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Abstract

Objectives: The aim of this study was to report cytologic and
molecular features of pulmonary adenocarcinoma patients
presenting with a malignant pleural effusion at the first diag-
nosis. Study Design: Patients who had a cytopathologic diag-
nosis conclusive for lung adenocarcinoma for the first time on
their pleural fluid specimen, and molecular testing done,
were studied. The control group consisted of patients with a
malignant pleural effusion that developed during disease
progression. Results: We identified 18 patients (9 males and
9 females). Micropapillary and/or solid adenocarcinoma type
features predominated among cytologic specimens (n = 15),
while acinar patterns predominated in controls. Survival was
not significantly different from that of the control group
(mean 13.8 vs. 13.9 months, respectively; p = 0.61). Ten (55%)
cases had mutations in EGFR (n = 6; 60%), KRAS (n = 3; 30%),
or ALK translocation (n = 1; 10%). No mutations were identi-
fied in BRAF, AKT, ERBB2, NRAS, or PIK3CA (tested in 7 patients).
Patients positive for the tested mutations had a better overall
survival than patients negative for the mutations (mean sur-
vival 16.2 vs. 6.05 months, respectively; p = 0.006, log-rank

test). Ten (84%) control patients were positive for mutations
in EGFR (n = 5; 42%), KRAS (n = 4; 34%), or ALK translocation
(n = 1; 8.4%). Conclusion: In our series, a micropapillary-like
and solid-like morphology, common in cytologic specimens,
and alterations in EGFR were the most frequent identifiable
molecular changes. ©2017 S. Karger AG, Basel

Introduction

Pulmonary carcinoma is a heterogeneous group of
neoplasms. Traditionally, it has been divided in 2 major
groups: non-small cell lung carcinoma and small cell lung
carcinoma [1]. Adenocarcinoma is the most common
non-small cell lung carcinoma [1].

A better understanding of the mutational profile of
this group of tumors has resulted in availability of many
targeted therapies. Therefore, molecular studies are rou-
tinely performed to guide treatment, especially in ad-
vanced tumors [1, 2]. Nevertheless, despite advances in
the field of thoracic oncology, lung cancer is still one of
the major causes of cancer-related mortality worldwide
[3], with the tumor stage being one of the strongest pre-
dictors of the prognosis [4].
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Malignant pleural effusion (MPE) is defined by the
presence of neoplastic cells on pleural fluid. MPE can oc-
cur as a complication of any malignancy. However, lung
cancer is the most common cause of MPE [5-7]. The in-
cidence of MPE in patients with lung cancer at any point
during the course of the disease is estimated to be 7-23%
[5-7], with pulmonary adenocarcinoma being the most
common subtype [5-7]. However, the true incidence of
patients presenting with MPE at the time of diagnosis of
pulmonary adenocarcinoma is unknown. In a recent
study of 556 patients with lung cancer, it was found that
26% of the patients had a pleural effusion at the time of
diagnosis on imaging studies. However, in half of them
the pleural effusion was too small to be aspirated [8]. Pa-
tients with MPE are classified as having stage IV disease
in the tumor-node-metastasis staging system for lung
cancer, with a poor survival rate [4].

The mechanism of pleural effusions in a setting of pul-
monary malignancy, and its impact on survival is not well
understood. Interestingly, not all malignancies with dis-
semination to the pleura cause MPE [9, 10]. It has been
suggested that these tumors may have a different molecu-
lar signature [11], and that the EGFR mutation is more
common in pleural effusions than in primary tumors
[12]. Nevertheless, the K-RAS mutation has also been as-
sociated with pleural invasion [13].

Cytologic examination has become an important diag-
nostic tool not only to diagnose pulmonary cancer but
also to help with tumor staging and collection of material
for molecular studies. Several studies have been pub-
lished on the utility of cytology specimens and molecular
markers, especially in lung cancer [14-19]. However ad-
equate cellularity remains a challenge, particularly in pa-
tients presenting with a first-time diagnosis of pulmonary
adenocarcinoma as MPE. In these patients, the pleural
effusion is the only material available for diagnosis and
molecular testing. In the current study we focused on cy-
tologic findings in a selected group of patients presenting
with MPE of a presumptive lung primary with the aim of
identifying typical morphologic features and molecular
changes.

Materials and Methods

Patient Selection

A search on our electronic pathology database system was per-
formed for patients with a cytopathologic diagnosis conclusive for
metastatic pulmonary adenocarcinoma on their pleural fluid spec-
imen between January 2010 and January 2015. Cases with MPE
presenting at the time of the first diagnosis of pulmonary adeno-

Molecular Alterations in MPE at the First
Diagnosis

carcinoma and with molecular studies performed were included in
this study. The control group consisted of patients with MPE that
developed during the course of a previous diagnosis of pulmonary
adenocarcinoma. Age, gender, ethnicity smoking history, molecu-
lar profile, survival, and history of thyrosine kinase inhibitor treat-
ment were recorded. This study was conducted with the approval
of the Institutional Review Board of Johns Hopkins Hospital, fol-
lowing all ethics guidelines and recommendations.

Pleural Effusion Preparations

All specimens were received fresh, without fixation, and they
were prepared according to standard clinical protocols. The effu-
sion preparation method is described in further detail in the paper
by Rooper et al. [20]. In summary, depending on the volume, ef-
fusions were entirely submitted for centrifugation or a representa-
tive 100-mL sample was processed. The specimens were divided
into 2 tubes and centrifuged. One of the tubes was used to prepare
the slides using the cytospin method (Thermo Fisher Scientific,
Waltham, MA, USA) and stained with the Papanicolaou stain. A
cell pellet was obtained from the other tube and the material was
fixed in formalin, processed as a cell block, and stained with he-
matoxylin and eosin. Immunohistochemical staining was per-
formed at the time of diagnosis on the cell block according to
clinical protocols validated in our immunohistochemical labora-
tory.

Molecular Testing

Molecular testing was performed on formalin-fixed paraffin-
embedded blocks using various methods. Before February 2013,
Sanger sequencing was used for detection of EGFR mutations
within exons 18-21 and pyrosequencing was used to detect muta-
tions at codons 12 and 13 of the KRAS gene and codon 600 of the
BRAF genes as previously described [21-23]. Reflex fluorescence
in situ hybridization testing was performed to detect ALK translo-
cations if no mutations were identified in KRAS or EGFR.

After February 2013, next-generation sequencing was used for
molecular testing. Next-generation sequencing was conducted us-
ing an AmpliSeq Cancer Hotspot Panel (version 2; Life Technolo-
gies, Carlsbad, CA, USA) for targeted multigene amplification as
described in previous publications [22]. All protocols followed
manufacturer’s instructions and were DNA based. The DNA input
for targeted multigene PCR was up to 30 ng per sample. From
January 2013 to April 2013 pulmonary adenocarcinomas were
tested for BRAF, EGFR, and KRAS genes and reflex ALK FISH if
no mutations were found on the genes previously cited. After April
2013, the panel included AKT, BRAF, EGFR, ERBB2, KRAS, NRAS,
PIK3CA, and ALK (lung cancer panel).

Morphologic Features

All of the slides available were reviewed by 2 of the authors
(E.F.R. and Z.M.). Neoplastic cells were analyzed for nuclear size,
cytoplasm characteristics, cellular pleomorphism, nuclear con-
tours, and the presence of nuclear membrane irregularity, the pres-
ence of nucleoli. Cases were considered to have a large nuclear size
if the majority of the cells had nuclei larger than 5 times the size of
a lymphocyte. Pleomorphism was considered to be present if the
majority of the cells had marked variations in size and shape. Ab-
normal nuclear contours and the presence of nuclear irregularity
were also considered present if they were marked and present in
the majority of the cells. The cytoplasm was described as vacuolat-
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Fig. 1. a Cytologic features of metastatic pulmonary adenocarci-
noma in pleural effusions. Clusters of cells showing a solid (3-di-
mensional clusters of cells with dense cytoplasm pleomorphic nu-
clei) and micropapillary-like architecture (tight small clusters of
cells with predominantly eccentric nuclei). x60. Pap, cytospin.
b Clusters of cells showing solid (i.e., nests of cells with well-de-
fined cytoplasmic membranes; some of the cells have a dense cy-
toplasm and others show a clear cell change) with a micropapil-
lary-like architecture. x60. Hematoxylin and eosin, cell block.
¢ Immunohistochemical stain showing 3-dimensional clusters of
cells (solid-like architecture) positive for TTF-1. x40.

ed, dense, granular, or other. The lymphocytic infiltrate was de-
scribed as marked or mild/moderate.

An attempt to subtype the specimens using the most current
histologic classification of pulmonary adenocarcinoma published
by the International Association for the Study of Lung Cancer/
American Thoracic Society/European Respiratory Society/Inter-
national Multidisciplinary Classification of Lung Adenocarcino-
ma (IASLC/ATS/ERS) and endorsed by the 2015 World Health
Organization classification of lung cancer [1] was followed. Spe-
cifically, the various recognized patterns (acinar, lepidic, papillary,
micropapillary, and solid) and cytologic criteria were recorded as
outlined in our previous publications [24, 25]. Briefly, the cyto-
logic criteria for classification included the following: the acinar
pattern consisted of glandular structures with central lumens; a
solid pattern showed cohesive cell clusters in nests without identi-
fiable lumens or a papillary configuration; a papillary pattern was
defined as papillary structures with fibrovascular cores and occa-
sional intranuclear inclusions; a micropapillary pattern was de-
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fined as micropapillary tuffs of small papillae without central
fibrovascular cores and eccentric placed nuclei; mucinous ad-
enocarcinomas had columnar cells with eccentric nuclei and intra-
cytoplasmic or extracellular mucin; and a lepidic pattern was de-
fined as strips of orderly arranged cells with uniform nuclei and
intranuclear inclusions. Only the predominant patterns seen at a
x20 magnification were recorded.

Statistical Analysis

Alog-rank test and Kaplan-Meier curves were used to evaluate
continuous variables and survival. Survival in the study and con-
trol groups was calculated from the date of cytologic diagnosis of
a malignant effusion until the last follow-up. Fisher’s exact test
was used to compare categorical variables. All tests were 2-sided,
and p < 0.05 considered statistically significant. Statistical tests
were performed using JMP software version 10 (SAS Institute
Inc.).
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Fig. 2. a Cytologic features of metastatic pulmonary adenocarcinoma in pleural effusions. Clusters of cells show-
ing a micropapillary-like (small tight “balls” of neoplastic cells with eccentric nuclei) architecture. x60. Pap, cy-
tospin. b Clusters of cells showing a micropapillary-like architecture (small papillary structures lacking fibrovas-
cular cores; the nuclei are eccentric). x60. Hematoxylin and eosin, cell block.

Results

Patients

We identified 18 cases (9 males and 9 females). The
patients’ mean age at the time of diagnosis was 69.6 years
(range 55-81). Fifteen patients were Caucasian, 3 were
African American, and none were Asian. Nine (50%) of
the patients were smokers, 7 (39%) were nonsmokers,
and 2 (11%) had an unknown smoking history. Two
(11%) patients had a history of asbestos exposure and 3
(17%) had previous malignancies in other organs. All of
the patients had molecular tests performed on pleural
effusions (n = 16; 89%) or concurrent pleural biopsies
(n=2;11%). For the control group, we identified 12 pa-
tients from the same database and time frame (6 males
and 6 females), with a mean age at the time of the first
MPE of 60.9 years (range 49-75). Ten patients were
Caucasian, 1 was African American, and 1 was Asian.
Two of the patients were smokers, 2 were former smok-
ers, 9 were nonsmokers, and 1 had an unknown smoking
history. Two patients had a history of other malignan-
cies. All the patients had molecular tests performed on
pleural effusions. Treatment was highly heterogeneous,
including various chemotherapeutic regimens. In the
study group with EGFR (n = 6) mutations, 5 patients
were treated with tyrosine kinase inhibitors and 1 was
lost to follow-up. In the control group, 3 (of 5) patients
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with EGFR mutations were treated with tyrosine kinase
inhibitors.

Cytologic and Morphologic Characteristics

Slides on 17 of the 18 cases were available for review.
Pleomorphism was considered marked in 6 cases (35%).
Eight cases were considered to have a large nuclear size
(47%). Thirteen cases had nuclear contour irregularities
(76%) and 5 had marked nuclear membrane irregulari-
ties (29%). The cytoplasm was considered mixed in 9
(53%) cases (dense, vacuolated, and granular), dense in
6 (35%) cases, and vacuolated in 2 (12%) cases. Lym-
phocytic infiltrate was marked in 15 (88%) cases. Most
of the cases showed mixed micropapillary and solid
morphological features (n = 9; 53%) (Fig. 1, 2). In 3 cas-
es only micropapillary (n = 3; 18%) or a solid pattern
(n=3;18%) was present. In 2 (12%) cases cytologic sub-
classification was not possible due to a predominance of
single cells. Although an acinar-like architecture was
also noted in many cases, it was not a predominant fea-
ture.

Slides on 9 (of 12) cases were available for review in the
control group. Pleomorphism was considered marked in
8 (89%) cases. All of the cases had large nuclei, marked
nuclear contour irregularities, and nuclear membrane ir-
regularities (n = 9; 100%). A lymphocytic infiltrate was
seen in 5 (56%) cases. An acinar-like architecture was the
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Fig. 3. a Cytologic features of metastatic pulmonary adenocarcinoma in pleural effusions following disease pro-
gression (control group). Cluster of neoplastic cells showing a glandular configuration and central lumen forma-
tion. x60. Pap, cytospin. b The same morphologic features are seen on the cell block of the corresponding case.

x60. Hematoxylin and eosin, cell block.

predominant morphologic pattern in all of the cases in
the control group (n = 9) (Fig. 3), which was statistically
different when compared to the study group (p > 0.001,
Fisher’s exact test). In association with the acinar-like
morphology, 3 (34%) cases showed a minor papillary-like
component, 2 (34%) showed a minor solid-like compo-
nent, and 3 (34%) showed a minor micropapillary com-
ponent.

Comparison with Concurrent Biopsies

Only 2 patients in the study group had tissue obtained
(pleural biopsy) in addition to the cytologic specimens,
since all other 16 patients had enough material for mo-
lecular testing and were classified at the first diagnosis of
lung cancer as having stage IV disease obviating the need
for additional diagnostic procedures. One of these pleu-
ral biopsies demonstrated a predominance of solid-like
and micropapillary-like architectural patterns. An acinar
pattern was a minor component. In the corresponding
cytology specimen, the micropapillary-like pattern was
the only pattern identified, although the specimen was
scant (Fig. 4). The pleural biopsy on the second patient
was scant, showing an acinar/cribiform pattern only. The
concurrent cytology specimen showed predominant sol-
id-like and micropapillary-like patterns. Some acinar-
like architecture was also seen.
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Immunohistochemical Studies

All of the patients in the study group (n = 18) had TTE-
1 performed on the pleural effusion or a concurrent pleu-
ral biopsy. TTF-1 was positive in 15 (83%) cases. Napsin
A was performed in 12 cases and it was positive in 8 (66%)
cases. Three cases that were TTF-1 negative were negative
for Napsin A as well. Cases with negative TTF-1 and Nap-
sin A were considered pulmonary primary based on ex-
clusion of other primaries and clinical diagnosis. In the
control group TTEF-1 was performed in 3 cases. They were
all positive for TTF-1. Napsin A was not performed in any
case.

Molecular Studies

In total, 18 cases were tested for lung adenocarcino-
ma-associated genes (e.g., EGFR, KRAS, and ALK) using
the algorithm described in Materials and Methods. Muta-
tions in one of these genes were identified in 10 (55%) of
the cases, including mutations in EGFR (n = 6; 33%),
KRAS (n = 3; 16%), or ALK translocation (n = 1; 5.5%).
Additionally, 7 of the 18 patients were tested for BRAF,
AKT, ERBB2, NRAS, and PIK3CA. No mutations were
identified in these genes in the 7 patients tested for them.

In contrast, in the control group all 12 patients were
tested for EGFR, KRAS, and ALK. Ten (84%) patients
were positive for mutations in EGFR (n = 5; 42%), KRAS
(n = 4; 34%), or ALK translocation (n = 1; 8.4%). Four
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Fig. 4. a Morphologic and cytologic features of metastatic pulmo-
nary adenocarcinoma in pleural biopsy and concurrent pleural ef-
fusion. Small papillary clusters of neoplastic cells lacking a fibro-
vascular core. Pleural biopsy. Hematoxylin and eosin. x60. b Nest
of neoplastic cells growing in a “paving stone” fashion. Pleural bi-

patients were also tested for BRAF, AKT, ERBB2, NRAS,
and PIK3CA. One patient was positive for EGFR and
PIK3CA. The remainder was negative for the tested genes.

Treatment

Of the 6 patients on the study group with the EGFR
mutation, 5 were treated with tyrosine kinase inhibitors.
One of the patients was lost to follow-up. In the control
group, of the 5 patients with the EGFR mutation, 3 were
treated with a tyrosine kinase inhibitor.
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opsy. Hematoxylin and eosin. x60. ¢ Irregular glandular structures
lined by neoplastic cells. Pleural biopsy. Hematoxylin and eosin.
x60. d Corresponding effusion showing a micropapillary-like ar-
chitecture (tight small clusters of cells with predominantly eccen-
tric nuclei). x60. Pap, cytospin.

Survival Rates

Of the 18 patients in the study group, 2 were alive at
the time of the last follow-up. The survival rate was cal-
culated using either the date of death or the date of the
last follow-up. The mean survival was 13.8 months, which
was not significantly different from the value of the con-
trol group developing pleural effusions during the course
of the disease (mean 13.9 months; p = 0.61, log-rank test).
In the study group, patients with known mutations had a
better overall survival than patients without known mu-
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tations (mean survival 16.2 vs. 6.05 months, respectively;
p=0.006,log-rank test). Patients with the EGFR mutation
in particular had a better survival rate than patients with-
out a mutation (mean survival 18.9 vs. 9.7 months, re-
spectively; p = 0.03, log-rank test). There was no associa-
tion between morphologic features, specifically nuclear
size and survival (p = 0.85, log-rank test) or nuclear size
and tested mutations.

Discussion

Pulmonary adenocarcinoma is the most common
cause of MPE [5-7]. It is an ominous sign and it is associ-
ated with a poor prognosis [5-7]. In patients with a pul-
monary malignancy, the reported incidence of pleural ef-
fusion varies from 7 to 23% [5]. Patients with MPE are
considered to have stage IV disease according to the 7th
edition of the tumor-node-metastasis staging system,
with a 5-years survival rate of 2% and a median survival
of 8 months [4, 26].

Inlung adenocarcinoma patients, a malignant effusion
is an important specimen for molecular testing. If only
tissue were used for molecular diagnosis, less than 50% of
the patients would have enough material for successful
molecular testing [27-29]. Molecular studies on MPE
have a high concordance rate with tumor specimens.
Thoracocentesis has some advantages over biopsy, for ex-
ample it is an easier procedure and patients are more like-
ly to accept recommendations of repeat sampling if need-
ed [29].

MPE can be present at the initial diagnosis of pulmo-
nary adenocarcinoma (patients presenting with MPE of
unknown origin) or patients can develop MPE following
disease progression. The true incidence of MPE at the ini-
tial diagnosis of lung cancer is not known. However, pa-
tients with MPE at the time of diagnosis have been re-
ported to have a shorter survival than patients who de-
velop MPE during the course of the disease (14.3 vs. 18.1
months, respectively) [29].

Although traditionally MPE has been explained by oc-
clusion of parietal pleura and obstruction of mediastinal
nodes, other features associated with tumor carcinogen-
esis may play arole. The EGFR mutation is the most com-
mon known mutation in MPE associated with lung can-
cer [12, 29, 30]. MPE is more common in patients in
whom the primary tumor harbors the EGFR mutation.
Also EGFR mutations are more common in pleural me-
tastases and fluid compared to paired primary tumors
[31]. Conversely, the frequency of the KRAS mutation is
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lower in MPE than in primary non-small cell lung carci-
noma [32]. ALK fusions are the second most common
mutation in patients with MPE [33].

Morphologic subtyping of adenocarcinomas using the
current World Health Organization nomenclature pro-
posed for surgical resection specimens is limited in rou-
tine cytologic specimens due to numerous challenges [24,
25]. Interestingly, all of the cases of patients presenting
with MPE at the first diagnosis of pulmonary adenocar-
cinoma in our study had identifiable micropapillary and
or a solid-like appearance, patterns that are associated
with a worse prognosis in surgical specimens. In the con-
trol group an acinar-like morphology predominated.
However, 3 of the cases showed an associated micropapil-
lary architecture, and 2 others had solid-like components
in association with the acinar-like pattern. Although the
nomenclature as initially proposed was not directed to
cytology or small biopsies [34], our group and others have
studied its applicability to cytologic specimens, which has
its challenges [35]. With this caveat, it was still interesting
that a micropapillary-like architecture was the most fre-
quent architectural pattern on the effusions of patients
presenting with MPE, and it was present in 1 of the 2 bi-
opsies available for comparison in this selected group of
patients.

For practical purposes, recognition of these patterns
may be useful for optimization of the triage of scant spec-
imens, since in our study only 83% of the cases were pos-
itive for TTF-1 and 66% were positive for Napsin A, and
molecular studies are necessary at the present to guide
targeted therapies. It is also important to note that in our
study only 2 patients had concurrent tissue obtained,
while the remainder had only pleural effusion material
and no other concurrent or previous surgical pathology
material. This highlights the rationale of identifying cyto-
logic correlates of histologic patterns that are associated
with different tumor subgroups, which may facilitate sav-
ing of material for further testing.

In our study, 55% (n = 10) of the cases had identifiable
lung adenocarcinoma-associated mutations, with EGFR
being the most common (33%), which is similar to fre-
quencies reported in the literature (i.e., 42-50%) [17]. In
our study the rate of EGFR mutation in the study group
was lower than the rates reported by Wu et al. [29] (i.e.,
68.2%) and other authors [32, 36]. In our study, patients
with tumors containing EGFR mutations had a better sur-
vival as a group (18.5 months), which is also in agreement
with the literature.

Regarding prognostic factors, patients with MPE at the
initial diagnosis of lung adenocarcinoma have been re-
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ported in general to have a worse prognosis than the re-
ported survival rate of patients developing MPE follow-
ing disease progression (13.8 vs. 21.4 months in 1 study)
[29], although we did not find a significant difference in
our study, with the caveat that our study has a relative low
number of cases. Also it has been reported that EGFR mu-
tations in patients presenting with MPE are more fre-
quent than in patients with MPE following disease pro-
gression [29].

In our study, there was no correlation between the
morphologic features and survival or mutations, in con-
trast to lung cancer diagnosed on routine lung FNA and
surgical specimens. This may be secondary in part to the
uniform adverse clinical course of patients presenting
with MPE at the first diagnosis. However, future studies
should be useful to identify the clinicopathologic signifi-

cance of this unique lung adenocarcinoma subgroup. In
summary, we report cytologic and molecular findings in
the subset of lung adenocarcinoma patients that present
with MPE at the first diagnosis. Cytologic evaluation is
critical in these patients given that they may represent the
only specimens available for diagnosis and triage for im-
munohistochemical and molecular characterization. Cy-
tologic features reminiscent of the prognostically adverse
micropapillary and solid histologic patterns are almost
uniformly present in these specimens, and this is a find-
ing that deserves further study.
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