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In 1985 there were 29 000 cases oflung cancer in men in
the United Kingdom and 11500 in women. The
chance of a man getting lung cancer during his life is
8% and for a woman 3%. It is the commonest cancer in
men and the third commonest cancer (excluding skin)
in women. Even though young people-especially of
social classes A, B, and C-are giving up smoking, the
habit is still common, and national governments and
the European parliament are reluctant to spend money
on prevention or to pass effective legislation to reduce
cigarette advertising. Nevertheless, there is evidence
that the death rate from lung cancer is falling in men
aged 20-44,' although that in women is not. In the
professional lifetime of most of the readers of this
article, lung cancer will remain an important cause of
death from cancer.
Although the dominant cause of lung cancer is

smoking, the disease is curiously diverse histologically
and in its clinical behaviour, and management is
correspondingly varied. For this reason it is wrong to
generalise about treatment and prognosis in lung
cancer and, in most cases, there is every reason to seek
expert advice.

Biological aspects
The main disease forms and their frequencies are

squamous (epidermoid) 50%, adenocarcinoma 15%,
large cell (undifferentiated) 10%, and small cell 25%.
These frequencies may be changing in the United
States and Japan, where adenocarcinoma seems to be
predominating in the non-small cell lung cancer
category. What is the origin of this curious diversity of
histological form? The figure shows a reasonable
hypothesis. The cancer inducing event may occur in a
pluripotent cell capable of differentiation along
different pathways. This might explain why "mixed"
tumours (adeno-squamous, small cell-squamous)
sometimes occur. Progression of cancer is accom-
panied by, as in other cancers, genetic change, includ-
ing mutation in the p53 gene (the product of which is a
nuclear phosphoprotein involved in cell division)2 and
a characteristic loss of part of the short arm of

Small cell Adenocarcinoma
lung cancer with or without

neuroendocrine

Oncogenic Pluripotent features
event cell

N Large cell
Squamous undifferentiated
carcinoma carcinoma

Hypothesis ofhistological diversity in lung cancer

chromosome 3 in small cell lung cancer, whose
functional significance is unknown.3 Other genetic
changes, which occur more variably, are overexpression
of the myc family of oncogenes and abnormalities of
the retinoblastoma gene structure or expression. It is
not known how these important abnormalities are
involved in the origin, or the continuation, of tumour
growth.
The different histological types of lung cancer have

their counterpart in cell cultures derived from human
tumours. Study of these cell culture systems has
identified factors which regulate cell growth and has
helped to define the particular characteristics of the
different tumour types. In cell culture the small cell
cancer exhibits a neuroendocrine phenotype. The cells
express neural antigens, synthesise and secrete peptides
such as antidiuretic and adrenocorticotrophic hor-
mones,4 and show the sensitivity to cytotoxic drugs
that characterises small cell cancer. Several of the
peptide hormones (such as gastrin releasing peptide)
are secreted by the cell and also bind to the cell surface
after secretion. Binding to the surface receptor activates
division of the cell that secreted the peptide-so called
autocrine growth stimulation.5 These important growth
regulatory mechanisms open up possibilities that we
may one day be able to block autocrine stimulation
of cell growth as part of a treatment strategy. Adeno-
carcinoma of the lung may also show some neuroen-
docrine characteristics in both cell culture and tissue
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sections, implying again that the distinction between
the different morphological types is not absolute.6

In tissue culture small cell cancer shows greater
chemosensitivity and radiation sensitivity than non-
small cell cancer. This distinction is also apparent in
the clinic. Nevertheless, the sensitivity of small cell
cancer is only relative. Drug and radiation resistance
emerge rapidly on treatment. This might be thought to
be due to non-small cell elements in the tumour, but in
fact there is no good evidence for this. Although
treatment of small cell cancer may sometimes result in
morphological changes that indicate more epithelial
differentiation, there is little evidence that this is
related to drug resistance, and the change does not
always occur.
The growth in understanding of the biology of lung

cancer is welcome as it is already allowing us to think of
new therapeutic strategies. These are sorely needed
since, although some interesting new developments
have occurred in the management of lung cancer,
survival for several categories of patients is very poor.

Current management
NON-SMALL CELL LUNG CANCER

For most patients with non-small cell cancer the best
chance of cure comes with an expert resection of a
localised tumour. Box 1 gives a simplified staging
notation and staging groups. Surgical resection is
considered for all' stage I and II patients and for some
stage III patients. Full staging work up is essential with
particular reference to respiratory function, chest wall
and mediastinal invasion, and affected adjacent lymph
nodes. Full discussion of the criteria for resection is
beyond the scope of this article, but assessment of the
mediastinum will now include computed tomography
and, often, mediastinoscopy or mediastinotomy. For
stage I patients (box 1) complete surgical resection is
associated with a 50% five year survival, but this figure
is higher in those with squamous carcinoma. In stage II
cases survival falls to an average of 25% (again slightly
higher with squamous cancer).

There is more controversy over the role of surgery in
stage III disease, when the tumour may be extending to
the chest wall or, more commonly, the hilar nodes are
affected. Chances of survival are lessened by larger
tumours and affected subcarinal nodes and if media-
stinal nodes are affected at more than one level. Even
when these adverse features are not present the five
year survival is poor (about 25%).

Patients with contralateral mediastinal nodal disease
(N3) are not suitable for surgery. Such patients, and
those with stage I-IIIa who for other reasons are not fit
for surgery, can be considered for radical radiotherapy.
The reported results of radiotherapy in these cases
have been variable, but a 5 year survival of 6% is a
reasonable estimate. Can these results be improved? It
is here that an interesting era of clinical research has
begun. Three questions remain to be answered con-
clusively.

Does radiotherapy to the tumour or mediastinum improve
the results ofsurgical resection?

Preoperative radiotherapy has been assessed in
several trials. Many of these are old and were too small
to be able-to show a realistic survival difference. In the
largest such collaborative study no benefit was shown,7
and this was also true in the other smaller studies.
Postoperative complications seemed to be more
common. Preoperative radiotherapy is often used in the
management of the superior sulcus tumour, in which
the cancer is at the apex of the lung extending into the
neck (Pancoast's syndrome). Moderate doses of radia-
tion are foliowed by resection three to six weeks later.

Postoperative radiotherapy to the mediastinum has
been assessed in a few trials, but all were too small to
detect anything but large survival differences. Never-
theless, the trials found no evidence of improved
survival, although local recurrence rates were probably
reduced.8 The results of larger studies, such as those
being carried out by the Medical Research Council
Lung Cancer Working Party, are awaited.

Does chemotherapy improve the results ofsurgical resection
or allozv tumours ofmore advanced stage to be resected?

It is not known if chemotherapy after surgery is
beneficial in non-small cell cancer. Response rates to
chemotherapy are relatively low (see below) and any
survival advantage would probably be small, requiring
a large study to show it. A trial by the Lung Cancer
Study Group (in the United States) hinted at benefit
but was too small to be conclusive. Further trials are

needed.
Preoperative chemotherapy is being widely investi-

gated. In uncontrolled trials tumour response rates
of 50-70% have been obtained, sometimes allowing
resection of a previously unresectable tumour.9 The
resected specimen may show chemotherapy induced
necrosis or even no viable tumour. Although these
findings are interesting, the contribution to resect-
ability, local control, and survival can be assessed only
in randomised trials. Nevertheless, there seem to be
grounds for optimism that chemotherapy may help
improve the results of surgical resection.

Does chemotherapy improve the results of radical radio-
therapy?
Over 20 trials have assessed the value of chemo-

therapy when added to radiotherapy, and we still do
not know the answer despite over 3500 patients having
been randomised. Trial design has varied greatly as has
the dose, timing, and nature of the drug treatment.
The main reason for our ignorance is, however, that
the individual trials have been too small to detect a

realistic, small, but important difference. The most
recent, and best known, of these trials has been that of
the Cancer and Acute Leukaemia Group B.'" In this
study two cycles of cisplatin and vindesine were given
before radiotherapy or patients received irradiation
alone. Although a significant difference in survival was
obtained in favour of the patients treated with chemo-
therapy, the trial was small and the size of any
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Box 1-TNM staging system and stage
grouping for lung cancer

TNM staging system
T 1 Less than 3 cm. Distal to a lobar bronchus

2 More than 3 cm. More than 2 cm from carina
3 Any size. Extension into chest wall but not

mediastinal structures
4 Affects mediastinum. Pleural effusion

N 0 No regional nodes
1 Ipsilateral hilum
2 Ipsilateral mediastinum or subcarina
3 Contralateral hilum, supraclavicular

M 0/1 Distant metastases absent or present

Stage grouping
I = TI or 2, NO
II = TI or 2, N1
IIIa = T3, NO or 1

T1-3, N2
IIIb = Any T, N3

T4, any N
IV = M1, any T, any N
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difference could not be stated with confidence-an
important deficiency since a significant difference may
be unimportant clinically. In the similar trial of Le
Chevalier et al systemic metastasis was delayed in the
chemotherapy arm and there was a difference in
survival in favour of chemotherapy, but the degree was
small with overlapping confidence intervals and was
not significant." Such small but suggestive studies,
however, could miss a 5-10% improvement in survival.
Overview analysis of all these trials may help to
determine whether survival is improved with chemo-
therapy, and, most importantly, the size ofany benefit.
Over 50% of patients with non-small cell cancer are

found to have metastatic disease at presentation. Some
of these patients may have symptoms from the primary
tumour and others from the metastases, particularly in
bone. Radiotherapy is the most effective palliative
treatment for local, intrathoracic symptoms such as
haemoptysis, bronchial obstruction, and obstruction
of the superior vena cava. Recent studies by the
Medical Research Council have shown that the radio-
therapy fractionation can be simple-17 Gy in two
fractions provided as good palliation as 30 Gy in 10
fractions. 12 Bone pain may also be relieved by radiation,
and steroids and antibiotics may help anorexia and
infections, respectively.
The role of chemotherapy is not well defined. Trials

of best supportive care (as outlined above) versus
chemotherapy have sometimes shown benefit for
chemotherapy in survival,'3 but the differences are
small and the clinical value for patients as a whole is
debatable. However, some young and fit patients find
it difficult to accept a palliative and expectant treatment
policy. Furthermore, response rates to chemotherapy
are improving and response is often accompanied by
improved quality of life."' It is not sensible to be
dogmatic about this issue. The question is often one of
management in its widest sense-physical, social,
and psychological-and the experienced oncologist
will make different treatment recommendations
accordingly.

SMALL CELL LUNG CANCER

Small cell cancer is chemosensitive and radiosensitive
and has usually metastasised at presentation. Systemic
chemotherapy is therefore the mainstay of treatment.
The problem is that the tumour is seldom curable by
chemotherapy and relapse is common. In a recent large
scale survey the rate of cure was only 3% overall. '5
Adverse prognostic features at presentation include
poor performance status, extensive disease, and bio-
chemical abnormalities such as raised alkaline phos-
phatase or lactic dehydrogenase concentrations or low
serum albumin and sodium concentrations.'6 These
adverse factors are predictive of early death. If the
patient survives and responds to treatment the
importance of these factors, present at the time of
diagnosis, diminishes with time.

Although the staging notation outlined in box 1 can
be applied to small cell cancer, in practice it is usual
simply to divide patients into those who have limited
disease or extensive disease. Limited means disease
confined to one hemithorax, although some definitions
allow ipsilateral supraclavicular nodes to be affected.

In practice the issue is whether the intrathoracic
tumour can be encompassed in a radiation field.
An early study suggested that radiation was

equivalent to surgery in patients deemed fit for
operation by the rather basic criteria of the early 1970s.
More refined imaging and staging methods now allow a
clearer definition of patients whose tumours may be
resectable. Less than 5% of unselected cases would be
likely to be candidates for primary surgery. '7 In recent
years there has been renewed interest in surgery after
initial chemotherapy. In uncontrolled trials patients
with limited disease who responded sufficiently to
chemotherapy to allow resection (about 15-20% of
cases) had an above average survival. However, this is
likely to be a form of case selection and only large scale
randomised trials will permit evaluation of surgery in
this situation. The main problem is systemic disease,
and the role of surgery in small cell cancer is likely to
remain minor and confined to a small group of selected
patients.

Small cell cancer responds to a wide variety of
chemotherapeutic drugs, and box 2 shows some of
the most useful. When drugs are added in combination
(box 3) the overall (complete and partial) response rate
rises to 70-85% depending on stage of disease. The
definition of complete response varies. It usually
means that there are no symptoms and signs of disease,
the chest radiograph appears normal, and if bone or
liver scans had given abnormal results these are now
normal. If the assessment of response includes a
thoracic computed tomogram and bronchoscopy the
rate of complete response falls, as would be expected.
Complete response occurs in 30-40% of patients with
limited stage disease and 20-35% ofthose with extensive
disease. Complete or partial response relieves symp-
toms caused by cancer. The side effects of chemo-
therapy are nausea and vomiting, which are better
controlled with newer antiemetics; hair loss (with some
drugs); and bone marrow suppression with risk of
infection. These side effects are a reason for not unduly
prolonging chemotherapy. Two large trials'8 1 have
shown that there is little advantage in continuing
chemotherapy beyond six cycles of treatment, but
reduction to four cycles is associated with some
diminution in survival.
At present no chemotherapy regimen has been

proved superior to others. The combination of
etoposide and a platinum drug is widely used, and
this may be alternated with cyclophosphamide,
doxorubicin, and vincristine (CAV). Evidence conflicts
as to the advantage of alternating cycles of chemo-
therapy, and it probably results in only a minor
improvement in median survival.

Intensification of chemotherapy by using weekly
treatments, haemopoietic growth factors to support
the white cell count, or high dose chemotherapy with
autologous bone marrow support have not yet been
shown to improve survival. As in other aspects of
treatment of lung cancer improvements in survival are
likely to be small and large scale trials are necessary.
The role of thoracic radiotherapy in limnited disease

has been assessed by several clinical trials. These have
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Box 3-Single drugs active in small cell
lung cancer

Type ofdrug Examples
Alkylating agents Cyclophosphamide, ifosfamide
Platinum analogues Cisplatin, carboplatin
Epipodophyllotoxins Etoposide, teniposide
Vinca alkaloids Vincristine, vindesine
Anthracyclines Doxorubicin
Antimetabolites Methotrexate

Box 2-Commonly used drug
combinations in small cell lung cancer

Cyclophosphamide, doxorubicin, vincristine
Cisplatin, etoposide
Cyclophosphamide, doxorubicin, etoposide
Cyclophosphamide, methotrexate, lomustine,
vincristine
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tended to show a benefit from its use,20 and a recent
overview analysis has confirmed an improvement of
about 5% in two year survival. The optimum dose,
schedule, and timing are uncertain. Doses of 50-55 Gy
are commonly used, given in 20-25 daily fractions.
Recently there has been interest in combining chemo-
therapy and radiotherapy so that the two modalities are
given concurrently early in treatment. The toxicity is
more severe, but high local control rates have been
reported.

Prophylactic irradiation of the brain has been widely
advocated to prevent the development of clinically
apparent brain metastasis. This is achieved, but at the
cost of some short term and long term toxicity.
Survival does not seem to be prolonged as this is
determined by control of disease at other sites, and the
relative merits and disadvantages of brain irradiation
remain debatable.

FUTURE DEVELOPMENTS

Future directions in small cell cancer will be the
exploration of new methods of increasing the intensity
of chemotherapy and further exploration of radio-
therapy and chemotherapy combinations. The
development of drugs that interfere with autocrine
growth stimulation seems certain, along with new
cytotoxic drugs. Radioactive monoclonal antibodies
directed to the neural antigens on the cell surface may
be a means of administering systemic radiotherapy
after remission has been achieved with chemotherapy.
In each case the lengthy process of early small scale
studies followed by large scale trials will be necessary.
There are many questions still to be answered and we
can be reasonably optimistic that, slowly, a significant
improvement in survival will be achieved.
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ANY QUESTIONS

What adverse effects can be expectedfrom long term exposure
to the gases given off by polyester resin during the curing
process? How can the level of these gases in a workplace
be measured, and at what level do they become a health
hazard?

Polyester resins are used in a wide range of industrial
processes. The commonest that involve the curing process
are the manufacture of glass reinforced plastic and the
processing of unsaturated polyester resins.

Glass reinforced plastic is a mixture of glass fibre,
polyester, and pigment. Curing is associated with the
evolution of solvent, usually styrene (vinyl benzene),
which may reach considerable concentrations in the
workplace. Styrene is an aromatic, organic solvent,
and acute exposure to it at around 100 ppm for several
hours may cause irritation of the skin, eyes, and upper
respiratory tract. An exposure of 350 ppm for an hour may
cause more severe symptoms and the development ofmild
narcosis, with headache, dizziness, and ataxia. Much
greater exposures may result in impaired consciousness,
coma, and convulsions. In common with most solvents,
styrene causes defatting of the skin, and long term
exposure may therefore cause dermatitis. Other chronic
effects, such as abnormal liver function, minor electro-
encephalographic changes, chromosomal abnormalities in
peripheral white cells, and subtle changes on psychometric

testing, have been reported after exposures above 50 ppm,
but many of these reports suffer from flawed methodology
and the implications for exposed workers are unclear. The
subject has been comprehensively reviewed. '

Unsaturated polyesters are usually cured with acid
anhydrides, and these are a well recognised cause of
occupational asthma.2 This condition is a reportable
disease (notifiable to the Health and Safety Executive) and
a prescribed industrial disease for which the sufferer can
claim benefit from the Department of Social Security.

Instantaneous exposure to styrene may be estimated by a
"snatch sample" test, such as that using a Drager tube, but
measurement of exposure throughout each shift and
of acid anhydrides requires the collection of airborne
chemical in a personal sampler worn on the worker's lapel.
This is best dealt with by an occupational hygienist.
Absorption of styrene may be estimated by biological
monitoring, with measurement of the principal meta-
bolite, mandelic acid, in urine.'-ALAN SCOTT, senior
employment medical adviser, Health and Safety Executive,
Nottingham
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HMSO, 1981.
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Butterworths, 1982:415-53.

3 Wigaeus E, Lof A, Bjurstrom R, Nordqvist MB. Exposure to styrene.
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