Clear cell carcinoma of the lung
C EDWARDS, A CARLILE
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Six tumours of the lung initially classified as clear cell carcinoma, were studied.
Examination of further material by light and electron microscopy showed adenocarcinomatous
differentiation in three cases and squamous differentiation in two. One case showed the features
of a large cell anaplastic carcinoma. The clear appearance of the cytoplasm in paraffin sections
was due to accumulations of glycogen that were partially removed during processing. It is concluded that clear cell carcinoma is not a single and separate entity.

SUMMARY

Clear cell carcinoma of the lung is defined by the
World Health Organisation as an anaplastic large
cell tumour forming nests, clusters, and sheets of
cells with large vesicular nuclei and an abundant
clear or foamy cytoplasm, which may or may not
contain glycogen.' No mucin is present, and this
category does not include adenocarcinomas or
squamous carcinoma with clear cells. The resemblance of such tumours to carcinoma of the kidney
may give rise to diagnostic problems. Few studies of
this variant of lung cancer have been reported,2`8
and only two were originally written in English.26 As
far as we are aware, the ultrastructure has been
described in only one case.8 As widespread clear cell
change can occur in squamous carcinoma and
adenocarcinoma of the lung, the existence of clear
cell carcinoma as a separate entity has been questioned.6 We investigated the light and electron microscopic features in six cases coming to surgery at
this hospital. Our results indicate that clear cell carcinoma is a heterogeneous group of neoplasms, with
only cytoplasmic accumulation of glycogen in common.

Patients, material, and methods
All the patients were heavy cigarette smokers. One
patient (case 5) was thought at first to have a renal
carcinoma with a secondary deposit in the lung, but
intravenous pyelography, renal arteriography, and
surgical exploration of the right kidney did not show
any abnormality. Three patients (cases 1, 2, and 6)
were treated by lobectomy, two (cases 3 and 4) by
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pneumonectomy, and one (case 5) by right upper
and middle lobectomy. One patient (case 6) presented five months after operation with chest pain,
dyspnoea, and haemoptysis. Radiologically, there
was a cavitated tumour in the right upper lobe, and
an inoperable tumour extending into the pleura was
found at thoracotomy. She died two months later.
The other patients did not suffer a recurrence, but
the maximum follow up period was only 14 months.
The table shows the clinical details of all six patients

studied.
LIGHT MICROSCOPY

In each case the initial diagnosis of clear cell carcinoma was made on three paraffin sections stained
with haematoxylin and eosin, periodic acid Schiff
with and without diastase, and mucicarmine. These
sections were reviewed, together with a bronchial
biopsy from case 4, and an open biopsy taken during
the second operation from case 6. Subsequently, up
to six extra blocks were obtained from each resected
specimen, and the sections were stained again with
haematoxylin and eosin, periodic acid Schiff, and

mucicarmine.
ELECTRON MICROSCOPY

With the exception of case 5, tissue for electron microscopy was obtained at the time of thoracotomy
and fixed in buffered glutaraldehyde. In case 5 material was obtained from the specimen fixed with
formalin. In all cases the tissue was fixed afterwards
in osmic acid and embedded in resin tagged with
typhoid-paratyphoid A and B vaccine (TAAB
Laboratories Ltd, Reading, England). Ultra thin
sections were stained with uranyl acetate and lead
citrate. Between six and 10 blocks were examined in

each case.
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Presenting features in patients, bronchoscopic findings, and site and size of tumour
Case No

Agelsex

1

53/M

2
3

53/M
61/M

4

67'M

5

49/F

6

68/F

Site and size

Presenting features

Bronchoscopy

Cough, ankle oedema,
finger clubbing
Asymptomatic
Asymptomatic

Normal

Right upper lobe, 6 cm

Normal
Tumour of apical bronchus
left lower lobe
Tumour of main left lower
lobe bronchus

Left upper lobe, 5 cm
Left lower lobe, 6 cm

Chronic obstructive airways
disease, otherwise
asymptomatic
Normal
Right upper abdominal pain.
palpable right kidney
Chronic obstructive airways
Normal
disease otherwise asymptomatic

Left lower lobe, 8 cm

Right upper lobe, 6 cm
Left upper lobe, 5 5 cm

periodic acid Schiff, removable by diastase, was
present (Fig. 2). Stains for mucin in the original sections were negative, but in the additional material
LIGHT MICROSCOPY
In cases 1, 2, 3, and 5 the tumour consisted of sheets from cases 2 and 3 occasional foci of extra and
and clusters of polygonal cells up to 40 ,um in maxi- intracellular mucus secretion were seen.
mum diameter (Fig. 1). Cell borders were distinct,
and the cytoplasm was water clear or foamy and
faintly eosinophilic. Nuclei were 10-20,um across
and round or slightly irregular with an open chromaResults

tin pattern and often a single large eosinophilic nucleolus. There were moderate numbers of mitoses.
In many fields the stroma was scanty and infiltrated
by plasma cells and lymphocytes. Elsewhere it was
more prominent, and some areas were scirrhous,
with small aggregates of cells surrounded by cellular
fibrous tissue.

Fig. 2 Case 2. Abundant periodic acid Schiffpositive
matter in cytoplasm oftumour cells. x 252.
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Fig. 1 Case 2. Tumour consisting ofsheets and cords of
large clear cells. Haematoxylin and eosin. x 1 00.

Necrosis was variable and most pronounced in
case 1. In case 3 the periphery of the tumour
showed a lepidic type of spread with preservation of
alveolar walls. Hilar nodes were affected in case 2.
Abundant intracytoplasmic material, positive for

In cases 4 and 6 tumour cells were arranged in
broad irregular trabeculae, with pseudoacinar
spaces containing cellular debris (Fig. 3). The pattern resembled that of well differentiated squamous
carcinoma, but there was no stratification or keratinisation and no intracellular bridges. The cells were
smaller than those in the first group, measuring up to
15 ,Am in maximum diameter. Nuclei were oval,
round, or irregular and up to 9 ,um across with two
or three small nucleoli. Mitoses were less common.
Diastase labile material positive for periodic acid
Schiff was present in the cytoplasm. Stains for mucin
were negative. In the extra sections from case 6
areas of unequivocal squamous differentiation were
seen. Hilar nodes were not affected.
The bronchial biopsy from case 4 consisted of
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Fig. 5 Case 3. Tumour cell cytoplasm containing granules
of mucus. (Uranyl acetate and lead citrate.) x 10 400.

arranged in trabeculae with pseudoacini containing cell
debris. Haematoxylin and eosin. x 100.

membrane was present. In cases 2, 3, and 5 foci of
adenocarcinomatous differentiation were present,
with intercellular lumens lined by microvilli and
bounded by tight junctions or complete junctional
complexes (Fig. 4). Some cells contained numerous
mucus granules (Fig. 5), whereas in others they were
sparse or absent. Mitochondria were plentiful. CisELECTRON MICROSCOPY
In all the cases most tumour cells contained terns of smooth endoplasmic reticulum were often
glycogen granules, either in compact masses or dis- abundant and were sometimes dilated to form large
persed throughout the cytoplasm (Figs. 47). The vacuoles, which were either empty or contained a
larger masses were sharply defined, but no limiting few granules of glycogen (Fig. 4). Nuclei were

normal bronchial mucosa. A specimen taken at the
second operation from case 6 showed poorly differentiated squamous carcinoma without clear cell
change.
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Fig. 4 Case 2. Tumour cell with surface microvilli, large irregular nucleus, and
moderate amount ofglycogen in cytoplasm. Dilated cysterns ofendoplasmic
reticulum are present and some contain granules of glycogen. (Uranyl acetate and
lead citrate.) x 11 100.
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Fig. 6 Case 1. Undifferentiated cells with moderate amounts of glycogen and
occasional lysosomes in cytoplasm. (Uranyl acetate and lead citrate.) x 12 600.

Fig. 7 Case 6. Tumour cell with a large cytoplasmiuc accumulation ofglycogen,
pseudopodal processes, desmosomes, and tonofdaments (inset, top left).
(Uranyl acetate and lead citrate.) x 14 400 and 24 000.
irregular with prominent nucleoli. There were also
areas of undifferentiated, polygonal cells with
smooth cytoplasmic membranes bearing occasional
tight or gap junctions (Fig. 6). Organelles were
sparse, and nuclei were oval or irregular, with prom-

inent nucleoli. The tumour from case 1 consisted
entirely of this type of cell.
In cases 4 and 6 the light microscopic impression
of squamous carcinoma was confirmed (Fig. 7). Projecting cell processes were joined by well developed
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Discussion
In 1955 Walter and Pryce first drew attention to
carcinomas of the lung composed predominantly or
entirely of clear cells,9 but it was not until nine years
later that Morgan and Mackenzie published a study
dealing specifically with clear cell carcinoma.2 They
described 13 cases, emphasising the peripheral
origin and the resemblance to secondary renal
carcinoma. Between 1966 and 1981, 27 further
examples were reported,4-7 and in 1984 Smirnova
et al reported the ultrastructure of one case.8
In 1980 the existence of this tumour as a distinct
subtype was questioned by Katzenstein etal, who
reviewed 348 consecutive cases of pulmonary carcinoma and found 15 that contained over 50% clear
cells.6 These tumours, which were otherwise large
cell undifferentiated, epidermoid, or adenocarcinomas, would have been considered to be clear
cell carcinomas according to the criteria published
up to that date. As the authors pointed out, however, these criteria were imprecise. The number of
clear cells required before clear cell carcinoma could
be diagnosed had not been specified, nor was there
any mention of tumours showing glandular or
squamous differentiation. It was concluded that
clear cell change is common in all types of carcinoma
of the lung except small cell carcinoma, and that
even those tumours consisting predominantly of
clear cells should be classified under one of the
major categories, laid down by the World Health
Organisation (adenocarcinoma, squamous carcinoma, or large cell carcinoma), at the same time
noting the clear cell component.
Wagnei's group reached similar conclusions,7 and,
interestingly, clear cell change has been reported in
carcinomas arising from Clara cells8 0 and in large
cell undifferentiated carcinomas." Moreover, by
modern criteria many of the earlier reported cases
are not true clear cell carcinomas.' For instance,
intracytoplasmic mucin was found in all the tumours
collected by Morgan and Mackenzie, and over half
showed acinar differentiation.2 Such tumours would
now be classified as adenocarcinomas with clear cell
change, as would the tumours reported by Drut
et al.4
This study confirms that clear cell carcinoma is not
a separate entity. Examination of further material
by light microscopy alone showed mucus secretion
in two cases and squamous differentiation in one.

Edwards, Carlile
Although three cases fulfilled the current light microscopic criteria for clear cell carcinoma, at an
ultrastructural level one was an adenocarcinoma,
one a squamous carcinoma, and one a large cell
undifferentiated carcinoma. The clear appearance of
the tumour cells is due to accumulations of glycogen,
most of which is dissolved during the preparation of
paraffin sections: in tissue processed for electron
microscopy it is retained. This change seems
unlikely to be degenerative as it is not necessarily
associated with necrosis and is also seen in secondary deposits, but it may reflect an abnormality in
glycolysis.
Primary carcinomas of the lung with clear cell
change, secondary renal adenocarcinomas, and clear
cell adenoma of lung (sugar tumour) show similar
histological structure, and all contain cytoplasmic
glycogen. The distinction between these tumours,
which is obviously important in relation to their
management and prognosis, may be impossible in
small biopsies. Where the availability of tissue permits, multiple sections should be examined for evidence of mucus secretion and squamous differentiation. Renal adenocarcinomas contain neutral lipid
and phospholipid, and mucopolysaccharides are not
found in the cytoplasm, although they may be found
in cell membranes.'2 Electron microscopy shows
prominent microvilli, pinocytic vesicles, vacuoles
containing lipid, and often elongated and tortuous
mitochondria. Clear cell adenoma shows little nuclear pleomorphism, mitoses are scanty or absent,
and the cells are arranged around thin walled
branching vascular channels.'3 '4 In contrast to other
clear cell tumours, the glycogen is usually contained
in membrane bound vesicles, but in one reported
case it was dispersed throughout the cytoplasm.'3 '4
We thank Dr Pandov for translating the Russian
articles cited in this paper and Mrs Ruth Fry for
secretarial help. This study was supported by a grant
from the West Midlands Regional Health Authority.
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desmosomes, and tonofilament bundles were present in the cytoplasm (Fig. 7). No granules of
keratohyaline were seen, and other organelles were
scanty. Nuclei were round or slightly irregular and
contained one or more nucleoli.
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