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A B S T R A C T

Histological transformation to small-cell lung cancer (SCLC) is a well-known mechanism of ac-
quired resistance to epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs),
and almost all patients receive EGFR-TKIs at the time of transformation. We herein report three
cases of EGFR-mutated lung adenocarcinoma that transformed into SCLC long after the cessation
of EGFR-TKIs. Rapid tumor progression and elevated SCLC marker levels were observed at the
time of transformation. Our case highlights the importance of considering SCLC transformation
throughout the clinical course. Careful observation of the tumor behavior and SCLC markers
should be performed to avoid diagnostic delays.

1. Introduction
The discovery of driver mutations, such as epidermal growth factor receptor (EGFR) activating mutations, anaplastic lymphoma kinase

(ALK) gene rearrangement, and Kirsten rat sarcoma (KRAS) mutations, has dramatically transformed the non-small-cell lung cancer
(NSCLC) treatment paradigm. Among these, EGFR is the dominant driver mutation, especially in the East Asian population, and tyro-
sine kinase inhibitors (TKIs) targeting EGFR are the current standard modalities for patients with EGFR-mutated NSCLC in the first-
line setting [1]. Although EGFR-TKIs have shown favorable therapeutic efficacy, most patients with EGFR-mutated NSCLC eventually
develop acquired resistance to EGFR-TKIs.

Various mechanisms of acquired resistance to EGFR-TKIs have been identified [2]. These mechanisms can be grouped into three
categories. The first category is EGFR-dependent ‘on-target’ mechanism mediated by the acquired resistance mutations in EGFR, such
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as T790M in exon 20. The second category is EGFR-independent ‘off-target’ mechanisms mediated by bypass signaling activation,
such as MET proto-oncogene receptor tyrosine kinase (MET) amplification. The third category is phenotypic and histological alterations,
including transformation from EGFR-mutated NSCLC to small-cell lung cancer (SCLC) [3].

SCLC transformation accounts for approximately 3–14 % of the mechanisms of acquired resistance to EGFR-TKIs [4]; however,
the detailed molecular mechanisms underlying this shift in cellular appearance and biology remain unclear. One possible hypothesis
is that the SCLC component co-exists with EGFR-mutated NSCLC in the original tumor and becomes dominant after treatment with
EGFR-TKIs [5]. Another hypothesis, which is widely accepted, is that the SCLC component originates from EGFR-mutated NSCLC (de-
novo SCLC transformation) because the common founder EGFR mutations persist in the SCLC-transformed tumor specimens [6].

Although SCLC transformation may occur at any point during the clinical course (as early as three months and as late as more than
six years after the initial diagnosis of NSCLC), the median time to transformation was reported to be approximately 16–20 months
[7,8]. Furthermore, almost all of the patients in these previous studies received EGFR-TKIs at the time of transformation.

We herein report three cases of EGFR-mutated NSCLC that transformed into SCLC long after the cessation of EGFR-TKIs. We also
reviewed the relevant literature and summarized cases that followed a similar clinical course.

2. Case presentation
2.1. Case 1

A 26-year-old woman with a primary tumor in the left upper lobe and multiple metastases in the lungs, bones, and kidneys was di-
agnosed with lung adenocarcinoma (cT3N0M1c, stage IVB) (Fig. 1A) with EGFR exon 19 deletion mutation and referred to our hospi-
tal. We initiated treatment with afatinib, a second-generation EGFR-TKI. However, eight months later, re-progression of the primary
tumor was observed. We treated her with several cytotoxic chemotherapies (cisplatin + pemetrexed (PEM) + bevacizumab, followed
by docetaxel (DTX) + ramucirumab (RAM), tegafur-gimeracil-oteracil potassium (S-1), afatinib rechallenge, and gemcitabine); how-
ever, none showed favorable therapeutic efficacy. A re-biopsy of the primary tumor was performed, but no acquired resistance muta-
tions or histological transformation were detected (Fig. 1B). Although afatinib was administered again, we subsequently detected
EGFR T790M in the pleural effusion and switched to osimertinib, a third-generation EGFR-TKI. Five months later, her tumor re-
progressed and serum neuron-specific enolase (NSE) was slightly elevated, which reminded us of SCLC transformation. Although we
performed a re-biopsy of the primary tumor, SCLC transformation could not be confirmed (Fig. 1C). We treated her with nine cycles of
nanoparticle albumin-bound paclitaxel followed by amrubicin (AMR). After the fourth cycle of AMR, which corresponded to 10
months after the cessation of osimertinib, rapid tumor progression in the left hilar lymph node was observed on computed tomogra-
phy (CT). Furthermore, rapid elevation of SCLC markers, such as pro-gastrin-releasing peptide (ProGRP) and NSE, but not carcinoem-
bryonic antigen (CEA), which was elevated at the initial diagnosis, was identified. We then performed a third re-biopsy of the
metastatic tumor in the left lower lobe and finally diagnosed the patient with SCLC transformation (Fig. 1D). Although her SCLC-
transformed tumor cells were positive for synaptophysin, retrospective evaluation revealed that the previously biopsied tumor cells
were negative for synaptophysin (Fig. 1E–G). We then treated the patient with carboplatin (CBDCA) + etoposide (VP-16) + durval-
umab. Unfortunately, the chemoimmunotherapy did not induce a favorable anti-tumor effect. Finally, she died four months after the
initiation of CBDCA + VP-16 + durvalumab.

2.2. Case 2
A 67-year-old man with a primary tumor in the right lower lobe and multiple metastases in both lungs was referred to our hospital

and diagnosed with lung adenocarcinoma (cT4N2M1a, stage IVA) (Fig. 2A) with EGFR exon 19 deletion mutation. We initially treated
the patient with gefitinib, a first-generation EGFR-TKI, which resulted in a partial response. However, re-progression of the primary
tumor and the emergence of pleural effusion were observed 10 months later. We performed transbronchial re-biopsy of the primary
tumor and identified the EGFR T790M mutation, but not histological transformation (Fig. 2B). We initiated osimertinib treatment;
however, tumor progression in the right hilar lymph node was observed 10 months later. We treated the patient with several cyto-
toxic chemotherapies (CBDCA + PEM followed by DTX); however, none showed favorable therapeutic efficacy. After the fifth cycle of
DTX (eight months after the cessation of osimertinib), the rapid progression of liver metastases and elevation of ProGRP were ob-
served, which reminded us of SCLC transformation. The CEA level, which was elevated at the initial diagnosis, was not elevated at this
time. Transbronchial re-biopsy of the primary tumor revealed SCLC transformation with the expression of synaptophysin (Fig. 2C and
F). A retrospective immunohistochemical analysis revealed that the previously biopsied tumor cells were negative for synaptophysin
(Fig. 2D and E). We then treated the patient with several cytotoxic chemotherapies (CBDCA + VP-16, paclitaxel, and AMR); however,
these did not induce a favorable anti-tumor effect. Finally, the patient died eight months after the initiation of CBDCA + VP-16.

2.3. Case 3
A 70-year-old woman with a primary tumor in the right lower lobe and multiple metastases in the liver, bone, adrenal gland,

brain, and pancreas was referred to our hospital and diagnosed with lung adenocarcinoma (cT1bN3M1c, stage IVB) (Fig. 3A) with an
EGFR exon 19 deletion mutation. We initiated first-line treatment with osimertinib, which resulted in partial response. We were able
to treat the patient with osimertinib for a relatively long duration. However, new liver metastases were observed 24 months later. Af-
ter treatment with cytotoxic chemotherapy (CBDCA + PEM followed by DTX + RAM), which corresponded to eight months after the
cessation of osimertinib, her metastatic tumors in the liver and brain rapidly progressed (Fig. 3B and C), while the metastatic tumor in
the adrenal gland was relatively stable. The serum ProGRP and NSE levels were also elevated. Although we suspected SCLC transfor-
mation, severe disseminated intravascular coagulation (DIC) due to rapid tumor progression enabled us to perform a re-biopsy and



Fig. 1. The histological findings in Case 1.
(A–D) Hematoxylin and Eosin staining of biopsy specimens. The patient was diagnosed with adenocarcinoma based on the evaluation of the initial biopsy specimen (A). Adenocarcinoma was identified in the first re-biopsy per-
formed at 16 months after the initial diagnosis (B). Adenocarcinoma was also identified in the second re-biopsy at 32 months after the initial diagnosis (C). SCLC transformation was identified in the third re-biopsy at 42 months af-
ter the initial diagnosis (10 months after the final dose of EGFR-TKI) (D). (E–G) Immunostaining for synaptophysin. While the tumor cells obtained in the first and second re-biopsies were negative for synaptophysin, a representa-
tive SCLC marker (E and F), the tumor cells from the third re-biopsy were positive (G). Bar indicates 100 μm.
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Fig. 2. The histological findings in Case 2.
(A–C) Hematoxylin and Eosin staining of biopsy specimens. The patient was diagnosed with adenocarcinoma based on the evaluation of the initial biopsy specimen (A).
Adenocarcinoma was identified in the first re-biopsy at 11 months after the initial diagnosis. An EGFR T790M mutation was detected in this specimen (B). SCLC trans-
formation was identified in the second re-biopsy 33 months after the initial diagnosis (8 months after the final dose of EGFR-TKI) (C). (D–F) Immunostaining for synap-
tophysin. While the tumor cells obtained at the initial biopsy and first re-biopsy were negative for synaptophysin (D and E), the tumor cells from the second re-biopsy
were positive (F). Bar indicates 100 μm.

additional chemotherapy. Finally, she died four months after the cessation of DTX + RAM. We performed an autopsy with the patien-
t's family's consent. Severe hemorrhage in multiple organs was observed macroscopically, which is consistent with neoplastic DIC.
The direct cause of death was brainstem hemorrhage. Regarding the tumor progression, multiple metastases were observed in the
brain, liver, kidneys, adrenal gland, and lungs. A histological examination revealed that the tumor cells in relatively stable areas, such
as the adrenal gland, were highly differentiated and formed a glandular structure (Fig. 3D). Furthermore, these tumor cells were neg-
ative for insulinoma-associated protein 1 (INSM1), which is a representative immunohistochemical marker of neuroendocrine tumors
(Fig. 3G). In contrast, the tumor cells in rapidly progressive areas, such as the liver and brain, were identical to those in well-
differentiated adenocarcinoma. The relatively small undifferentiated tumor cells with a high N/C ratio proliferated focally in these ar-
eas (Fig. 3E and F), and the tumor cells were positive for INSM1 (Fig. 3H and I), leading to a final diagnosis of SCLC transformation.

3. Discussion
We encountered three cases of EGFR-mutated NSCLC that transformed into SCLC a relatively long time (8–10 months) after the

cessation of EGFR-TKIs. After the first report of SCLC transformation as a mechanism of acquired resistance to EGFR-TKI by Zakowski
et al., in 2006 [9], several case reports, case series, and retrospective cohort studies have been published. In a large study of 58 pa-
tients by Marcoux et al., the median time from the initiation of TKI therapy to transformation and from the initial diagnosis to trans-
formation was 15.8 months and 17.8 months, respectively. In this cohort, 53 patients (91 %) were receiving EGFR-TKIs at the time of
transformation [8]. In other studies, Ferrer et al. and Wang et al. demonstrated that 39 of 48 patients (81 %) and 22 of 25 patients
(88 %) were receiving EGFR-TKIs at the time of transformation [7,10], suggesting that some patients with EGFR-mutated NSCLC
show SCLC transformation after the cessation of EGFR-TKIs. Therefore, we performed a literature review [3,9,11–15] and summa-
rized these cases (Table 1). In most of these reports, SCLC transformation was observed within two to seven months of cessation of TKI
administration. However, Otoshi et al. reported a case of SCLC transformation 19 months after the cessation of osimertinib [14]. In-
terestingly, all patients harbored an exon 19 deletion mutation. These cases, including ours, suggest that SCLC transformation should
be considered at any time, even long after the cessation of TKI therapy. Furthermore, a relatively longer duration of TKI administra-
tion in patients with exon 19 deletion mutations would affect the frequency of SCLC transformation after the cessation of TKI therapy.

It is also known that EGFR-mutated NSCLC can transform to SCLC without the administration of EGFR-TKI [3]. Furthermore, sev-
eral case series demonstrated that a few patients with NSCLC without EGFR mutation transformed to SCLC [10,16]. Although EGFR-
wild-type NSCLC is less likely to transform to SCLC than EGFR-mutated NSCLC [3], these reports suggest that NSCLC can transform to
SCLC throughout the entire clinical course independently of EGFR inhibition or EGFR mutation.

SCLC transformation was originally identified as a mechanism of acquired resistance to first- or second-generation EGFR-TKIs. Af-
ter osimertinib, a third-generation EGFR-TKI, became the current standard care for patients with advanced NSCLC with EGFR muta-
tion, the frequency of first- or second-generation EGFR-TKI administration in these patients has been decreasing in recent years. Some
studies have demonstrated that the proportion of SCLC transformation was less with osimertinib than with first- or second-generation
EGFR-TKIs among all of the identified mechanisms of acquired resistance in primary therapy [17]. A recent retrospective study re-
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Fig. 3. Histological and imaging findings in Case 3.
(A) Hematoxylin and Eosin staining of biopsy specimens. The patient was diagnosed with adenocarcinoma based on the evaluation of the initial biopsy specimen. Bar in-
dicates 100 μm. (B and C) At 32 months after the initial diagnosis (8 months after the final dose of EGFR-TKI), the patient's liver metastases rapidly progressed in 2
months. (D–I) Autopsy findings from metastatic colonies in the adrenal gland, brain, and liver. The tumor cells in the adrenal gland, which showed relatively stable dis-
ease activity, were well differentiated and negative for INSM1. On the other hand, the tumor cells in the brain and liver, which showed aggressive disease activity, were
poorly differentiated with a high N/C ratio and were positive for INSM1, leading to a diagnosis of SCLC transformation. Bar indicates 200 μm.

ported that 95 out of 327 patients who underwent post-progression re-biopsy showed mechanisms of acquired resistance to first-line
osimertinib. Seven of these were identified as SCLC transformation, which was the second most frequent mechanism [18]. All three
patients had a history of osimertinib administration, suggesting that SCLC transformation can be caused by any EGFR-TKI, regardless
of the generation.

SCLC accounts for approximately 15 % of lung cancers and generally presents a much more aggressive phenotype, characterized
by rapid growth and metastatic spread to distant organs, and a poorer prognosis than NSCLC. Among our cases, Case 1 presented with
a sudden rapid progression of hilar lymph node metastasis at the time of transformation. Cases 2 and 3 also presented with rapid pro-
gression of liver and brain metastases at the time of transformation. The autopsy examination in Case 3 demonstrated that rapidly
progressive lesions consisted of SCLC-transformed components, whereas relatively stable lesions consisted of original adenocarci-
noma components. These results indicate that SCLC-transformed cells behave like typical SCLC cells, and SCLC transformation should
be considered whenever the tumor becomes aggressive. Furthermore, there are reports that transformation can be suspected early by
evaluating tumor markers of SCLC, such as NSE and ProGRP [19]. All of our cases showed the elevation of these tumor markers of
SCLC, but not of the original adenocarcinoma, when the behavior of their tumors turned aggressive, suggesting that SCLC markers
should be evaluated promptly to avoid delaying the re-biopsy.

There is no established treatment for patients with NSCLC to SCLC transformation. In general, platinum etoposide regimens are
administered to these patients; however, the median overall survival after transformation is reported to be only 9–10 months
[7,8,10]. A recent retrospective study of 47 patients harboring EGFR mutations who developed SCLC transformation demonstrated
that 11 patients who received atezolizumab-based chemo-immunotherapy had a favorable prognosis compared to the other 36 pa-
tients who received conventional chemotherapy [20]. Although two out of three patients in our study failed to receive immune check-
point inhibitor-containing chemo-immunotherapy and followed an unfavorable clinical course, this regimen should be considered for
applicable patients.

In conclusion, we experienced three cases of EGFR-mutated NSCLC in which SCLC transformation developed long after the cessa-
tion of EGFR-TKIs. Our case highlights the importance of considering the possibility of SCLC transformation throughout the clinical
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Table 1
Summary of cases with EGFR-mutated NSCLC with SCLC transformation after the cessation of EGFR-TKI therapy.

Cases Age Sex Primary EGFR
mutation

Primary TKI
(duration)

Treatment after primary TKI Duration from final TKI to SCLC
transformation (months)

Previously reported cases
Sequist LV et

al. [3]
40 F Ex. 19 del erlotinib (more

than 2 years)
NAa 2

van Riel S et al.
[13]

42 F NAa erlotinib (10
months)

CBDCA + PTX, erlotinib, DTX 2

Zakowski MF et
al. [9]

45 F NAa erlotinib (18
months)

mitomycin + vinblastine 2

Morinaga R et
al. [12]

46 F Ex. 19 del gefitinib (10
months)

NAa 5

Yang MH et al.
[15]

50 M Ex. 19 del erlotinib (6.5
months)

CBDCA + PTX + toripalimab 6.6

Popat S et al.
[11]

46 F Ex. 19 del erlotinib (12
months)

CDDP + PEM, thoracic radiotherapy 7

Otoshi R et al.
[14]

68 M Ex. 19 del osimertinib (11
months)

Erlotinib, CBDCA + PTX,DTX, PEM, S-1 19

Our cases
Case 1 26 F Ex. 19 del afatinib (8 months) CDDP + PEM + Bev, DTX + RAM,S-1, afatinib, GEM,

osimertinib, nab-PTX, AMR
10

Case 2 67 M Ex. 19 del gefitinib (10
months)

osimertinib, CBDCA + PEM,DTX 8

Case 3 70 F Ex. 19 del osimertinib (24
months)

CBDCA + PEM, DTX + RAM 8

a NA, not available; EGFR, epidermal growth factor receptor; NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer; TKI, tyrosine kinase inhibitor; Ex. 19
del, exon 19 deletion; CBDCA, carboplatin; PTX, paclitaxel; DTX, docetaxel; CDDP, cisplatin; PEM, pemetrexed; S-1, tegafur-gimeracil-oteracil potassium; Bev,
bevacizumab; RAM, ramucirumab; GEM, gemcitabine; nab-PTX, nanoparticle albumin bound-paclitaxel; AMR, amrubicin.

course. Furthermore, careful observation of tumor behavior and prompt evaluation of SCLC tumor markers can help avoid diagnostic
delays.
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