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ABSTRACT

Lineage transformation from lung adenocarcinoma (LUAD) to
SCLC is associated with resistance to EGFR tyrosine kinase
inhibitors. In addition to loss of p53 and RB, transformed SCLCs
are usually not dependent on EGFR signaling, which renders
the tumors unresponsive to EGFR tyrosine kinase inhibitors.
Here, we present a case of spontaneous transformation from
EGFR-mutant LUAD with loss of p53 and RB to EGFR
expression-positive SCLC and neuroendocrine-differentiated
LUAD, which was successfully treated with osimertinib.

� 2021 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Introduction
Lineage transformation from lung adenocarcinoma

(LUAD) to SCLC is an important nongenetic resistance
mechanism against EGFR tyrosine kinase inhibitors
(TKIs) in EGFR-mutant LUAD. EGFR-mutant LUAD is
known to be at unique risk of SCLC transformation,
particularly when EGFR signaling is abolished by in-
hibitors and p53 and RB are inactivated.1,2 Transformed
SCLC is characterized by the loss of EGFR expression
despite original EGFR mutations being retained,3 as
activation of the downstream MAPK pathway is incom-
patible for SCLC through the suppression of neuroen-
docrine differentiation.4 Therefore, transformed EGFR-
mutant SCLC is usually no longer dependent on EGFR
signaling and is refractory to EGFR TKIs.3 Here, we
report a case of spontaneously transformed EGFR-
mutant SCLC and neuroendocrine-differentiated LUAD
successfully treated with osimertinib.
Case Presentation
A 74-year-old woman who had never smoked was

found on chest computed tomography to have a mass
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Figure 1. Histologic and cytologic evaluation of the tumor cells. (A) H&E staining images of the resected metastatic lung
tumor at low power (upper) and high power revealing the LUAD (lower, right) and SCLC (lower, left) components. The tumor
mostly consists of papillary-dominant LUAD. The 1.5-mm component of SCLC cells with high nuclear-cytoplasmic ratio is
identified. (B–D) IHC sections of LUAD and SCLC cells in the resected lung tumors for (B) CD56 and synaptophysin, (C) EGFR,
and (D) p53 and RB. (E, F) Cell block immunocytochemistry sections of the pleural fluid specimen at the time of recurrence
for (E) synaptophysin in LUAD cells with relatively abundant cytoplasm and (F) EGFR in LUAD and SCLC cells. Scale bars in
sections: (A, upper) 500 mm; (A, lower) 100 mm; (B) 500 mm; (C and D) 100 mm; and (E and F) 20 mm. H&E, hematoxylin and
eosin; IHC, immunohistochemistry; LUAD, lung adenocarcinoma.

2 Takuma et al JTO Clinical and Research Reports Vol. 3 No. 1
and a small nodule in the upper lobe of her left lung. Her
serum carcinoembryonic antigen (CEA) and progastrin-
releasing peptide (ProGRP) levels were elevated at 121
ng/mL and 97.5 pg/mL, respectively. She was given a
diagnosis of LUAD on the basis of histologic examination
after a transbronchial biopsy and underwent left upper
lobectomy. Histologic examination of the resected tu-
mors revealed that the primary tumor was papillary-
dominant LUAD but the metastatic tumor (11 mm in
length) contained a focal SCLC component with a diam-
eter of 1.5 mm (Fig. 1A). LUAD cells at the primary site
invaded to the visceral pleural surface and SCLC cells at
the metastatic site invaded beyond the elastic layer (pl2;
pT3N0M0; stage IIB). Although the LUAD cells were
negative for CD56 and synaptophysin, SCLC cells were
positive for both markers (Fig. 1B). SCLC cells had a Ki-
67 labeling index of 80%. EGFR genotyping performed
using primary LUAD tumor cells revealed an EGFR exon
19 deletion (Del19) mutation. Of note, Del19 was also
detected in the microdissected SCLC cells at the meta-
static site. EGFR as assessed by immunohistochemistry
using the 31G7 antibody (Nichirei) was strongly



Figure 2. Timeline of the clinical, tumor markers, and radiological course and treatment from the diagnosis of disease
recurrence. CEA, carcinoembryonic antigen; ProGRP, progastrin-releasing peptide.
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expressed in LUAD cells and weakly expressed in SCLC
cells (Fig. 1C). Expression of p53 (clone DO-7; Dako) was
not observed in either component cell (Fig. 1D). RB
(clone G3-245; BD Pharmingen) was expressed only in a
few of the LUAD cells but not expressed in the SCLC cells
(Fig. 1D). On the basis of the postoperative pathologic
diagnosis of combined SCLC with adenocarcinoma or
LUAD with transformed SCLC, postoperative adjuvant
chemotherapy with carboplatin and etoposide was
administered; however, chemotherapy was terminated
after one course owing to febrile neutropenia and the
patient’s decline. After one year from the surgery, she
presented with dyspnea owing to massive left pleural
effusion. Along with serum CEA (58 ng/mL), serum
ProGRP level was markedly elevated at 7116 pg/mL.
Pleural fluid cytology identified both LUAD and SCLC
cells. Both component cells were positive for CD56 and
synaptophysin (Fig. 1E), indicating even adenocarcinoma
cells had neuroendocrine transdifferentiation. Both
LUAD and SCLC cells were again positive for EGFR
(Fig. 1F) but negative for p53 and RB. In addition, EGFR
genotyping using a pleural fluid cell block identified an
identical Del19. Treatment with osimertinib (80 mg/d)
was initiated. Although osimertinib was reduced to 40
mg/d owing to the development of leg edema on day 10,
pleural effusion and both tumor markers continued to be
markedlydecreased.Nevertheless, tumormarkersbecame
elevated again after 8 months and fluorodeoxyglucose-
positron emission tomography revealed a left pleural
nodule with fluorodeoxyglucose accumulation, which
was judged to be a disease progression. At the time of
writing, osimertinib treatment was continued beyond
progressive disease, with the pleural effusion remaining
controlled for a total of 12 months from the initiation of
the treatment (Fig. 2).
Discussion
Here, we describe a patient with a Del19 mutation

whose primary tumor contained LUAD only and whose
metastatic tumor contained LUAD along with a minute
SCLC component. Pleural effusion at the time of
recurrence was composed of both SCLC and
neuroendocrine-differentiated LUAD cells. Although
typical SCLC cells and transformed EGFR-mutant SCLC
cells have been reported to lack EGFR expression,3,4

SCLC cells in this patient were positive for EGFR.
Moreover, both LUAD and SCLC cells were negative for
p53 and RB. In addition, the patient had no history of
smoking, despite SCLC carcinogenesis being strongly
associated with smoking and SCLC being exceedingly rare
in individuals who have never smoked. Furthermore, the
identical Del19 was detected in the LUAD and SCLC cells.
These observations collectively suggested that SCLC cells



Figure 3. Schematic representation of EGFR-mutant transformed SCLC with or without exposure to EGFR TKIs during the
evolution. The present case is represented on the right side. Illustration was created with BioRender.com. LUAD, lung
adenocarcinoma; TKIs, tyrosine kinase inhibitors.
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in our case were transformed from LUAD cells rather than
this representing a combination of independent SCLC and
LUAD cells. Spontaneous SCLC transformation without the
therapeutic positive selection by EGFR TKIs is experi-
mentally supported by the finding that type 2 alveolar
cells with biallelic loss of TP53 and RB1 can give rise to
SCLC and LUAD.5

At the time of recurrence, even the remaining LUAD
cells had neuroendocrine differentiation, which was
presumably acquired during the dormant period after
surgery because initial adenocarcinoma cells had lacked
expression of neuroendocrine markers. This suggests
that the tumor cells in this patient were susceptible to
neuroendocrine transformation, partly owing to the loss
of p53 and RB; a clone branched off from the founder
cells initially and transformed into SCLC identified in the
resected specimen; another clone branched off later after
surgery and acquired neuroendocrine features with
persistent LUAD cytology.

SCLC transformation from EGFR-mutant LUAD has
been reported to be associated with resistance to EGFR
TKIs.1,2,4 Nevertheless, it remains unknown whether
EGFR TKIs could be used for EGFR TKI-naive
transformed SCLC with EGFR mutations because of the
rarity of these cases. Persistence of an EGFR mutation
and dependency on EGFR signaling should be necessary
for achieving efficacy of EGFR TKIs. In this case, the SCLC
component-specific genotyping of EGFR at the time of
recurrence could not be performed owing to the nature
of the cell block. Instead, we observed that both LUAD
and SCLC cells were strongly positive for EGFR expres-
sion (Fig. 1F). It would account for the achieved long-
lasting disease control by osimertinib of both LUAD
and SCLC cells which was supported by the marked
decrease in both tumor markers CEA and ProGRP likely
representing the disease burden of LUAD and SCLC,
respectively (Fig. 3). The present case suggests that
EGFR TKIs could be a therapeutic option for spontane-
ously transformed SCLC carrying EGFR mutations with
functional EGFR.

Conclusion
Identifying the p53 and RB status of patients might

be important to monitor those with EGFR-mutant LUAD
for possible transformation to the neuroendocrine line-
age. Combined assessment of EGFR mutation status and
EGFR pathway activity would predict the efficacy of
EGFR TKIs in patients with EGFR-mutated spontaneously
transformed SCLC.
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