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Small‑cell lung carcinoma transformation
of lung adenocarcinoma diagnosed by
pericardial effusion: A case report
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Abstract. The present report describes a case of a 68‑year‑old
male patient with epidermal growth factor receptor
(EGFR)‑mutant non‑small cell lung carcinoma (NSCLC).
After cytotoxic chemotherapy of three regimens following
22 months of treatment with EGFR‑tyrosine kinase inhibitors
(EGFR‑TKIs), including osimertinib, the patient underwent
S‑1 treatment. Despite a decrease in carcinoembryonic antigen
1 month after initiating S‑1 treatment, the patient developed
cardiac tamponade. The evaluation of pericardial effusion
confirmed small‑cell lung carcinoma (SCLC) transformation.
Subsequently, a combination therapy of carboplatin and etoposide was administered, which led to a marked improvement
in imaging. In patients with NSCLC who develop pericardial
effusion after long‑term EGFR‑TKI therapy, including osimertinib treatment, it is important to investigate whether SCLC
transformation occurs or not as a treatable entity.
Introduction
Non‑small‑cell lung carcinoma (NSCLC) with epidermal
growth factor receptor (EGFR) mutations responds well to
epidermal growth factor receptor tyrosine kinase inhibitors
(EGFR‑TKIs). However, most patients acquire resistance to
EGFR‑TKIs and experience disease progression (1). Although
several resistance mechanisms to EGFR‑TKIs have been
recently reported, small‑cell lung carcinoma (SCLC) transformation is a relatively rare resistance mechanism and mostly
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develops in NSCLC patients with 1st and 2nd generation
EGFR‑TKIs such as gefitinib, erlotinib, and afatinib (2,3). To
date, only a few cases of SCLC transformation during or after
treatment with osimertinib have been reported (4‑8). However,
all previously reported cases of SCLC transformation have
been diagnosed by pathological tissues of primary lesion or
metastatic lesions, not pericardial effusion. Here, we report the
case of malignant pericarditis developed in SCLC transformed
NSCLC patient with a history of osimertinib treatment.
Case report
A 68‑year‑old man with a smoking history of 40 packs per
year was admitted to our hospital due to relapse of stage IA
lung adenocarcinoma in December 2014, which was previously surgically resected in December 2012. Computed
tomography (CT) revealed mediastinal lymphadenopathy and
multiple lung nodules (Fig. 1). In addition, serum carcinoembryonic antigen (CEA) level had increased to 16.0 ng/ml.
The specimen obtained by endobronchial ultrasound‑guided
transbronchial needle aspiration to mediastinal lymph node
(#4R) confirmed lung adenocarcinoma with an EGFR mutation (exon 19 deletion) by therascreen® EGFR RGQ PCR
Kit (Qiagen, Hilden, Germany). Then, he was enrolled in a
clinical trial (FLAURA trial) comparing osimertinib and
gefitinib (or erlotinib) as the 1st line chemotherapy and treated
with osimertinib in March 2015 (9). Although this treatment
had a significant response lasting 11 months and CEA fell
to the normal level, routine‑follow‑up CT in February 2016
showed slight ground‑glass attenuation (GGA) in the right
lower lobe. The treatment was discontinued on suspicion of
drug‑induced pneumonitis. Although GGA was spontaneously
regressed, mediastinal lymphadenopathy and multiple lung
nodules aggravated. Therefore, erlotinib treatment as 2nd line
chemotherapy was initiated with a careful observation in May
2016. After 8 months treatment with erlotinib, follow‑up CT in
January 2017 demonstrated re‑progression of the mediastinal
lymph node and appearance of minor amounts of pericardial
effusion. With a re‑biopsy of the lymph node (#4R), lung
adenocarcinoma was found the EGFR T790M mutation in
addition to the EGFR exon 19 deletion although liquid biopsy,
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Figure 1. Chest computed tomography revealed multiple lung nodules (arrow) and mediastinal lymphadenopathy, including right lower paratrachel lymph
node, at relapse.

Figure 2. Changes in imaging of the patient over time. (A) Before treatment with S‑1, a chest radiograph revealed mild enlargement of the cardiac silhouette.
Chest computed tomography demonstrated mediastinal tumor and minor amount of pericardial effusion. (B) Chest radiograph showing apparent enlargement
of the cardiac silhouette and pleural effusion. Chest computed tomography revealed apparent enlargement of mediastinal tumors and an increase in pericardial
effusion. (C) After drainage, pericardial effusion decreased but was still present. (D) Mediastinal tumor and pericardial effusion markedly decreased after
combination therapy of carboplatin and etoposide was initiated.

a blood test that detects evidence of cancer cells or tumor
DNA, showed only exon 19 deletion by cobas EGFR Mutation
test v2 (Roche Molecular Systems, Pleasanton, CA, USA).
Thus, re‑challenge with osimertinib as 3rd line treatment was

initiated, and three month later, despite a tentative response,
enlargement of mediastinal tumors with an elevated CEA level
of 24.3 ng/ml was observed. Next, the patient was treated with
carboplatin in combination with paclitaxel, docetaxel, and
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Figure 3. Histological findings of the cell block from pericardial effusion. The specimens showed poorly differentiated cells with a high nuclear‑to‑cytoplasmic
ratio. (A) Hematoxylin and eosin staining. Magnification, x400. Immunostaining revealed that (B) synaptophysin, (C) NCAM and (D) chromogranin were
positive. Magnification, x400.

pemetrexed as 4th‑6th line treatment, respectively, which did
not present a desired effect and CEA level remained elevated.
Thus, S‑1 monotherapy was initiated in August 2018 as 7th line
treatment (Fig. 2A). One month after this treatment was initiated, an apparent decrease in CEA level from 100.5 ng/ml to
30 ng/ml was observed. However, dyspnea gradually appeared,
and CT showed apparent enlargement of mediastinal tumors
and increase of pericardial effusion, which ultimately resulted
in cardiac tamponade due to disease progression (Fig. 2B).
Then, a pericardial paracentesis was performed, and the
specimens obtained from pericardial fluid showed poorly
differentiated cells with a high nuclear‑to‑cytoplasmic ratio.
With the immunohistochemical staining, neuroendocrine
markers such as synaptophysin, NCAM and chromogranin
were positive (Fig. 3). Besides, the additional blood tests
indicated that neuron specific enolase (NSE) was 39.4 ng/ml.
Based on these results, SCLC transformation was confirmed.
Additionally, the molecular analysis of the obtained specimens
showed that the exon 19 deletion was still positive despite
negative T790M mutation by cobas EGFR Mutation test v2.
After pericardial paracentesis (Fig. 2C), a combination therapy
of carboplatin and etoposide was administered in September
2018. After the 1st course of this regimen, mediastinal tumor
and pericardial effusion were dramatically improved with a
substantial decrease of NSE level, and therefore 4 cycles of
this regimen were completed (Fig. 2D). The disease related
SCLC transformation was considered to remain stable with
normal level of NSE in March 2019.
Discussion
We herein report the case of SCLC transformation diagnosed
by pericardial effusion after a long‑term treatment with
EGFR‑TKIs including osimertinib. All previously reported
cases of SCLC transformation have been diagnosed by

pathological tissues of primary lesion or metastatic lesions, not
pericardial effusion. Our results could provide the following
two clinical implications.
First, SCLC transformation would occur after treatment
with osimertinib. Among several mechanisms of acquired
resistance to EGFR‑TKIs, SCLC transformation reportedly
accounts for 3‑14% and mostly developed as the acquired
resistance to 1st‑ or 2nd‑generation EGFR‑TKIs (2,3). To
date, there are limited cases of SCLC transformation after
osimertinib treatment (4‑8). Marcoux et al (10) reported
that median total time of treatment with EGFR‑TKIs at
the diagnosis of SCLC transformation was 15.8 months.
In our case, the duration of total osimertinib treatment was
14 months and the total interval of EGFR‑TKI treatment was
22 months. Taking those reports together with the present
case, SCLC transformation would occur after long‑term use of
EGFR‑TKIs regardless of the generation of EGFR‑TKIs. With
regard to mechanism of SCLC transformation, there have
been the following two hypotheses (11). Firstly, lung cancer
consists of combined SCLC and NSCLC histology at first
diagnosis, and EGFR‑TKI treatment would cause a component
of SCLC dominant. Secondary, type II alveolar cells, the
origin of some EGFR‑mutant adenocarcinomas, also have
the potential to become SCLC. Lung adenocarcinoma arising
from these alveolar type II cells and harboring EGFR mutations might transform to SCLC under the selective pressure
of TKI therapy. In our case, we did not detect a component of
SCLC histologically at first diagnosis. Of note, the molecular
analysis of the cell block from pericardial effusion showed that
the exon 19 deletion was still positive despite negative T790M
mutation, as seen in some reports (4‑6). Based on those findings, we consider that this transformed SCLC developed from
a common precursor of adenocarcinoma.
Second, physicians should investigate whether SCLC
transformation occurs or not, especially in NSCLC
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patients who develop pericardial effusion after long-term
EGFR-TKI treatment. Generally, malignant pericardial
effusion develops in 2.5% of lung cancer patients and is
correlated with a poor prognosis with median survival of
74.5 days (12,13). Of note, even minimal pericardial effusion
is reported as an independent prognostic factor for those
patients (14). Generally, EGFR-mutant NSCLC patients
who develop pericardial effusion after the treatment failure
with EGFR-TKIs therapy present very poor prognosis
due to lack of therapeutic options. On the other hand, the
median survival in patients with SCLC transformation
reportedly reached 10.9 months (10). Therefore, it is crucial
not to overlook SCLC transformation as a treatable entity.
Importantly, in our case, despite the decrease of CEA level
from 100.5 to 30.0 ng/ml during S-1 treatment, his disease
paradoxically progressed with high level of NSE. In fact,
some previous reports about SCLC transformation revealed
that pro-gastrin releasing peptide (pro-GRP) and NSE are
reported to be likely to increase (5,6). Therefore, it would be
extremely important to measure tumor markers of pro-GRP
and NSE in NSCLC patient with pericardial effusion after
long-term EGFR-TKI treatment.
In conclusion, we presented the case of SCLC transformation diagnosed by pericardial effusion after long-term
EGFR-TKI treatment including osimertinib. In NSCLC
patients who develop pericardial effusion after long-term
EGFR-TKI therapy including osimertinib, it is important to
investigate whether SCLC transformation occurs or not, and
measuring tumor markers.
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