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ABSTRACT

Histologic transformation to small cell lung cancer (tSCLC) is a rare but increasingly recognised
mechanism of acquired resistance to tyrosine kinase inhibitors (TKI) in patients with epidermal growth
factor receptor (EGFR)-positive non-small cell lung cancer (NSCLC). Beyond its acknowledged role in TKI
resistance, histologic transformation to SCLC might be an important, yet under-recognised, mechanism
of resistance in NSCLC treated with immunotherapy. Our review identified 32 studies that investigated
tSCLC development in patients with EGFR-mutated NSCLC treated with TKI therapy and 16 case reports
of patients treated with immunotherapy. It revealed the rarity of tSCLC, with a predominance of EGFR
exon 19 mutations and limited therapeutic options and outcomes. Across all analysed studies in
EGFR-mutated NSCLC treated with TKI therapy, the median time to tSCLC development was ~17 months,
with a median overall survival of 10months. Histologic transformation of EGFR-mutated NSCLC to SCLC
is a rare, but challenging clinical problem with a poor prognosis. A small number of documented cases
of tSCLC after immunotherapy highlight the need for rebiopsies at progression to diagnose this
potential resistance mechanism. Further research is needed to better understand the mechanisms
underlying this phenomenon and to develop more effective treatment strategies for patients with
tSCLC.
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Introduction advanced adenocarcinoma should undertake molecular testing
for at least receptor tyrosine kinase ROS proto-oncogene 1 (ROST),
ALK receptor tyrosine kinase (ALK), ret proto-oncogene (RET), epi-
dermal growth factor receptor (EGFR), B-Raf proto-oncogene
(BRAF), human epidermal growth factor receptor 2 (HER2), Kirsten
rat sarcoma (KRAS), cMET and the neurotrophic receptor tyrosine
kinase (NTRK) [8,9]. Alterations of those genes are predictive of
response to the corresponding kinase inhibitors that are approved
in therapy [10,11]. Likewise, programmed-death ligand 1 (PD-L1)
analysis is essential in both NSLCC, ADC, and SCC to select
patients for immunotherapy (immune checkpoint inhibitors) com-
pared with SCLC where it does not have a predictive role as a
biomarker [6,12].

EGFR mutations are the second most common targetable driver
mutations in NSCLC after KRAS gene mutations. They are present
in approximately 10% of Caucasian patients and 50% of Asian

Lung cancer remains the leading cause of cancer-related mortality
worldwide, despite advancements in diagnosis and therapy [1].
Two main histologic subtypes of lung cancer are small cell lung
cancer (SCLC, up to 15% of total cases) and non-small cell lung
cancer (NSCLC, accounting for about 85% of total cases), classified
into adenocarcinoma (ADC, the most frequent, about 40% of
cases), squamous cell carcinoma (SCC, up to 30% of cases) and
large cell carcinoma (up to 10% of cases) [1]. NSCLC is more
common and less aggressive than SCLC. SCLC, which exhibits
highly malignant behaviour, is derived from cells with neuroen-
docrine properties [2]. The subtyping of lung cancer plays a pivotal
role in guiding molecular analysis within the realm of precision
medicine [3,4]. Molecular profiling is indispensable for advanced
lung adenocarcinoma patients as it enables the identification of
multiple actionable genomic alterations, opening the door to

potential benefits from targeted therapies [5]. SCLC molecular
subclassifications have also substantially evolved and changed in
the last few years [6]. Subclasses include SCLC type A, with high
RNA expression of ASCL1; type N, with high expression of
NEUROD1; type P, with the expression of POU2F3; and type Y,
with high expression of the transcriptional regulator YAP1 [7].
Treatment approaches depending on the stage of the disease
significantly diverge between SCLC and NSCLC. In contrast to
NSCLC, the absence of predictive and prognostic biomarkers is
characteristic of SCLC [6]. According to guidelines, patients with

patients with NSCLC [13]. EGFR-positive NSCLCs are associated
with female gender, adenocarcinoma subtype, and a non-smoking
or light-smoking history. Clinically significant EGFR mutations in
NSCLC are located in exons 18, 19, 20 and 21 [8,9]. The most
prevalent mutations are EGFR exon 19 deletions (45%) and EGFR
exon 21 L858R substitutions (40%). Common to EGFR exon 19 and
21 mutations is high sensitivity to tyrosine kinase inhibitors (TKI)
including first-generation (erlotinib, gefitinib), second-generation
(afatinib, dacomitinib), and third-generation (osimertinib) TKI [8,9].
Response to therapy in EGFR 19 and 21 exon mutations and
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progression-free survival (PFS) is higher in first-line treatment with
TKI compared with conventional chemotherapy [8,9]. Despite sig-
nificant progress in treatment, resistance to TKl-targeted therapy
remains a major obstacle in EGFR-mutant NSCLC management.
Most patients develop disease resistance after 10 to 13months of
first- or second-generation TKI treatment [8]. EGFR TKl-acquired
resistance may be associated with EGFR-dependent molecular
mechanisms that include T790M, C797S, L792X, and L718X muta-
tions [14]. Another reason may be EGFR-independent molecular
mechanisms that include HER2/ERBB2 and MET gene amplifications,
gene rearrangements, disruptions within the PIK3CA, and MAPK
signalling pathways as well as the SCLC and the epithelial-
mesenchymal transition (EMT) [14].

The transformation of NSCLC to SCLC is a relatively rare event
present in 3-14% of cases. This transformation is a clinically sig-
nificant phenomenon due to poor outcomes with a median sur-
vival of only 11 months, attracting substantial consideration in
the ongoing oncology research [15-17]. Understanding the molec-
ular mechanisms underlying the transformation from NSCLC to
SCLC is critical for improving diagnosis, treatment, and patient
outcomes [18]. The exact molecular mechanisms of this transfor-
mation are not yet fully elucidated, but several hypotheses regard-
ing the molecular mechanisms associated with the transformation
from NSCLC to SCLC have been proposed [19,20]. Among possible
molecular mechanisms of transformation, we emphasise genetic
alterations and mutations, especially TP53 and RB1 alterations,
whose gene mutations are frequently observed in both NSCLC
and SCLC. These tumour suppressor genes are believed to play
a pivotal role in the transformation process [15]. In addition, the
activation of certain transcription factors (NEUROD1 and ASCL1)
is associated with SCLC and may contribute to the transition from
NSCLC to SCLC phenotype [21]. The next factor influencing pos-
sibly the transformation from NSCLC to SCLC is cellular plasticity
and lineage switching, especially EMT, a process where cells lose
their epithelial characteristics and gain more mesenchymal-like
properties. It is suggested that the transition from NSCLC to SCLC
might involve EMT, allowing cells to acquire characteristics typical
of SCLC [22]. Regarding lineage plasticity, increasing scientific
evidence indicates that certain NSCLC cells might possess inherent
plasticity, allowing them to switch between different cell lineages,
including acquiring neuroendocrine features associated with the
SCLC phenotype [23,24]. Another plausible mechanism of trans-
formation from NSCLC to SCLC would be related to the microen-
vironment and signalling pathways. Indeed, factors within the
tumour microenvironment, such as signalling molecules and inter-
actions with stromal cells, might influence the transformation
process. Dysregulation of signalling pathways like Notch and Wnt
pathways has been implicated in the switch between different
lung cancer subtypes [25,26]. Likewise, the significance of thera-
peutic pressure and resistance has been accentuated in the liter-
ature. Prolonged exposure to specific treatments, such as targeted
therapies or chemotherapy, might contribute to the emergence
of resistant clones with altered characteristics resembling SCLC
[27]. Tumour cells might adapt and evolve under therapeutic
pressure, leading to a more aggressive phenotype resembling
SCLC [24].

Immune checkpoint inhibitors (ICl) targeting program death 1
(PD-1) and its ligand PD-L1 have revolutionised first and second-line
treatment for advanced NSCLC [8,9]. Resistance to immunotherapy
can be categorised as intrinsic, relating to the tumour itself, and
extrinsic, encompassing the tumour microenvironment and aber-
rant vasculature. Unlike EGFR-positive NSCLC treated with TKI,
where transformation to SCLC is a well-documented resistance

mechanism, such conversion after immunotherapy remains excep-
tionally rare [28,29]. One contributing factor to the infrequent
detection of SCLC during immunotherapy treatment for NSCLC is
the limited occurrence of biopsies following progression on
immunotherapy.

Advancement in understanding the mechanisms of resistance
to EGFR TKI therapy and immunotherapy of NSCLC to SCLC trans-
formation is crucial for developing personalised therapeutic strat-
egies and improving patient outcomes.

In this literature review, we explore the molecular and clinical
characteristics of EGFR-mutated NSCLC and NSCLC treated with
immunotherapy that transforms into SCLC. Additionally, we provide
a detailed case presentation of a patient with transformed SCLC
to illustrate the clinical picture and challenges in diagnosis and
management.

Materials and methods
Literature search

We conducted a comprehensive search of the PubMed/MEDLINE/
PMC database, focusing on studies published between 2011 and
2023, with the latest search conducted in late December 2023.
Our search strategy included keywords related to NSCLC transfor-
mation to SCLC and EGFR TKI and immunotherapy (immune check-
point inhibitors). We further supplemented our search by reviewing
existing systematic reviews and reviews focused on transformed
SCLC, identifying relevant studies not captured in the initial data-
base search [30].

Inclusion and exclusion criteria

We included all studies that investigated the transformation of
NSCLC to SCLC, enrolled patients receiving EGFR TKI, and were
published in the English language. In our review, we included
case report studies of patients with tSCLC who received immuno-
therapy for NSCLC. We excluded case reports that included patients
with tSCLC receiving EGFR TKI and studies published in languages
other than English.

Data analysis

For each included study, we extracted and analysed the basic,
molecular, and clinical characteristics. Basic characteristics included
patient demographics, baseline clinical characteristics, and TKI
treatment before tSCLC. Molecular characteristics included EGFR,
RB1, TP53 and PIK3CA mutational status before and after tSCLC.
Clinical characteristics included treatment details, time to tSCLC,
and survival outcomes. We employed a similar analytical approach
to extract and analyse the same data points from our case report.

Results

NSCLC transformation to SCLC under the EGFR tyrosine kinase
inhibitors

Basic characteristics

Our comprehensive literature search identified 32 studies reporting
cases of NSCLC transformation to SCLC during treatment with
EGFR TKI therapy. Table 1 summarises the basic characteristics of
these patients.
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Table 1. Basic characteristics of patients with EGFR-mutated NSCLC before transformation to SCLC.

Smoking status, n (%) Sex, n (%) TKI treatment before tSCLC, n (%)
Former
Number of Median smoker/

Study patients, (%) age Never smoker Female Male 1 Generation 2 Generation 3 Generation
Chen et al. 2023 [31] 7/1012 (1) 58 3 (43) 4 (57) 3 (43) 4 (57) 5(71) 0 2 (29)
Sivakumar et al. 2023 [15] 107/3600 (3) NR NR NR NR NR NR NR NR
Mambetsariev et al. 2022 [32] 9/9 (100) 60 5 (56) 4 (44) 5 (56) 4 (44) 7 (78) 2 (22) 4 (44)
Yu et al. 2022 [33] 9/964 (1) 60 4 (44) 5 (56) 5 (56) 4 (44) 6 (67) 2 (22) 4 (49)
Fujimoto et al. 2022 [34] 74/2624 (3) 67 NR NR NR NR NR NR 14 (19)
Jin et al. 2021 [35] 6/9 (67) 60 4 (67) 2 (33) 3 (50) 3 (50) 6 (100) 0 1(17)
Wang et al. 2021 [36] 32/32 (100) 52 17 (53) 15 (47) 16 (50) 16 (50) 30 (94) 2 (6) 14 (44)
Wang S. et al. 2021 [37] 29/29 (100) 56 24 (83) 4 (14) 19 (65) 10 (34) 23 (79) 2 (7) 4 (14)
Bai et al. 2021 [38] 10/10 (100) 58 8 (80) 2 (20) 3 (30) 7 (70) NR NR NR
Xie et al. 2020 [39] 5/5 (100) 60 4 (80) 1 (20) 3 (60) 2 (40) 5 (100) 4 (80) 0
Mu et al. 2020 [40] 4/49 (8) 59 1 (25) 3 (75) 1 (25) 3 (75) NR NR NR
Vendrell et al. 2020 [41] 3/3 (100) 71 1(33) 2 (67) 2 (67) 1(33) 0 0 3 (100)
Zeng et al. 2020 [42] 3/103 (3) NR NR NR NR NR NR NR NR
Schoenfeld et al. 2020 [43] 3/62 (5) 58 NR NR NR NR NR NR 3 (100)
Ferrer et al. 2019 [44] 48/61 (79) 62 28 (58) 17 (29) 33 (69) 15 (31) NR NR NR
lacono et al. 2019 [45] 3/27 (11) 57 NR NR NR NR NR NR NR
Marcoux et al. 2019 [17] 58/67 (87) 51 40 (69) 18 (29) 33 (57) 25 (43) 49 (84) 13 (22) 19 (33)
Yang et al. 2019 [46] 7/7 (100) 53 4 (57) 3 (43) 3 (43) 4 (57) 7 (100) 0 0
Lee et al. 2019 [47] 3/263 (1) 56 NR NR NR NR 1(33) 2 (67) 0
Mehlman et al. 2019 [48] 4/226 (2) 66 NR NR NR NR NR NR NR
Offin et al. 2019 [49] 7/43 (16) 65 4 (57) 3 (43) 3 (43) 4 (57) 4 (57) 1(14) 2 (29)
Ahmed et al. 2018 [50] 4/30 (13) 63 NR NR NR NR NR NR NR
Minari et al. 2018 [51] 5/5 (100) 68 3 (60) 2 (40) 2 (40) 3 (60) 1 (20) 4 (80) 0
Oxnard et al. 2018 [52] 6/41 (15) NR NR NR NR NR NR NR 6
Piotrowska et al. 2018 [53] 2/32 (6) 64 NR NR NR NR 0 0 2 (100)
Lin et al. 2018 [54] 2/53 (4) NR NR NR NR NR NR NR 2 (100)
Lee et al. 2017 [55] 21/21 (100) 56 15 (71) 6 (29) 15 (71) 6 (29) 17(81) 6 (29) 9 (43)
Ahn et al. 2016 [56] 4/6 (67) 58 3 (75) 1 (25) 3 (75) 1 (25) 3 (75) 1 (25) 0
Nosaki et al. 2016 [57] 12/314 (4) 63 NR NR NR NR NR NR NR
Norkowski et al. 2013 [58] 7/9 (78) 62 3 (43) 4 (57) 5(71) 2 (29) NR NR NR
Yu et al. 2013 [59] 4/155 (3) 57 NR NR NR NR NR NR NR
Sequist et al. 2011 [16] 5/37 (14) 56 NR NR 5 (100) 0 5 (100) 0 0

Abbreviations: EGFR: epidermal growth factor receptor; NSCLC: non-small cell lung cancer; tSCLC: transformed small cell lung cancer; TKI: tyrosine kinase inhibitors;

NR; not reported.

The largest study, encompassing 3600 patients, identified 3%
(107 patients) with tSCLC [15]. The median age of patients in
the analysed studies was 60years, ranging from 51 to 71 years.
The proportion of non-smokers and smokers in the analysed
studies varied widely, ranging from 25% to 83% and 14 to 75%.
An analysis of the two studies with the highest numbers of
patients indicates the predominance of the non-smoking pop-
ulation (58% and 69% vs. 29% of smokers) [17,44]. In the afore-
mentioned two studies, women represented the majority of
patients accounting for 69% and 57% compared with 31% and
43% of men. First-generation TKI was the most commonly used
(84%), followed by third-generation (33%) and second-generation
(23%) TKI [17].

Molecular characteristics
Table 2 summarises the molecular characteristics of patients
with tSCLC.

All samples included in the analysed studies had EGFR muta-
tion. Among the three studies with the largest cohorts, EGFR exon
19 mutations were detected in 64%, 75% and 72% of patients,
while EGFR exon 21 mutations were identified in 24%, 21% and
22% of patients, respectively [15,17,44]. In the examination of
EGFR status following the transformation from NSCLC to SCLC,
the analysis revealed EGFR exon 19 mutations in 80% and 62%,
alongside EGFR exon 21 mutations in 86% and 24% of patients,
respectively [17,44]. The majority of studies did not perform
genetic analysis of RB1, TP53, and PIK3CA mutations before and

after NSCLC transformation to SCLC. Before tSCLC diagnosis, the
largest study identified TP53 as the most frequent mutation,
detected in 95% of patients, followed by RB7 mutation at 83%,
and PIK3CA mutation at 25% [15].

Clinical characteristics
The clinical features of the tSCLC patient are summarised in
Table 3.

Across all analysed studies with available data, the median time
for tSCLC development was 17 months. The analysed studies
revealed a range in the median time tSCLC development, with
the shortest observed at three months and the longest at
49 months following the treatment [52,58]. Platinum (cisplatin or
carboplatin) and etoposide-based chemotherapy were the primary
treatment regimens for most patients diagnosed with tSCLC. A
limited number of analysed studies provided data on overall sur-
vival (OS) following tSCLC diagnosis. Analysis of this data revealed
a poor median OS of 10 months.

NSCLC transformation to SCLC under the therapy with immune
checkpoint inhibitors

Basic and clinical characteristics of patients with tSCLC after immu-
notherapy for NSCLC are shown in Table 4.

Through a literature search, we found 16 patients with a diag-
nosis of tSCLC after progression on immunotherapy for NSCLC
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Table 2. Molecular characteristics of patients with tSCLC.
EGFR status before

EGFR status after tSCLC,

tSCLC, n (%) n (%) Gene mutation before tSCLC, n (%) Gene mutation after tSCLC, n (%)
Exon 19 Exon 21 Exon 19 Exon 21
Study deletion (L858R) deletion (L858R) RB1 TP53 PIK3CA RB1 TP53 PIK3CA
Chen et al. 2023 [31] 5(71) 2 (29) 2 (29) 2 (29) 3 (43) 4 (57) NR 4 (57) 4 (57) NR
Sivakumar et al. 2023 [15] 68/107 (64) 26/107 (24) NR NR 89/107 102/107 27/107 NR NR NR
(83) (95) (25)
Mambetsariev et al. 2022 7 (78) 1(11) NR NR 4/9 (44) 8/9 (89) 4/9 (44) NR NR NR
[32]

Yu et al. 2022 [33] 7/9 (78) 2/9 (22) 6/8 (75) 1/8 (12) 5/9 (56) 8/9 (89) 1/9 (11) 5/8 (62) 7/8 (87) 1/8 (12)
Fujimoto et al. 2022 [34] NR NR NR NR NR NR NR NR NR NR
Jin et al. 2021 [35] 6/9 (67) 0 3/5 (60) 1/5(20) NR NR NR NR NR NR
Wang et al. 2021 [36] 18/32 (56) 11/32 (34) NR NR NR NR NR 9/25 (36) 17/25 (68)  3/25 (12)
Wang S. et al. 2021 [37] 16/16 (55) 9/16 (31) 12/18 (67) 4/18 (22) 5/13 (38) 12/13 (92) 3/13 (23) 6/13 (46) 13/13 (100) 5/13 (38)
Bai et al. 2021 [38] 8/10 (80) 1/10 (10) 8/10 (80) 1/10 (10) NR NR NR NR NR 1/10 (10)
Xie et al. 2020 [39] 4/5 (80) 0 4/5 (80) 0 1/5 (20) 3/5 (60) 1/5 (20) 1/5 (20) 3/5 (60) 1/5 (20)
Mu et al. 2020 [40] NR NR NR NR NR NR NR NR NR NR
Vendrell et al. 2020 [41] 2/3 (67) 1/3 (33) 2/3 (67) 1/3 (33) 2/3 (67) 3/3 (100 0 2/3 (67) 3/3 (100) 1/3 (33)
Zeng et al. 2020 [42] NR NR NR NR NR NR NR NR NR NR
Schoenfeld et al. 2020 [43] NR NR NR NR 2/3 (67) 3/3 (100) 0 1/3 (33) 3/3 (100) 0
Ferrer et al. 2019 [44] 36/48 (75) 10/48 (21)  24/30 (80) 6/7 (86) NR NR NR NR NR NR
lacono et al. [45] 3/3 0 NR NR NR NR NR NR NR NR
Marcoux et al. 2019 [17] 42/51 (72) 13/51 (22) 36/58 (62) 14 (24) 7/13 (54) 2/4 (50) NR 18/31 (58) 38/48 (79) 14/52 (27)
Yang et al. 2019 [46] 6/7 (86) 1/7 (14) 3/7 (43) 0 NR NR NR NR NR NR
Lee et al. 2019 [47] NR NR NR NR NR NR NR NR NR NR
Mehlman et al. 2019 [48] NR NR NR NR NR NR NR NR NR NR
Offin et al. 2019 [49] 5/7 (71) 2/7 (29) NR NR NR 2/2 (100) NR 1/5 (20) 1/2 (50) NR
Ahmed et al. 2018 [50] NR NR NR NR NR NR NR NR NR NR
Minari et al. 2018 [51] 3/5 (60) 2/5 (40) 3/5 (60) 2/5 (40) 0/2 1/2 (50) NR NR NR NR
Oxnard et al. 2018 [52] 6/6 (100) 0/6 6/6 (100) 0/6 2/6 (33) 0/6 0/6 4/6 (67) 5/6 (83) 1/6 (17)
Piotrowska et al. 2018 [53] NR NR 2/2 (100) 0/2 NR NR NR 2/2 (100) 2/2 (100) 1/2 (50)
Lin et al. 2018 [54] NR NR NR NR NR NR NR NR NR NR
Lee et al. 2017 [55] 6/21 (29) 4/21 (19) NR NR 14/17 (82) 14/17 (82) NR NR NR NR
Ahn et al. 2016 [56] 1/4 (25) 1/4 (25) 1/4 (25) 1/4 (25) NR NR NR NR NR NR
Nosaki et al. 2016 [57] NR NR NR NR NR NR NR NR NR NR
Norkowski et al. 2013 [58] 5/7 (71) 2/7 (29) 5/7 (71) 1/7 (14) NR NR NR NR NR NR
Yu et al. 2013 [59] NR NR NR NR NR NR NR NR NR NR
Sequist et al. 2011 [16] 2/5 (40) 3/5 (60) 2/5 (40) 3/5 (60) NR NR NR NR NR 1/5

Abbreviations: EGFR: epidermal growth factor receptor; NSCLC; non-small cell lung cancer; tSCLC: transformed small cell lung cancer; NR: not reported.

with the addition of our case report as a total of 17 patients with
tSCLC. The median age for the presented cases was 65years, of
which four (23%) were women and thirteen (77%) were men. All
patients whose smoking status was known were smokers.
According to the pathological findings, most patients were diag-
nosed with squamous cell carcinoma, eight (47%), six (35%)
patients had a diagnosis of adenocarcinoma, two (12%) patients
with a diagnosis of poorly differentiated NSCLC, and one (6%) a
diagnosis of combined adenocarcinoma with high-grade neuro-
endocrine carcinoma (HGNEC). While TP53 analysis was limited at
initial NSCLC diagnosis in three (18%) patients, subsequent testing
after tSCLC was performed in a larger group and all tests showed
TP53 positivity in six (35%) patients. Only one (6%) of patients
had RBT testing at the initial NSCLC diagnosis, and it was negative.
After tSCLC diagnosis, two (12%) patients have reported testing
for RB1, both with positive results. Nivolumab was the most fre-
quently used drug, prescribed in over half (53%) of patients receiv-
ing immunotherapy for NSCLC. In all cases, it was prescribed as
part of second-line treatment for NSCLC. The median time to tSCLC
after NSCLC diagnosis was 22.5months, while from immunotherapy
to tSCLC was 16 months. Following tSCLC diagnosis, 65% of
patients received platinum-etoposide-based chemotherapy. Patients
diagnosed with tSCLC had a median overall survival of 9 months.

Case presentation
A 65-year-old woman, a smoker (20 pack per year) underwent a
neurological examination due to mild left hemiparesis in January

2018. An urgent brain CT scan revealed three metastatic lesions
in the right middle and lower frontal gyrus (Figure 1(B,C)). The
further diagnostic approach included a chest X-ray, revealing a
5cm pulmonary mass right in the apical segment of the lower
lobe with numerous smaller pulmonary nodules, without medias-
tinal and hilar lymph node involvement. These findings were fur-
ther confirmed by the subsequent lung computed tomography
(Figure 1(A)). A subsequent transbronchial biopsy of the identified
lung mass revealed NSCLC, subtype adenocarcinoma (Figure 2(A)),
with the tumour cells positive for TTF-1 and negative for p40. The
tumour cells did not harbour EGFR and ALK genomic alterations.
PD-L1 expression by immunohistochemistry revealed diffuse and
strong expression in >90% of tumour cells (SP263 clone, Ventana).

During the diagnostic work-up in February 2018, gamma knife
radiosurgery for three brain metastases was performed, with no
complications. Due to PD-L1 positivity, the patient started immu-
notherapy in the same month with intravenous pembrolizumab
200mg every three weeks. No significant adverse events were
observed during pembrolizumab therapy. The patient received 32
cycles of pembrolizumab in two years, the last cycle was in
February 2020, achieving a complete remission.

Due to the COVID-19 outbreak, the regular follow-up of the
patient was interrupted. Her first check-up after the COVID-19
pandemic in our Department was in March 2021 due to dyspnoea
and progressive cough. A diagnostic work-up was performed,
including MRI and CT scans of the brain, CT scan of the thorax
and abdomen (Figure 1(D-F)), revealing the disease progression in
the lung and mediastinum, and new metastatic deposits in the



Table 3. Clinical characteristics of patients with tSCLC.

Time to
tSCLC, Chemotherapy for OS for tSCLC,
Study months tSCLC, n (%) months
Chen et al. 2023 [31] 27 7 (100) NR
Sivakumar et al. 2023 [15] NR NR NR
Mambetsariev et al. 2022 [31] 16 5 (56) NR
Yu et al. 2022 [32] 23 7 (78) 9
Fujimoto et al. 2022 [34] 22 NR NA
Jin et al. 2021 [35] 14 7/9 (78) NR
Wang et al. 2021 [36] 17 27/32 (84) NR
Wang S. et al. 2021 [37] 27 21/28 (78) 15
Bai et al. 2021 [38] 24 9/10 (90) NR
Xie et al. 2020 [39] 33 NR 19
Mu et al. 2020 [40] NR 4/4 (100) NR
Vendrell et al. 2020 [41] 22 3/3 (100) 7
Zeng et al. 2020 [42] NR NR NR
Schoenfeld et al. 2020 [43] NR 3/3 (100) 6
Ferrer et al. 2019 [44] 16 38/48 (80) 9
lacono et al. 2019 [45] 14 NR NR
Marcoux et al. 2019 [17] 18 NR 1
Yang et al. 2019 [46] 17 7/7 (100) NR
Lee et al. 2019 [47] NR NR NR
Mehlman et al. 2019 [48] NR NR NR
Offin et al. 2019 [49] 12 NR NR
Ahmed et al. 2018 [50] 32 NR 9
Minari et al. 2018 [51] 15 2/5 (40) NR
Oxnard et al. 2018 [52] 3 5/6 (83) NR
Piotrowska et al. 2018 [53] NR NR NR
Lin et al. 2018 [54] NR NR NR
Lee et al. 2017 [55] NR NR NR
Ahn et al. 2016 [56] 10 2/4 (50) NR
Nosaki et al. 2016 [57] NR NR NR
Norkowski et al. 2013 [58] 49 NR NR
Yu et al. 2013 [59] NR 2/4 (50) NR
Sequist et al. 2011 [16] 22 4 NR

Abbreviations: tSCLC: transformed small cell lung cancer; OS: overall survival;
NR: not reported.

brain. Biopsy imprint of the new lung mass revealed single clusters
of small malignant cells with scanty basophilic cytoplasm, with
finely granular nuclear chromatin, without prominent nucleoli. Fine
needle cytology aspiration revealed similar morphologic findings,
consistent with SCLC, with neuroendocrine morphology (Figure 2(B)).

The whole brain radiotherapy was conducted. Given her clinical
status (ECOG 0-1), cisplatin-etoposide chemotherapy was initiated.
The patient received four cycles after which a CT scan showed
partial regression of the primary tumour without any distant
metastasis. Two additional cycles of chemotherapy were given.
Seven months later, her clinical status rapidly deteriorated and no
further oncologic treatment was initiated. Our patient died
11.5months after the diagnosis of tSCLC.

Discussion

tSCLC represents a rare but potentially treatment-limiting mech-
anism of resistance to various therapeutic interventions in NSCLC,
including targeted therapies with TKI and immunotherapy. In our
review, we comprehensively surveyed the literature of existing
studies exploring the transformation of NSCLC to tSCLC after resis-
tance to EGFR TKI and immunotherapy. Two recent large studies
challenged earlier estimates of the tSCLC from NSCLC following
EGFR TKI, highlighting a considerably lower incidence of 3% com-
pared to the 14% originally reported [15,16,34]. However, the
incidence of tSCLC after immunotherapy in NSCLC remains mainly
unknown. This limited understanding can be attributed to two
key factors. Firstly, current guidelines do not routinely recommend
rebiopsies upon disease progression with ICl therapy [70]. Secondly,
unlike EGFR TKI resistance where targeted therapy options remain
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viable in roughly 50% of rebiopsy cases, established target ther-
apeutic pathways for post-immunotherapy tSCLC are currently
lacking [70]. To the best of our knowledge, only 16 well-documented
cases of tSCLC after immunotherapy for NSCLC have been pub-
lished so far, supplemented by our case report.

Based on clinical characteristics, most patients with
EGFR-mutated NSCLC are predominantly women, non-smokers, or
light smokers [37,71]. In contrast, in the subset of patients who
develop tSCLC after immunotherapy for NSCLC, the majority of
patients are men and smokers. Our female patient was a smoker.
The median age with tSCLC in patients treated with EGFR TKI was
52 years, whereas for patients with immunotherapy, it ranged from
56 to 75 [28,29,36,60]. Our patient was also diagnosed at a similar
age. The diagnostic work-up confirmed that our patient had oli-
gometastatic brain disease without EGFR and ALK alterations.
Patients with tSCLC tend to have lower PD-L1 expression than
before NSCLC transformation [34,72]. In our patient, PD-L1 expres-
sion was >90% at the initial diagnosis of NSCLC, with no subse-
quent PD-L1 analysis conducted following the diagnosis of tSCLC.
Following brain gamma knife radiosurgery, pembrolizumab was
initiated due to high PD-L1 expression. Our patient demonstrated
a robust response to immunotherapy, achieving a complete
response. Subsequently, after completing a two-year course of
pembrolizumab, the patient underwent clinical follow-up.

Patients who have undergone multiple lines of EGFR TKI therapy
face an elevated risk of developing tSCLC (Ferrer) [44]. The time for
the diagnosis of tSCLC in patients treated with EGFR TKI for NSCLC
can vary unpredictably, with the time to diagnosis of tSCLC occurring
at any point during treatment. Multiple studies have reported diverse
median times until the identification of tSCLC following NSCLC. Two
large studies revealed surprisingly late median times for tSCLC diag-
nosis (18 and 22months) in EGFR TKI-treated NSCLC, exceeding the
typical PFS of 10-13months and suggesting the potential for late-onset
transformation [8,17,34]. In contrast, in published case reports, patients
treated with immune checkpoint inhibitors may experience tSCLC
diagnosis at diverse intervals ranging from two to 35months [28,29,67].
The coexistence of triple TP53 and RB1 mutations detected in 5% of
EGFR-mutated NSCLC patients is associated with shorter PFS on EGFR
TKI and significantly increased risk for developing tSCLC [49]. Lee et al.
reported a substantial 43-fold increase in the risk of developing tSCLC
with triple EGFR, TP53, and RBT mutations in comparison with
non-transformed EGFR NSCLC [55]. This underscores the importance
of rebiopsy in these patients, particularly those with poor response
to EGFR TKI (PFS <12months), to ensure early detection of tSCLC and
optimise therapeutic strategies with a minimal delay [37]. After
13months of clinical follow-up, our patient exhibited disease progres-
sion in the lungs, mediastinum, and brain, with cytologic findings
after bronchoscopy confirming tSCLC. Cytopathologic verification of
tSCLC after NSCLC immunotherapy with pembrolizumab was also
published in a case report by Okeya et al. [67]. To the best of our
knowledge, our case is the first case of verification of tSCLC during
clinical follow-up after a complete response to immunotherapy with
pembrolizumab for NSCLC.

Histologic transformation is one of the potential mechanisms
of resistance to EGFR TKI in NSCLC. This phenomenon is not
exclusive to lung cancer. Similarly, prostate cancer has also
revealed histologic transformation as a resistance mechanism to
androgen therapy, underscoring its association with therapy resis-
tance [73]. The finding from Wang et al. highlights the high prev-
alence (88%) of initial EGFR mutations in patients with tSCLC
originating from NSCLC adenocarcinoma [36]. This suggests that
tSCLC is not a new tumour arising after treatment, but rather a
transformed subtype of the original NSCLC adenocarcinoma
[38,51]. A parallel pattern is evident in cases of tSCLC after
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Table 4. Basic and clinical characteristics of patients with tSCLC under the therapy with immune checkpoint inhibitors.

Time
from Time
NSCLC  from ICI
Histopathology and diagnosis to 0S for
Smoking molecular profiling  Immunotherapy Molecular to tSCLC, tSCLC, Chemotherapy for tSCLC,
Case report Age  Sex status of NSCLC (line) profiling of tSCLC  months months tSCLC months
Index case 65 Female Smoker Adenocarcinoma Pembrolizumab NR 38 37  Cisplatin and 1.5
PD-L1>90% EGFR (first line) etoposide
mut- ALK mut-

Wang et al. 2023 [60] 56 Male Smoker Squamous Sugemalimab NR 7 7  Cisplatin end 6
(neoadjuvant etoposide
with
chemotherapy)

Sugemalimab
(consolidation
therapy)

Liu et al. 2022 [61] 75 Male  Smoker Squamous Pembrolizumab  EGFR mut-ALK mut- 18 17 Chemotherapy was NR
(first line with not prescribed
chemotherapy)

Imakita et al. 2021 [29] 64 Male  Smoker Squamous Nivolumab NR 39 34 NR NR
(second line)

Imakita et al. 2021 [29] 70 Male  Smoker Squamous Nivolumab NR 42 NR NR NR
(second line)

Arakawa et al. 2020 62 Male NR Combined Pembrolizumab ~ RB1+ NR NR Cisplatin and NR

[62] adenocarcinoma (second line) etoposide
with HGNEC
PD-L1 70% RB1-
Sehgal et al. 2020 [63] 60 Female Smoker Squamous TP53 Nivolumab TP53 mut+ 27 21 Carboplatin and 14
mut+ CDKN2A (second line) CDKN2A R58 etoposide
R58 mut + SOX2 mut+ SOX2
amp + PIK3CA amp+ PIK3CA
amp+ ERBB4 amp+ PIK3CA
amp+ REL amp+ E545K+
KRAS amp+ CCND2 amp+
ZNF703 amp+ CCND3 amp+
FGFR1 amp+ MYCL1
amp+CSF3R
amp+ FGF23
amp+ FGF6
amp+
C170rf39
amp + KDM5A
amp+ PRKCI
amp+ TERC
amp+ VEGF
amp

Si et al. 2020 [64] 69 Male Smoker SquamousPD-L1>1% Pembrolizumab  TP53mut+ 17 15  Carboplatin and NR
(first line) etoposide

Miura et al. 2020 [65] 65 Male  Smoker AdenocarcinomaPD-L1 Pembrolizumab NR NR NR Cisplatin and NR

+EGFR mut-ALK mut- (first line) irinotecanAmrubicin

Bar et al. 2019 [66] 70 Female Smoker SquamousTPP53mut+ Nivolumab TP53mut+ 36 16 Chemotherapy was NR
(second line not prescribed
and
reinitiation)

Bar et al. 2019 [66] 75 Male  Smoker Squamous Nivolumab TP53mut+ 18 7  Carboplatin and 13

TPP53mut+ (second line) etoposide
FBXW7 mut+
Okeya et al. 2019 [67] 66 Male  Smoker Adenocarcinoma Pembrolizumab ~ NR 7 2 Carboplatin and 5
PD-L1 90-100% (second line) etoposide
EGFR Amrubicin
indeterminate ALK
lams et al. 2019 [68] 67 Female Smoker Adenocarcinoma Nivolumab KRAS - TP53 NR NR Carboplatin and 1
KRAS G12C mut+ (second line) mut+ RBT etoposide
mut+
lams et al. 2019 [68] 75 female Smoker Adenocarcinoma Nivolumab KRAS G12C mut+ NR NR Carboplatin and 16
KRAS G12Cmut+ (second line) TP53 mut+ etoposide
RBT - Irinotecan
Abdallah et al. 2018 65 Male  Smoker Adenocarcinoma Nivolumab NR NR NR Carboplatin and NR
[69] EGFR - ALK - (second line) etoposide
Abdallah et al. 2018 68 Male NR Poorly differentiated Pembrolizumab ~ NR NR NR Carboplatin and NR
[69] NSCLC (first line with etoposide
chemotherapy)
Imakita et al. 2017 [28] 75 Male  Smoker Poorly differentiated Nivolumab NR NR NR Amurubicin 2

NSCLC; EGFR-ALK -

(second line)

Abbreviations: NSCLC: non-small cell lung cancer; tSCLC; transformed small cell lung cancer; M: male; F: female; OS: overall survival; ICl: immune checkpoint inhibitors;
NR: not reported; —: negative; +: positive; mut: mutation; amp: amplification; HGNEC: high-grade neuroendocrine carcinoma.
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Figure 1. (A) The initial CT scan of the lungs showed the presence of a tumour mass in the right lower lung lobe. (B, C) The MRI scan of the brain during the
initial presentation of the patient with symptoms of left hemiparesis revealed the presence of three metastases in the brain. (D) CT scan of transformed SCLC
cancer after progression on immunotherapy with pembrolizumab. (E, F) The MRI scan of the brain reveals new metastatic deposits (arrows in the MRI scans indicate

metastatic deposits).

immunotherapy for NSCLC, where essential genetic alterations,
such as the TP53 mutation, remain conserved. Indeed, two case
reports indicated identical molecular characteristics with TP53
mutations present before and after diagnosis of tSCLC [63,66].
According to Zeng et al. the transformation of NSCLC to SCLC
could be attributed to tumour heterogeneity, specifically the
coexistence in 1-3% of all SCLC cases of combined NSCLC and
SCLC components initially [70,74]. Therapeutic inhibition, such as
during immunotherapy treatment, may lead to a reduction or
disappearance of the initially dominant NSCLC component. In
response, the immunotherapy-resistant SCLC component becomes
predominant, potentially explaining the transition from NSCLC to
SCLC. Diagnosis of combined NSCLC and SCLC histologies may
be challenging after biopsy due to insufficient pathological mate-
rial [18]. Combined NSCLC-SCLC histology with tSCLC appears to
be more prevalent in EGFR mutation-positive NSCLC compared
to EGFR wild-type tumours, as noted by Oser et al. [18]. In the
study by Yu et al. a poor differentiation status at diagnosis was
described in the majority of patients, suggesting that these
tumours have a greater predisposition to the development of
tSCLC [33]. The link between this tumour characteristic and poten-
tial resistance mechanisms is further underscored by two case
reports confirming the transformation of poorly differentiated
NSCLC to tSCLC after treatment with immunotherapy [28,69]. TP53
(59%), RB1 (58%), and PIK3CA (27%) are the most common muta-
tions in tSCLC after EGFR TKI therapy [17]. For the origin of tSCLC,
two hypotheses are proposed. The first hypothesis is about the
origins of SCLC from NSCLC, and the second hypothesis is related
to the NSCLC heterogeneity and transformation to SCLC due to
the NSCLC inhibition with some of the modalities of systemic
therapy [30]. The first hypothesis can be explained by the

inactivation of TP53 and RB1 in alveolar cell type 2, which can
be precursors of NSCLC and potentially lead to the transformation
of NSCLC into SCLC [36,39]. tSCLC as a mechanism of resistance
to immunotherapy in NSCLC was first described in 2017 by
Imakita [28]. The presence of TP53 mutations identified both at
the initial diagnosis of NSCLC and later in tSCLC suggests that
these alterations might play a driving role in the transformation
process. Interestingly, a case report of an adenocarcinoma patient
treated with nivolumab revealed a TP53 mutation at both stages,
alongside other potential contributing factors like PIK3CA and
SOX2 amplification, further supporting this hypothesis [63].
Although our case report presents valuable clinical observations,
the interpretation of potential drivers of transformation is unfor-
tunately limited. Crucial information about TP53, RB1, and PIK3CA
gene status was missing due to the lack of comprehensive anal-
ysis at the initial diagnosis of NSCLC and after diagnosis of tSCLC.

Due to the lack of therapeutic guidelines for the treatment of
tSCLC, current treatment modalities are based on retrospective
studies and case reports [30]. Platinum and etoposide-based che-
motherapy remains the standard treatment for tSCLC with the
response to this regimen similar to that observed in classic SCLC.
In the absence of specific guidelines tailored to tSCLC, current
treatment approaches after progression on immunotherapy for
NSCLC are the same as for classical SCLC and are based on
platinum-etoposide chemotherapy. In our case, the patient under-
went chemotherapy with cisplatin and etoposide, resulting in a
partial response in the primary lung cancer and a complete
response in brain metastasis of tSCLC. The remission persisted for
seven months, which is a substantially longer PFS than the one
reported by Marcoux et al. (3.4months) [17]. Therapeutic alterna-
tives for tSCLC following resistance to EGFR TKI, with demonstrated
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Figure 2. (A) Transbronchial biopsy of the identified lung mass revealed a cellular neoplasm composed of the large neoplastic cells with moderate to marked
nuclear atypia, arranged in glandular, acinar and solid growth patterns (hematoxylin and eosin stain, magnification 10x); (B) a smear of the punctate showing
aggregates and single small neoplastic cells with scanty basophilic cytoplasm and hyperchromatic nuclei without prominent nucleoli, consistent with SCLC mor-

phology (May Grunwald-Giemsa stain, magnification, 40x).

efficacy in terms of objective response rate (ORR) and PFS, encom-
pass taxane chemotherapy, anti-angiogenic therapy using anlotinib,
and local radiotherapy. However, immunotherapy has not shown
significant benefits in this clinical setting [17,37]. While a consid-
erable proportion of tSCLC patients harbour an initial EGFR muta-
tion in their NSCLC, its reduced expression results in a lower
sensitivity to TKI therapy [30,75]. The ongoing phase | study
(NCT03567642) involving osimertinib, platinum, and etoposide
chemotherapy aims to address the prevention of tSCLC develop-
ment in metastatic EGFR mutant NSCLC patients with concurrent
RB1 and TP53 alterations [15].

The prognosis for tSCLC is significantly worse compared with
other lung cancer subtypes due to its aggressive nature and lim-
ited treatment options. The OS after diagnosis of tSCLC shows no
significant difference between patients treated with EGFR mutant
or immunotherapy for NSCLC [44]. The median survival for NSCLC
patients undergoing EGFR TKI treatment and subsequently diag-
nosed with tSCLC is poor and comparable to classic SCLC, aver-
aging approximately 11 months [17]. Among NSCLC patients
treated with immunotherapy and diagnosed with tSCLC, survival
times varied considerably, ranging from two to 16 months [29,68].
Regrettably, due to a substantial deterioration in the general con-
dition of our patient, further oncologic treatment was not feasible.
The patient survived for ~11months following the diagnosis
of tSCLC.

Our case presentation is limited by the absence of detailed
genetic analysis at the initial diagnosis of NSCLC for a better
understanding of the disease origin and subsequent histologic
transformation. Additionally, with only biopsy confirmation of
NSCLC, the possibility of combined SCLC cannot be definitively
ruled out. However, the favourable response to pembrolizumab
immunotherapy suggests that the combined histology of NSCLC
and SCLC is less likely. The dependence on cytopathologic
analysis for tSCLC confirmation and the subsequent unavail-
ability of adequate tissue for both histopathological verification
and comprehensive genomic profiling limits our understanding
of the wunderlying genetic drivers of the disease
transformation.

In conclusion, our review confirmed the rarity of tSCLC,
particularly when treated with immunotherapy. Regardless of
prior treatment or resistance mechanisms, tSCLC is associated
with a poor prognosis, emphasising the importance of rebiopsy

after disease progression in all subtypes of NSCLC to ensure
accurate diagnosis of transformed SCLC. The limitations in cur-
rent diagnostic and therapeutic strategies highlight the ongo-
ing need for improved guidelines and clinical practices for
tSCLC. The evolving landscape of tSCLC requires ongoing
research efforts, increased awareness, and a multidisciplinary
approach for better understanding and tailored therapeutic
strategies of tSCLC.
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