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Carcinoid lung: diffuse pulmonary infiltration by a

multifocal bronchial carcinoid
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Skinner, C. and Ewen, S. W. B. (1976). Thorax, 31, 212-219. Carcinoid lung: diffuse
pulmonary infiltration by a multifocal bronchial carcinoid. A 20-year-old student
presented with diarrhoea and miliary mottling in the chest radiograph. Biopsy specimens
of lung and cervical lymph node showed diffuse multifocal carcinoid tumour. No
deterioration in clinical state, radiographic appearances or lung function has occurred
after two years' treatment with melphalan.

The differential diagnosis of diffuse radiographic
pulmonary abnormality includes a large number
of conditions (Robin, 1970), but widespread in-
filtration by a 'carcinoid' tumour of low-grade
malignancy in a young man with no history of
respiratory illness has not been described. The
present case was associated with stromal amyloid
deposition, in common with a previous similar
case report in which the patient had been exposed
to noxious fumes (Gordon, Miller, and Mittman,
1973).

CASE REPORT

A 20-year-old student was referred to the medical
outpatient department in January 1973 with a
complaint of intermittent watery diarrhoea for
six months and a loss of 6 kg in weight. He had
no respiratory symptoms and his general condition
was normal. Sigmoidoscopy showed an oedema-
tous mucosa which tended to bleed easily, and
barium enema examination showed severe spasm
throughout the colon. The haemogloblin was
16-1 g/dl and erythrocyte sedimentation rate
2 mm in the first hour. The chest radiograph
(Fig. 1) showed fairly well defined, moderately
dense, diffuse miliary changes, and there was no
evidence of mediastinal enlargement. Pulmonary
function tests (Table I) showed a mild restrictive
ventilatory defect, reduced single-breath transfer
factor (TF), and slight hypoxaemia. A tuberculin
test was weakly positive (he had received BCG
vaccination in 1965). A Kveim test was not per-
formed. Serological tests for farmer's lung and
bird fancier's lung were negative as were tests for
rheumatoid factor, antinuclear antibodies, and

antimitochondrial antibodies. At this time the
provisional diagnosis was spastic colon and un-
related pulmonary sarcoidosis. The diarrhoea
responded to symptomatic treatment with
diphenoxylate and he has been reviewed regularly.

In July 1973 he was noted to have a number of
small, mobile, firm nodules up to 10 mm diameter
(apparently lymph nodes) in both cervical regions.
An excision biopsy specimen of one of these was
taken.

HISTOLOGY OF NECK BIOPSY SPECIMEN The speci-
men consists of a nodule extensively infiltrated
by groups of polygonal cells separated by abun-
dant stroma (Fig. 2). No residual lymphoid tissue
is visible. The cytoplasm of most cells is granular,
and several foci of calcification are present in the
stroma and between tumour cells. There are two
histological patterns within the tumour, either
solid aggregates of cells with vesicular nuclei, or
an acinar, rosette appearance in which the nuclei
are more elongated and solid. Mitotic figures have
not been identified in many sections, and there
is minimal nuclear aberration although the
occasional large bizarre hyperchromatic nucleus is
present. The specimen is a deposit from a tumour
of low-grade malignancy, and although the tissue
of origin cannot be identified, the tumour is re-
garded as a neural crest derivative.
As the exact situation of the primary tumour

could not be determined on histological grounds
alone, an open lung biopsy was performed through
a right thoracotomy. At operation the lung was
studded with small, firm, white nodules up to
2 mm diameter, some of which showed a central
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(a)

FIG. 1. Chest radiograph (a) and close-up view (b) showing diffuse miliary mottling in
lung fields.
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TABLE I
PULMONARY FUNCTION TESTS

IPredicted NormalI
FEVy (1. ATPS) 3-34 4-27
FVC (I. ATPS) 3.75 5-12
FEV,/FEV (%) 92 84
TLC (1. ATPS) 5-90 6*75
RV (I. ATPS) 2 25 162
TF (mmol min- kPa-1) 7.4 12 8
Pao2(kPa) 1U13 13 7
Paco2 (kPa) 4-8 4 5-6 0

'Predicted normal from Cotes (1968) for lung volumes and TF, and
from Diament and Palmer (1969) for Pao, and Paco2.

depression. These nodules were not seen on the
parietal pleura, mediastinal lymph nodes were not
enlarged, and the liver felt normal through the
diaphragm. A small specimen was taken from the
anterior portion of the apical segment of the lower
lobe.

HISTOLOGY OF LUNG BIOPSY SPECIMEN The cyto-
logical characteristics of the tumour cells in the
lung (Fig. 3) are identical with those in the neck,
although secretory granules are more readily
identified. The tumour grows into, and replaces,
alveolar spaces, and there is involvement of
bronchioles with destruction of the respiratory
epithelium (Fig. 4). The stroma is abundant and
in many areas contains amyloid fibrils which were
positive to Congo red and produced classical

greenish birefringence when examined between
crossed polarizing filters (Fig. 5a, b).

Occasional mitotic figures are present and many
nuclei are solid, shoWing marked hyperchroma-
tism. This bilateral tumour is clearly an adeno-
carcinoma of low-grade malignancy, showing
lymphatic permeation, and has the appearance of
a multifocal peripheral bronchial 'adenoma' of
carcinoid type.

HISTOCHEMISTRY OF LUNG BIOPSY SPECIMEN The
results of the histochemical techniques are sum-
marized in Table II. The amyloid fibrils in the
stroma did not contain tryptophan residues. The
granules were metachromatic when stained with

TABLE 1 I
RESULTS OF HISTOCHEMICAL TESTS ON LUNG

BIOPSY SPECIMEN

Cytochemical
Feature

Procedure Demonstrated Result Reference

Congo red Amyloid + Puchtler et al.
(1962)

DMAB nitrite Tryptophan 0 Adams (1957)
Masked Side-chain + Solcia et al.
metachromasia carboxyl groups (1968)

Lead Tumour cell + Solcia et al.
haematoxvlin granules (1969)

Silver reduction Tumour cell 0 Sevier and
granules Munger (1965)

FIG. 2. Biopsy specimen from the neck consists of diffuse groups of cells with indistinct
borders and clumps of cells with a rosette appearance. The stroma contains amorphous
calcified structures (upper right) (Haematoxylin and eosin X 125).
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toluidine blue after hydrolysis in hot hydro-
chloric acid (Fig. 6). (This test, usually referred to
as masked metachromasia, is fairly specific for
the polypeptides present in granules of APUD
cells or mast cells, and depends on the high con-
tent of carboxyl side groups within such granules.)

Many, but not all, tumour cell granules stained
with the lead haematoxylin method. The absence
of silver reduction is attributed to the use of
routine fixation in 10% neutral buffered forma-
lin which does not retain diffusible phenolic
substances.

:~~~uinw~~~~~w ~~~a ~ ~ &~-4 W. a A t&-%-fw% WaS ;__IF AIKie4:- - i.O jS Zffie E

FIG. 3. Biopsy specimen from the lung contains the same two cytological patterns as
the specimen from the neck (H and E X310).

FIG. 4. The tumour fills alveolar spaces and involves the mucosa of a bronchiole
(H and E X50).
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iAi (h)

FIG. 5. The stroma of the lung tumour contains Congo red positive amyloid fibrils (a)
which are birefringent (b) with a greenish colour (seen as white areas in the photomicro-
graph). Congo red (a: transmitted light; b: crossed polarizing filters) X 125.

FIG. 6. The cytoplasm of the lung tumour contains metachromatic granules when
stained with toluidine blue due to 'unmasking' of side-chain carboxyl groups during
acid hydrolysis. Masked metachromasia X 310.
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PROGRESS The patient has been followed up for
two years. He has had melphalan intermittently
but the drug has produced thrombocytopenia on
several occasions, requiring temporary cessation
of therapy and resumption at a lower dose. Serial
chest radiographs and pulmonary function tests
show no change and his general condition remains
good. He has developed no skin changes, broncho-
constriction or cardiac valve lesions. Diarrhoea
remains well controlled on symptomatic therapy.
He had spontaneous left pneumothoraces in April
1974 and February 1975, the latter requiring
intercostal drainage. Estimation of urinary 5-
hydroxy indole acetic acid (5 HIAA) showed a
slight excess in September 1974 although no excess
had been found in several previous urine
specimens.

DISCUSSION

Diffuse lung changes of miliary type due to a
primary carcinoid tumour of lung have not
previously been described. Our patient presented
with diarrhoea, but without respiratory symptoms,
and this was attributed to secretory products from
the cells of a primary pulmonary tumour. There
was no evidence of an argentaffinoma of the small
bowel on barium meal and follow-through
examination.
A primary pulmonary tumour of similar histo-

logical appearance was reported by Gordon et al.
(1973). These authors emphasized the similarity to
medullary carcinoma of thyroid and described
the appearances as a medullary carcinoma of
lung. Their patient was also male, but older than
ours; he presented with a long history of recurrent
respiratory infections and showed a more coarsely
nodular type of pulmonary change with gross,
bilateral, hilar lymph node involvement.
From the histological viewpoint, the combina-

tion of a typical solid alveolar structure with
rosette formation is unusual in a bronchial car-
cinoid. This combined pattern is found in primary
carcinoid tumours of the thymus (Rosai and Higa,
1972; Lowenthal et al., 1974) but the absence of
mediastinal changes in the chest radiograph would
seem to preclude an origin from the thymus in the
present case.
The cell of origin of this lung tumour is un-

doubtedly the 'parakrine' system of clear cells
described by Feyrter (1938). This system of cells,
found in many mucosal surfaces throughout the
mammalian body, has been cytologically charac-
terized by Pearse (1969) and is referred to as
the APUD system. Several of the cell types in

the APUD series have been clearly identified as
neural crest derivatives (Le Douarin and Le
Lievre, 1970; Pearse and Polak, 1971; Polak, et al.,
1974).

Cells in the human bronchial epithelium pos-
sessing the characteristics of APUD have been
described in fetal lungs (Lauweryns and Peuskens,
1969; Rosan and Lauweryns, 1971; Hage, 1972a,
1972b; Hage, 1973a). Similar cells, which will
decarboxylate levodopa, are present in adult
human lung (Hage, 1973b), but these cells were
identified in biopsies of specimens from a proxi-
mal bronchus, and their distribution throughout
the adult lung has not been determined. Neverthe-
less cells with neurosecretory type granules have
been demonstrated in bronchiolar epithelium from
a patient with multiple peripheral adenomata of
lung (Gmelich, Bensch, and Liebow, 1967), and
such cells can be assumed to be the source of
peripheral oat-cell carcinomata or of peripheral
adenomata (Bensch, Corrin, Pariente, and
Spencer, 1968). Certainly hilar bronchial
adenomata possess typical neurosecretory granules
at the ultrastructural level (Bensch et al., 1968)
which will reduce silver salts.
Many tumours of the APUD cell system

(apudomas) are known to be associated with the
deposition of stromal amyloid (apudamyloid). This
association is well recognized in medullary car-
cinoma of thyroid (Hazard, Hawk, and Crile,
1959; Williams, Brown, and Doniach, 1966) and
has been described in hilar carcinoid bronchial
adenomata (Sterba, 1968). Amyloid in apudomas
is considered to be due to deposition of prohor-
mone derivatives (Pearse, Ewen, and Polak, 1972),
and a close association between granules and
amyloid fibrils has been demonstrated in
medullary carcinoma of thyroid (Meyer, Hutton,
and Kenny, 1973).
Apudamyloid and immunamyloid can be con-

veniently separated on histochemical grounds by
the presence, or absence, of demons.-rable
tyrosine and tryptophan (Pearse et al., 1972),
although intrafollicular amyloid in parathyroid
glands does not have a constant tryptophan con-
tent (Anderson and Ewen, 1974). The lack of
histochemically demonstrable tryptophan in the
amyloid of the present case is evidence of the
APUD cell origin of the tumour.
The amine content of the tumour cells could not

be demonstrated by formaldehyde-induced fluores-
cence as both specimens had been fixed in dilute
buffered formalin with consequent loss of any
fluorescent quinonoid. The presence of other
secretory products in the granules was sought, and
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the positive masked metachromasia of tumour
cells indicates a high density of side chain car-
boxyl groups with a random coil configuration
(Bussolati, Rost and Pearse, 1969). APUD cells
typically contain polypeptide hormones, or their
precursors, which are presumed to be stained after
acid hydrolysis (Solcia, Vassallo and Capella,
1968; Pearse, 1970).
The presence of excess 5HIAA in urine indi-

cates that the tumour is capable of producing
excessive 5-hydroxytryptamine, and thus it was
assumed that the tumour might possess a
membrane-bound aromatic amino acid decar-
boxylase. It was this contention which prompted
the therapeutic use of melphalan in an attempt
to achieve high intracellular levels of the
cytotoxic agent within tumour cells. Previous
experience with the DL-isomer of melphalan
(merphalan or L-sarcolysin) in metastatic
neuroblastoma has been disappointing (Fern-
bach et al., 1968), presumably due to loss of
specific decarboxylating enzyme systems in highly
malignant tumours, although melphalan has been
effective in the carcinoid syndrome (Lotito and
Mengel, 1969). In the present case the tumour
apparently retained many of the cytochemical
characteristics of a benign tumour and thus con-
centration of cytotoxic drug within tumour cell
cytoplasm could occur. Results of therapy are
difficult to assess objectively but lung function
tests and radiographic appearances have not
shown any significant deterioration over a period
of two years.

We are grateful to Dr. W. R. Gauld for permission
to publish details of this patient and to Mr. F. J. S.
Gowar for the lung biopsy.
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