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Evaluation of impact of immunocytochemical techniques
in cytological diagnosis of neoplastic effusions
ALESSANDRA LINARI, G BUSSOLATI
From the Department ofBiomedical Sciences and Human Oncology, University of Turin, Italy

SUMMARY A prospective study (1984-87) on the immunocytochemical identification ofcancer cells
in effusions using HMFG2 monoclonal antibody, and in addition, monoclonal anti-CEA and B72.3
antibodies in cases of suspected mesothelioma, was undertaken. On the basis of cytology alone, of a
total of 2362 pleural, peritoneal, and pericardial effusions, 525 cases were diagnosed as positive and
1485 as negative for neoplastic cells, while in 352 (15%) specimens from 307 patients the diagnosis
was doubtful. Sections of the embedded sediment of doubtful cases were tested with HMFG2
antibody and proved positive in 215 cases, negative in 108, and inconclusive in 29. The results were
checked by following the clinical outcome of the cases. The method was specific in identifying cancer
cells in cases at best diagnosed as suspicious on the basis of cytology alone; this represents a clear
diagnostic gain. Sensitivity ofthe test, however, was relatively low (41 %). Combined cytological and
immunocytochemical characteristics (CEA negative and only some of the neoplastic cells positive
with HMFG2 and B72.3 monoclonal antibodies) permitted diagnosis on the effusions of most cases

of mesothelioma.
The impact of the diagnosis on the progress of the disease was not appreciable as no difference in

outcome was noted, irrespective of whether cancer cells had been recognised. The occurrence of an
effusion remains an ominous sign in most patients treated for cancer.

The diagnosis of pleural, peritoneal and pericardial
effusions remains one of the most difficult tasks in
diagnostic cytology,' yet it is of paramount impor-
tance for determining the nature, either reactive or
neoplastic, of the underlying disease.
The diagnosis is made on smears or embedded

sediments and is based on classical morphological
criteria, the most difficult problem being the differen-
tiation of neoplastic cells from reactive mesothelial
cells.2 The latter, which occur either singly or arranged
in small clusters, have, in fact, an epithelial appearance
and often show rather large and hyperchromatic
nuclei, related to their hyperplastic nature.3 Neoplastic
cells, on the other hand, especially breast cancer cells,
can look benign and do not always show highly
atypical nuclei. Cases therefore arise in which doubtful
diagnoses are given, even by experienced pathologists.
False negative and occasionally false positive cases are
reported.'

Immunocytochemistry has been advocated as help-
ful, especially in solving doubtful cases. Several mark-
ers have been proposed to identify cancer cells and to
differentiate them from reactive mesothelial cells.' "

Since 1983, after reports on the diagnostic useful-
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ness of immunocytochemical staining with HMFG2
monoclonal antibody to detect cancer cells in
effusions,5 1016 we have been using such tests to identify
cancer cells in critical cases observed in daily diagnos-
tic practice. These cases, amounting to a total of 352
(from 307 patients), represented 13% ofa total of2362
serous effusions, examined between 1984 and 1987
inclusive. We have now tested the clinical use of the
immunocytochemical test by checking the clinical
outcome of the cases.

Material and methods

The effusion samples arriving at the cytology
laboratory of this department were all routinely
processed by centrifugation, followed by smearing and
treatment of the sediment by fixation in 95% ethanol
and paraffin wax embedding using the "cell bag"
procedure"' in common use in this laboratory for the
past seven years. Smears were stained by the Papan-
icolaou method, and paraffin wax sections were
stained by haematoxylin and eosin and, in selected
cases, with periodic acid Schiff (PAS) with or without
diastase treatment.

Immunoperoxidase staining was performed on
paraffin wax sections of the embedded sediment.
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Impact ofimmunocytochemistry in cytological diagnosis ofneoplastic effusions

Endogenous peroxidase was blocked by hydrogen
peroxide-periodic acid-sodium periodate treatment.'8
After a short treatment with non-immune serum the
sections were treated overnight at room temperature
with HMFG2 (kindly supplied, as culture super-
natant, by Dr Taylor-Papadimitriou, ICRF, London)
at a 1/200 dilution. The characteristics of this mono-
clonal antibody were originally reported by Arklie et
al."9 Biotinylated anti-mouse immunoglobulin anti-
serum (from horse) and avidin-biotin peroxidase
complexes' were then used according to the ABC
procedure. The colour reaction was developed with
H202-DAB. Nuclei were counterstained with
haemalum. Sections of breast, lung, and colorectal
adenocarcinomas were used as positive controls.
Additional controls were cytologically positive
effusion sediments from carcinomas of the breast (10
cases) and cytologically negative cases from patients
with clinically confirmed non-neoplastic diseases
(cyrrhosis, four cases; heart failure, three cases;
pleuritis, two cases; peritonitis, one case). The former
were HMFG2 positive, while reactive mesothelial cells
were negative.
From 1984 to 1987 inclusive a total of 2362 serous

effusions from pleural (n = 1314), peritoneal (n =
1009), and pericardial (n = 39) cavities were examined
in this laboratory. In 540 (23%) cases a positive
diagnosis for neoplastic cells was made, while in 1515
(64%) cases the diagnosis was negative.

In 352 (15%) specimens from 307 patients, no
definite diagnosis was reached on morphological
criteria alone, and diagnosis was deferred pending
immunocytochemical staining. Sections of the
embedded sediment were tested with HMFG2. Where
mesothelioma was suspected, additional sections were
stained with monoclonal antibodies anti-CEA and
B72.3 (both from Sorin, Saluggia, at a dilution of 1/30
and 1/4, respectively). In both cases the ABC im-
munoperoxidase procedure was used. The character-
istics ofmonoclonal B72.3, which detects a carcinoma-
associated antigen, have been reported by Nuti et al.9
The clinical diagnosis was confirmed in all patients.

In some of the cases cytological examination of the
effusion sample had been requested as confirmatory in
cancer patients, while in other cases with unknown
underlying disease its role was diagnostic and
therefore more critical. Of the 307 patients, follow up
was possible for only 296, over a minimum of 12
months and a maximum of 48 months (mean 18
months). In these patients we took into consideration
both the clinical diagnosis at discharge from the
hospital and the outcome of the disease.
To estimate the predictive value, specificity, and

sensitivity of the HMFG2 test for recognising the
nature of the disease (either neoplastic or reactive), we
only considered cases with complete follow up and

with certain diagnosis. Cases affected by non-
epithelial neoplasias, doubtful immunocytochemical
results and patients dead of a disease clinically
regarded as non-neoplastic, but which had not under-
gone necropsy, were excluded.
The sensitivity, specificity, and predictive value of a

positive test were calculated according to the method
of Galen and Gambino.2'

Results

The 352 cases with uncertain cytological diagnosis
(15% of the total) were investigated by immunoperox-
idase staining with HMFG2, on sections from the
embedded sediment parallel to those already stained
by the routine procedure. These cases were mostly
from patients suspected of having metastases (one
third ofthe cases with breast cancer) but in 20% of the
cases no definite clinical suspicion had been raised. In
34 patients the immunocytochemical test was repeated
more than once at different times; in 20 cases (50 tests)
the results were always positive, while in 14 (29 tests)
they were always negative. No discrepancies were
observed.

In effusions from 185 patients (215 tests) cells
positively stained by HMFG2 were detected; in the
same sections unstained lymphocytes and cells mor-
phologically interpretable as macrophages and

Figl1Pleural effusionfrom apatient with breast cancer.
Immunocytochemical staining with HMFG2 antibody over
the cell meiibrane and in the cytoplasm of two cancer cells,
while surrounding mesothelial cells are unreactive.
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Fig 2 Pleural effusion from acase ofmesothelioma.
Positive staining with HMFG2 antibody over part of the cell

membrane in one isolated and in some clustered cells. A large

atypical cell (right) and some reactive cells are unstained.

mesothelial cells were also observed, and constituted a

built-in control. The positive cases were from patients
affected by breast, lung, ovary, colorectal or gastric
cancer and by mesothelioma. Positive staining
appeared either as a continuous deposit over the cell

surface or a diffuse cytoplasmic staining with or

without membrane accentuation (fig 1). Stained

cancer cells were isolated or formed solid clusters,

morula-like, or arranged blastula-like, around an

empty space. In the latter case both the inner and the

outer cell surfaces were stained.

A pattern which we came to recognise as typical of

mesotheliomas was a lack of correlation between

morphology and HMFG2 staining: some highly
atypical cells were, in fact, positively stained, others

partly stained, and still others completely negative
(fig 2). Some benign looking cells of mesothelial type
were also stained. Of the 11I cases of mesotheliomas

included in this study, only one was HMFG2 negative.
This case, on biopsy, showed predominant sar-

comatous features. All the cases ofmesothelioma were

not stained by the CEA monoclonal antibody nor PAS

(after diastase). Two of these cases were strongly
stained with B72.3 while the rest of the cases had a few

atypical cells reacting with B72.3.

In 93 patients (108 specimens) which had been rated

as "suspect" on the basis ofcytology alone, no staining
was observed, while in 29 effusions from 18 patients
the staining was too weak and the number of positive
cells too small (less than %) to allow definite
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conclusions to be drawn. These latter cases were
defined as "inconclusive".

In all patients we checked the clinical diagnosis at
discharge from the hospital, which was of breast
cancer in 102 patients, ovarian cancer in 22 cases,
gastric or colon cancer in 44, lung cancer in 35, kidney
cancer in nine, mesothelioma in I1, non-epithelial
tumours (sarcoma, lymphomas) in eight, and
"effusion of uncertain nature" in 50 patients. In
15 cases the final clinical diagnosis was of "non-
neoplastic" disease.
The reasons for submitting the effusion to

cytological diagnosis were different for the various
pathological lesions: in many cases and specifically in
all breast cancer patients, the request was confir-
matory, as they had always been operated on at an
earlier date and the effusion appeared as a later
development of the disease; in other cases the request
was diagnostic. The diagnosis was reached by cytology
and immunocytochemistry alone in five cases of
ovarian cancer, five cases of gastric or colon cancer,
one case of kidney cancer, eight cases of lung cancer,
10 of mesothelioma and in 29 patients with incon-
clusive clinical diagnosis.

All patients with a final diagnosis ofcancer (cases of
mesothelioma included) had the diagnosis confirmed
by histology, performed before or (in the "diagnostic"
cases) after the cytological examination.

Thirty patients died of apparently unrelated car-
diovascular diseases (18 of cardiac infarction, two of
pulmonary embolism, ten of heart failure).
The results of follow up (tables 1-4) indicate that

most patients died of cancer shortly after diagnosis.
Seventeen patients died of apparently unrelated dis-
ease; necropsy was not performed and presence or
absence of tumour could not be ascertained. Only 52
patients are still alive and without evidence ofneoplas-
tic disease at the time of writing. Thirty four of these
had a histologically confirmed diagnosis of cancer; of
these, 23 had a positive immunocytochemical diag-
nosis, three an inconclusive, and eight a negative
result. All these patients underwent chemotherapy,
hormone therapy, or radiotherapy because of the
cytohistological, clinical and radiological evidence of
metastases, and their present clinical state is probably
related to the therapeutic regimen. No significant

Table 1 Follow up of296 patients with effusions stained
with HMFG2

Deathfrom
Death non- Alive Alive
from neoplastic with without

Results tumour causes tumour tumour

Positive 185 134 17 11 23
Inconclusive 18 11 - 4 3
Negative 93 49 13 5 26
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Impact ofimmunocytochemistry in cytological diagnosis ofneoplastic effusions

Table 2 Clinical evaluation atfollow up in 185 patients with positive HMFG2 test

No of Deathfrom Deathfrom non- Alive with Alive without tumour
Clinical diagnosis patients tumour neoplastic disease tumour (after treatment)

Breast cancer 62 48 4 3 7
Ovarian cancer* 18 16 - 1 1
Stomach and colonic cancer* 30 20 5 1 4
Kidney cancer* 8 6 - - 2
Lung cancer 28 23 1 4
Mesotheliomat 10 6 - 1 3
Doubtful 29 15 7 1 6

*A1 patients underwent surgical treatment
tConfirmed by pleural biopsy.

Table 3 Clinical evaluation atfollow up in 18 patients with inconclusive HMFG2 test

No of Deathfrom Deathfrom non- Alive with Alive without tumour
Clinical diagnosis patients tumour neoplastic disease tumour (after treatment)

Breast cancer 10 5 - 2 3
Ovarian cancer I I -

Stomach and colonic cancer I I
Lung cancer 2 2 -

Doubtful 4 2 - 2

Table 4 Clinical evaluation atfollow up in 93 patients with negative HMFG2 test

No of Deathfrom Deathfrom non- Alive with Alive without tumour No evidence
Clinical diagnosis patients tumour neoplastic disease tumour (after treatment) ofdisease

Breast cancer* 30 20 2 2 6
Ovarian canncer* 3 3 - -

Stomach and colonic cancer* 13 12 1
Kidney cancer* 1 1 - - -

Lung cancer 5 3 - 2
Mesotheliomat 1 1 - - - -

Doubtful 17 2 5 3 - 7
Non-epithelial neoplasias 8 7 1 - -
Non-neoplastic cases 15 - 4 - - I1

*AI underwent surgical treatment
tConfirmed by pleural biopsy.

difference in the development of the neoplastic disease
was therefore established between those cancer
patients in whom a positive immunocytochemical
diagnosis had been made and those with a negative or
inconclusive immunocytochemical diagnosis.

Eighteen immunocytochemically negative patients
(table 4) were clinically diagnosed as being either free
of cancer (11 cases) or doubtful (seven cases): they
received no further treatment and are still alive with no
evidence of tumour at the time of writing.
The predictive value of a positive HMFG2 test and

the specificity were 100%; the sensitivity was only
41%.

Discussion

Cytopathological diagnosis of malignant pleural
effusions is based on the experience of the examiner
and the quality of the cytological technique.6 The
percentage of reported cytologically positive diag-

noses varies from 10 to 49%67 and seems mainly
related to patient selection. In cases observed by us
between 1984 and 1987, 540 cases, representing 23%
of a total of 2362 effusions examined, were diagnosed
as positive for neoplastic cells on the basis of cytology
alone.

Besides those cases diagnosed as frankly malignant
and those reported as either inflammatory, or reactive,
or as serous effusions (with mesothelial cells, lym-
phocytes and macrophages, or granulocytes as the
only cellular components), we considered cases where
cells with relatively large and rather hyperchromatic
nuclei were encountered in variable numbers. These
cells were isolated or occurred in small clusters and
could best be defined as suspicious. Similar findings
have been reported by Boon et aP and Hilborne et al."3
Such diagnostic problems were, in our series, encoun-
tered in 15% of all effusion specimens sent for
cytological examination, a proportion similar to that
reported by To et al.7
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Immunocytochemical positive staining with

HMFG2 antibody permitted detection of cancer cells
in about two thirds of these cases, in agreement with
the results ofGhosh5"' and Hilborne,'3 who found that
staining with this monoclonal antibody increased the
detection of carcinoma cells in effusions originally
rated as benign or suspicious. In agreement with
Epenetos et al,'6 Marshall et al,'2 Hilborne et al,'3 and
Ramaekers et al,' we did not observe expression of
HMFG2-related antigen in reactive mesothelial cells.
In contrast, Ghosh et al did observe occasional
staining of reactive mesothelial cells.2324 This dis-
crepancy might be related to differences in procedure
(fixation, embedding, staining reaction, antibody con-
centration).
The use of immunocytochemical procedures has

been advocated by several workers'4 '22'26 as helpful in
the cytological diagnosis of mesotheliomas, and in the
often difficult differential diagnosis from reactive
effusions or from metastatic spread from lung adeno-
carcinomas.327 HMFG2-related antigen was expressed
in most but not all neoplastic cells present in effusions
from the 10 cases of mesothelioma with histological
evidence of epithelial differentiation, while the case
with sarcomatous differentiation was negative. All
these cases were PAS and CEA negative: in agreement
with Szpak et al4 we found only occasional cytoplas-
mic staining with the B72.3 monoclonal antibody.

These immunocytochemical findings are probably
related to dual (epithelial and stromal) differentiation
of mesothelioma cells in effusions, with only the
carcinomatous component (present in variable
numbers) being HMFG2 positive and to a minor
degree, B72.3 positive. In agreement with Ghosh,24
Lauritzen,26 and Cibas,25 we found that none of the
immunocytochemical characteristic of cells in
effusions could be regarded as diagnostic; their com-
bination would, however, make the diagnosis of
mesothelioma highly probable.
To evaluate the usefulness ofimmunocytochemistry

in resolving suspicious cases, we checked the clinical
data. Excellent agreement was found with the clinical
diagnosis at discharge (no false positive cases were
encountered); but this diagnosis might have been
influenced by the response of the cytological
laboratory; the clinical outcome therefore constituted
a more objective check. No similar studies have been
reported since To et al,' Epenetos et al,'6 Ghosh et al,510
Menard,'2 Permanetter and Wiesinger,28 Hilborne,'3
Martin,27 Johnston'5 and Lauritzen26 referred to
cytological or clinical diagnosis to check the value of
the immunocytochemical staining.
Complete follow up was possible in 296 of the 307

patients. The original clinical impression was either
that of suspected malignant effusion in previously
operated on patients, or was derived from routine
laboratory procedures. It is interesting to note that 102
cases of "suspicious" effusion were from patients
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previously operated on for breast cancer (from one to
18 years before). This fact emphasises the well known
prevalence of the occurrence of serous effusions in the
history of breast cancer patients, a likely sign of
relapse."3 It also confirms the difficulty ofrecognising
metastatic breast cancer cells.

In agreement with Cibas et al,2" we found that the
examination of sections of the sediment, parallel to
that of smears of the same cases, permitted a more
precise cytological diagnosis. An additional advantage
was that, when a case was regarded as suspicious, new
sections could be cut from the embedded sediment and
these could be stained by various histochemical and
immunocytochemical procedures. Ofthe 341 effusions
from 296 patients included in this study and stained
with HMFG2, 230 from 185 patients were reported as
positive. Most of these cases were from patients with
breast, gastrointestinal, or bronchopulmonary cancer.
One hundred and ninety four patients died of cancer
after a short interval (from a few months to two years),
30 patients died of apparently unrelated diseases,
while 20 patients are still alive with neoplastic disease
and receiving treatment.

In 18 (6%) cases the immunocytological diagnosis
was reported as doubtful, because of weak staining in
only a few cells, while 93 cases were reported as
negative. Among these doubtful or negative cases,
most were, in fact, cancer patients, who later died of
their disease. Cancer cells were either not present in
these effusions, or were present but unreactive to
HMFG2. This monoclonal antibody recognises an
antigen expressed on epithelial cells,'932 but occasional
staining ofhuman lymphoid cells has been reported by
Delsol et al.33 Our specimens from patients affected by
sarcomas or lymphomas were negative. Only 15 of the
296 suspicious cases were affected by non-
neoplastic diseases and they were correctly diagnosed
as immunocytochemically negative.
The specificity of our results was high, in agreement

with the data of Hilborne et al."3 Our study indicates,
however, that the clinical impact of immunocyto-
chemical staining is quite modest. We might have
expected either result: a worse prognosis in HMFG2
positive cases and the absence of relapse in negative
cases, or alternatively more favourable outcome in
those cases where, thanks to the immunocytochemical
staining, a diagnosis had been made and a treatment
started accordingly. On the contrary, no difference in
disease outcome was found between cancer patients
with a positive or a negative immunocytochemical
diagnosis. Of 102 breast cancer patients, in 62 cases
cancer cells were correctly diagnosed by HMFG2
staining; but in all cases the effusion appeared as an
ominous sign of relapse, and the positive diagnosis
(and related treatment) did not influence the outcome.
Similar conclusions can be reached for diagnoses on
effusions occurring in other cancer patients.
HMFG2 staining correctly diagnosed as negative 18
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Impact ofimmunocytochemistry in cytological diagnosis ofneoplastic effusions
cases which were regarded as cytologically suspicious;
these people were free of cancer and are still alive and
well.

In conclusion, immunocytochemical staining with
HMFG2 monoclonal antibody permitted specific
recognition of cancer cells in about two thirds of the
cases which were at best diagnosed as suspicious on the
basis of cytology alone; this represents a definite
diagnostic gain. In addition, combined cytological and
immunocytochemical characteristics (HMFG2 posi-
tivity, CEA negativity) meant that the effusions were
diagnostic in most cases ofmesotheliomas. The impact
of the diagnosis on the outcome of the disease was not
appreciable.

This work was supported by grants from ARC
(Milan), MPI (Rome), and Regione Piemonte.
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