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Abstract:

Histologic transformation has been described as an acquired mechanism of resistance to epidermal growth
factor receptor (EGFR) tyrosine kinase inhibitors (TKIs). We herein report the case of a woman with stage
IV lung adenocarcinoma harboring EGFR exon 19 deletions who was initially treated with EGFR-TKISs; sev-
eral cytotoxic chemotherapeutic regimens were used when resistance developed. A lymph node re-biopsy re-
vealed histologic transformation of the tumor to combined small-cell lung cancer and squamous cell carci-
noma with retained EGFR exon 19 deletions. Following sequential chemotherapy appropriate for transformed

histology, a clinical response was achieved.
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Introduction

Epidermal growth factor receptor (EGFR) tyrosine kinase
inhibitors (TKIs) are extremely effective agents against non-
small-cell lung cancer that harbors activating EGFR muta-
tions. However, disease progression because of acquired re-
sistance to the drugs is inevitable. For patients treated with
first- or second-generation EGFR-TKIs, progression occurs
about a year after treatment initiation.

Acquired EGFR exon 20 T790M mutation accounts for
>50% of cases that become resistant to initial treatment with
EGFR-TKIs
compensatory contribution of other receptor tyrosine kinases
(e.g., c-MET amplification) (2, 3), activation of compensa-
tory signaling pathways (e.g., PI3K-AKT pathway) (4, 5),
and morphologic evolution of the tumor [e.g., epithelial-to-
mesenchymal transition (6) or its transformation to small-
cell lung cancer (SCLC) (7, 8)].

We herein report a rare case of EGFR-mutated lung ade-

(1). Other resistance mechanisms include the

nocarcinoma that showed histologic transformation to com-
bined SCLC and squamous cell carcinoma (SCC).

Case Report

A 70-year-old Japanese woman presented with back pain.
She had never been a smoker, and her medical history was
unremarkable. Her Eastern Cooperative Oncology Group
performance status was zero. Chest computed tomography
(CT) revealed a pulmonary mass in the right lower lobe and
pleural effusion. She underwent bronchoscopy for the pri-
mary tumor; cytology revealed an adenocarcinoma harboring
EGFR exon 19 deletions (Fig. 1). A further evaluation led to
the diagnosis of adenocarcinoma of the right lower lobe
with cT4N2M1b stage IV (UICC classification, 7th edition).
She was sequentially treated with first-generation EGFR-
TKIs and cytotoxic agents, including gefitinib, erlotinib, car-
boplatin (CBDCA) + pemetrexed + bevacizumab, docetaxel,
and gemcitabine, all of which failed to halt disease progres-
sion. The patient underwent a re-biopsy of the primary le-
sion twice during the course, but adequate specimens for a
pathological evaluation could not be obtained.

After four cycles of gemcitabine as fifth-line therapy and
two years after the last EGFR-TKI treatment, disease pro-
gression with right hilar lymph node enlargement was ob-
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Figure 1. A cytology specimen from a primary tumor confirmed the diagnosis of adenocarcinoma.

A repeated evaluation did not reveal any component of small-cell or squamous cell lung carcinoma.
(A) Hematoxylin and Eosin staining (200x). (B) Thyroid transcription factor-1 (TTF-1) (200x).

Figure 2. Chest computed tomography at the time small-cell and squamous cell transformation was
detected (A-C). After four cycles of carboplatin+etoposide (D-E).

served (Fig. 2A-C). Endobronchial ultrasound-guided trans-
bronchial needle aspiration of the lymph node revealed a
combined tumor comprising SCLC, characterized by small
cells arranged in a prominent nesting pattern with positive
staining for synaptophysin; and SCC, characterized by kera-
tin pearl formation with positive staining for p40 and cy-
tokeratin AE1/AE3, with no evidence of adenocarcinoma
histology (Fig. 3). The level of pro-gastrin-releasing peptide
(ProGRP) was 83.9 pg/mL that of neuron-specific enolase
(NSE) was 32.6 ng/mL, and that of carcinoembryonic anti-
gen (CEA) was 26.1 ng/mL. A genetic analysis of the speci-
men showed that the exon 19 deletion was preserved, but
there were no additional EGFR mutations, including none in
exon 20 T790M. The PD-L1 tumor proportion score (as-
sessed using Dako PD-LI
pharmDx; Agilent Technologies, Santa Clara, USA) was 0%.

The patient was subsequently was treated with CBDCA

immunohistochemistry 22C3

and etoposide as sixth-line therapy; after four cycles, CT
showed a partial response (Fig. 2D-F). The level of ProGRP
and NSE were decreased to 67.8 pg/mL and 10.7 ng/mL, re-

spectively. However, despite one month of watchful waiting
thereafter, disease progression was noted with enlargement
of brain metastases. The patient was then treated with
CBDCA and nanoparticle albumin-bound paclitaxel as the
seventh-line therapy; after three cycles, disease progression
was noted with enlargement of brain metastases. At this
time, the level of CEA rose to 147.6 ng/mL without concur-
rent ProGRP and NSE elevations. The patient was subse-
quently treated with vinorelbine as the eighth-line therapy;
after four months, an ongoing response is now being ob-
served, with shrinkage of the brain metastases, and the CEA
level has decreased to 6 ng/mL.

Discussion

This patient’s case suggests two important clinical points.
First, EGFR-mutated lung adenocarcinoma can exhibit his-
tologic transformation to combined SCLC and SCC as an
acquired resistance mechanism. Second, cytotoxic chemo-
therapy appropriate for the transformed histology may be an
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Figure 3. Morphologic features and immunohistochemical staining of a biopsy specimen from a

right hilar lymph node obtained by endobronchial ultrasound transbronchial needle aspiration con-

firming histologic transformation to both small-cell and squamous cell lung carcinoma. (A) Hema-
toxylin and Eosin staining (200x). (B) Synaptophysin (200x). (C) p40 (200x). (D) Cytokeratin AE1/

AE3.

effective salvage therapy for patients with EGFR-mutated
lung adenocarcinoma who acquire resistance to EGFR-TKISs.

Histologic transformation of EGFR-mutated lung adeno-
carcinoma to SCLC has previously been identified as a
mechanism of resistance to EGFR-TKIs (7, 8). Combined
SCLC and adenocarcinoma transformation has been also de-
tected in some tissue samples when adenocarcinoma pro-
gression was noted. Genomic sequencing of tumor samples
from repeated biopsies of adenocarcinomas that progress on
EGFR-TKIs has
SCLCs retain the same EGFR mutation of the primary ade-
nocarcinoma (8). This suggests that SCLC evolves directly
from the initial tumor. Recent studies have implied that ade-
nocarcinoma may be predisposed at an early stage to trans-
form to SCLC by inactivation of tumor suppressor genes,
such as Rb and p53 (8). This is currently the only explana-
tion of the molecular pathogenesis that has been posited.
Histologic transformation to SCC has been also reported as
another resistance mechanism for EGFR-TKIs (9), but its
frequency is much lower than that of transformation to
SCLC. At present, 13 cases of EGFR-mutated lung adeno-
carcinoma that transformed to SCC with or without a con-
comitant acquired T790M resistance mutation are listed in
PubMed. Because of its rarity, little is known about the
pathogenesis of transformation to SCC.

To our knowledge, this is the first case of EGFR-mutated

indicated that most such transformed

lung adenocarcinoma that had histologic transformation to
combined SCLC and SCC. Only one case of sequential oc-
currence of SCLC and SCC, without a detailed clinical
course, has been reported (10). Possible explanations for
such a finding include metaplastic transformation, the coex-
istence of both SCC and adenocarcinoma in the original tu-
mor, and the development of a second primary cancer.
Given the original EGFR mutation (exon 19 deletions) that
was preserved even after transformation, the primary adeno-
carcinoma and the subsequent SCLC and SCC may have
had the same origin. A metachronous second primary cancer
seems less likely. The patient’s course may suggest the pres-
ence of pluripotent cancer stem cells, and her history of
treatment with multiple EGFR-TKIs and cytotoxic agents
might have predisposed the primary adenocarcinoma to this
rare histologic transformation. Intriguingly, a case of his-
tologic transformation to SCC without prior exposure to
EGFR-TKIs has been reported (11). In our case, the his-
tologic transformation was detected some time after the last
EGFR-TKI administration. This may also suggest that the
underlying mechanism of resistance was distinct from EGFR
inhibition. However, further interpretation is difficult due to
the lack of a pathological evaluation at earlier points in the
clinical course of this case.

The ideal therapeutic strategy for patients with histologic
transformation as an acquired mechanism of resistance to

1293



Intern Med 59: 1291-1294, 2020 DOI: 10.2169/internalmedicine.3542-19

EGFR-TKIs has not been established. For those with trans-
formation to SCC with the concomitantly acquired T790M
resistance mutation, osimertinib might be promising accord-
ing to a limited number of case reports (9, 12). For those
without acquired T790M, cytotoxic chemotherapy based on
the new histology (SCLC or SCC) is currently the treatment
option with the most experience available. In our case, sal-
vage cytotoxic agents used to treat SCLC and non-small-cell
lung cancer (NSCLC) yielded a clinical response. This sug-
gests that cytotoxic chemotherapy may be effective for
EGFR-mutated tumors that develop histologic transforma-
tion. The present findings also suggest that the level of tu-
mor markers might help guide the treatment by implying the
dominant histology. However, a systematic review indicated
that current treatment strategies for primary SCLC have
been largely ineffective for transformed SCLC (13). One
possible interpretation of the response in our case is that the
combination of transformed SCLC and SCC may behave
differently from transformed SCLC alone. Of course, the fu-
ture accumulation of similar cases is needed in order to re-
inforce this hypothesis.

In conclusion, EGFR-mutated lung adenocarcinoma might
undergo histologic transformation to combined SCLC and
SCC as an acquired mechanism of resistance to EGFR-
TKIs. Cytotoxic chemotherapy appropriate for this trans-
formed histology might be an effective salvage therapy.
However, further investigations are warranted to better char-
acterize this resistance mechanism and establish the optimal
therapy.
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