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Duration
The duration of the disease, calculated from the patient's statements of the dates of the

first symptom was ascertained in 839 cases. The average was 9 * o ± 0 * 5 months, \Vlth a standard
deviation of 7.5 months, 25 per cent. died within 3-5 months, 50 per cent. within 6 5 month
and 75 per cent. within ii 6 months.

Autopsy
Autopsy was obtained in 46 5 per cent. of fatal cases. Death was attributed to cachexia

in 64 per cent., to pulmonary complications in I9 per cent., and to haemorrhage in 2-4 per
cent. The diagnosis was first made at the P.M. in 76 cases.

The Other Groups
Considerations of space render it impossible to deal with the other groups in detail. The

7 tracheal cases were at or just above the bifurcation in 3 cases. Of the 29 mediastinal neoplasm
cases, the diagnosis was definitely proved in I2, probable in IO, and doubtful in 7 cases. The
4 thymus cases included two patients of 12 and 24 years of age respectively, and the diagnosis
was verified pathologically in 2 cases.

I have to thank Lord Horder, Chairman of the Clinical Cancer Research Committee for
permission to use the figures collected by the British Empire Cancer Campaign.
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PATHOLOGY

By W. G. BARNARD, F.R.C.P.
(Professor of Pathology, St. Thomas's Hospital)

As far as human pathology is concerned primary carcinoma of the lung is limited to
carcinoma of the bronchi and bronchioles. There is good reason for believing that the alveoli
of normal human lungs have no continuous epithelial lining and that the scattered cuboidal
cells found in them are really mesenchymal not epithelial in origin.'

DEVELOPMENT AND SITES

Carcinomata arise most frequently in the main bronchi and their primary divisions, less
commonly in the rest of the bronchial tree. The right bronchus is affected rather more
commonly than the left. From examinations of the earliest growths it would appear that they
most frequently arise at the junction of a bronchial branch with its parent stem. At first the
mucosa over the growth is intact and in some cases it remains so to the end. The presence of
an early carcinoma is shown by changes in colour, the bronchial mucosa over it being white,
greyish-white or pink; often there is a central pale area surrounded by an irregular zone of
increased vascularity. The carcinoma usually spreads both up and down the bronchial wall
and also round it, some growths form polypous masses which fill or partly fill the lumen. On
section the cut surface of the squamous celled growths is usually flat, granular and white with
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scattered yellow flecks; the columnar celled growths tend to have a more bulging cut surface,
white or grey and more or less glairv, depending upon the amount of mucus present. The
growths composed of anaplastic cells have a bulging white, greyish-white or even pinkish-grey
smooth cut surface.

By the time the lung is examined at post-mortem the tumour has usually completely
surrounded the bronchus and invaded the surrounding lung. In many of them the invasion
has also extended to the hilar and mediastinal lymphatic glands which have become involved
in a solid mass of growth. The bronchi distal to the growth frequently show varying degrees
of bronchiectasis, while the lung distal to the growth will usually show evidence of inflammation,
recent or partially organised bronchopneumonia, abscesses or gangrene. Sometimes it is partially
or wholly collapsed. The pleura may be inflamed by spread from the lung or there may be
fibrous adhesions between its two surfaces.

ANATOMICAL CLASSIFICATION

Bronchial carcinomata can be grouped according to their appearance and anatomical
growth. A classification of this type is useful to thoracic surgeons and radiologists, but it
must be remembered that it often indicates stages of tumour growth and not distinct types of
carcinoma.

TYPE I. Bronchial tumours.-(a) In this group the tumours show little tendency to spread
beyond the bronchial wall. The bronchial mucosa over them is usually intact; they may project
into and even completely occlude the lumen of the bronchus.

(b) The tumour spreads along the bronchus, for instance starting in a primary or main
bronchus, it may spread along the bronchial wall to the tertiary branches without infiltrating
the lung.

(c) Small inconspicuous tumours invading the whole wall of the bronchus, often unexpected
findings associated with secondary tumours, these latter being responsible for the patient's
symptoms. These tumours usually arise at the bifurcation of a secondary or even a tertiary
bronchus, the mucosa is usually intact and the tumour is suspected because the mucosa appears
to be a little whiter, a little more prominent and a little smoother than usual. On section
the bronchial wall is a little thicker than usual and has a smooth white slightly bulging cut
surface. In spite of its small size this growth is usually associated with metastases in lym-
phatic glands and other internal organs. Brain, bones and adrenal are frequently affected.

TYPE II. Peripheral tumours.-These tumours probably arise in a tertiary bronchus, infil-
trate the lung and tend to grow peripherally and not towards the mediastinum. They assume
one of three characteristic appearances: (a) An almost completely spherical tumour in the
substance of the lung. (b) A round, oval or pyramidal tumour involving the whole or greater
part of one lobe but not the hilum of a lung. The pleura may be involved. (c) Similar to (b)
but spreading by direct extension to the chest wall which it invades. These tumours metastasise
late.

TYPE III. Hilar tumours.-These arise in the main or in the first part of secondary bronchi
and usually invade the surrounding lung. They are associated with direct infiltration of
mediastinal tissues as well as secondaries in mediastinal lymphatic glands. Frequently the
great veins in the mediastina, the pericardium and less frequently the myocardium, are all
involved. Metastases are often widespread.

HISTOLOGY
Histology in general

As has been suggested above all these tumours arise from a common parent cell and so
it is to be expected that there will be no sharp line of separation between one group and the
next, tumours in all kinds of intermediate stages being found. Even in the anaplastic group
if a careful search is made, more or less well formed tubules will be found in some and some-
times in these and in other tumours there will be groups of polygonal cells suggesting squamous
epithelium.

Because of these findings histological classification must be artificial and to be useful the
limits set by the investigator to the inclusion of the various tumours under the various headings
must be stated. Without this information it is often impossible to compare the findings of
different investigators.
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Bronchi
Bronchi are developed in pulmonary buds arising from the fore gut at the end of the first

month. They are at first represented by a few scattered tubes surrounded by undifferentiated
mesenchyme containing a few capillaries. By the time the fourth month of foetal life is reached
the bronchi are well formed tubes. The larger contain cartilage and smooth muscle in their
walls and are lined by pseudo-stratified columnar epithelium. They branch, the branches
becoming progressively smaller and terminating in almost spherical vesicles. The branching
reaches its maximum about the sixth month and during the fifth and sixth months the terminal
vesicles are divided into spaces by capillaries growing into them and projecting between the
lining cells. From this time onwards, the foetal lung if inflated will resemble the mature lung.

The pseudo-stratified columnar epithelium lining the bronchi consists of a basal layer of
round or polygonal cells. These are covered by spindle cells which merge with the two or more
layers of columnar cells which form the inner surface. These columnar cells when they reach
the surface are of two kinds, ciliated and mucous goblet cells; the deeper columnar cells are
undifferentiated. Passing from the primary to the smaller bronchi the layers of cells become
fewer and the cells themselves shorter until the terminal bronchioles are reached. These are
lined by a single layer of cuboidal epithelial cells.

The most superficial cells on the surface of the bronchial mucosa are often shed and are
renewed from below upwards. When a carcinoma arises it will be from these deepest cells
that it takes its origin. Associated with chronic inflammation of the lung and bronchi the
mucosa of the bronchi is not only shed but its ciliated epithelium may become replaced by
squamous, prickle and even keratinised epithelium.
Carcinomata

It may be expected from this that the types of cells found in carcinomata arising from the
bronchi will be of several types: primitive undifferentiated cells, columnar cells and squamous
cells. These ate found and in addition intermediate cell types such as transitional and poly-
gonal cells. All these different cell types are found and more than one type of cell is usually
found in the majority of carcinomata.

Primitive cells

Polygonal Cubical

Transitional Columnar

Squamous Mucous

Squamous prickle
and horny

In addition to the cells lining the bronchi, there are epithelial cells forming the mucous
glands of the bronchus which might give rise to carcinomata. These cells are mature cells
which have been derived from the mucosal cells and because of their maturity it appears unlikely
that carcinomata would arise in them. It is very difficult either to prove that they do or do
not give rise to carcinoma, but the general opinion is that it is the basal cells of the bronchial
mucosa which are responsible for all the carcimomata of the bronchus.

The histological picture of a bronchial carcinoma may be simple, that is to say it may
consist of only one type of cell or it may be complex consisting of two or more types. Absolutely
pure types in which only one type of cell can be found are less common than the complex types.
In histological classification it is usual to include with the pure types those that are mostly
pure and to confine the term mixed to those tumours in which cells of the different types are
so numerous as to make it difficult to fit them into any one group.

With such a pleomorphic type of growth it would be easy to multiply the groups until the
classification becomes meaningless. For this reason if for no other, it is an advantage to make
the groups as few and each of them as wide as possible. The following are adequate: (a) Ana-
plastic; (b) mixed; (c) columnar celled; (d) squamous celled.

Anaplastic carcinomata.-These consist for the most part of "oat" cells arranged in a solid
diffuse, trabecular or acinar manner. These cells are in the main oval and, when cut trans-
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versely, round and have very little cytoplasm. The nuclei are oval and in the majority of the
tumours have a distinct chromatin net with chromatin nodes, but in other tumours the whole
nucleus is so deeply stained that the nuclear structure is obscured. In most of these tumours
cells other than small "oat" cells can be found. The commonest of these additional cells are
large oat-shaped, spindle and polygonal cells, cells intermediate in size shape and appearance
between these and small "oat" cells, and multinuclear giant cells. In some, large polygonal
cells are found and in others there is a grouping of oat cells suggesting the attempted formation
of tubules.

Mixed.-These tumours consist of obvious epithelial cells having abundant protoplasm
and well formed oval or round nuclei containing a distinct chromatin net and chromatin nodes.
They often consist of polygonal, spindle and sometimes irregular multinucleate giant cells.
While obviously more mature than the anaplastic cells of the former group, well defined structures
are not found in them as they are in the succeeding two groups.

Tubular, alveolar, cubical and columnar celled.-This group includes all those tumours in
which well formed tubules and alveoli are found. Often projecting into the alveoli are papillae
and many of the tumours contain mucus. In some of them the cells are well formed columnar
(sometimes ciliated) cells, in some they are mostly cubical and in others they are polygonal.
There may be mixtures of these cells and any of them may be mucus secreting.

Squamous celled.-Here the cells are mostly polygonal and are arranged as a pavement of
closely apposed cells. In some of them cells with prickle borders and in others keratinisation
and "horny pearls" are found. Between these extremes tumours are found consisting largely'
of transitional epithelium and others of mixtures of polygonal, of transitional and of squamous
prickle and hory cells. In this group tumours consisting mainly of polygonal cells will be
included by some pathologists whereas other pathologists will only include tumours containing
cells with prickle borders and those producing horn.

METASTASES

It is not always easy to separate the local metastases from growth which has spread from
the primary by direct infiltration. Some of the hilar carcinomata spread to the mediastinal
tissues as a massive sheet of growth infiltrating the connecting tissues and surrounding the
great vessels, often spreading as a sheath around these and so infiltrating the pericardium and
myocardium. In incisions through a mass of this kind the bronchial and mediastinal lymphatic
glands can be identified by their pigment, but apart from this they appear to be incorporated
in the general mass of growth. Metastases proper are also found in the regional bronchial
carcinomata. There is often a spread upwards to the supraclavicular and sometimes to the
cervical lymphatic glands and downwards to the glands around the coeliac axis artery, those
along the upper border of the pancreas and to the lumbar group. Visceral metastases are often
widespread, secondaries being found in liver, brain, bones, adrenals and pancreas. Less com-
monly they are found in skin, ovaries, gut, thyroid and pituitary. Secondaries in the opposite
and indeed in the same lung occur, but when found it is important to exclude the possibility
of the lung tumours being secondary to a growth in some other organ. The pleura may be
involved by direct infiltration or by secondaries which may reach it by lymphatics or blood
stream. These secondaries are important because it has been doubted if such a tumour as a

malignant endothelioma of pleura occurs and the suggestion has been made that tumours so
diagnosed are really secondary carcinomata, the primary being most frequently bronchial.
Finally, I know of no other tumours which has secondaries so commonly in brain, adrenal and
kidney, either in all three of them or in two or one of them.

AETIOLOGY

In discussing aetiology there are factors which are common to cancer in general and those
which are peculiar to the lung. In general it may be said that carcinomata arise from cells
that are normally liable to proliferate. For instance, carcinoma of the skin arises from the
basal cells not from the mature or senile surface cells. It is these same basal cells which are
responsible for the regeneration of the skin as the surface'cells are worn away or are traumatic-
ally removed. It is highly probable that the only cells responsible for carcinoma of the bronchus
are the basal cells which are to the bronchial mucosa what the basal cells of the skin are to it.
When inflammation is present the normal power to proliferate possessed by these basal cells is
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increased and it is probable that in the bronchi as elsewhere in the body chronic inflammation
from any cause may be one factor in the production of a carcinoma. A clear-cut example of
the association between chronic inflammation and carcinoma is provided'by the development
of a squamous celled carcinoma in the wall of a bronchiectatic cavity. Here it is clear that
unless the bronchiectasis and the squamous celled metaplasia had preceded it the carcinoma
would not have arisen in this particular form. Active tuberculosis is found sometimes in lungs
the seat of a bronchial carcinoma. The opinion has been expressed that tuberculosis pre-
disposes to bronchial carcinoma and also the opposite opinion that they are mutually antago-
nistic. My own opinion is that the two conditions are incidental and unrelated. A great many
substances have been suggested as being predisposing factors in the production of primary
bronchial carcinoma, among them silica, petrol fumes, tar dust from roads and radio-active
dust. In addition many bacterial infections which become chronic are potential predisposing
factors. Carcinoma of the Schneeberg miners is the only bronchial cancer in which there is a
clear-cut association between exposure to a particular environment and increased liability to
bronchial carcinoma. In the ore mined there are a number of substances which have been
suspected, but the recently discovered radioactivity of the dust is now held to to be the factor
responsible.

As in most carcinomata it is probable that carcinoma of the bronchus takes some years to
develop. The carcinomata arising in Schneeberg miners take from twelve to twenty years to
develop so that it is probable that when trying to find aetiological factors, the immediate past
history of a patient is less important than a more remote history. It is peculiar that although
carcinoma of the bronchus is a common tumour, carcinoma of the trachea is rare except at its
bifurcation. Even here the appearance of the growth suggests that it has begun in a bronchus
and spread upwards to the trachea. Since the anatomical and histological structure of the
trachea and main bronchi are practically identical there does not appear to be any obvious
reason for this discrepancy. It is true that acute and chronic inflammations are more common
in bronchi than in the trachea and this may be a factor. A new intensive search might bring
to light some factor of importance in this baffling subject. A good starting-point might be the
statistical fact that carcinoma of the bronchus is from three to six times commoner in men
than in women.

RELATION TO OTHER TUMOURS OF THE LUNG

Lists of benign tumours of the lung appear in Kaufmann and other textbooks of pathology.
They are not common but are of great variety, most of the connective tissues and a considerable
number of epithelial tissues being represented among them. The epithelial tumours are the
only ones that are related to the carcinomata.

In recent years much has been written of the "bronchial adenomata". These tumours
appear to form a fairly well defined group and to be of the same order of malignancy as carci-
noids of the appendix and intestine. They arise in the walls of bronchi and are unlikely to
produce symptoms unless they project into the lumen of the bronchus. When this happens
they usually form polyps of various size and by occlusion of the lumen of the bronchus produce
bronchiectasis. They are vascular, and the patient's chief symptoms are attributed to hae-
morrhage and bronchiectasis. The tumours are composed of solid acini and trabeculae of
small polygonal cells, having a round or oval nucleus. Mitotic figures are rare and in any one
tumour the cells bear a close resemblance to each other and the arrangement of the cells is fairly
constant. In parts of some of the tumours the cells are arranged in sheets rather than in
trabeculae. Rarely columnar cells are found in some of the tumours and in these there is a
tendency for an occasional tubule to be formed. Mucous cells are rare. In some there is an
abundant connective tissue stroma, in others this is scanty. In the most cellular parts of the
tumour there is a rich blood supply, and in some trabeculae and acini are separated by blood
spaces and little connective tissue. The polypous tumours are covered by bronchial mucosa
which often undergoes squamous celled metaplasia.

From their histological appearance it is difficult to call them benign tumours. They
infiltrate their pedicle when they are polypous and the wall of the bronchus when they are not.
Some of these tumours have in fact produced secondaries-either in bronchiallymphatic glands
or in the liver. In each of these cases the histories extended over several years.

One of the puzzling things about these tumours is that they are rarely seen at routine
post-mortem examination. Recently, however, in routine examination of lungs, we have found
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three of them infiltrating the walls but not the lumen of bronchi, and so producing no symptoms.
They were all so inconspicuous that the fact that they were tumours was not accepted until
confirmed by histological examination.

It is obvious that an early carcinoma of a bronchus and an "adenoma" of this type may
cause identical symptoms and signs. Either of them may be completely destroyed by local
treatment and the patient cured.

THORACIC SURGERY

With the recent great development of thoracic surgery new problems have been set the
pathologist. These have to do with diagnosis. A method of examining sputum devised by
the late Professor Dudgeon and much used and perfected by Dr. J. Bamforth has proved very
useful in diagnosing carcinoma of the bronchus. The sputum should be examined as soon as
possible, but even specimens sent through the post are worth examining.

(I) Pour each specimen on to an unglazed porcelain tile.
(2) Spread the more solid portions, especially any bloodstained fragments, on clean glass

slides with a scalpel.
(3) Fix the wet films in Schaudinn's fluid for 20 minutes. (If a more rapid examination

is essential, fix a minimum of 2 minutes.)
(4) Immerse in methylated spirit to which a few drops of tincture of iodine have been added.
(5) Wash in distilled water.
(6) Stain in Mayer's haemalum 2 minutes or less.
(7) Blue in tap water.
(8) Counter stain in weak eosin.
(9) Alcohol.

(Io) Xylol.
Mount in canada balsam.

The important feature is fixing in Schaudinn's fluid. Following this the film can be stained
by most of the ordinary histological methods. Schaudinn's fluid consists of two solutions
(A) one volume of absolute alcohol and two volumes of a saturated aqueous solution of mercury
chloride, this mixture can be kept indefinitely. Immediately before use add (B) glacial acetic
acid to make a strength of 3 per cent. It cannot, however, be too strongly emphasised that
a negative finding has little significance although a positive finding is diagnostic.

Another problem has to do with the examination of minute fragments of tissue removed by
bronchoscope. The amount of information which may be gleaned from the histological examin-
ation of these may be very great, and it may be sufficient to give a clear cut picture of carci-
noma, including the cell type. At the other end of the scale the information obtainable may
be very meagre, the fragment consisting of mucus, pus, fibrin or a flake of bronchial mucosa.
Apart from the difficulties presented by the size of the fragment, the uncertainty of its exact
source and the condition of the rest of the lung, is the difficulty caused by the difference between
the surgeon's and the pathologist's appreach to the problem.

The surgeon is a clinician; his interest is centred on the patient. The interest of the
pathologist is in the pathological process-the tumour-in its development, growth and spread.
Apart from the actual diagnosis the sort of questions which concern the surgeon are: Is it possible
to remove the tumour? If a pneumonectomy or a lobectomy is performed is the patient likely
to get a recurrence? Is it likely that metastases are already present? An experienced patho-
logist may be able to say something about the type of tumour, its grade of malignancy, and
whether it usually forms metastases early or late. But from the examination of a minute
fragment he can certainly do no more. Further it is clear that given such a fragment, the
pathologist's report may be identical in both an early case, in which the growth is limited to
the bronchus and in one which is far advanced and is likely to prove rapidly fatal. There is a
tendency among some thoracic surgeons to assess the malignancy of a tumour by the length of
time a patient remains free of signs or symptoms of growth following treatment, and more
particularly following local extirpation, removal of a lobe, or of a lung. A moment's reflection
will show that such survival gives no information whatever as to the type of growth originally
present.

(This is largely a reprint from an article which appeared in Acta of the Internationat
Union Against Cancer, 1938, Vol. III, No. 3.)
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