matched w ith a cancer-
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free control group fo r age, sex, weight, smoking habits and u tiliza tion  of alcohol 

and o ther drugs. The au thors found tha t an tipy rine  clearance was sim ilar in both 

groups and plasm a e lim ination  ha lf-life  was increased in lung cancer patients mean 

+ SD 9.5 + 1.3 h com pared to the healthy volunteers 7.7 + 1.3 h. They also observed 

no d iffe ren ce  in the excreted  am ounts of 4-hydroxyantipyrine and noran tipyrine 

between the two groups of patien ts w ith lung cancer and cancer free  control group. 

D anhof (1980) studied  10 patien ts w ith lung cancer and healthy control individuals 

and found  th a t the an tip y rin e  clearance was almost identical in the 2 groups w ith a 

mean value of 3.1 + 0.6 L /h  in the patients w ith lung cancer. He observed tha t 

an tipyrine h a lf- life  was shorter in cancer patien ts w ith a mean value of 9.3 + 1.4 h 

as com pared to 12.5 + 5.0 in the control group. Interestingly, the body mass of his 

cincer patien ts was s ign ifican tly  lower 64 + 8 kg com pared to controls 7 5 + 1 1  (P 

<3.001). On the o ther hand  Amber et al. (1977) found sign ifican tly  shorter 

antipyrine t j  in  7 lung cancer patients com pared to patien ts w ith  chronic lung 

disease. K ellerm an et al. (1980) studied the d istribu tion  of an tipy rine  t j  in 3 groups, 

ling  cancer patien ts  (n = 57), cancer free non-smoking healthy ind iv iduals (n = 57) 

and in healthy  heavy cigare tte  smokers (n = 59). They found in  cancer patients, 

tkat an tip y rin e  h a lf-life  is s ign ifican tly  shortened, mean + SD 11.2 + 3.9 h as 

compared to the non-sm oking controls 13.8 + 3.3 h (P<0.001), but not sign ificantly  

d ifferen t from  the sm oking controls 10.3 + 3.1. U n fo rtunate ly  inform ation  

regarding body w eight of the partic ipan ts in the ir study is not available.

Liguchi et al. (1980) studied  the activ ities of the hepatic microsomal enzymes in 10 

pitien ts w ith  gastric  or pancreatic  carcinom as by using an tipy rine  ha lf-life  as an 

iidex  of drug  m etabolism . They found no sign ifican t d ifferences in the mean 

a itip y rin e  h a lf-life  between the patients and healthy control subjects.

The data  in th is chap ter shows th a t the clearance of an tipy rine  is v irtua lly  the same 

ii both extensive and poor m etabolisers fo r debrisoquine. The same results were 

ojserved in a study on healthy  volunteers. D anhof et al. (1981) showed th a t the 

p h a rm a c o k in e tic  p a ra m e te rs  o f  a n t ip y r in e  a re  e s s e n tia lly  th e  sam e in  bo th  

pienotypes. They also observed tha t the excreted am ounts of an tipy rine  and 

metabolites in  32 h u rine as well as the clearances fo r the ir production are in the 

seme order of m agnitude in both phenotypes (see Tables 5.3, 5.4).

Fom  the data  presented in this chapter, it can be concluded th a t the genetically 

cm trolled defic iency  in drug oxidation th a t becomes apparen t w ith  debrsoquine
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certain ly  does not in troduce pronounced differences in the disposition of all drugs 

th a t are elim inated predom inantly  by oxidation.

As discussed before in this chapter, m etabolic clearance ra ther than  plasm a h a lf-life  

is the best index of liver m etabolism and w hat appears to be an increase in the 

oxidation  ra te  in lung cancer patien ts as m easured by an tipy rine  h a lf-life  is 

p robably caused by the lower body mass observed in lung cancer patien ts and 

various environm ental factors.

Tum ours may produce loss of w eight in patients due to sustained anorexia, bu t there 

must be other reasons as this phenomenon cannot be com pletely explained on this 

simple ground. Many mechanisms have been suggested such as m alabsorption, 

increased gastro in testinal m otility, abnorm al in term ediate  steps in the biosynthesis 

of various endogenous substances (Somayaji et al., 1972), bu t only a few  facto rs  have 

been delineated  (Sandler et al.t 1980). Tum ours tend to grow at the expense of 

norm al tissues (Shaport et al., 1972) and w eight loss occurs in patien ts even if  caloric 

in take is m ain tained  at a generous level (Thelogides et al., 1972). An increase in 

m etabolic ra te  in cachectic cancerous patients reflects the high energy dem and of 

gluconeogenesis w here protein  synthesis is a process dem anding a large am ount of 

energy. Weight loss and m alnu trition  can occur in lung cancer patien ts fo r a 

num ber of reasons (DeWys et al., 1980). In studies of m alnourished and well 

nourished lung cancer patients, both H eber et al. (1982) and Chlebowski et al. (1984) 

found  elevated levels of whole body glucose production occurring p rio r to the 

developm ent of cancer cachexia, when com pared w ith age m atched controls w hich 

explains the s ign ifican t w eight loss observed in these patients (mean + SD (16 + 2% 

of norm al body weight)). The excess of glucose production was accounted fo r by 

increased Cori cycle activ ity  (energy - w asting cycle) in w hich glucose is converted 

into lactase in  the tum ours and reconverted to glucose in the liver (Young, 1977). 

Both Heber et al. (1982) and H eber and Chlebowski (1984) dem onstrated abnorm ality  

of whole body protein  metabolism, an increase of resting energy expenditu re  and 

hypoalbum inaem ia in lung cancer patients prio r to the developm ent of cachexia.

These studies clearly dem onstrated a loss of w eight in lung cancer patien ts even at 

an early  stage of the developm ent of the tum our. This in tu rn  may have in fluenced  

the values of an tipy rine  half-lives in patients investigated in this and o ther studies.

The in fluence of several environm ental factors, in particu la r, drug trea tm en t and



Chapter 5 Page 201

disease state, on an tipy rine  m etabolism has been w idely investigated. Enzyme 

induction  has been studied extensively using an tipyrine  as a m arker drug. Some 

agents have been shown to exhibit a non-selective and others a more or less selective 

e f f e c t  on a n t ip y r in e  m e ta b o lite  fo rm a tio n . B a rb i tu ra te s ,  su lp h in p y ra z o n e , 

cisplatinum , v inblastin  and bleomycin induce an tipy rine  in  non-selective way 

(D anhof et al., 1982; Staiger et al., 1983; Teunissen et al., 1984). R ifam picin  is 

know n to have a selective effec t w hich induces NORA form ation  more than  3-HMA 

or 4-OHA (Toverud et al., 1981). Both phenytoin and carbam azepine induction  

showed selectiv ity  tow ards the form ation of both 4-OHA and 3-HMA (Penno et al., 

1981). The inh ib iton  effec t of some compounds on the an tipy rine  m etabolites have 

also been investigated. Propranolol and other lipophilic B-blockers, cim etid ine, oral 

contraceptives and diltiazem  are inhib itors of an tipy rine  metabolism (Bauer et al., 

1986; Teunissen et al., 1982; 1985). On the other hand Ca-antagonists such as 

n ifed ip in e  have no e ffec t on the form ation o f an tipy rine  m etabolites (G reenblatt 

et al., 1982; D ickinson et al., 1987). Non of the patients in e ither study w ere on any 

of the above m entioned drugs (Table 5.8).

The in fluence of smoking on drug m etabolism has recently  been review ed by Jusko 

(1978). The most in teresting aspect is th a t smoking seems to resu lt in a selective 

induction  of p articu la r hepatic oxidizing enzymes. It has fo r exam ple been shown 

th a t the ra te  of metabolism of an tipy rine  is increased in smokers w hereas th a t of 

no rtrip ty line , w arfa rin  and many other drugs appears to be u n affec ted , despite the 

fac t th a t all these drugs are thought to be m etabolized by various oxidative 

pathw ays. D efin itive  studies of the effec t of smoking on an tipy rine  disposition 

were carried  out by Vestal et al. (1975) who exam ined 307 healthy  subjects. Total 

clearances of an tipy rine  reveal th a t young and m iddle-aged smokers m etabolise 

an tipy rine  more rap id ly  than  do non-smokers. The data  of Wilson et al. (1976) 

showed sim ilar mean clearance values in smokers and non-smokers who ranged in 

age from  24-45 years. H art et al. (1976) found a mean t  ̂ of 12.4 h r in 25 smokers and 

10.8 h r in 17 non-smokers; a small but s ign ifican t d ifference. G enerally , the 

d ifferences in an tipy rine  t^  or clearance between smokers and non-smokers are not 

very great which makes an tipy rine  an insensitive m arker fo r smoking effects. Since 

all patien ts in both cohorts re fra ined  from  smoking w hile they were in hospital, it is 

un likely  th a t cigarette smoking has influenced  the pharm acokinetic param eters 

presented in this study (Figures 5.6, 5.7).

Several disease states are associated w ith a reduced ra te  of drug oxidation, of which
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liver diseases are the most prom inent. Im pairm ent of hepatic function  can result 

from  a varie ty  of liver diseases w ith d iffe re n t etiological and pathological pictures 

w ith  varying degrees of severity and prognosis (W ilkinson & Schenker, 1975; B ircher 

et al., 1983; Williams et al., 1983). In patients w ith  alcoholic liver cirrhosis, severe 

im pairm ent of AP metabolism was dem onstrated, together w ith  a decreased 

fo rm ation  of all an tipy rine  m etabolites. In p articu la r NORA form ation  tu rned  out 

to be severly decreased, which illustrates th a t hepatic d isfunction  in  a t least some 

patients, may have a selective effec t on drug oxidation (Teunissen et al., 1984a). 

H yperthyro id ism  is associated w ith  an increase in  the ra te  of an tipy rine  m etabolism 

(Teunissen et al., 1984b; Eichelbaum , 1976). The presence of a non-seminoma type of 

testicu lar cancer seemed to be associated w ith more pronounced 3-HMA form ation 

(Teunissen et al., 1984c). Non of the patien ts p artic ipa ting  in this study had 

su ffe red  from  an acute or chronic organ fa ilu re  du ring  the investigations. T heir 

liver and  renal function  tests were w ith in  the norm al clin ical values. However, 

w ide in te rin d iv id u a l variations were recorded.

The data  in this study does not dem onstrate an increase in the oxidation rates of 

an tipy rine  as measured by to tal plasma clearance o f the com pound in  both cohorts. 

The small increase in the plasma t j  is possibly due to  the observed lower body mass 

of lung cancer patients as com pared to controls. It is un likely  th a t the tum our mass 

produces a specific inducer(s) tow ards an tip y rin e  isoenzymes, otherw ise, th e ir 

effects would be obvious on the clearance values in  the cases. In fact, anim al 

studies have dem onstrated inh ib ition  of hepatic microsomal drug m etabolism  in the 

presence of tum ours (K ato et al., 1968), which seems to be m ediated by circu lating  

hum oral substances (Boulos et al., 1972). G enerally, the data  presented here does not 

support the hypothesis tha t there is a correlation between the oxidation rates of 

ind iv iduals as m easured by an tipyrine t j  and the developm ent of lung cancer in  

smokers as proposed by K ellerm an et al. (1980).

It can be concluded tha t a) lung cancer does no t influence the m etabolism of 

an tipy rine  w hich is m etabolized by at least th ree d iffe re n t cytochrom e P-450 

isoenzymes, b) the debrisoquine phenotypes does not bear any influence on the 

m etabolism  of an tipyrine in both cases and controls. Hence, it is unlikely  tha t the 

m etabolism  of debrisoquine will be affected  by the production of cancer m ediated 

factors, c) the pharm acokinetic param eters of an tipy rine  have no value in 

p ro d u c tio n  o f  lu n g  can c e r s u sc e p tib ili ty  in  sm okers. M o reo v er, a n t ip y r in e  

m etabolism  does not influence the developm ent of lung cancer in  smokers.
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GENERAL DISCUSSION AND CONCLUDING REMARKS
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The role of tobacco and tobacco smoke as causative agents fo r various types of 

cancer has frequen tly  been reaffirm ed , most recently  by w orking groups of the 

In terna tiona l Agency for Research on Cancer (IARC 1986). They have concluded 

th a t "The occurrence of m alignant tum ours of the resp irato ry  trac t and of the upper 

d igestive trac t in  humans is causally related  to various form s of tobacco smoking".

The prevention of lung cancer is believed to be possible by the restric tion  of 

c igarette  smoking. U nfo rtunate ly , smoking cessation programmes in  Western 

countries have met w ith  only lim ited success, except am ongst members of highly 

m otivated  groups. In 1985, fo r example, 600 billion cigarettes were sold in  the USA 

and  the annual per capita consum ption of cigarettes was 3400 (N ational Research 

Council 1986). The increased world wide consum ption has resulted in  an epidemic 

of lung cancer in  the developed world and more recently  in some developing 

countries (Anon, 1984).

D espite the best cu rren t diagnostic and trea tm ent m ethods (including a com bination 

o f surgery, rad io therapy  and chem otherapy), less than  10% of lung cancer patients 

survive fo r more than 5 years (Spiro, 1984). This is partly  due to our lim ited 

knowledge of the pathogenesis of this tum our and to the com plexity of the disease 

and its causations.

Evidence has accum ulated gradually  to suggest th a t cancer is essentially a genetic 

disease a t the cellu lar level, but not a disease w ith a m ajor inherited  component 

(Bodmer, 1982). This means tha t the origin of most m alignant diseases, to a greater 

or lesser extent, is dependent on the genetic constitu tion  of the subject in w hich 

they arise, w hatever other factors may be involved in  th e ir causation. It can be said 

th a t, in hum ans, unless the in itia l event in neoplasia is of an extrem e variety , the 

probab ility  of this happening more o ften  in some indiv iduals than  in others w ill be 

in fluenced  by the biological variab ility  in  the population i.e. the ir variab le  genetic 

background.

Bodmer (1982) suggested th a t the u ltim ate goal of genetic studies in relation to 

cancer must be to iden tify  the particu la r genes involved in determ ining inherited  

susceptibilities and to establish the ir functions and modes of action. K nudson 

(1974; 1989) stated  that the fac t tha t specific cancers may occur in ind iv iduals who 

have inherited  a cancer gene(s) has some sign ifican t consequences. F irstly , it would
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be very useful to be able to iden tify  high risk indiv iduals and the ir frequency in  a 

population. Secondly, the study of the ir non tum our cells may yield im portant 

in form ation  regarding the natu re  of the fundam ental defect(s) in cancer, since these 

cells harbour one cancer m utation, but do not have the secondary changes found  in 

cancer cells. Such carriers are undoubtedly very susceptible to environm ental 

carcinogens. Carney et al. (1979) suggested th a t if  we can iden tify  genetic lesions in 

lung cancer cells, they might be u ltim ately  correctable in patients. In support of 

th is hypothesis, he suppressed lung cancer cell lines in an in vitro (genetic) model.

With regard  to lung cancer in smokers, there is considerable circum stan tial evidence 

fo r the existence of groups of subjects a t high risk of developing th is disease w hich 

has already  been discussed in Chapters two and three.

The evidence fo r a genetic basis a ffec ting  susceptibility  to environm entally  induced 

lung cancer is well docum ented in  anim al studies and supported to a certain  extent 

via hum an epidem iological investigations. However the id en tifica tio n  of various 

m arkers or (predictors) of risk fo r lung cancer has been suggested by various groups 

of investigators du ring  the last 15 years, these are  discussed below :

a) ABO blood groups

The search fo r a po tential etiologic relationship  between ABO blood groups and 

bronchogenic carcinom a has been undertaken  by many workers. Non o f them  were 

able to fin d  any association. A ctually, of all cancers fo r w hich there are large 

bodies of data, lung cancer is among the ones which show the least association w ith 

ABO blood groups (Reviewed by M ourant et al., 1978). R ecently, Roots et al. (1989) 

have suggested th a t blood group A, constitutes a genetic tra it predisposing to lung 

cancer, especially in young individuals (<50 years old).

b) Imm unological m arkers

In hum ans, the supposition tha t there may be an im mune reaction of the host 

against his own tum our, has led to a search fo r tum our antigens in hum an neoplastic 

tissues. Many reseachers have failed  to generate specific m onoclonal antibodies 

tow ards lung cancer cell-surface antigens (Brown et al., 1982). O thers have observed 

that the d istribu tion  of cell-surface antigens is not associated w ith  any particu la r 

lung cancer tissue type (Brown & Moore, 1982; Ball et al., 1984). They also found
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th a t antigens expressed on lung cancer cells may also be shared to a variab le degree 

by non pulm onary cancers.

An association between any histologically confirm ed lung cancer subtype and 

certa in  H LA -antigens was sought by m any but w ithout any apparen t success 

(M ourant et al., 1978). Recently, M arkm an et al. (1982) reported  th a t the frequency 

of HLA- Bw44 antigen in 38 patients w ith small cell carcinom a was sign ifican tly  

d iffe re n t to the frequency in the control population in Baltim ore, USA (P<0.005).

G enerally , the various antigens, hormones and serum proteins detected and 

characterised  in  lung cancer, indicate tha t th is tum our consists of one of the most 

heterogenous immunologic groups of hum an neoplasmas (H erberm an et al., 1978; 

G ennings et al., 1981).

c) A lpha 1-antitrypsin

Both alpha 1-antitrypsin and trypsin inh ib ito ry  capacities were measured in sera 

from  72 patients w ith bronchogenic carcinom as and  196 control healthy subjects. 

The d istribu tion  of both param eters, in both groups were com parable and no 

s ign ifican t d ifference  was found (H arris et al., 1976).

d) Chromosomal abnorm ality

R ecently , Whang-Peng et al. (1982) reported a specific, acquired  chromosomal 

abnorm ality  (deletion 3P) in tum our-cell lines established from  previously un trea ted  

patients, w ith  m ainly small cell carcinom a but also w ith other histological types of 

lung cancer (K nudson, 1989). H ighway et al., 1986, studied the influence of 

polym orphic varian ts of the hum an H arvey m urine sarcoma virus (Ha-ras) gene, on 

the predisposition fo r lung cancer. They found tha t ind iv iduals w ith  a m utation on 

the H a-ras gene have a significantly  greater chance of developing non-small cell 

lung carcinom a.

e) G lu ta th ione transferase in hum an leucocytes

A n o th e r  host f a c to r  th a t  m ig h t be o f in te re s t  in  in f lu e n c in g  in d iv id u a l  

susceptib ility  to lung cancer are the genes controlling the detox ifica tion  of reactive 

in te rm e d ia te s  p ro d u c e d  by o x id a tiv e  m e tab o lism  e.g. th e  p h ase  II enzym es.
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Seidegard & Pero (1985) showed tha t the leucocyte isoenzyme(s) of g lutathione 

transferase  (GT-tSBO) is inherited  in an autosom al dom inant fashion in humans. 

The same authors exam ined the activ ity  of GT-tSBO in 66 lung cancer patients and 

a m atched group of 78 smoking control subjects. They found th a t patien ts w ith lung 

cancer were d efic ien t in GT-tSBO activ ities and concluded th a t GT-tSBO could 

serve as a genetic m arker fo r lung cancer and it thus has a pred ic tive value in the 

detection of ind iv idual susceptibiltiy.

The studies in  this thesis provide a prototype fo r the investigation of a possible 

pharm acogenetic basis fo r detecting a genetic susceptib ility  to lung cancer. The 

results of these studies lead to the follow ing conclusions :

1. The frequency  d istribu tion  of d b x in the series of lung cancer patients indicates 

a genetic com ponent in the developm ent of lung cancer in smokers. In tha t 

extensive m etabolisers of debrisoquine are apparently  a t an increased risk of lung 

cancer. The study also suggests tha t males who, in addition , have a history of 

occupational exposure are a t a higher risk of developing lung cancer.

2. It is not clear w hether this genetic component has a d irect in fluence on the 

developm ent of lung cancer in smokers or if  it represents a cancer gene w hich is 

closely rela ted  to the d b x gene on chromosome 22.

3. It seems likely th a t d b x mediates the m etabolism of a class of un iden tified  

carcinogens in  cigarette  smoke to more potent carcinogens in view of the increased 

risk  fo r extensive metabolisers.

4. It is un likely  tha t the tum our, or cigarette smoke, exert any influence on 

debrisoquine m etabolism in view of the lack of correlation w ith m etabolism  of 

m ephenytoin and an tipyrine.

5. The genetic polym orphism  of m ephenytoin 4-hydroxylation is unlikely  to be 

associated w ith  the developm ent of lung cancer in smokers.

6. Ind iv idual varia tion  in the pharm acokinetics o f an tipy rine  does not bear any 

rela tionship  to the developm ent of lung cancer in smokers.

7. At this stage it is unlikely tha t the debrisoquine m etabolic ratio  has any m ajor
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practical value in term s of screening. It probably only represents one genetic facto r 

out of many, w hich must in fluence the developm ent of lung cancer to various 

degrees. The genetic predisposition to th is tum our may operate a t several d iffe re n t 

levels e.g. an inherited  instab ility  or an inherited  abnorm ality  of chromosomes may 

exist in some patients. M oreover, certain  rare  form s of oncogenes may also 

predispose to lung cancer.

While genetic find ings may play a role in a ffec tin g  the occurrence of cigarette 

induced lung cancer, it is im portan t to recognise th a t other factors may also 

contribute in a sign ifican t m anner to the outcome. For exam ple, benzo[a]pyrene 

binding to DNA may be m arkedly affec ted  by v it A nu tritio n a l status of the 

ind iv idual (G enta et al., 1974), as well as the in take of synthetic an tiox idants 

W attenberg et al. (1972).

A nother point w orth m entioning is the concern w ith in tere thn ic  v ariab ility  in  the 

frequency d istribu tion  of various genetic polym orphisms described to date. W hether 

this studied gene (dbx) has the same function  universally , or even has the same 

substrate specific ity  is not yet known. Hence, it is advisable to confine  the results 
of this study to the C aucasian population.

F u tu re  work

1. The present study is open to the criticism  th a t patien ts were selected to exclude 

e ffec t of e.g. hepatic renal dysfunctions, other drugs on d b x phenotyping. It would 

be therefore desirable to test a large num ber of unselected lung cancer patients w ith 

a history of smoking to see w hether they would still dem onstrate a raised frequency 

o f the extensive m etaboliser homozygotes as com pared w ith the general population 

both smokers and non-smokers. This study should also seek in detail the fam ily  

h istory  of lung cancer in both cases and controls.

2. F u rther studies should take into consideration the possible in fluence of various 

confounding facto rs on the developm ent of the tum ours and other described genetic 

m arkers. In these studies a s tric tly  standardised data  collection instrum ent as 

regards occupational exposure should be used.

3. It would be im portan t to investigate and com pare the structures and chem ical 

p ro p e r tie s  o f  v a r io u s  ch em ica l com pounds in  c ig a re t te  sm oke an d  th a t  o f
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debrisoqu ine . th is  m ight reveal an im p o rtan t, bu t yet u n id e n tif ie d  group of 

carc inogens in  th e  c ig are tte  smoke. W ithin th is con tex t, the id e n tif ic a tio n  o f d b j in  

lu n g  tissue w ould  be an im p o rtan t step.

F u tu re  approaches

C loning  th e  gene o f debrisoqu ine  cytochrom e P-450 w ill p rov ide a w ide range of 

c losely lin k ed  m arkers d e tec tab le  a t the  DNA level w hich  w ill m ake a re la tive ly  

s tra ig h t fo rw a rd  test, used fo r an a rb ita ry  set o f genetic  m arkers in the hope of 

f in d in g  one th a t happens to be closely linked  to the postu la ted  suscep tib ility  locus.

O th e r approaches m ight be app licab le  in  the  fu tu re . Ja isw al et al. (1985) fo u n d  th a t 

the co rre la tio n  betw een the peak  A HH ac tiv ity  and  the  am ount o f Pi-450 specific  

m R N A , in d u c e d  by  3 -m e th y lc h o la n th e re n e  w as 0.89 in  s ix  in d iv id u a ls .  

U n fo rtu n a te ly , th is  techn ique  canno t be used as a ro u tin e  test, because the q u an tity  

o f b lood needed  fo r  th is investig a tio n  is m ore than  50ml.

D N A -sequence polym orphism , prom ises to  be a n  app ro ach  w hich  cou ld  be used to  

pheno type  d rug-m etabo lising  capac ity  in  in d iv id u a ls  (W hite et al., 1985). A nother 

com m on source o f de tec tab le  sequence v a ria tio n  are  regions co n ta in in g  tandem  

rep ea ts  o f short D NA  sequences. The num ber o f tandem  repeats in  th e  reg ion  can 

v a ry  fro m  one chrom osom e to ano ther. I f  the re s tric tio n  frag m en t encom passes such 

a reg ion , i t  w ill th e re fo re  be able to d e fin e  m any alleles. Such regions o f tandem  

rep ea ts  a re  the best genetic m arkers so fa r  ch arac te rised  and  these m arkers  can even 

p ro v id e  in d iv id u a l - specific  "F ingerprin ts"  o f hum an D N A  (Je ffe rey s , 1985).

By d e f in in g  the  in te rac tio n  o f env ironm ent and  h ered ity , we m ay come to 

u n d e rs ta n d  the  n a tu re  o f cancer genes. T his w ould allow  an u n d ers tan d in g  of the 

m a lig n an t process as w ell as p rov id ing  developm ent o f new  approaches fo r  the  early  

d iagnosis an d  trea tm e n t o f lung cancer.
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( T h e  d eb r i s o q u in e  s tudy)

Number Diagnostic Method

2 Bronchoscopy
Hi stology

4 Bronchoscopy
Histology

7 Bronchoscopy
Histology

12 Bronchoscopy
Cytology

15 Transcutaneous needle biopsy
Histology

16 Bronchoscopy 
Histology

17 Bronchoscopy 
Transcutaneous needle biopsy

18 Bronchoscopy 
Histology

19 Transcutaneous needle biopsy
Histology

20 Bronchoscopy 
Histology

21 Bronchoscopy 
Hi stology 
Cytology 
Mediastinoscopy

22 Bronchoscopy 
Histology

27 Bronchoscopy 
Histology 
Cytology

28 Bronchoscopy 
Cytology

31 Bronchoscopy 
Cytology

32 Bronchoscopy 
Cytology

33 Bronchoscopy 
Cytology
Hi stology

36 Bronchoscopy
Hi s t o l o g y



I n i t i a l s

AA

AJ

EN

DJ

BH

JD

ME

AG

JM

JJ

HR

SC

AP

AS

MJ

TE

AB

PW

JH

Number D i a g n o s t i c  Method

37 Bronchoscopy 
Cytology

38 Bronchoscopy 
Histology

39 Bronchoscopy 
Cytology 
Histology

43 Bronchoscopy 
Cytology

44 Mediastinoscopy 
Histology

45 Bronchoscopy 
Histology 
Cytology

49 Bronchoscopy 
Cytology

50 Bronchoscopy 
Cytology

51 Cytology 
Histology

53 Transcutaneous needle biopsy
Histology

56 Cytology 
Transcutaneous needle biopsy

57 Cytology

61 Bronchoscopy
Cytology

64 Cytology

66 Bronchoscopy
Histology

71 Bronchoscopy
Histology

79 Bronchoscopy
Cytology

82 Bronchoscopy 
Histology 
Cytology

83 Bronchoscopy 
Histology



I n i t i a l s  Number D i a g n o s t i c  Method page 281

KN 84 Bronchoscopy
Cytology

JD 86 Bronchoscopy
Cytology

TR 87 Transcutaneous needle biopsy
Cytology

GH 88 Bronchoscopy
Histology

CC 89 Bronchoscopy
Cytology

WH 92 Mediastinoscopy
Histology

GG 94 Cytology

PC 95 Bronchoscopy
Cytology

JK 99 Bronchoscopy
Histology
Cytology

EB 100 Bronchoscopy
Cytology

FP 101 Bronchoscopy
Cytology

GK 104 Cytology

SH 105 Bronchoscopy
Cytology
Histology

JW 109 Transcutaneous needle biopsy
Histology

CR 110 Cytology
Histology

AR 111 Bronchoscopy
Histology

EJ 112 Cytology

LH 114 Bronchoscopy
Cytology

RC 117 Bronchoscopy
Histology

RD 118 Histology



Number

121

122

124

125

126 

127 

130

134

135

137

138

143

144

145

146 

148

150

152

153 

156

D i a g n o s t i c  Method

Cytology

Bronchoscopy
Histology

Cytology

Bronchoscopy
Cytology

Bronchoscopy
Cytology

Bronchoscopy
Histology

Transcutaneous needle biopsy 
Histology

Bronchoscopy
Cytology
Histology

Transcutaneous needle biopsy 
Histology

Bronchoscopy
Cytology

Bronchoscopy 
Cytology

Bronchoscopy
Histology

Bronchoscopy
Cytology

Bronchoscopy
Histology

Cytology

Bronchoscopy
Histology

Bronchoscopy
Histology

Transcutaneous needle biopsy 
Cytology

Bronchoscopy
Histology

Bronchoscopy
Cyto logy



I n i t i a l s  Number D i a g n o s t i c  Method page

JI 157 Bronchoscopy
Histology

MP 158 Bronchoscopy
Histology

GG 162 Bronchoscopy
Cytology
Histology

LH 163 Bronchoscopy
Histology
Cytology

MC 164 Transcutaneous needle biopsy
Histology

CD 165 Bronchoscopy
Cytology

TK 167 Bronchoscopy
Histology

RL 170 Bronchoscopy
Histology

AO 174 Mediastinoscopy
Histology

ES 175 Bronchoscopy
Cytology
Histology

SB 177 Bronchoscopy
Histology

JM 178 Bronchoscopy
Histology

LW 179 Bronchoscopy
Histology

AF 180 Bronchoscopy
Cytology
Histology

RE 181 Bronchoscopy
Cytology

AB 184 Bronchoscopy
Cytology

EP 186 Bronchoscopy
Cytology

EC 188 Bronchoscopy
H i s t o l o g y



I n i t i a l s  Number D i a g n o s t i c  Method pa ge 2 3 4

MB 191 Bronchoscopy
Histology

KC 192 Bronchoscopy
Histology

DM 193 Bronchoscopy
Histology

VL 194 Bronchoscopy
Cytology

VH 196 Bronchoscopy
Cytology

EH 197 Bronchoscopy
Cytology

JS 201 Bronchoscopy
Histology

BG 204 Bronchoscopy
Histology

VM 207 Bronchoscopy
Histology

HW 208 Cytology
Bronchoscopy
Histology

GW 211 Bronchoscopy
Cytology

JW 212 Bronchoscopy
Cytology

HF 213 Bronchoscopy
Cytology
Histology

RW 214 Bronchoscopy
Histology

IP 216 Transcutaneous needle biopsy
Histology

PC 218 Bronchoscopy
Cytology
Histology

FC 219 Mediastinoscopy
Histology

JH 220 Bronchoscopy
Cyto logy



I n i t i a l s  Number D i a g n o s t i c  Method

JT 222 Bronchoscopy
Cytology

JB 224 Bronchoscopy
Cytology
Histology

FS 229 Bronchoscopy
Histology
Cytology

SS 231 Bronchoscopy
Cytology

TR 233 Bronchoscopy
Histology

MS 234 Bronchoscopy
Cytology

AN 235 Bronchoscopy
Histology

CH 239 Bronchoscopy
Cytology

CR 240 Histology
Transcutaneous needle biopsy

JR 241 Bronchoscopy
Histology

EK 242 Cytology
Bronchoscopy

CS 243 Cytology
Bronchoscopy

JP 244 Cytology
Bronchoscopy
Histology

FF 245 Bronchoscopy
Histology

DT 252 Bronchoscopy
Histology

JN 256 Bronchoscopy
Cytology
Histology

EL 257 Bronchoscopy
Histology

LM 258 Bronchoscopy
Cytology
Histology
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Number

259

263

272

274

275

279

280

282

285

286

287

288 

290 

292

294

295

297

298

299

D i a g n o s t i c  Method

Bronchoscopy
Cytology

Bronchoscopy
Cytology

Mediastinoscopy
Histology

Bronchoscopy
Histology

Bronchoscopy
Histology

Bronchoscopy
Histology

Bronchoscopy
Cytology
Histology

Bronchoscopy
Histology

Bronchoscopy
Cytology

Mediastinoscopy
Histology

Bronchoscopy
Histology

Bronchoscopy
Histology

Bronchoscopy
Histology

Cytology
Bronchoscopy

Bronchoscopy
Histology

Histology

Bronchoscopy
Histology

Bronchoscopy
Histology

Bronchoscopy
C y to logy



Number

300

302

304

307

308

309

310 

314

316

317

318

319

320 

323 

326

328

329 

331 

333

D i a g n o s t i c  Method

Bronchoscopy
Histology

Bronchoscopy
Histology

Transcutaneous needle biopsy 
Histology

Bronchoscopy
Histology

Bronchoscopy
Cytology

Bronchoscopy
Histology

Bronchoscopy
Cytology

Bronchoscopy
Histology

Bronchoscopy
Histology

Bronchoscopy
Cytology

Transcutaneous needle biopsy 
Histology

Bronchoscopy
Cytology
Histology

Bronchoscopy
Cytology

Bronchoscopy
Histology

Bronchoscopy
Histology

Cytology
Bronchoscopy
Histology

Bronchoscopy
Histology

Bronchoscopy
Histology

Bronchoscopy
Cyto logy



I n i t i a l s  Number D i a g n o s t i c  Method
page 288

SL 335 Bronchoscopy
Cytology

DN 337 Bronchoscopy
Cytology

LB 341 Bronchoscopy
Cytology
Histology

FO 345 Histology
Transcutaneous needle biopsy

FC 346 Transcutaneous needle biopsy
Histology

AB 355 Bronchoscopy
Histology

LM 356 Bronchoscopy
Histology

PH 357 Bronchoscopy
Histology

JI 362 Cytology

MH 363 Bronchoscopy
Cytology

FF 367 Bronchoscopy
Cytology

EM 374 Bronchoscopy
Histology

EW 375 Bronchoscopy
Cytology
Histology

RM 379 Bronchoscopy
Cytology
Histology

FM 383 Bronchoscopy
Histology

JH 386 Transcutaneous needle biopsy
Histology

CS 387 Bronchoscopy
Histology

AC 389 Bronchoscopy
Cytology
Histology



390

392

395

398

399

400

401

402

403

404

405

414

417

423

426

427

D i a g n o s t i c  Method

Bronchoscopy
Cytology

Cytology

Bronchoscopy
Histology

Bronchoscopy
Cytology

Cytology
Histology

Cytology

Bronchoscopy
Histology

Transcutaneous needle biopsy 
Histology

Bronchoscopy
Histology
Cytology

Bronchoscopy
Cytology

Bronchoscopy
Histology
Cytology

Cytology

Bronchoscopy
Cytology

Bronchoscopy
Cytology
Histology

Bronchoscopy
Histology

Bronchoscopy
Cytology

Bronchoscopy
Cytology

Cytology
Bronchoscopy

Bronchoscopy
Transcutaneous needle biopsy 
Histology



Number

440

441

444

445

446 

452

457

458

459 

462 

469

476

477

485

486

487

494

495

496

D i a g n o s t i c  Method

Bronchoscopy
Histology

Transcutaneous needle biopsy 
Histology

Bronchoscopy
Cytology

Bronchoscopy
Cytology
Histology

Bronchoscopy
Histology

Bronchoscopy
Cytology

Bronchoscopy
Histology

Bronchoscopy
Histology

Bronchoscopy
Histology

Cytology
Bronchoscopy

Mediasti noscopy 
Histology

Bronchoscopy
Cytology

Transcutaneous needle biopsy 
Histology

Bronchoscopy
Histology

Bronchoscopy
Cytology

Cytology

Transcutaneous needle biopsy 
Histology

Bronchoscopy
Histology

Bronchoscopy
H i s t o l o g y



Number

497

498 

500

504

505

506

508

509

510

512

513

514

516

517 

534

536

537

538

539 

999

D i a g n o s t i c  Method

Bronchoscopy
Histology

Bronchoscopy
Cytology

Bronchoscopy
Histology

Bronchoscopy
Cytology

Cytology

Bronchoscopy
Cytology

Bronchoscopy
Cytology

Bronchoscopy
Histology

Bronchoscopy
Cytology

Bronchoscopy
Cytology

Histology

Bronchoscopy
Cytology

Bronchoscopy
Histology

Bronchoscopy
Cytology

Bronchoscopy
Histology
Cytology

Cytology
Histology

Bronchoscopy
Histology

Bronchoscopy
Cytology

Transcutaneous needle biopsy 
Cytology

M e d ia s t i  noscopy
H i s t o l o g y



Appendix 2. The haematological parameters  for male (control)
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i t i a 1 s Number White Cell 
Count

Haemoglobi n PCV MCV MCH MCHC PIateli

WG 1 8.7 17.3 51 101 30.1 33.6 326
FS 3 10.9 17.2 50 79 27.1 32.9 422
AH 8 7.7 16.6 49 81 31.2 38.6 290
TG 10 8 13.1 43 82 30.6 31.9 293
JW 11 9.2 11.1 37 76 27 29 602
GF 23 11 15.6 46 82 30.6 32.9 312
CL 24 7.4 16.6 50 92 33.4 35.6 271
GB 26 10 16.3 54 75 32.1 34.2 329
GD 29 10.7 15.5 49 87 29.1 30.6 169
PB 34 9.9 16.1 52 99 31.6 34.1 178
BH 35 8.5 14.5 43 77 28.1 31.6 341
CG 40 8.5 14 46 94 33.1 34.2 276
AB 42 6.5 13.9 49 83 32.1 30.6 327
MW 47 9.9 18.5 57 105 29.1 32.6 366
WM 48 8.4 10.5 37 76 29.1 27.7 188
HB 54 5.1 11.8 39 74 27.5 31.2 292
HD 55 8.2 12.2 41 79 31.2 33.6 341
JA 59 7.3 16.2 51 100 33.1 33.2 351
HP 60 8.7 12.6 44 82 31.2 33.4 269
RP 63 6.9 15.6 47 94 33.1 34.3 176
RM 65 11.8 16.7 52 104 33.1 35.2 386
FT 67 8.1 14.8 49 76 30 32.9 409
ID 70 10.3 15 50 86 32.2 33.9 309
MC 76 5.4 11.4 39 72 26.1 29.2 427
JH 81 5.4 11.4 37 66 24.1 29.2 368
RT 85 5.2 15.5 46 83 27.2 31.6 213
ED 90 12 15.7 46 92 30.6 32.1 302
EP 93 11 12.6 44 104 32.1 34.3 267
CC 96 8.4 16.4 53 99 32.1 33.4 476
AD 97 2.2 14.6 41 72 26.2 31.1 316
AC 98 8.1 11.2 39 62 30.6 31 310
DL 106 6.7 13 42 80 30.1 33.6 362
MC 115 5.3 13.8 44 80 30 33 260
TD 116 7.6 13.8 44 91 29.7 30.1 471
FW 120 8.2 16.7 49 90 33 34 249
ET 123 9.6 14.3 44 100 30.1 32.6 469
HC 128 8.8 12.9 41 88 32.1 32.7 401
SA 129 11.2 13.6 41 81 29.1 30.6 294
JA 132 7.3 13.4 44 90 33.1 33.1 356
JP 133 7.6 14.7 47 79 29.5 33.5 261
MT 136 6.9 15.7 44 89 31.9 34.4 333
AC 140 5.3 11.6 39 67 26.5 28.6 349
HP 141 7.7 16.6 . 49 108 30.1 32.1 257
ES 142 11.1 17.5 55 90 33.1 33.6 396
PD 147 6.1 11.1 39 90 34.1 32.2 491
AA 151 6.5 11.3 39 66 24.1 26.5 231
GD 154 6.5 13.3 42 79 32.1 31.8 369
JF 159 4.9 15.2 49 93 34.1 32.1 309
TR 161 7.3 14.9 43 69 26.1 30.6 291
ES 166 9.4 14 45 70 30.2 32.9 176
CB 168 9.2 17.6 55 96 29.1 32.7 256
DC 171 11 13.7 42 76 30.6 33.4 269
DB 172 9.5 13.5 41 72 30 32 305
WF 176 10.7 13.6 43 100 32.3 34.6 369
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Initials Number White Cell Haemoglobin PCV MCV MCH MCHC Platelets
Count

MD 183 9.3 12.5 44 83 32.3 34.6 244
CG 187 6 10.2 37 95 25.6 27.9 267
WD 189 10.3 13.6 43 81 32.1 34.6 533
JS 190 8 16.9 54 107 33.6 35.1 175
RW 195 9.8 19.3 61 90 30.1 32.6 249
FW 199 5.5 16 52 76 29 33 466
EB 202 5.3 15.1 51 94 32.1 34.9 174
WG 203 5.5 14.7 46 77 29.8 31.7 349
WC 205 9.6 13.6 43 71 30.6 32.8 380
AG 206 4.8 16.1 53 77 31.5 33.6 202
JH 209 9.4 14.8 47 75 30.9 33.6 337
JM 210 7.1 16.5 53 93 33 35 197
MO 217 7.8 15.2 49 91 31 34 277
GP 225 17.7 15.5 51 70 32 35 340
FK 226 12.4 17.4 54 83 30.2 31.9 379
PR 228 7.2 12.6 41 103 30.2 33.3 341
FB 230 7.7 16.7 54 91 33.1 34.6 382
GW 236 7.2 15 42 79 33 34.9 344
MB 237 8 16 53 83 30.6 34.9 299
CO 247 14.9 14.3 43 74 30.6 32.9 344
HE 254 4.3 14.5 47 106 27.3 33 330
JS 255 5.8 12 40 73 30 35 270
GK 260 7 18.5 58 104 33 32 333
GR 262 14.2 9.5 35 64 24.1 27 239
PC 266 11 14.8 43 69 31 33 366
GG 267 9.7 15 43 79 33 36 107
WW 268 14.5 17.1 55 96 33 35 379
DT 269 10.2 13.6 44 77 32 35 393
FW 273 7 19.7 58 78 32.1 34.6 264
WS 276 10.9 15 47 78 32.1 34.6 244
HT 277 10.6 13.8 42 71 31.3 33.6 255
CG 278 4.4 13.3 44 82 28.6 30.1 393
FD 291 10.4 11.9 36 100 33.5 33.4 169
AD 293 6.8 9.7 37 61 31.2 34.6 198
AW 296 8 14.4 44 71. 31.7 34.1 277
JC 305 7.4 13.4 42 89 31.5 34.9 427
BS 306 8.8 15.9 47 78 30.1 33.9 276
WC 311 8.3 17.3 57 95 30 33 369
FP 313 10.1 14.2 45 81 34 35 377
GC 324 10.7 14.2 42 88 31.1 34.6 245
JT 330 12.9 12 40 76 33.1 34.6 269
FW 334 6.5 15.1 43 81 33.1 34.6 459
JT 339 9.3 14.9 43 74 30.1 33.3 278
CP 340 13.4 11.1 39 69 26.1 28.1 207
LA 349 6.5 13.9 42 110 28.3 28.3 326
PC 353 7.6 12 40 81 30.1 32.6 201
AC 354 7.3 16.5 52 77 32 34 283
FG 359 17.8 12.3 41 82 30.1 33.2 299
GH 361 12.9 17.1 54 96 30.6 31.8 375
PJ 364 7.8 13 42 69 28 31 406
SN 377 6.8 14.4 43 82 33.1 34.6 366
AJ 378 6.8 14.4 43 82 33.1 34.6 366
MD 384 11.5 13.6 40 86 32.1 34.6 195
RC 388 7.4 14.9 44 82 30 32.1 378
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i t i a 1 s Number White Cell 
Count

Haemoglobin PCV MCV MCH MCHC Platelets

HC 397 6.8 9.3 34 64 23.1 26.9 257
WC 407 9.7 17.6 57 96 33.1 35.6 254
ND 411 7.7 17.4 55 102 30.1 31.9 454
MM 413 15.1 17.1 56 95 33.1 34.6 467
CT 415 11 14 42 83 31 33 467
ES 416 10.8 14 45 79 31.7 33.8 436
FH 418 4.4 18.3 57 96 33.2 35.7 368
RH 420 12.9 15.8 49 83 33.1 34.2 346
JH 421 9.8 16 52 79 29.1 31.7 381
EG 424 3.1 14.1 47 83 29.1 32.9 405
WG 425 6.5 17.1 52 91 33.1 34.1 294
CG 429 9.3 11.1 39 67 25.1 27.7 369
FG 442 11.6 16.2 51 76 30 32 528
MB 450 9.1 13.7 41 90 29.9 33.4 319
SC 451 11.1 13.3 40 93 30.7 33.2 319
PR 455 8.7 17.5 51 94 32 34.1 345
MC 460 6.5 15.6 47 81 31.2 30.1 369
AB 463 7 15.3 49 88 32 30 477
FB 464 10.7 14.2 41 100 27.1 30.7 344
WB 465 7 16.2 50 102 30 34 297
RM 475 8.8 14 44 94 33 34 299
IM 480 8.5 17.5 57 102 30 34 344
GD 481 9 15.1 44 93 31.1 33.6 266
LS 482 5.1 14.1 40 94 27 29 344
AL 483 8.4 17.4 55 88 30 33 299
AR 484 9.7 15.1 49 79 32 35 346
RB 489 10.3 15.9 43 77 33 35 256
JF 490 8 14 43 79 34 33 194
OM 491 8.1 14.2 45 86 30.1 33.2 364
GG 507 5.2 11.7 37 66 26.1 28.3 272
DO 523 7.9 15.1 47 100 30.1 33.2 368
RH 524 10.7 17.8 56 90 31 34 398
TC 525 11.4 14.8 42 89 31.6 33.8 237
MJ 528 6.4 16.2 53 83 31.7 33.9 257
PM 529 9.8 14 44 98 32 33 355
WB 530 7.3 14.5 45 88 33 35 409
GT 546 7.8 16.9 44 79 32.8 34.1 266
AW 547 7.4 15.4 46 78 33 35 283
RO 548 8.6 15.7 47 72 30.1 33.6 429
LH 570 9.7 17.1 56 88 30.1 32.7 344
RH 573 7.8 14.1 44 74 30 33 278
JM 574 7.5 15.5 46 88 27.7 29.9 307
II 578 5.3 15.3 43 73 31 33 492
DK 579 5.3 15.7 47 84 30 32 222
JN 580 5.3 15.7 44 79 33 34 398



A p p en d ix  j .  l  ne n a e u ia iu iu g ic a i  p a ra iu c ic i  s iur .ua ic  \>AU''Crj

CANCER PATIENTS MALES
page 295

t i a 1 s Number Whi te Cel 1 
Count

Haemoglobi n PCV MCV MCH MCHC Platelets

AB 2 11.. 9 21.2 42 71. 29 31 374
AR 4 U.9 11.4 38 62 24 26 367
HM 7 9.3 10.1 37 61 23 27 344
JH 15 8 13.7 45 74 29 33 456
TM J.6 10.4 11.9 40 67 32 34 299
FH 17 12 12 40 69 27 30 349
FW 18 7.6 13.8 42 74 29 33 95
EF 19 10.2 14.5 45 75 31 34 395 ’
GI 20 13.6 11.4 39 66 27 29 344
FI 21 7 13 44 73 30 33 357
CO 22 17 12 40 63 28 31 297
PM 27 12.3 13.4 49 78 32 34 209
TO 28 5.4 14.1 47 72 30 32 239
EH 31 4.7 12.7 43 100 29 33 301
TH 33 6.2 15.6 51 86 31 34 285
TE 36 13.6 12.9 43 69 30 31 285
AA 37 16.8 13.2 44 73 30 33 267
EN 39 7.9 11.8 40 73 32 34 286
UJ 43 9.5 15 4/ 79 31 33 247
BH 44 8.4 16.5 55 97 32 34 369
JD 45 8.4 14.1 47 77 31 34 299
AG 50 7.4 11.6 40 65 25 27 . 329
JM 5.1 J 5. 5 13.6 44 71 29 32 402
JJ 53 14.2 14.8 46 77 31 33 239
HR 56 10.7 15.7 49 103 29 34 244
SC 57 12.6 10.3 38 64 24 29 290
AP 61 10.3 12.9 43 75 31 34 389
AB 79 8.1 13.1 44 69 28 34 305
JH 83 7.4 12.2 41 71 29 31 276
KN 84 8.2 15 48 79 32 34 347
JO 86 9.5 13.7 42 75 32 35 319
TR 87 7.2 14.4 43 81 30 33 241
Gil 88 7.3 15.6 47 79 30 32 492
CC 89 12.4 13.3 45 74 31 33 346
WII 92 22 11.7 40 64 27 28 238
GG 94 6.2 11.1 39 78 28 32 357
PC 95 6.1 13.9 42 81 29 33 293
FP 101 10.8 14.1 45 73 26 3.1 287
GK 104 11 13.3 43 79 31 34 270
JW 109 5 11.4 40 84 29 33 465
CR 110 7.4 14.2 46 83 30 34 356
AR 111 12.2 13.9 43 76 25 31 344
RC 117 5.5 13.2 38 85 30 35 237
RD 118 5.9 16.5 51 85 29 35 393
ES 121 6 10.3 29 92 32.3 35.2 147
HR 124 9.7 12.8 40 81 27 33 356
EG 130 8.5 16.3 53 89 29 34 26.1
WB 134 10.6 16.4 42 89 30 34 284
CG 135 6.5 11.1 32 96 33 35 233
HL 143 12 12.2 42 79 28 33 279
TG 145 7.3 17.6 42 79 30 33 283
DE 146 8.7 11.6 38 73 26 31 339
AA 148 11.2 16.2 41 69 26 30 267
JK 150 6.4 14.9 47 84 31 33 356
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Initials Number White Cell 
Count

llaemogl obi n PCV MCV MCH MCHC Platele

GK .1.52 10 15.0 51 79 20 34 430
BL .153 6 13.3 40 77 27 34 395
JI 157 7.4 12 42 70 29 22 340
GG 162 20.2 15.5 49 70 30 34 367
MC 1.64 11 12.1 40 77 30 35 397
CD 165 19.2 10.0 38 69 25 30 236
TK .167 7.7 12.9 40 79 20 32 296
RL 170 11.9 1.3.5 43 76 31 34 367
AO .1.74 10.0 J.2.9 41 60 26 30 541
LW 179 6.4 12.6 41 70 27 31 350
RE 101 .1.1. 11 36 99 33.1 33.5 409
EP 106 0.7 15.4 46 02 27.5 33.5 326
DM 193 10.5 12.3 43 00 29 35 100
EH 197 12.0 12.5 41 70 20 34 213
JS 201 12.1 12.0 40 73 26 31 254
BG 204 7 12.4 43 03 30 32 263
HW 200 0.2 13.3 41 76 27 30 342
GW 211 13.3 14.1 45 79 30 34 321
JW 212 17 9.0 30 74 23 31 342
RW 214 6 14.1 42 79 30 34 103
PC 210 0.5 15.2 47 93 30 33 325
EC 219 9.6 11 41 77 25 32 387
JT 222 14.1 11 34 70 25 32 449
JB 224 13.2 11.7 35 70 27 33 471
FS 229 7 13.0 41 70 30 35 245
SS 231 6.7 14.6 44 11 31 34 160
TR 233 .11 14.2 45 79 29 33 321
AN 235 7.4 14.2 43 02 31 35 336
Cll 239 0.3 15.2 44 03 30 35 351
CR 240 4.2 11.2 30 71 26 30 340
CS 243 6.5 12.7 43 76 20 33 470
JP 244 7.5 J.3.4 42 71 26 31 322
JN 256 7.1 15.1 47 03 29 31 459
EL 257 14 J.3.0 43 70 30 33 363
LM 250 11 11.2 39 69 25 31 265
LO 263 11 14 46 79 32 35 427
CW 200 11.9 11.3 39 99 30 34 503
JT 202 3.6 15.2 49 06 31 34 440
CD 207 6.1 11.4 30 67 25 32 352
Rll 200 0.5 12.6 42 75 27 30 203
CM 292 4.6 14.5 45 03 31 34 367
MM 297 9.0 15.3 46 04 20 34 260
WC 290 6.7 J.2,3 41 75 29 32 326
FP 299 0.5 14 43 70 30 34 367
RT 302 11 14.9 44 01 29 34 329
JV 304 7.1 14.0 43 76 30 33 277
PS 310 4 13 42 73 31 34 273
CB 310 14 15 47 03 32 35 301
WM 3.19 3.7 12.6 40 91 29 32 147
GA 323 11.9 11.4 39 60 24 31 305
FT 326 12 12.0 40 73 27 31 341
FW 331 9.1 10.1 30 71 26 30 276
SL 335 10.2 13.6 43 03 29 34 261
DN 337 0.3 12.0 42 11 20 35 369
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tial s Number White Cell 
Count

Haemoglobin PCV MCV MCH MCHC Plateli

FO 345 8.1 13.1 42 88 30 34 534
FC 346 5.2 12.5 40 91 29 32 247
AB 355 6.4 15.5 43 86 31 36 222
LM 356 7.9 11.8 39 69 26 32 347
PH 357 6.7 13.2 42 79 28 30 418
JI 362 16 16.1 52 79 27 33 345
FF 367 7.7 14.4 45 76 31 35 276
RM 379 9 14.6 43 74 28 36 345
FM 383 9 13 43 81 32 34 196
JH 386 7.9 14.3 45 87 30 35 177
CS 387 12.4 11.6 39 63 27 31 657
JS 390 10.9 14.7 45 78 30 33 481
JK 392 8 12.7 41 74 29 33.2 354
AG 395 6.6 13.2 43 79 31 35 379
CG 398 5.3 10.5 36 62 25 31 271
AB 400 10.4 15.2 34 73 29 34 0
EB 402 9.9 15.3 48 83 31 35 218
CB 403 8.6 10.6 36 61 25 31 389
EF 414 11.5 13.4 42 78 29 34 380
PG 417 10.4 11.9 39 63 26 30 341
GF 423 6.4 15.5 49 108 31 33 381
JH 426 13.3 12.9 43 79 30 34 378
TG 430 7.7 13.8 45 79 32 35 329
AH 440 8.7 11.6 39 66 27 34 334
WH 441 9.8 9.6 37 93 25 31 247
HG 445 8.9 14 47 75 31 34 357
GC 452 5.6 13.3 46 72 31 34 347
LC 457 7.3 15 43 83 30.1 32.6 309
PP 458 7.3 10.9 34 77 25.6 23.5 219
WY 459 9.8 11 39 69 26.1 29.3 617
RK 462 1.5 10.6 35 67 26 28.1 312
RS 469 7.6 13.2 42 76 29.2 33.6 296
FT 477 7.1 14.7 43 79 32.1 33.2 239
EE 485 10.5 13.2 41 73 29.1 30.9 407
AG 486 18.7 11.1 39 109 27.6 29.3 349
LF 487 9 12 41 69 29.6 31.4 276
RF 494 7.9 15 46 79 30 32 441
MW 495 12.2 11.3 39 82 29 30.7 320
MW 496 7.2 14.3 47 81 31 33 296
EW 504 7.5 11.4 38 64 23 26 419
ST 505 7.2 11.9 39 70 22.4 25.6 270
JM 506 2.6 15.3 50 78 31 33 95
CM 508 6.9 14.3 48 73 30 32 341
BM 509 10.4 12.3 40 69 29 30 247
RS 510 8 13.9 42 73 31 33 386
TM 512 10.6 10.5 37 62 25 28 278
MM 514 7.5 15.5 50 77 31 33 249
CM 516 7.1 10.7 36 62 24 27 339
SB 517 5.5 13.9 44 71 30 33 247
ET 999 7.2 12.7 41 80 29 34 281
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Initials Number White Cell Haemoglobin PCV
Count

RB 9 9.5 13.2 40
KG 30 12.6 16.6 53
WS 46 7.2 12.3 41
VF 62 11.7 13.8 44
RV 72 12.1 16.8 53
KC 73 11.8 16.7 53
MR 75 9.4 14.2 43
JH 103 8.7 11.7 38
RO 113 10.2 12.3 40
RJ 139 10.6 16.5 52
CL 149 9.1 14.4 47
RG 155 9.9 16.2 52
EF 160 8.7 14.6 43
EF 182 5.6 13.8 42
PG 185 8.3 13.2 43
PL 198 9.9 18.6 57
LP 200 6.4 13.9 44
CS 215 7 11.4 39
LA 221 7.7 17.4 53
VF 223 5.5 14.1 42
EW 227 12.1 16.8 55
JB 232 7.1 17 56
EG 238 12.2 13.1 39
TM 261 14.6 16.9 55
JM 264 5.4 15.7 51
KG 265 9 18.1 57
JO 289 12.6 13.6 41
CM 303 15.9 8.6 33
RR 312 7.4 11.8 39
AO 315 9.5 14.7 42
AS 321 6.9 14.2 42
MH 325 8 13.4 43
BW 338 9.3 16.4 53
JK 344 5.7 14.4 43
PW 358 8.1 12 40
EW 360 7 16 51
AG 365 8.2 14.4 47
LM 368 10.4 13.2 43
BB 369 9.6 14.5 45
JR 381 9.1 14.2 43
BC 391 8.6 12.9 42
FG 393 6.8 12.6 44
AG 394 13.6 16.9 54
FC 396 10.5 19 58
CC 406 12.9 14 41
ED 409 3.4 16.7 53
ED 410 9.1 15.3 45
RL 412 6.7 17.1 53
EH 419 7.3 10 37
AC 431 8.2 14 44
BM 432 9.8 14 40
MP 433 9.7 13.9 41
RO 434 7.4 17.6 53
DP 435 8.3 15.5 47

MCV MCH MCHC Platelets

92 30.6 31.8 329
92 31.6 33.2 290
79 29.1 31.6 466
83 29.3 31.6 360
68 27.1 29.8 322
79 33.1 33.6 189
99 33 32.1 360
67 27.1 29.3 293
78 29 31 333
79 30.6 31.1 297
76 26.1 29.4 641
76 24.2 31.7 530
79 33.1 34.6 304
91 31.9 33.3 131
79 31.6 35.2 344
89 29.6 33.4 293
77 29.2 33.6 335
62 24.7 28.1 355
79 31.2 34.6 201
72 30.9 33.6 296
91 32.1 34.7 256
85 33 35 291
70 31.6 32.9 336
87 30.1 33.7 417
78 32.1 33.6 221
91 34 36 301
75 31.9 33.3 466
60 23.1 25.8 157
67 30 34 202
74 31.2 34 293
79 28 33 355
79 31 33 367
101 33 35.6 217
79 33.1 35.2 366
86 31.2 33.5 309
77 29.1 32.3 189
77 30.6 33.1 469
79 30.1 33.6 236
108 36.4 33.2 328
77 29.1 32.7 237
71 30 31 401
76 29.9 33.5 295
79 33.6 35.1 345
88 31.2 34.6 296
77 31 33 344
84 29.4 32.6 315
77 30 34 345
98 29.6 31.2 200
73 25.1 27.7 245
79 29.6 33.8 499
76 30.6 33.5 255
75 31.2 33.4 179
94 30.9 33 329
84 27.7 33.1 311
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tial s Number White Cell 
Count

Haemoglobin PCV

CP 436 8.9 16.5 51
MR 437 11 14.4 43
AR 438 5.2 13.7 46
RW 443 8.3 16 52
CF 447 7.8 14.7 46
CW 454 11.5 12.5 35
EA 456 10.2 13.6 43
PM 466 12 12.5 39
RS 467 9.5 13.6 41
JM 471 6.6 14.9 43
BM 472 5.7 14 44
FM 473 9.3 13.9 44
EB 488 10.6 12.8 41
EM 492 7.9 13.6 42
SS 493 5.9 13.3 42
EH 502 6.8 17.3 53
LL 503 7.3 13.2 43
JT 511 10.1 15.8 47
LH 518 8.2 14.7 44
MS 522 5.6 17.2 49
MA 527 6.6 15 47
MY 532 8.1 13.3 44
MO 541 6.8 13.3 42
GH 572 11.1 16.3 55
LL 575 7.5 15.8 48
JE 581 7.5 15.2 47
AC 582 4.8 15.1 46

1CV MCH MCHC PI atel<

89 28.7 32.2 368
85 30.3 33 478
85 29 34 361
80 30 33 277
78 31.1 32.7 398
78 27.7 29.6 254
88 31.6 33.2 369
99 31 29.6 466
79 31 29.6 466
88 32 33 366
79 29.1 32.3 247
104 31.2 33.1 191
82 26 30 346
81 30.9 33.1 466
77 30.1 32.6 483
98 34 34 333
93 26 29 491
79 30.9 32.7 192
75 30.1 32.3 466
83 32.1 34.6 240
80 32.1 34.6 289
81 31 35 319
76 31 34 289
81 27 30 189
92 32 33 414
72 32 34 437
77 33.6 35.1 216
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Initials Number White C
Count

BH 12 9.9
A0 32 8.2
AJ 38 12.4
ME 49 10.3
AS 64 6.7
MJ 66 11.6
TE 71 8.9
PW 82 7
JK 99 12.6
EB 100 7.4
SH 105 9.4
EJ 112 8
LH 114 5.3
MM 122 6.3
GG 125 8.8
IW 126 7.4
AJ 127 6.8
RL 137 9.4
EB 138 10.9
JC 144 5.3
LS 156 9.2
MP 158 6.5
LH 163 5
ES 175 6
SB 177 10.3
JM 178 13
AF 180 6.7
AB 184 7.6
EC 188 7.9
MB 191 12.3
KC 192 16
VL 194 4
VH 196 6.9
VM 207 7.8
HF 213 7.9
IP 216 10
JH 220 17.3
MS 234 7.1
JR 241 8.7
EK 242 4.6
FF 245 13.9
DT 252 9.6
HW 259 6.8
EP 272 10.2
EB 274 8.1
BG 275 12.3
AH 279 9.5
LS 285 6.6
MH 286 7.5
EP 290 8.6
LF 294 7.7
CM 295 5.4
MC 300 13.4
CB 307 12

1 Haemoglobin PCV

13.3  44
12.9  41
11.1 40
12.9  42
13.2  43
11.9  43
13.1 45
13.6  44
13.6  43
14.7  46
10.7 39
10 .4  30
12.7 36
11 .8  36
13.1 43
13 42
12.3 36
12.1 36
12.6  43
15.7 50
11.6  41
16.4  52
12.6 45
13.8  43
16.1 48
18 56
13.6 43
12 40
13.5 44
14.8  46
15.3 47
13.8 43
14.1 45
13.8  9
15.8  44
14.4  41
13.1 43
15.7 46
13.1 41
14.5 46
16.9 53
15 46
13.9  43
14.1 44
13.4  42
13.8  42
13.7 41
14.5 47
13.1 42
13.4 43
15.3 45
13.9 41
12.8  41
13 43

MCV MCH MCHC Platelets

72 29 31 274
68 30 31 319
63 28 30 345
74 30 32 267
71 30 32 274
64 26 31 356
79 33 35 366
73 31 33 348
112 30 35 419
81 31 34 354
69 26 31 314
91 31.4 34.7 163
87 30.3 34.9 324
87 29 34 247
103 29 33 406
85 26.1 30.7 254
93 31 34 238
100 34 35 208
77 31 35 437
83 30 32 351
73 27 35 ■ 286
81 29 34 310
75 28 33 460
83 30 34 356
100 35 35 375
91 33 35 255
87 31 35 379
81 30 32 357
79 30 30 263
82 33 35 357
85 32 35 327
79 29 35 361
83 30 34 178
57 28 33 402
81 30 33 606
92 32 35 358
82 28 31 242
92 31 34 241
76 28 31 269
80 31 33 192
90 28 33 131
83 29 34 442
78 31 32 271
87 29 30 149
78 28 30 149
87 29 34 346
77 30 32 184
79 29 34 290
78 28 31 475
76 29 34 380
80 29 33 377
78 28 34 321
71 30 33 245
76 30 34 368
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tials Number White Cell 
Count

Haemogl

LR 308 5.9 14.
EW 309 4.5 11
SR 314 7.7 12
AR 316 8.3 16.
MR 317 7.1 15.
SP 320 13.6 16.
AP 328 5.5 15.
DP 329 3.8 15.
DG 333 7 14.
LB 341 9.8 15.
MH 363 7.9 11.
EM 374 8.5 15
EW 375 6.3 15.
AC 389 4.1 14.
MB 399 12.9 15.
JB 401 13 11.
CB 404 7.7 12.
EB 405 7.4 17.
EH 427 7 15
FH 428 7.9 14.
RH 439 7.1 14.
JT 444 8.5 15.
LS 446 6.7 12.
ID 476 6.3 13.
PL 497 7.7 10.
JA 498 8.9 15.
JB 500 11 16
JM 513 6.5 12.
SS 534 11.2 13.
AR 536 6.3 12.
BS 537 8.1 14.
MM 538 13.6 11.
DR 539 11.6 12.

>CV MCV MCH MCHC Plateli

44 79 33 35 332
39 61 27 34 401
39 69 28 34 365
51 79 29 33 285
49 74 31 35 357
48 .100 34 34 325
43 86 30 35 222
49 81 28 31 347
42 77 29 34 328
47 81 31 35 242
41 79 28 34 251
47 79 30 33 378
46 88 29 31 267
43 82 31 34 337
46 89 31.1 33 357
38 64 27 33 346
42 72 30 40 271
55 82 30 35 297
46 84 34 34 469
44 77 33 34 293
44 83 31 34 273
49 80 33 35 365
41 72 28 33 276
41 83 30.1 31.6 360
37 64 25 27 344
73 85 31 34 189
54 79 29 31 244
41 74 31 34 267
44 81 30 32 273
43 77 30 33 365
46 88 27 34 208
42 83 29 34 269
40 77 28 35 341

ob

2

3
5
5
2
9
9
1
7

4
1
1
4
7
5

2
2
4
8
2
2
5

7
4
2
8
2
1
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Initials Number Plasma
Sodium 
(mmol/1)

WG ' 1 136
FS 3 140
AH 8 138
TG 10 139
JW 11 147
GF 23 139
CL 24 143
GB 26 139
GD 29 141
PB 34 137
BH 35 143
CG 40 138
AB 42 141
MW 47 133
WM 48 135
HB 54 129
HD 55 144
JA 59 128
HP 60 141
RP 63 139
RM 65 136
FT 67 141
ID 70 139
MC 76 143
JH 81 132
RT 85 139
ED 90 135
EP 93 132
CC 96 136
AD 97 136
AC 98 136
DL 106 141
MC 115 131
TD 116 141
FW 120 135
ET 123 136
HC 128 133
SA 129 142
JA 132 139
JP 133 140
MT 136 143
AC 140 129
HP 141 142
ES 142 137
PD 147 144
AA 151 133
GD 154 133
JF 159 143
TR 161 134
ES 166 137
CB 168 140
DC 171 138
DB 172 139
WF 176 143

Plasma Total Urea
Potassium CO 2
(mmol/1) (mmol/1) (mmol/1)

4.9 21 3.3
4 27 4.4
3.9 29 3.1
4.4 21 5.6
4 24 5
3.9 30 7.1
4.9 23 3.9
4.7 29 5.6
4.5 22 3.9
4.1 29 8.1
4.4 25 6.1
4.5 28 4.8
3.7 26 3.6
4.1 33 6.2
4.2 30 6
3.2 37 7
4.7 29 6.1
4.5 21 1
3.7 29 5
4.6 25 2.8
4.2 29 3.3
3.6 22 3.1
3.9 33 6.7
4.2 22 8.1
3.8 27 6
4.4 27 5.8
4.3 23 6
4.1 32 2.2
3.3 22 4.4
3.6 33 2.5
3.7 30 5.8
4.2 27 6.9
4.1 21 5.3
4.3 27 6.3
3.8 24 4.2
3.1 28 6.4
3.3 33 3.5
3.5 29 6.7
3.9 22 6
4.2 26 5.1
4.4 22 3.4
4.5 26 2.6
4.6 29 5.8
3.6 25 3.5
4.2 25 3.1
4.2 25 5.1
4.4 26 4.5
4.1 24 3.1
4.3 26 3.9
4.2 22 5.5
3.8 22 3.5
4.7 25 3.8
4.1 31 6.8
4 26 2
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I n i t i a l s

MD
CG
WD
JS
RW
FW
EB
WGWC
AG
JH
JM
MO
GP
FK
PR
FB
GW
MB
CO
HE
JS
GK
GR
PC
GG
WW
DT
FW
WS
HT
CG
FD
AD
AW
JC
BS
WC
FP
GC
JT
FW
JT
CP
LA
PC
AC
FG
GH
PJ
SN
AJ
MD
RC

Number Plasma 
Sodium 
(mmol/1)

183 137
187 132
189 137
190 140
195 130
199 140
202 133
203 138
205 125
206 126
209 138
210 131
217 139
225 135
226 130
228 134
230 137
236 140
237 141
247 139
254 139
255 131
260 138
262 135
266 131
267 140
268 141
269 139
273 138
276 136
277 138
278 133
291 141
293 143
296 140
305 140
306 143
311 141
313 134
324 125
330 138
334 141
339 137
340 127
349 138
353 141
354 144
359 143
361 137
364 137
377 144
378 145
384 139
388 129

Plasma Total
Potassium C02
(mmol/I) (mmol/1)

3.8 26
4.2 22
4.1 26
3.9 24
3.4 33
4.4 31
4.6 22
4.2 29
4 26
5 24
4.1 25
4.9 21
3.2 27
5.1 21
3 21
3.9 30
4 31
3.6 26
4.7 27
4.4 27
4.1 26
4.6 26
4.5 36
5 24
4.1 21
3.8 25
4.3 18
4.9 25
4.2 29
4.2 26
4.2 24
4.2 23
3.2 29
4.2 24
4.3 25
4.3 26
4.7 30
3.9 28
4.6 29
3.5 29
4.9 27
3.6 22
4.4 27
3.5 24
2.8 31
3.4 26
3.9 24
3.3 32
4.2 22
4.2 22
3.8 23
3.8 23
4.6 24
3.4 26

Urea

(mmol/I)

3.9
7
7.1
6.7 
4
6
4.1 
7
4
4.8 
3
4.1
2.3
4.8
7.3
6.7 
3
6 . 1
6.3
5.7
6.3
7
4.5
6.7
6.3
6.8
4.9
6.9
8
4.9
5
3.6
8.5
5.9 
6 . 2
3.7
3.7
6.7
3.1
2.4
2 . 2
3.9
6
6.3
2.8  
6 . 2
3.2
3.7
3.9
4.9 
7
7
3.1
5.9
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I n i t i a l s

HC
WC
ND
MM
CT
ES
FH
RH
JH
EG
WG
CG
FG
MB
SC
PR
MC
AB
FB
WB
RM
IM
GD
LS
AL
AR
RB
JF
JM
GG
DO
RH
TC
MJ
PM
WB
GT
AW
RO
LH
RH
JM
II
DK
JN

Number Plasma 
Sodium 
(mmol/I)

397 142
407 129
411 134
413 134
415 131
416 135
418 136
420 133
421 146
424 132
425 138
429 142
442 139
450 136
451 137
455 144
460 130
463 134
464 143
465 140
475 140
480 138
481 139
482 144
483 139
484 136
489 133
490 139
491 130
507 141
523 139
524 137
525 134
528 144
529 130
530 133
546 138
547 137
548 136
570 139
573 137
574 133
578 141
579 128
580 142

Plasma Total
Potassium CO 2
(mmol/1) (mmol/I)

4.1 29
3.6 23
3.8 29
2.8 35
4.2 20
3.5 20
3.5 24
3.9 21
4.1 22
3.3 24
3.9 26
4.1 29
4.4 32
4 22
4.1 26
4.9 37
3.2 24
4.6 21
3.6 33
3.9 29
4.2 28
3.9 23
4.2 28
3.6 21
3.6 25
3.3 29
3.9 19
4.1 33
4.6 73
3.9 23
3.9 25
4 27
4.5 27
3.6 27
4.2 33
3.7 24
3.8 24
4.2 23
3.7 30
4.1 28
4.3 21
3.3 25
3.6 30
4.3 26
3.6 23

Urea

(mmol/1 )

4.5 
7
6.5
3.6
5.7
9.9
4.5
6.7
3.6 
8.1
6.3
5.2
4 
3 
2
3.6 
6
7
4.2
3.9
5.1
3.6
5.6
6 . 6
6 . 1
7 
6 . 1  
6
5.6
4.6
6.4
3.1
8
6.3
9.9
3.9
4.5
3.1
6. 1
6.5
4.3 
2 . 2
4.6
5
6.3
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tial s Number Plasma Plasma Total Urea
Sodium Potassium CO 2
(mmol/I) (mmol/I) (mmol/I) (mmol,

AB 2 134 3.9 24 6
AR 4 126 4.8 27 3
HM 7 135 3 23 4.1
JH 15 145 2.8 38 4.1
TM 16 131 2.5 40 3.4
FH 17 125 3.8 28 6.8
FW 18 137 4.2 33 4
EF 19 139 3.8 26 4.6
61 20 142 4.1 29 5.7
FI 21 140 3.6 25 4.8
CO 22 143 3.9 23 4.1
PM 27 132 4 26 4.2
TO 28 133 3.3 34 3.5
EH 31 127 3.7 21 7.1
TH 33 130 3.8 34 4
TE 36 136 4 31 6.5
AA 37 146 3.7 25 6.1
EN 39 136 3.1 29 4.1
DJ 43 ■139 3.7 22 2.9
BH 44 141 4.2 24 3.7
JD 45 144 4.1 27 5.6
AG 50 116 5 25 2.5
JM 51 133 4.6 27 3.9
JJ 53 131 4.1 24 3.9
HR 56 141 4.2 27 4
SC 57 130 3.2 29 7.3
AP 61 128 2.9 31 3.8
AB 79 139 3.7 26 4.4
JH 83 133 3.4 29 4.9
KN 84 137 3.8 26 3
JD 86 139 4.2 24 3.8
TR 87 141 4.3 23 6.3
GH 88 139 4.1 26 7.4
CC 89 136 2.8 21 6
WH 92 137 3.9 24 6.3
GG 94 133 4.7 29 8
PC 95 132 4.6 27 5.5
FP 101 144 4.8 29 6.7
GK 104 137 3.6 25 4.1
JW 109 127 4.7 29 7.6
CR 110 137 3.8 24 3.7
AR 111 148 3.6 27 4.1
RC 117 126 4.4 30 3.9
RD 118 136 3.6 19 3.2
ES 121 136 3.5 22 5.1
HR 124 143 4.1 28 3.7
EG 130 137 3.7 29 5.9
WB 134 148 3.9 23 6.2
CG 135 133 4.7 20 7
HL 143 139 3.9 28 4.7
TG 145 138 3.9 25 4.8
DE 146 145 3.6 27 4.1
AA 148 139 4.8 22 6
JK 150 134 3.3 30 3.7



CANCER PATIENTS MALES
page 306

tial s Number Plasma 
Sodium 
(mmol/1)

GK 152 128
BL 153 136
JI 157 145
GG 162 135
MC 164 134
CD 165 142
TK 167 139
RL 170 143
AO 174 145
LW 179 141
RE 181 139
EP 186 137
DM 193 137
EH 197 128
JS 201 139
BG 204 139
HW 208 135
GW 211 135
JW 212 141
RW 214 131
PC 218 139
FC 219 138
JT 222 137
JB 224 146
FS 229 139
SS 231 133
TR 233 142
AN 235 145
CH 239 145
CR 240 134
CS 243 146
JP 244 138
JN 256 141
EL 257 146
LM 258 139
LO 263 136
CW 280 132
JT 282 136
CD 287 138
RH 288 127
CM 292 129
MM 297 140
WC 298 137
FP 299 134
RT 302 142
JV 304 130
PS 310 132
CB 318 136
WM 319 139
GA 323 127
FT 326 139
FW 331 140
SL 335 130
DN 337 124

Plasma Total Urea
Potassium C02 
(mmol/1) (mmol/1) (mmol/1)

4 27 3
3 .7  28 6 .5
4 .6  27 6 .8
4 25 3 .5
5 26 6 .7
3 .2  24 6 .7
2 .6  25 4 .2
3 .8  26 6 .5
3 .7  29 3
3 .3  30 7
3 .6  29 5 .8
3 .9  32 5 .9
3 .9  23 3 .8
3 .3  29 3 .4
3 .5  29 6 .2
2 .6  25 4 .2
4 23 4 .3
4 .1  27 5.7
4.1  28 5.1
4 .3  23 4 .6
3 .9  25 8
4 .2  21 4 .4
3 .4  22 5
3 .2  23 6 .1
3 .8  26 6 .2
4 .3  33 3 .9
4 23 5.1
4 .3  27 3 .8
4 .4  31 6 .4
3 .5  24 5 .9
3 .9  23 3 .9
3 .8  26 4 .2
4 28 8
3 .9  29 3 .6
4 .6  27 6 .7
3 .5  25 4 .6
4.1  28 5 .9
3 .5  92 3 .9
4 .6  26 3 .5
4 .2  28 6 .5
3 .8  23 6
4 .3  23 5
3 .9  26 5 .6
4 .3  30 2 .9
4 .6  29 5 .8
4 .1  26 6 .7
4 .2  24 1 .9
3 .6  23 6 .7
4 .2  24 4 .5
4 .7  26 3 .5
4 .8  30 4 .9
5 21 6 .5
3 .6  31 6 .6
4 .3  27 2.1
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I n i t i a l s

FO
FC
AB
LM
PH
JI
FF
RM
FM
JH
CS
JS
JK
AG
CG
AB
EB
CB
EF
PG
GF
JH
TG
AH
WH
HG
GC
LC
PP
WY
RK
RS
FT
EE
AG
LF
RF
MW
MW
EW
ST
JM
CM
BM
RS
TM
MM
CM
SB
ET

Number Plasma 
Sodium 
(mmol/I)

345 139
346 143
355 146
356 136
357 141
362 136
367 144
379 137
383 139
386 139
387 142
390 129
392 131
395 143
398 139
400 140
402 136
403 148
414 139
417 136
423 142
426 133
430 134
440 142
441 139
445 133
452 131
457 129
458 141
459 132
462 127
469 133
477 144
485 146
486 140
487 144
494 132
495 136
496 144
504 130
505 133
506 147
508 133
509 133
510 134
512 141
514 136
516 137
517 121
999 140

Plasma Total
Potassium C02
(mmol/I) (mmol/I)

3.9 25
3.5 29
4.7 26
3.5 29
3.9 27
3.4 22
3.6 27
3.4 29
3.2 23
3.6 34
3.9 25
3.3 28
4.2 27
4 23
3.6 28
3.5 30
3.7 24
2 27
3.9 24
3.6 23
3 29
3.9 28
3.7 27
4.4 25
4.6 27
4 28
3.8 29
3.9 28
3.9 26
3.1 23
4.3 24
2.6 37
3.9 26
4.2 29
4.6 24
4 24
4.2 32
3.9 19
3.7 22
4.1 26
3.6 25
2.2 24
3.2 27
4.7 31
3.9 24
3.9 24
4.6 23
2.7 33
3.8 33
2.8 31

Urea

(mmol/1 )

4.6
3.9
5.7
4.1
6.1
6.9
5.1
4.5
6.7
5.1
2.9
5.2
3.7
4.9
5.2
6.7 
3
6.3
3.8
5.3
3.7
6.7
4.9
5.4
6.3
3.6 
6.1
4.5
6.8
3.5
4.9
5.5
5.8
3.1
4.9
5.9
2.5
5
6 . 1
6.7
4.4
6.9
6.8
6
5.1
5.1
7.4 
6
6
6.4
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Initials Number Plasma
Sodium 
(mmol/I)

RB 9 143
KG 30 137
WS 46 136
VF 62 137
RV 72 135
KC 73 142
MR 75 139
JH 103 137
RO 113 131
RJ 139 146
CL 149 145
RG 155 139
EF 160 138
EF 182 135
PG 185 130
PL 198 132
LP 200 136
CS 215 132
LA 221 139
VF 223 129
EW 227 128
JB 232 139
EG 238 132
TM 261 136
JM 264 136
KG 265 137
JO 289 139
CM 303 138
RR 312 129
AO 315 145
AS 321 139
MH 325 140
BW 338 139
JK 344 136
PW 358 141
EW 360 136
AG 365 133
LM 368 139
BB 369 141
JR 381 135
BC 391 136
FG 393 141
AG 394 144
FC 396 136
CC 406 140
ED 409 135
ED 410 132
RL 412 137
EH 419 136
AC 431 141
BM 432 139
MP 433 136
RO 434 139
DP 435 141

Plasma Total Urea
Potassium CO 2
(mmol/1) (mmol/1) (mmol/I)

4.4 33 2.1
3.7 27 5.6
3.6 26 5
3.9 24 3.1
3.5 30 3.2
4.6 29 5.6
3.9 24 6.5
4.1 22 4.6
4.2 19 4.5
3.2 33 5.6
4.8 21 7.1
3.7 29 6.4
4 29 4.3
3.5 27 2.7
3.9 33 6.5
4.4 32 3.8
3.5 29 3.9
4.1 28 6.9
3.7 25 4.9
3.9 29 5.5
4.9 28 6
3.9 29 4.6
4.5 36 5.5
4 26 5.1
4.9 23 6.2
4.9 29 9
4.3 31 2
4.3 27 6.4
3.9 27 3.8
4.9 27 4.8
4.9 24 5.7
4 33 2.3
3.6 34 5.1
3.7 27 2.6
4.2 30 4.6
3.9 23 5.2
3.9 21 6.8
4.2 25 3.1
3.6 33 5.2
3.9 29 6.1
4.1 26 4.3
3.8 26 6.2
3.9 22 3.9
4.2 24 3.2
3.7 23 4.6
3.2 29 6.9
3.9 24 5.5
4.5 31 5.8
4.9 32 3.9
4.2 38 2.4
4.6 24 5.7
3.7 23 2.4
4.2 32 6.8
3.9 23 4.1
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Initials

CP
MR
AR
RW
CF
CW
EA
PM
RS
JM
BM
FM
EB
EM
SS
EH
LL
JT
LH
MS
MA
MY
MO
GH
LL
JE
AC

Number Plasma 
Sodium 
(mmol/I)

436 135
437 138
438 137
443 144
447 139
454 131
456 139
466 142
467 137
471 141
472 136
473 144
488 138
492 137
493 142
502 139
503 138
511 146
518 135
522 146
527 148
532 135
541 137
572 136
575 139
581 140
582 136

Plasma Total
Potassium CO 2
(mmol/1) (mmol/I)

3.6 31
4.1 35
4.4 28
3.6 26
3.6 32
4.9 25
4.3 23
4.9 31
3.6 32
4.6 30
3.9 29
4.3 24
4.4 25
3.9 27
4 28
4 29
4.2 29
3.4 27
4.2 21
4.4 25
5.1 26
3.4 29
4.8 33
4 24
3.6 25
3.9 27
5.1 22

Urea

( mmol / I )

5.6 
7
5
7
7.2
7.4
5.7
5.1
5.1
6 . 2  
7 
6.1
3.1
4.1
4.3
6.4
6.7
7.2 
5
5.3
3.3
6.8  
4
5.8
4
6 . 1
7
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tials Number Plasma Plasma Total Urea
Sodium Potassium CO 2
(mmol/I) (mmol/I) (mmol/I) (mmol/1)

BH 12 137 3.8 31 7.1
AO 32 143 2.5 35 5.3
AJ 38 137 3.9 26 4.9
ME 49 143 3.9 24 4.8
AS 64 135 3.7 22 3.1
MJ 66 137 3.9 27 5.6
TE 71 139 5.3 29 6.9
PW 82 145 4.4 26 3.9
JK 99 134 3.2 27 4
EB 100 144 3.9 23 6.8
SH 105 141 3.3 30 3.8
EJ 112 139 3.9 23 6.7
LH 114 146 3.6 27 5.2
MM 122 139 4.2 27 4.5
GG 125 140 3.9 25 4
IW 126 119 3.9 26 3.6
AJ 127 141 4.2 27 4
RL 137 127 4.4 23 6.7
EB 138 135 3.6 23 3.1
JC 144 143 3.6 26 5.9
LS 156 140 4.2 26 5.1
MP 158 139 3.7 23 3.5
LH 163 129 3.7 28 5.6
ES 175 135 4 26 5
SB 177 138 4 26 5
JM 178 134 4.2 25 6.1
AF 180 141 3.6 23 5.1
AB 184 134 5 27 4.1
EC 188 141 4 27 6.9
MB 191 134 3.8 25 6.1
KC 192 136 4.9 25 6.9
VL 194 147 3.6 28 3.7
VH 196 144 4.2 27 3.7
VM 207 141 3.6 28 5.2
HF 213 128 4.5 24 4
IP 216 135 3.8 26 3.7
JH 220 139 3.7 28 5.7
MS 234 136 3.7 31 4.5
JR 241 145 2.8 38 4.1
EK 242 135 3.4 33 2.9
FF 245 135 3.5 28 3.7
DT 252 124 4.3 24 3.1
HW 259 137 3.6 22 6.9
EP 272 139 4.7 25 4.1
EB 274 140 3 28 4
BG 275 143 4.8 31 6.6
AH 279 139 3.7 29 5.8
LS 285 129 3.1 29 3.6
MH 286 139 4.4 23 3.8
EP 290 132 4.5 31 4.2
LF 294 139 4.9 26 3.9
CM 295 134 4.1 32 6.5
MC 300 132 4.2 26 4.2
CB 307 132 3.7 25 2.5
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I n i t i a l s

LR
EW
SR
AR
MR
SP
AP
DP
DG
LB
MH
EM
EW
AC
MB
JB
CB
EB
EH
FH
RH
JT
LS
ID
PL
JA
JB
JM
SS
AR
BS
MM
DR

Number Plasma 
Sodium 
(mmol/I)

308 138
309 138
314 143
316 138
317 137
320 144
328 141
329 136
333 139
341 145
363 145
374 139
375 146
389 138
399 137
401 132
404 140
405 137
427 146
428 141
439 139
444 129
446 129
476 139
497 139
498 140
500 136
513 143
534 137
536 135
537 141
538 139
539 136

Plasma Total
Potassium C02
(mmol/1) (mmol/1)

4.9 28
4.9 28
3.6 27
4.1 23
3.8 27
3.8 26
4.3 26
3.9 28
4.7 22
3.9 26
3.8 26
3.9 25
4.8 35
4.9 24
3.8 25
3.8 24
3.4 35
4.1 31
4.1 22
4.2 28
3.9 30
3.7 28
4.6 26
4.1 24
4.1 27
4.2 29
3.3 23
3.8 27
3.8 23
3.4 29
3.9 28
3.3 29
3.9 27

Urea

(mmol/1)

5.5
4.6
3.8
5.7
4.9
4.8
3.8
4.1
3.6
4.7
6.3
3.8
3.9
6.9
6 . 1
5.5 
5
4.6
3.6
2.4
6.5
3.8 
4.3 
6. 1  
3.2 
5
4.6
2.9
4.1 
6.5
4.7
3.2
6 . 2
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tials Number Total Albumin Bil irubin Alkaline AST
Protei n Phosphatase

( g / D ( g /D (mmol/1) (IU/1) (IU/1)
WG 1 69 41 11 65 31
FS 3 73 45 98 5 39
AH 8 68 36 7 67 29
TG 10 68 40 8 69 11
JW 11 73 42 7 71 14
GF 23 66 36 5 37 9
CL 24 68 39 7 112 26
GB 26 66 38 10 76 9
GD 29 67 39 9 70 34
PB 34 71 36 7 44 21
BH 35 69 28 10 85 15
CG 40 68 33 5 71 14
AB 42 77 37 4 43 24
MW 47 70 39 1 36 14
WM 48 63 37 10 85 26
HB 54 68 36 6 49 34
HD 55 67 39 5 68 30
JA 59 70 46 12 55 13
HP 60 69 35 9 41 29
RP 63 78 45 8 106 22
RM 65 69 38 3 24 51
FT 67 69 36 7 43 16
ID 70 73 41 11 96 13
MC 76 71 37 9 36 31
JH 81 68 39 3 64 22
RT 85 67 35 3 31 23
ED 90 69 37 5 30 10
EP 93 68 37 65 55 31
CC 96 73 37 28 87 38
AD 97 69 40 6 55 17
AC 98 77 43 1 87 15
DL 106 68 37 9 51 37
MC 115 84 36 5 38 27
TD 116 70 38 7 51 19
FW 120 74 39 3 66 21
ET 123 70 41 6 100 8
HC 128 72 39 8 76 22
SA 129 68 40 11 81 11
JA 132 77 42 3 55 23
JP 133 69 43 6 55 16
MT 136 66 34 7 79 13
AC 140 69 34 11 29 39
HP 141 71 40 6 33 29
ES 142 77 44 11 103 29
PD 147 68 36 7 63 14
AA 151 69 37 6 66 34
GD 154 74 42 1 37 13
JF 159 64 31 7 100 13
TR 161 75 37 9 56 27
ES 166 82 34 8 70 14
CB 168 68 36 7 61 24
DC 171 72 42 4 66 37
DB 172 69 37 8 70 19
WF 176 72 39 9 77 22
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tials Number Total Albumin Bilirubin Alkaline AST
Protein Phosphatase

( g / i ) ( g / i ) (mmol/I) (IU /1 ) (IU /1 )

MD 183 66 36 4 85 12
CG 187 71 36 4 107 18
WD 189 68 34 5 94 16
JS 190 70 36 6 81 18
RW 195 69 37 8 103 16
FW 199 73 40 9 38 31
EB 202 83 36 12 65 15
WG 203 71 42 3 93 36
WC 205 68 33 11 85 21
AG 206 78 38 12 93 3
JH 209 72 39 7 96 12
JM 210 67 39 11 35 27
MO 217 69 37 9 58 39
GP 225 69 35 6 28 34
FK 226 76 42 7 71 17
PR 228 78 41 3 69 17
FB 230 74 39 9 34 17
GW 236 67 34 4 61 27
MB 237 71 38 6 44 14
CO 247 69 34 3 79 23
HE 254 71 38 6 66 19
JS 255 68 37 6 79 11
GK 260 60 40 12 65 10
GR 262 77 41 16 89 44
PC 266 67 34 8 41 23
GG 267 67 42 11 65 16
WW 268 68 32 3 107 22
DT 269 72 36 9 83 41
FW 273 76 35 7 27 31
WS 276 76 38 2 102 21
HT 277 67 42 8 66 42
CG 278 73 34 6 96 34
FD 291 66 35 11 77 33
AD 293 67 34 7 29 11
AW 296 76 44 8 100 88
JC 305 77 38 2 85 12
BS 306 71 39 3 80 17
WC 311 69 37 6 66 14
FP 313 75 39 5 27 24
GC 324 76 25 11 73 48
JT 330 71 36 6 61 13
FW 334 66 33 8 26 29
JT 339 73 39 10 86 16
CP 340 71 30 10 80 35
LA 349 72 41 11 39 29
PC 353 69 36 9 66 21
AC 354 78 44 6 53 40
FG 359 71 44 9 63 34
GH 361 71 38 6 33 19
PJ 364 79 44 11 86 29
SN 377 67 37 6 45 24
AJ 378 67 37 6 45 24
MD 384 79 44 9 96 16
RC 388 69 36 8 77 29
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tials Number Total Albumin Bilirubin Alkaline AST
Protein Phosphatase(g/D (g/D (mmol/I) (IU/1) (IU/1)

HC 397 68 38 10 75 26
WC 407 67 35 6 76 13
ND 411 69 37 8 94 22
MM 413 69 37 6 103 24
CT 415 74 36 10 70 19
ES 416 67 39 8 78 15
FH 418 58 55 8 70 31
RH 420 83 42 8 77 12
JH 421 69 37 11 62 13
EG 424 77 41 6 75 21
WG 425 65 45 7 68 33
CG 429 68 34 8 65 52
FG 442 69 36 2 55 11
MB 450 78 41 10 102 37
SC 451 71 35 8 90 17
PR 455 66 37 11 33 11
MC 460 66 36 4 60 18
AB 463 69 41 11 77 15
FB 464 73 39 6 92 11
WB 465 68 36 6 80 33
RM 475 69 41 3 63 21
IM 480 71 37 6 36 13
GD 481 71 37 10 107 37
LS 482 69 40 10 71 26
AL 483 69 40 11 46 29
AR 484 69 39 3 36 19
RB 489 74 36 3 101 40
JF 490 66 36 7 100 14
JM 491 66 33 5 59 31
GG 507 73 41 9 36 15
DO 523 68 41 3 31 13
RH 524 69 36 4 51 25
TC 525 72 41 10 69 16
MJ 528 64 32 9 93 26
PM 529 66 34 7 82 27
WB 530 66 35 8 91 26
GT 546 77 34 9 62 15
AW 547 73 39 10 70 13
RO 548 69 37 11 101 37
LH 570 73 41 9 94 13
RH 573 67 37 9 32 13
JM 574 88 35 10 99 20
II 578 63 32 11 105 16
DK 579 75 36 12 60 12
JN 580 71 34 8 94 32
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tial s Number Total Albumin Bilirubin Alkaline AST
Protein

(g/i)
Phosphatase

(g/i) (mmol/I) (IU/1) (IU/1)

AB 2 66 39 5 104 29
AR 4 73 36 7 64 16
HM 7 67 36 6 66 14
JH 15 67 36 7 104 37
TM 16 64 36 7 119 17
FH 17 68 32 11 100 31
FW 18 67 34 11 90 14
EF 19 71 39 8 69 24
GI 20 69 33 5 69 27
FI 21 73 39 9 92 24
CO 22 65 35 2 89 28
PM 27 72 38 8 129 11
TO 28 69 37 7 70 19
EH 31 82 37 6 105 52
TH 33 68 37 4 77 35
TE 36 79 40 9 79 29
AA 37 71 37 6 66 31
EN 39 65 33 10 79 27
DJ 43 75 . 35 8 73 26
BH 44 73 37 6 96 23
JD 45 65 37 2 39 37
AG 50 67 33 6 55 29
JM 51 69 36 7 69 23
JJ 53 80 39 9 54 36
HR 56 68 35 9 71 27
SC 57 64 32 5 91 29
AP 61 67 34 10 111 34
AB 79 74 37 10 88 29
JH 83 67 33 8 89 15
KN 84 80 30 7 67 25
JD 86 73 36 4 59 20
TR 87 73 35 9 103 55
GH 88 77 44 11 77 45
CC 89 65 34 9 105 34
WH 92 67 36 4 84 14
GG 94 68 34 11 105 29
PC 95 74 38 7 68 34
FP 101 65 34 7 83 22
GK 104 66 37 8 35 16
JW 109 71 37 10 79 23
CR 110 73 39 6 45 29
AR 111 81 45 11 69 33
RC 117 67 34 8 35 24
RD 118 78 36 4 86 19
ES 121 68 35 7 75 28
HR 124 72 41 12 90 27
EG 130 75 42 9 118 18
WB 134 79 46 7 41 23
CG 135 67 36 11 93 34
HL 143 63 31 6 38 18
TG 145 77 43 5 48 29
DE 146 70 35 5 74 27
AA 148 65 33 6 113 28
JK 150 69 35 9 40 16
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tial s Number Total Albumin Bi1i rubi n A1kali ne AST
Protei n Phosphatase

( g / i ) (g/n (mmol/ I ) (IU/1) (IU/1)

GK 152 73 42 10 49 27
BL 153 69 38 9 79 31
JI 157 70 30 10 50 25
GG 162 72 38 11 75 28
MC 164 66 32 4 79 31
CD 165 63 25 10 39 21
TK 167 73 34 9 103 36
RL 170 72 41 3 67 34
AO 174 65 34 9 59 17
LW 179 67 32 10 78 29
RE 181 67 36 7 81 34
EP 186 77 38 9 71 14
DM 193 72 39 6 91 32
EH 197 64 32 9 110 37
JS 201 84 46 6 106 36
BG 204 77 40 6 68 30
HW 208 67 34 11 69 20
GW 211 83 41 9 78 46
JW 212 72 51 6 82 26
RW 214 68 42 12 39 43
PC 218 71 32 8 90 25
FC 219 80 50 8 97 26
JT 222 66 35 4 64 27
JB 224 72 36 5 136 25
FS 229 69 37 5 79 29
SS 231 71 36 8 80 15
TR 233 74 38 11 68 22
AN 235 67 33 6 79 30
CH 239 70 37 71 107 13
CR 240 77 39 9 88 33
CS 243 68 35 6 73 34
JP 244 73 37 8 79 19
JN 256 73 39 10 95 25
EL 257 67 33 9 89 28
LM 258 71 35 4 93 35
LO 263 73 44 12 111 29
CW 280 73 33 11 86 35
JT 282 69 35 5 88 68
CD 287 72 39 7 115 12
RH 288 71 41 6 105 47
CM 292 79 43 10 60 14
MM 297 62 38 12 60 20
WC 298 66 36 10 79 34
FP 299 75 37 6 100 27
RT 302 67 34 4 69 22
JV 304 66 39 4 113 48
PS 310 68 36 9 96 14
CB 318 76 35 8 71 30
WM 319 69 38 8 76 14
GA 323 71 36 4 59 21
FT 326 67 34 9 113 28
FW 331 77 36 10 96 29
SL 335 76 38 10 69 31
DN 337 67 33 7 102 27
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tials Number Total Albumin Bili rubi n Alkaline AST
Protei n Phosphatase
(g/1) (g/D (mmol/I) (IU/1) (IU/1)

FO 345 71 35 5 103 29
FC 346 73 40 7 74 21
AB 355 70 37 7 93 37
LM 356 66 34 8 128 16
PH 357 83 44 11 78 18
JI 362 69 34 10 89 33
FF 367 72 37 9 89 17
RM 379 70 39 11 83 26
FM 383 68 34 9 71 29
JH 386 81 42 7 63 29
CS 387 65 33 9 103 55
JS 390 66 32 11 92 31
JK 392 66 32 10 100 33
AG 395 77 42 8 79 23
CG 398 67 34 5 93 29
AB 400 75 35 10 109 34
EB 402 66 35 10 34 29
CB 403 69 34 9 67 34
EF 414 71 38 8 68 24
PG 417 68 36 6 77 31
GF 423 73 35 8 69 35
JH 426 83 42 8 77 12
TG 430 73 37 6 49 29
AH 440 73 40 9 88 37
WH 441 64 34 7 39 24
HG 445 74 36 9 124 22
GC 452 67 35 11 79 33
LC 457 77 41 6 99 16
PP 458 69 36 9 66 24
WY 459 63 28 7 103 3
RK 462 69 40 8 95 13
RS 469 68 39 7 76 23
FT 477 69 37 8 68 19
EE 485 74 43 11 96 38
AG 486 62 36 11 50 12
LF 487 66 34 9 66 29
RF 494 75 31 7 80 38
MW 495 66 30 4 66 6
MW 496 71 39 9 76 33
EW 504 66 39 91 113 48
ST 505 71 35 9 119 11
JM 506 70 38 5 73 19
CM 508 70 36 10 104 18
BM 509 69 37 6 66 24
RS 510 73 41 9 49 28
TM 512 75 33 8 79 31
MM 514 83 41 5 70 14
CM 516 68 37 8 69 23
SB 517 68 36 3 117 19
ET 999 78 44 10 85 20
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tial s Number Total Albumin Bi1i rubi n Alkali ne AST
Protein Phosphatase
(9/1) (9/1) (mmol/I) (IU/1) (IU/1)

RB 9 70 36 7 54 32
KG 30 71 39 8 66 19
WS 46 67 39 7 56 31
VF 62 73 41 6 36 16
RV 72 76 45 11 81 11
KC 73 68 36 6 36 19
MR 75 67 39 7 63 23
JH 103 83 45 6 96 8
RO 113 73 42 8 93 31
RJ 139 77 41 3 18 22
CL 149 67 35 10 95 36
RG 155 66 33 6 39 24
EF 160 69 39 8 51 16
EF 182 70 40 8 69 23
PG 185 96 35 9 62 33
PL 198 68 41 6 78 42
LP 200 74 38 5 88 37
CS 215 74 39 11 48 35
LA 221 66 33 8 67 11
VF 223 70 36 3 66 29
EW 227 70 36 4 80 36
JB 232 69 37 8 44 17
EG 238 71 37 8 77 34
TM 261 67 38 6 90 15
JM 264 66 33 8 71 19
KG 265 69 38 6 59 19
JO 289 70 39 8 73 33
CM 303 70 35 9 34 23
RR 312 68 37 6 66 15
AO 315 71 36 7 29 33
AS 321 81 43 7 49 27
MH 325 68 34 10 77 32
BW 338 73 37 6 58 33
JK 344 67 36 6 61 26
PW 358 81 44 9 92 15
EW 360 66 41 3 76 13
AG 365 76 42 7 99 35
LM 368 82 39 11 111 26
BB 369 74 39 9 69 28
JR 381 67 34 6 83 37
BC 391 70 37 6 67 18
FG 393 68 35 9 48 27
AG 394 81 45 6 66 29
FC 396 73 37 9 77 30
CC 406 65 39 9 77 36
ED 409 68 37 7 47 23
ED 410 71 38 7 77 28
RL 412 65 35 10 70 12
EH 419 66 34 10 108 34
AC 431 70 36 3 67 24
BM 432 67 36 6 78 13
MP 433 69 37 9 79 36
RO 434 77 41 11 94 37
DP 435 66 37 7 78 16
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Initials Number Total Albumin Bi1i rubi n Alkaline AST
Protein Phosphatase(g/D (g/D (mmol/1) (IU/1) (IU/1)

CP 436 69 40 2 87 26
MR 437 70 37 11 56 37
AR 438 65 36 11 79 36
RW 443 84 34 3 109 27
CF 447 74 42 7 75 36
CW 454 69 37 4 55 40
EA 456 74 40 9 59 33
PM 466 82 36 6 132 15
RS 467 77 44 7 77 26
JM 471 67 39 6 96 13
BM 472 69 41 3 54 19
FM 473 72 36 7 58 31
EB 488 66 34 3 91 16
EM 492 71 38 6 95 9
SS 493 69 34 6 75 12
EH 502 73 39 4 101 11
LL 503 69 39 8 47 20
JT 511 66 34 7 79 33
LH 518 66 37 9 36 13
MS 522 88 40 10 35 11
MA 527 69 38 7 67 23
MY 532 72 36 9 53 29
MO 541 69 33 8 60 12
GH 572 67 35 11 76 32
LL 575 72 38 7 78 31
JE 581 69 37 5 92 33
AC 582 75 38 7 89 23
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t i a 1 s Number Total A1bumi n 13 i 1 i rubi n A1kali ne AST
Protein Phosphatase(g/i) (g/1) (mmol/I) (IU/1) (IU/1)

BH 12 69 38 7 66 35
AO 32 66 33 7 87 33
AJ 38 67 33 11 91 23
ME 49 71 38 3 44 .1.6
AS 64 73 39 8 67 21
MJ 66 69 34 9 86 32
TE 71 67 36 7 118 9
PW 82 69 36 .1.1 39 18
JK 99 66 33 9 77 16
EB 100 67 38 6 92 31.
Sll 105 78 41 6 39 24
EJ 112 69 34 6 81 19
LH 114 68 37 9 89 90
MM 122 61 37 10 64 20
GG 125 68 43 6 120 37
IW 126 78 40 8 138 24
AJ 127 68 48 6 81 34
RL 137 74 39 6 57 19
EB 138 73 38 7 103 30
JC 144 73 39 9 93 28
LS 156 63 32 8 67 25
MP 158 65 38 7 59 23
LH 163 68 34 8 83 26
ES 1.75 81 42 1.2 70 11
SB 177 69 41 8 35 13
JM 178 74 39 7 105 18
AF 180 71 37 5 53 10
AB 184 69 38 10 109 37
EC 188 67 33 5 .102 29
MB 191 69 34 11 67 22
KC 192 64 34 2 120 33
VL 194 67 33 3 66 28
VII 196 70 36 7 81. 33
VM 20/ /I 39 9 5/ 28
IIP 213 59 31 4 99 44
IP 21.6 68 36 b 49 23
JH 220 73 44 1.2 95 29
MS 234 83 4.1 9 66 44
JR 241 67 34 5 96 16
EK 242 75 41 9 88 27
FF 245 68 36 9 89 23
OT 252 72 38 6 .1.03 36
HW 259 68 34 9 93 27
EP 272 77 42 4 123 6
EB 2/4 74 41 4 39 1.3
BG 275 73 38 9 84 25
All 279 67 34 6 68 32
LS 285 65 33 1.1 119 26
Mil 286 73 38 8 78 42
EP 290 67 34 6 9.1. 3.1
LF 294 74 36 9 103 33CM 295 69 37 6 93 14
MC 300 72 38 8 79 11
CB 30/ 68 37 6 88 1.6
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tial s Number Total Albumin Bilirubin Alkali ne AST
Protei n Phosphatase

( g / D ( g / 1 ) (mmol/I) (IU/1) (IU/1)
LR 308 72 36 10 105 36
EW 309 68 34 10 85 39
SR 314 71 34 5 84 34
AR 316 68 35 4 39 27
MR 317 71 37 6 89 24
SP 320 67 34 11 92 35
AP 328 72 39 6 109 35
DP 329 74 36 9 67 27
DG 333 71 35 6 88 37
LB 341 69 36 88 7 31
MH 363 69 35 5 106 27
EM 374 74 36 7 43 27
EW 375 67 34 8 69 20
AC 389 70 36 7 118 19
MB 399 71 37 7 69 33
JB 40.1. 69 36 8 39 30
CB 404 89 41 4 65 32
EB 405 66 33 10 89 35
EH 427 66 38 11 81 34
FH 428 69 34 8 108 16
RH 439 69 41 3 136 33
JT 444 72 38 10 79 21
LS 446 73 40 7 74 21
ID 476 67 34 8 112 34
PL 497 70 33 8 41 39
OA 498 66 34 6 101 34
JB 500 64 32 10 71 24
JM 5.13 65 31 6 66 38
SS 534 71 35 9 92 21
AR 536 73 36 5 43 31
BS 537 66 33 7 73 19
MM 538 74 69 8 66 29
DR 539 67 33 8 95 33
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tial s Number Drug

A8 2 salbutamol
beclomethasone
chlormethiazole

AR 4 atropine 
multi vite 
salbutamol 
parentrovite

HM 7 ampicillin 
quinine sulphate

BH 12 quinine sulphate 
atropine

JH 15 salbutamol 
cyclopenthiazide 
potassium chloride 
antacids

TM 16 paracetamol 
papaveri ne

FH 17 None

FW 18 paracetamol
prochlorperazine
hyoscine

EF 19 salbutamol
beclomethasone

GI 20 paracetamol 
atropi ne 
temazepam

FI 21 hydrochlorothiazide

CO 22 septri n

PM 27 ampicillin 
codeine linctus

TO 28 ampici11 in 
oxytetracycl ine

EH 31 paracetamol
atropine

AO 32 potassium chloride 
hydrochlorothiazide

TH 33 prochlorperazine



CANCER PATIENTS page 323

I n i t i a l s  Number Drug

TE 36 isosorbide dinitrate

AA 37 amoxyci11 in 
paracetamol

AJ 38 atropi ne 
septri n 
temazepam

EN 39 None

DJ 43 codeine linctus

BH 44 salbutamol 
salbutamol tab 
terbutaline

JD 45 None

ME 49 None

AG 50 bendrofluazide

JM 51 ampicillin
hyoscine

JJ 53 None

HR 56 scopolamine 
cyclopenthiazide 
potassium chloride 
papaverine

SC 57 papaverine 
hyosci ne

AP 61 atropi ne
paracetamol
temazepam

AS 64 terbutali ne

MJ 66 paracetamol
chlormethiazole

TE 71 ipratropium bromide 
terbutali ne

AB 79 septri n

PW 82 cyclopenthiazide 
potassium chloride

JH 83 atropi ne
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I n i t i a l s  Number Drug

KN 84 None

JD 86 aminophylli ne 
salbutamol

TR 87 methyldopa 
cyclopenthi azide 
potassium chloride

GH 88 penici11 in

CC 89 allopurinol 
salbutamol 
aminophylline

WH 92 paracetamol 
temazepam 
papaveri ne 
hyoscine

GG 94 bumetanide 
potassium chloride

PC 95 None

JK 99 salbutamol 
atropi ne

EB 100 codeine linctus 
allopurinol 
danthron

FP 101 atropine 
salbutamol tab

GK 104 potassium chloride 
cyclopenthiazide

SH 105 papaveri ne 
hyoscine

JW 109 atropine

CR 110 None

AR 111 None

EJ 112 atropine 
septrin

LH 114 atropine 
salbutamol 
ipratropium bromide
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I n i t i a l s  Number Drug

RC 117 quinine sulphate 
cyclopenthiazide 
potassium chloride

RD 118 hyoscine 
papaveri ne 
salbutamol 
beclomethasone

ES 121 carbocisteine 
atropi ne 
salbutamol

MM 122 atropine

HR 124 atropi ne 
salbutamol

GG 125 None

IW 126 None

AJ 127 hyoscine
papaverine
salbutamol

EG 130 multivite 
lactulose 
salbutamol 
atropine

WB 134 ipratropium bromide 
salbutamol 
beclomethasone 
hyosci ne 
papaveri ne

CG 135 beclomethasone
salbutamol

RL 137 atropi ne 
ampici 11 in

EB 138 None

HL 143 salbutamol 
beclomethasone 
quinine sulphate

JC 144 None

TG 145 hyosci ne 
papaveri ne
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I n i t i a l s  Number Drug

DE 146 paracetamol
codeine linctus 
hyosci ne 
papaverine

AA 148 ampicillin
salbutamol

JK 150 atropine
salbutamol

GK 152 papaverine
hyoscine
paracetamol
salbutamol

BL 153 hyoscine
papaverine
paracetamol

LS 156 thyroxine
ipratropium bromide
hyoscine
papaverine

JI 157 None

MP 158 beclomethasone
salbutamol

GG 162 frusemide
potassium chloride

LH 163 multivite
salbutamol 
paracetamol 
hyoscine 
papaveri ne

MC 164 atropine
beclomethasone
salbutamol

CD 165 ferrous sulphate
danthron 
prazosi n

TK 167 hyoscine
papaverine

RL 170 methyldopa
di sopyramide 
potassium chloride 
cyclopenthi azide
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I n i t i a l s  Number Drug

AO 174 aminophylline
salbutamol 
bed omethasone 
potassium chloride 
cyclopenthiazide

ES 175 antacids
ampicillin

SB 177 atropine
salbutamol

JM 178 atropine
salbutamol 
aminophylline

LW 179 atropine
paracetamol

AF 180 None

RE 181 ampicillin
atropi ne 
paracetamol

AB 184 atropine
potassium chloride 
cyclopenthiazide

EP 186 None

EC 188 atropine
paracetamol 
aminophylline

MB 191 ampicillin
hyosci ne 
papaverine

KC 192 insulin
ipratropium bromide 
bed omethasone

DM 193 methyldopa
nifedipine

VL 194 papaverine
hyoscine

VH 196 paracetamol
atropi ne 
salbutamol

EH 197 codeine linctus
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JS 201 None

BG 204 aspi rin 
papaveri ne 
hyoscine 
dipyridamole

VM 207 terbutaline

HW 208 papaveri ne 
hyosci ne

GW 2.1.1 aminophylline
atropine
salbutamol

JW 212 salbutamol 
aminophylline 
carboci stei ne

HF 213 None

RW 214 atropine
potassium chloride 
cyclopenthiazide

IP 216 atropine
salbutamol

PC 218 None

FC 219 multi vite
salbutamol
paracetamol

JH 220 None

JT 222 None

JB 224 amoxyci11 in 
salbutamol

FS 229 atropine
salbutamol
paracetamol

SS 231 salbutamol 
ampici11 in

TR 233 salbutamol 
potassium chloride 
cyclopenthiazide

MS 234 papaveri ne 
hyosci ne
prochlorperazi ne
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I n i t i a l s  Number Drug

AN 235 atropi ne 
salbutamol

CH 239 None

CR 240 potassium chloride
cyclopenthiazide
atropine

JR 241 salbutamol
paracetamol

EK 242 None

CS 243 None

JP 244 salbutamol 
atropi ne 
paracetamol

FF 245 None

DT 252 None

JN 256 None

EL 257 papaverine
hyoscine

LM 258 None

HW 259 salbutamol 
aminophylline 
diphenhydramine

LO 263 None

EP 272 ipratropium bromide
salbutamol
aspirin

EB 274 septrin
potassium chloride
cyclopenthiazide
atropine

BG 275 salbutamol 
danthron 
bumetanide 
potassium chloride

AH 279 beclomethasone 
salbutamol
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CW 280 paracetamol 
danthron 
metoclopramide

JT 282 atropine 
salbutamol 
ipratropium bromide 
potassium chloride 
cyclopenthiazide

LS 285 paracetamol
salbutamol
septrin

MH 286 hyosci ne 
papaverine

CD 287 multi vite
papaverine
hyoscine
chlormethiazole
salbutamol

RH 288 None

EP 290 paracetamol 
hyosci ne 
papaveri ne

CM 292 None

LF 294 atropine 
aminophylline 
salbutamol

CM 295 septrin
hyoscine
papaverine

MM 297 salbutamol

WC 298 None

FP 299 None

MC 300 paracetamol
hyoscine
temazepam
papaverine

RT 302 atropine
salbutamol
prochlorperazine
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Ini t ials  

J V

CB

LR

EW

PS

SR

AR

MR

CB

WM

SP

GA

FT

AP

DP

FW

DG

SL

DN

Number Drug ^

304 atropine
antacids 
amiloride
hydrochlorothiazide

307 paracetamol 
benzylpenicillin iv

308 multivite 
vitamin D

309 antacids 
verapamil

310 lorazepam 
papaveri ne 
hyoscine

314 None

316 salbutamol 
ipratropium bromide

317 pholcodine linctus

318 methyldopa 
potassium chloride 
cyclopenthiazide

319 None

320 None

323 None

326 septrin
paracetamol 
atropi ne 
temazepam

328 None

329 None

331 None

333 None

335 None

337 ipratropium bromide
salbutamol 
aspirin
codeine linctus
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I n i t i a l s  Number Drug

LB 341 temazepam
papaverine
hyoscine

FO 345 antacids 
paracetamol 
tetracycli ne 
temazepam

FC 346 atropine
ipratropium bromide 
danthron

AB 355 salbutamol 
potassium chloride 
cyclopenthiazide

LM 356 None

PH 357 atropi ne 
multi vite 
paracetamol 
diphenhydramine

JI 362 antacids
hyoscine
papaverine

MH 363 None

FF 367 allopurinol
atropine
bromhexine

EM 374 spironolactone 
temazepam 
cyclopenthiazide 
potassium chloride

EW 375 bemethan sulphate 
amoxycil1 in 
paracetamol

RM 379 salbutamol
beclomethasone

FM 383 atropine

JH 386 None

CS 387 salbutamol 
papaveri ne 
hyoscine
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AC 389 isosorbide dinitrate

JS 390 salbutamol
carbocisteine
aspirin

JK 392 atropine

AG 395 atropine
ferrous sulphate 
antacids

CG 398 atropine
paracetamol

MB 399 None

AB 400 atropine 
salbutamol 
ipratropium bromide

JB 401 salbutamol 
atropi ne

EB 402 salbutamol

CB 403 methyldopa 
paracetamol 
papaverine 
cyclopenthiazide 
potassium chloride

CB 404 salbutamol

EB 405 salbutamol
beclomethasone
cyclopenthiazide

EF 414 None

PG 417 None

GF 423 salbutamol 
ampici11 in 
carbocisteine

JH 426 atropine
paracetamol

EH 427 amoxycil1 in 
terbutaline

FH 428 paracetamol 
papaverine 
hyosci ne
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I n i t i a l s  Number Drug

TG 430 aminophylline 
amoxyci11i n

RH 439 atropi ne 
temazepam

AH 440 atropi ne 
salbutamol

WH 441 None

JT 444 septrin
salbutamol

HG 445 None

LS 446 atropine
potassium chloride 
cyclopenthiazide

GC 452 paracetamol

LC 457 salbutamol

PP 458 papaverine

WY 459 salbutamol
beclomethasone

RK 462 papaveri ne
atropine
paracetamol

RS 469 septrin
nitrazepam

ID 476 salbutamol
antacids
danthron

FT 477 nifedipine 
cyclopenthiazide 
potassium chloride

EE 485 None

AG 486 paracetamol
septrin

LF 487 paracetamol
hyoscine

RF 494 None
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MW 495 paracetamol 
prochlorperazi ne

MW 496 None

PL 497 hyosci ne 
antacids 
flurazepam

JA 498 salbutamol 
ampici11 in

JB 500 salbutamol
paracetamol

EW 504 oxytetracycline

ST 505 ampicillin

JM 506 hyoscine
temazepam

CM 508 None

BM 509 None

RS 510 chlormethiazole

TM 512 ferrous sulphate

JM 513 atropine
temazepam

MM 514 methyldopa 
salbutamol 
terbutali ne

CM 516 None

SB 517 paracetamol
hyoscine

SS 534 salbutamol

AR 536 salbutamol 
paracetamol 
papaveri ne 
hyosci ne

BS 537 paracetamol 
beclomethasone 
amoxyci11 in 
hyosci ne 
papaveri ne
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MM 538 septrin
hyoscine
papaverine

DR 539 atropine

ET 999 hyoscine
papaverine
salbutamol 
cyclopenthiazide 
potassium chloride
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I n i t i a l s  Number Drug

MM 538 septrin
hyosci ne 
papaverine

DR 539 atropine

ET 999 hyoscine
papaverine
salbutamol 
cyclopenthiazide 
potassium chloride
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Initials Number Drug

WG 1. aminophyl 1 ine
salbutamol 
ipratropium bromide

FS 3 beclomethasone
salbutamol 
aminophylline

AH 8 nitrazepam
lorazepam
salbutamol

RB 9 cyclopenthiazide
potassium chloride 
ampici 11 in 
salbutamol

TG .1.0 paracetamol
papaveri ne 
atropi ne

JW II papaverine

GF 23 nitrazepam
oxytetracycl i ne

CL 24 antacids

GB 26 ampi ci11i n
carboci stei ne

GD 29 aspirin
ferrous sulphate 
prochlorperazi ne

KG 30 salbutamol
ipratropium bromide

PB 34 salbutamol
ipratropium bromide

BM 35 multivite
simple linctus

CG 40 ipratropium bromide
cyclopenthiaz ide 
potassium chloride

AB 42 salbutamol
bed omethasone

WS 46 prochlorperazine
antaci ds
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I n i t i a l s  Number Drug

MW 47 methyldopa 
cyclopenthiazide 
potassium chloride

WM 48 None

m 54 beclomethasone
salbutamol

HD 55 None

JA 59 AC I II
salbutamol

HP 60 atropi ne

VF 62 isosorbide dinitrate

RP 63 methyldopa

RM 65 codeine linctus

FT 67 salbutamol 
ipratropium bromide

ID 70 aminophylline 
ipratropium bromide

RV 72 ami nophy11i ne 
salbutamol 
ami 1ori do
hydrochlorothiazide

KC 73 codeine linctus

MR 75 oxytetracycli ne 
amoxyci11i n

MC 76 aminophy11i ne 
frusemide
potassium chloride 
salbutamol

JH 81 papaveri ne

RT 85 aminophylline
salbutamol
frusemide
potassium chloride

ED 90 frusemide
potassium chloride 
ipratropium bromide
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96

97

98 

103 

106

1.1.3

1 . 1 5

1 .1 .6

1.20

123

. 1 . 2 8

129

. 1 . 3 2

.133

136

139

140

Drug
salbutamol

ampici11i n 
salbutamol 
frusemide

ipratropium bromide 
sodium cromoglycate

spi ronolactone 
ipratropium bromide

salbutamol 
beclomethasone 
atropi ne 
cefuroxime

methyldopa 
bendrofluazide

salbutamol 
aminophy11i ne 
ampi ci11 in

salbutamol 
aminophylli ne

amoxyci11i n

salbutamol 
di phenhydrami ne

oxytetracycli ne 
salbutamol 
chiormethi azole

cycl open tli i azide 
potassium chloride

None

septri n 
salbutamol 
ami nophy11i ne

bumetanide 
potassium chloride

multi vi te
cycl openthiazide
potassium chloride

septri n
ipratropium bromide
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141

142 

147

149

151

154

155

159

160

161

166

168

171

172

176

182

183

1.86

187

Drug

salbutamol tab 
salbutamol 
ampi ci11i n

salbutamol 
septri n

beclomethasone 
salbutamol 
nifedipi ne

salbutamol 
beclomethasone

ampi ci11i n

salbutamol 
cyclopenthiazide 
potassium chloride

ipratropium bromide 
salbutamol

thyroxi ne 
prochlorperazine 
salbutamol 
ipratropium bromide

salbutamol 
oxytetracycli ne

papaveri ne

None

beclomethasone 
salbutamol 
amoxyci 11 i n

isosorbide dinitrate

salbutamol 
ipratropium bromide 
antacids

None

None

None

None

salbutamol 
salbutamol tab
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I n i t i a l s  Number Drug

WD 1.89 salbutamol 
terbutali ne 
salbutamol spa

JS 1.90 salbutamol 
ipratropium bromide

RW 195 salbutamol 
ipratropium bromide 
amoxyci11i n 
cyclopenthiazide 
potassium chloride

PL 198 multi vite 
salbutamol 
ipratropium bromide 
ami 1ori de
hydrochlorothiazide

FW 199 None

LP 200 dipyridamole 
aspi rin

EB 202 None

WG 203 terbutali ne 
terbutaline tab 
septri n

WC 205 ami nophy11i ne 
salbutamol 
bed omethasone

AG 20b septri n 
salbutamol

JH 209 bumetanide 
potassium chloride

JM 210 None

CS 215 None

MO 217 bed omethasone 
spi ronolactone 
aspi ri n

LA 221 salbutamol 
quinine sulphate

VF 223 amoxyci11i n 
ACTH
salbutamol
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Ini t ials

GP

FK

FW

PR

FB

JB

GW

MB

LG

CO

IIL

JS

GK

TM

GR

JM

Number Drug

225 salbutamol 
cyclopenthiazide

226 salbutamol 
septrin

227 salbutamol

228 hydralazine 
bumetani de

230 salbutamol

232 salbutamol
beclomethasone

236 isosorbide dinitrate

23 7 amoxycillin
salbutamol 
bed omethasone

238 salbutamol
septri n 
ni trazepam

247 frusemide
aminophy11ine 
salbutamol

254 carbocisteine 
ipratropium bromide 
salbutamol
ampici11in

255 salbutamol 
ampi ci11i n

260 salbutamol 
salbutamol tab 
ipratropium bromide

261 ampicillin 
terbutali ne 
bed omethasone

262 paracetamol 
salbutamol 
ampi ci11i n

264 salbutamol
ipratropium bromide 
spi ronolactone
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I n i t i a l s  Number Drug

KG 265 salbutamol 
beclomethasone 
aminophylli ne 
amoxyci11i n

PC 266 None

GG 267 salbutamol 
bed omethasone 
salbutamol tab

WW 268 salbutamol 
bed omethasone

DT 269 antacids

FW 273 oxytetracycli ne 
salbutamol

WS 276 amoxyci11i n 
salbutamol

HT 277 thyroxi ne

CG 278 salbutamol 
salbutamol tab

JO 289 salbutamol 
terbutaline 
beclomethasone

FD 291. aspi ri n

AD 293 ipratropium bromide 
bumetanide 
potassium chloride

AW 296 verapami1

CM 303 None

JC 305 aminophy11i ne 
salbutamol 
ampici11i n

BS 306 ami nophy11i ne 
salbutamol 
ampici11i n

we 31.1 None

RR 31.2 ami nophy11i ne 
salbutamol
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FP 3.1.3 ami nophy11ine 
terbutali ne

AO 315 None

AS 321. None

GC 324 nifedipi ne 
antacids 
papaveri ne

Mil 32b salbutamol 
beclomethasone 
cyanocobalamine

JT 330 ampici11 in

FW 334 salbutamol 
bed omethasone 
ampici11i n

BW 338 ferrous sulphate

JT 339 salbutamol 
salbutamol tab 
antacids

CP 340 salbutamol 
bed omethasone 
cefuroxime

JK 344 vitamin B 
folic acid 
papaveri ne

LA 349 ami nophy11i ne 
bumetanide 
potassium chloride

PC 353 salbutamol tab

AC 354 salbutamol 
potassium chloride 
cyclopenthiazide

PW 358 salbutamol 
beclomethasone 
quinine sulphate

FG 359 salbutamol 
papaveri ne

EW 360 salbutamol
cyclopenthi azi de
potassium chloride
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I n i t i a l s  Number Drug

GH 361 folic acid
ferrous sulphate

PJ 364 atropine
paracetamol

AG 366 terbutaline
beclomethasone 
aminophy11i ne

LM 368 ACTH
ipratropium bromide 
terbutali ne

BB 369 ampici11 in
flucloxaci11i n

SN 377 ampici11 in
spi ronolactone

AJ 378 salbutamol
ipratropium bromide

JR 38.1. ampici 11 in
papaveri ne

MD 384 thyroxine
paracetamol 
papaveri ne

RC 388 spironolactone
cyclopenthiazide 
potassium chloride 
salbutamol

BC 391. None

FG 393 None

AG 394 salbutamol

FC 396 potassium chloride
salbutamol 
ipratropium bromide 
cyclopenthiazide

HC 397 None

CC 406 None

WC 407 septrin
salbutamol 
terbutali ne 
cyclopenthiazide 
potassium chloride
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I n i t i a l s  Number Drug

ED 409 salbutamol 
salbutamol spa

ED 410 None

ND 41.1. ipratropium bromide 
atropi ne

RL 412 None

MM 4.1.3 salbutamol 
ipratropium bromide 
triamterene 
hydrochiorothi azide

CT 415 salbutamol 
ipratropium bromide 
cyclopenthiazide 
potassium chloride

ES 4.1.6 None

FH 418 paracetamol

Ell 419 None

Rll 420 salbutamol 
ampici11i n 
salbutamol tab 
cyclopenthiazide

Jll 42.1. atropi ne

EG 424 paracetamol 
ampici11i n

WG 426 None

CG 429 salbutamol

AC 431. bed omethasone 
chiormethi azole

BM 432 None

MP 433 None

RO 434 oxytetracycli ne 
salbutamol 
paracetamol

DP 435 bumetanide 
potassium chloride 
salbutamol
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436

437

438

442

443 

447

450

451

454

455

456

460

463

464

465

466

467

Drug

beclomethasone 
salbutamol

septri n 
ami nophy11i ne 
salbutamol 
paracetamol

salbutamol 
ipratropium bromide

None

None

atropi ne
ferrous sulphate

flurazepam
paracetamol
salbutamol
beclomethasone

salbutamol 
ipratropium bromide

salbutamol

paracetamol 
salbutamol 
ampici11 in

carboci stei ne 
bed omethasone 
flurazepam

peni ci11 i n 
carboci stei ne

None

ampici11i n 
salbutamol 
temazepam

salbutamol 
ipratropium bromide 
bed omethasone

atropi ne

paracetamol 
papaveri ne



SMOKING CONTROLS
page 349

I n i t i a l s  Number Drug

JM 471 terbutaline tab
terbutaline 
salbutamol

BM 472 cyclopenthiazide
potassium chloride

FM 473 paracetamol
septri n

RM 475 salbutamol

IM 480 salbutamol
ipratropium bromide

GD 481 paracetamol
atropine 
f1urazepam 
danthron

LS 482 ampici11 in
papaveri ne 
hyoscine

AL 483 salbutamol
isosorbide dinitrate

AR 484 spironolactone
salbutamol
beclomethasone

EB 488 amoxycillin
bromhexi ne 
orciprenaline

RB 489 diphenhydramine
salbutamol 
cyclopenthiazide 
potassium chloride 
beclomethasone

JF 490 simple linctus
salbutamol
beclomethasone

JM 491 ipratropium bromide

EM 492 aminophy11ine
ampici11in 
beclomethasone 
salbutamol

SS 493 salbutamol
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I n i t i a l s  Number Drug

□ I 502 salbutamol 
ipratropium bromide

LL 503 bed omethasone 
salbutamol 
glyceryl trinitrate

GG 50/ terbutaline 
salbutamol

JT S.U salbutamol 
ipratropium bromide

LH 5.1.8 methyldopa 
nifedipine

MS 522 terbutaline 
ipratropium bromide

DO 523 isosorbide dinitrate

R!l 524 vitamin D
paracetamol
salbutamol

TC 525 salbutamol 
betamethasone 
spi ronolactone

MA 527 ami nophy11ine 
beclomethasone 
salbutamol

MJ 528 atropine

PM 529 beclomethasone 
salbutamol 
ni fedi pi ne

WB 530 None

MY 532 None

MO 541 None

GT 546 salbutamol

AW 547 amoxyci11i n

RO 548 None

Lll 570 salbutamol

GH 572 potassium chloride 
cyclopenthiazide 
salbutamol 
bed omethasone
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RH

JM

LL

II

DK

JN
JL

AC

page 351
Number Drug

573 salbutamol

574 penicillin

575 salbutamol 
glyceryl trinitrate

578 None

579 atropine 
paracetamol

580 None

581 salbutamol 
beclomethasone 
salbutamol tab

582 salbutamol 
beclomethasone
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Initials Number Occupation

WG 1 porter
FS 3 office worker
AH 8 occupational therapist
TG 10 pipe fitter 

plumber
JW 11 underground train driver
GF 23 fi reman 

garage worker
CL 24 taxi driver
GB 26 museum warden
GD 29 post office worker
PB 34 lorry driver
BH 35 bricklayer
CG 40 office worker
AB 42 bricklayer
MW 47 coal miner
WM 48 dri ver
HB 54 mechanical engineer
HD 55 worker in film industry
JA 59 buiIder
HP 60 bui1der 

dock worker
RP 63 teacher
RM 65 machine engineer
FT 67 coal miner
ID 70 bus driver 

furniture porter
MC 76 office worker
JH 81 asbestos worker
RT 85 office worker
ED 90 office worker
EP 93 bui1der 

truck driver
CC 96 printer
AD 97 sheet metal worker
AC 98 animal rescue worker
DL 106 office worker
MC 115 draughtsman
TD 116 messenger
FW 120 silver polisher
ET 123 dri ver
HC 128 gilder silver plate worker
SA 129 office worker
JA 132 railway labourer
JP 133 farmer
MT 136 pri nter
AC 140 painter and decorator
HP 141 car mechanic
ES 142 office worker
PD 147 dock office worker
AA 151 underground train driver
GD 154 office worker
JF 159 hospital porter
TR 161 painter and decorator
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Initials Number Occupati on

ES 166 office worker
CB 168 office worker
DC 171 metal worker
DB 172 coal miner
WF 176 office worker
MD 183 courier
CG 187 tailor
WD 189 office worker
JS 190 office worker
RW 195 pri nter
FW 199 electrician 

bus driver
EB 202 cleaner
WG 203 bus conductor
WC 205 bui1der
AG 206 office worker
JH 209 office worker
JM 210 upholsterer
MO 217 school caretaker 

plasterer
GP 225 bricklayer
FK 226 publican
PR 228 builder exposed to asbestos
FB 230 heating engineer
GW 236 bui1der
MB 237 fi reman
CO 247 warehouseman
HE 254 pri nter
JS 255 electrical engineer
GK 260 mechanical tool factory worker
GR 262 sheet metal worker
PC 266 welder 

bui1der
GG 267 cable layer
WW 208 lorry driver
DT 269 garage cleaner 

labourer
FW 273 motor fitter
WS 276 coal miner
HT 277 warehouse clerk
CG 278 cleaner
FD 291 motor engineer
AD 293 bus driver
AW 296 car mechanic
JC 305 office worker
BS 306 butcher
WC 311 concrete worker
FP 313 chauffeur
GC 324 mechanical engineer
JT 330 railway mechanic
FW 334 builder exposed to asbestos
JT 339 lorry driver 

post office worker
CP 340 porter builder
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Initials Number Occupation

LA 349 office worker
PC 353 underground station porter
AC 354 postman
FG 359 driver
GH 361. office worker
PJ 364 labourer

builder 
pai nter

SN 377 builder
postman

AJ 378 office worker
MD 384 handyman
RC 388 builder
HC 397 bricklayer
WC 407 builder
ND 411 bricklayer
MM 4.1.3 butcher
CT 4.15 barman
ES 4.1.6 postman
FH 4.1.8 asbestos cutter and sander
RH 420 security officer
JH 421 dri ver

decorator 
EG 424 builder
WG 425 radio officer
CG 429 postman
FG 442 shop manager
MB 450 dock worker
SC 451 dock worker

lorry driver 
PR 455 office worker
MC 460 builder

foreman 
AB 463 chef
FB 464 printer
WB 465 boiler worker
RM 475 office worker
IM 480 laboratory worker
GD 481 customs officer
LS 482 optician
AL 483 drumner
AR 484 pipe fitter exposed to asbestos
RB 489 butcher
JF 490 office worker
JM 491 builder
GG 507 office worker
DO 523 policeman

storeman 
RH 524 road sweeper
TC 525 office worker

dock worker 
MJ 528 office worker
PM 529 mechanical engineer
WB 530 baker
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Initial s Number Occupation

GT 546 bui1der
AW 547 service engineer 

foreman
RO 548 fi reman
LH 570 underground train driver
RH 573 porter

lorry driver
JM 574 electrical engineer
II 578 glass factory worker
DK 579 teacher
JN 580 bui1der



Appendix 17. Occupation recorded for male (cancer)
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Initials Number Occupation

AB 2 painter and decorator
AR 4 mechanical engineer
HM 7 lorry driver 

dock worker
JH 15 plasterer
TM 16 businessman
FH 17 office worker
FW 18 bricklayer 

construction worker
EF 19 bus driver 

office worker
GI 20 office worker
FI 21 aluminium worker 

wood worker
CO 22 roofer exposed to asbestos
PM 27 builder 

roof repairer
TO 28 butcher

farmer
EH 31 dri ver

gas pipe fitter
TH 33 office worker
TE 36 boiler fitter exposed to asbestos
AA 37 mechani c
EN 39 labourer
DJ 43 glass fibre worker
Bll 44 lorry driver and loader exposed to
JD 45 road sweeper
AG 50 al uminiurn worker 

pri nter
JM 51 shipyard worker 

painter and decorator
JJ 53 office worker
HR 56 motor engineer
SC 57 office worker
AP 61 coal miner
AB 79 lorry loader
JH 83 factory supervisor
KN 84 cleaner
JD 86 taxi driver
TR 87 draughtsman
GH 88 upholsterer
CC 89 garage worker
WII 92 cobbler
GG 94 docker exposed to asbestos
PC 95 factory worker
FP 101 painter and decorator
GK 104 train driver
JW 109 farmer
CR 110 cement factory worker
AR 111 stockeeper

boilerman exposed to asbestos
RC 117 dustman 

garage v/orker
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RD 118 postman
ES 121 carpenter
HR 124 school caretaker

labourer
EG 130 wood machinist

mechanical engineer 
WB 134 car polisher
CG 135 aluminium factory worker
HL 143 lorry driver

coal miner 
builder

TG 145 foundary worker
DE 146 telephone worker exposed to asbestos
AA 148 painter and decorator exposed to asbestos
JK 150 bus conductor
GK 152 office worker
BL 153 aluminium factory worker

heating engineer plumber 
JI 157 cleaner
GG 162 printer
MC 164 mechanical engineer
CO 165 electrician
TK 167 driver

bricklayer 
RL 170 shopkeeper
AO 174 sand plasterer
LW 179 post office sorter
RE 181 office worker
EP 186 courier
DM 193 welder
EH 197 slaughterer
JS 201 maintenance engnieer
BG 204 office worker
HW 208 office worker
GW 211 pipe welder exposed to asbestos
JW 212 lorry driver
RW 214 asphalt worker
PC 2.1.8 road sweeper
FC 219 builder

foreman
JT 222 stainless steel polisher
JB 224 office worker

fi reman
FS 229 slaughterer
SS 231 bus driver
TR 233 dressmaker
AN 235 coal miner
CH 239 grinder
CR 240 marine engineer
CS 243 office worker
JP 244 office worker in army
JN 256 carpenter
EL 25/ driver
LM 258 motor engineer
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LO 263 motor mechanic
CW 280 piasterer
JT 282 pri nter
CD 287 porter

labourer
RH 288 handyman
CM 292 transport porter
MM 297 painter exposed to cellulose
WC 298 roof repairer
FP 299 builder 

train driver
RT 302 carpet fitter
JV 304 shi pbui1der 

builder
PS 310 builder
CB 318 mechnical engineer
WM 319 foundary worker
GA 323 garage worker
FT 326 office worker
FW 331 pipe lagger exposed to asbestos
SL 335 dri ver
DN 337 pri nter 

dri ver
FO 345 lorry loader
FC 346 cook
AB 355 dri ver
LM 356 telephone worker
PII 357 labourer
JI 362 cattle farm worker 

1abourer
FF 367 labourer
RM 379 pipe lagger
FM 383 coal miner
JII 386 garage worker
CS 38/ publi sher
JS 390 dri ver
JK 392 auctioneer
AG 395 bricklayer exposed to asbestos
CG 398 textile worker
AB 400 postman
EB 402 painter and decorator
CB 403 electrical engineer
EF 414 merchant seaman
PG 417 coal miner
GF 423 shi pbui1der
JH 426 painter and decorater
TG 430 builder
AH 440 dri ver
Wll 441 painter and decorater
HG 445 lorry driver
GC 452 pri nter
LC 457 electrical engineer
PP 458 lorry driver
WY 459 office worker
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RK 462 labourer exposed to asbestos
RS 469 bui1der
FT 477 fi tter

railway worker
EE 485 shop manager
AG 486 office worker
LF 487 office worker
RF 494 builder exposed to asbestos
MW 495 silver polisher
MW 496 office worker
JB 500 builder
LW 504 office worker
ST 505 piasterer
JM 506 builder
CM 508 fitter exposed to asbestos
BM 509 porter
RS 510 office worker
TM 512 train driver exposed to asbestos
MM 514 office worker
CM 516 builder

fi reman
SB 517 TV factory worker
ET 999 electrical engineer
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Initials Number Occupation

RB 9 teacher
KG 30 office worker
WS 46 office worker
VF 62 office worker
RV 72 office worker
KC 73 housewife
MR 75 tobacconist

textile factory worker
JH 103 office worker
RO 113 cleaner
RJ 139 bakery office worker
CL 149 greengrocer
RG 155 housewife
EF 160 office worker
EF 182 cleaner
PG 185 office worker
PL 198 telephonist
LP 200 housewife
CS 215 housewife
LA 221 farm worker
VF 223 office worker
EW 227 teacher
JB 232 tv worker
EG 238 office worker
TM 261 housewife
JM 264 office- worker
KG 265 office worker
JO 289 housewife
CM 303 housewife
RR 312 perfume factory worker
AO 315 housewife
AS 321 housewife
MH 325 office worker
BW 338 office worker
JK 344 office worker
PW 358 housewife
EW 360 canteen worker
AG 365 housewife
LM 368 tobacco factory worker
BB 369 telephoni st
JR 381 drug factory worker
BC 391 office worker
FG 393 office worker
AG 394 office worker
FC 396 barmaid
CC 406 tobacco factory worker 

cleaner at power station
ED 409 office worker
ED 410 caterer
RL 412 office worker
EH 419 office worker
AC 431 TV factory worker 

dock cleaner
BM 432 cleaner
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MP 433 telephonist
RO 434 perfume factory worker
DP 435 cable factory worker
CP 436 ticket collector
MR 437 saleswoman
AR 438 cleaner
RW 443 jewelry wholesale worker
CF 447 teacher
CW 454 tobacconist
EA 456 teacher
PM 466 office worker
RS 467 tin factory worker
JM 471 biscuit factory worker
BM 472 perfume factory worker
FM 473 textile and TV factory worker
EB 488 cleaner
EM 492 office worker
SS 493 health visitor
EH 502 saleswoman
LL 503 housewife
JT 511 baker

pharmacist
LH 518 aluminium factory office worker
MS 522 plastic factory worker
MA 527 cleaner
MY 532 waitress
MO 541 cook
GH 572 textile factory worker
LL 575 security officer
JE 581 manager textile store
AC 582 printer
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BH 12 office worker
AO 32 cleaner
AJ 38 ammunition factory worker
ME 49 office worker
AS 64 teacher
MJ 66 auctioneer
TE 71 railway worker
PW 82 bus driver
JK 99 stationer
EB 100 cleaner 

bus conductor
SH 105 bakery and textile worker
EJ 112 writer
LH 114 office worker
MM 122 office worker
GG 125 lavatory attendant
IW 126 wardrobe mistress
AJ 127 accountant
RL 137 office worker
EB 138 grocer
JC 144 nurse
LS 156 shop manager
MP 158 perfume factory worker 

waitress
LH 163 sweet factory worker 

laundary worker
ES 175 office worker
SB 177 office worker
JM 178 packer
AF 180 dri ver
AB 184 housewife
EC 188 policewoman
MB 191 office worker
KC 192 laboratory worker
VL 194 office worker
VH 196 cleaner
VM 207 garage cashier
HF 213 graphic worker
IP 216 accountant
JH 220 pet shop worker
MS 234 chemist
JR 241 cook
EK 242 landscape gardener
FF 245 office worker
DT 252 perfume factory worker
HW 259 caterer
EP 272 huskster
EB 274 cleaner
BG 275 clothing factory worker
AH 279 textile factory worker
LS 285 waitress
MH 286 housewife
EP 290 dancer
LF 294 garage cleaner
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CM 295 hai rdresser
MC 300 ceramic worker
CB 307 office worker
LR 308 office worker
EW 309 teacher
SR 314 shop assistant
AR 316 housewife
MR 317 shop assistant
SP 320 manager
AP 328 laundress
DP 329 tin factory worker
DG 333 cleaner
LB 341 tobacconist
MH 363 canteen worker
EM 374 TV factory worker
EW 375 office worker
AC 389 accountant
MB 399 saleswoman
JB 401 telephonist
CB 404 domestic helper
EB 405 factory worker
EH 427 caterer
FH 428 railway worker
RH 439 cook
JT 444 textile factory worker
LS 446 housewife
ID 476 housewife
PL 497 office worker
JA 498 barmaid
JM 513 office worker
SS 534 wine factory worker
AR 536 housewife
BS 537 electical factory worker
MM 538 grocery worker
DR 539 underground station worker


