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Original Article

Clinicopathologic and molecular characteristics of EGFR-mutant 
lung adenocarcinomas that transform to small cell lung cancer 
after TKI therapy 

Li Yu1,2, Lyudmila Bazhenova2, Kathryn Gold2, Lisa Tran2, Van Hilburn2, Peter Vu2, Sandip Pravin Patel2

1Department of Oncology, Shengjing Hospital of China Medical University, Shenyang, China; 2Moores Cancer Center, University of California, San 

Diego, CA, USA
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All authors; (IV) Collection and assembly of data: L Yu, SP Patel; (V) Data analysis and interpretation: L Yu, SP Patel; (VI) Manuscript writing: All 

authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Sandip Pravin Patel, MD. Moores Cancer Center, University of California, San Diego, 3855 Health Sciences Drive, 92093, La 

Jolla, CA, USA. Email: patel@ucsd.edu. 

Background: Small cell lung cancer (SCLC) transformation is one of the mechanisms of drug resistance to 
tyrosine kinase inhibitors (TKIs) in advanced epidermal growth factor receptor (EGFR)-mutated non-small 
cell lung cancer (NSCLC) and represents an increasingly recognized clinical dilemma.
Methods: We performed a retrospective review of 964 cases at the University of California, San Diego of 
patients with EGFR sensitizing mutations. Nine patients had a biopsy-confirmed small cell transformation. 
The unique gene alterations and clinicopathologic features were collected and analyzed. 
Results: Nine cases (9/964, 0.9%) were identified, all with stage IV adenocarcinoma (ADC) at diagnosis, 
7 were poorly differentiated, and 7 had an EGFR exon 19 deletion. All nine patients had tumor protein p53 
(TP53) mutation. Among seven cases that had next-generation sequencing (NGS), 5 harbored retinoblastoma 
1 (RB1) loss. WNK lysine deficient protein kinase 1 (WNK1) mutation was found in two patients that 
had longer survival. The median time from the initial diagnosis to transformation was 22.7 months (IQR: 
15.1–25.1). After small cell transformation on EGFR inhibition, all patients were treated with etoposide/
platinum, conferring a median progression-free survival (PFS) of 3.2 months (IQR, 2.2–6.5 months) and 
post-chemotherapy survival of 8.6 months (IQR, 4.0–19.0 months). Six patients, as they retained the initial 
EGFR mutations, resumed (did so after terminating chemotherapy)/continued (did so concomitantly with 
chemotherapy) TKIs with a median duration of 13.8 months (IQR, 3.8–27.7 months). Two patients received 
immunotherapy but had no benefit.
Conclusions: In our series, most patients with small cell transformation had poorly differentiated 
adenocarcinomas at baseline. RB1 loss was not universal in transformed patients in this series, though TP53 
mutation was present in all tumor samples. WNK1 mutation may be a new resistance mechanism to TKIs 
that may be associated with improved survival. 
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Introduction

Epidermal growth factor receptor (EGFR)-tyrosine kinase 
inhibitors (TKIs) play critical roles in the treatment of 
advanced EGFR mutated non-small cell lung cancer 
(NSCLC); however, drug resistance is expected, even 
with potent inhibitors such as Osimertinib (1). A variety 
of acquired resistance mechanisms have been reported, 
including secondary EGFR mutations, bypass or alternative 
pathway activation, and histologic transformation (2-4). 
Small cell lung cancer (SCLC) transformation is one of the 
mechanisms, accounting for 3% to 14% of all cases (3-6). 

Although some previous studies reported that inactivation 
in tumor protein p53 (TP53) and retinoblastoma 1 (RB1) 
genes (7-9) might be associated with SCLC transformation 
of EGFR mutated NSCLC after TKIs therapy, the 
clinicopathologic characteristics and molecular mechanisms 
of such transformation remain largely unknown and need 
further investigation. 

Here, we report 9 cases of SCLC transformed from 
EGFR-mutant lung adenocarcinoma (ADC) after EGFR-
TKIs treatment in a single institution during a 15-year 
period. The primary objective of our study included analysis 
of the clinicopathologic features, epidemiology, treatment 
characteristics, and survival data of this group of cases. 
The secondary objective was to explore the unique gene 
alterations that contribute to SCLC transformation. We 
present the following article in accordance with the SRQR 
reporting checklist (available at https://tlcr.amegroups.com/
article/view/10.21037/tlcr-21-665/rc).

Methods

We performed a retrospective review of cases seen between 
August 1, 2005, and August 1, 2020, at Moores Cancer 
Center of the University of California, San Diego (UC 
San Diego). EMR (Epic systems corporation®) was queried 
for lung cancer patients with EGFR-mutations who 
received EGFR TKIs therapy and etoposide-containing 
chemotherapy at some point during the disease course. 
Patients with a previous history of neuroendocrine tumors 
of the lung were excluded. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the UC San Diego Institutional Review 
Board (No. HRPP# 150348), and individual consent for this 
retrospective analysis was waived.

Out of 964 patients with EGFR mutations, 9 harbored 

small cell transformation. The SCLC transformation has 
been confirmed by the histologic diagnosis comprising 
immunohistochemistry (IHC) for neuroendocrine markers 
according to WHO classification guidelines of lung tumors, 
and the results of the genetic changes were summarized 
from genomic profiling in the EMR system. Duration of 
TKIs rechallenge, after small cell histologic transformation, 
was defined as the time from the date TKIs were restarted 
after etoposide/platinum chemotherapy to the date it 
was discontinued. The duration of TKIs continuation 
was the time from transformation to the date TKIs were 
discontinued. Post-chemotherapy survival was the time 
from the beginning of the etoposide/platinum to death, and 
progression-free survival (PFS) was the interval from the 
date when the etoposide/platinum treatment started until 
any progression event. Response assessment was based on 
the physician’s evaluation of clinical and radiological data, 
documented in the EMR system, according to RECIST 
(Response Evaluation Criteria In Solid Tumors).

Next-generation sequencing (NGS) was performed 
using whole exon coverage of at least 73 genes in a CLIA 
(clinical laboratory improvement amendments)-certified 
laboratory. Matched “normal” sequencing was not available 
to further characterize germline or variant of undetermined 
significance (VUS), and thus bioinformatic tumor only 
approaches were utilized, and if question on nature of the 
mutation, PolyPhen-2 was utilized.

Statistical analysis

Data were presented as n (%) for categorical variables 
and median (IQR) for continuous variables. Statistics 
were descriptive and retrospective, no formal prospective 
comparisons can be made. The bioinformatic analyses for 
NGS were performed by commercial vendors as part of 
their standard of care CLIA assay.

Results

Patients’ characteristics

The clinicopathological, treatment and genomic details 
of patients were summarized in Tables 1,2. Nine cases of 
patients that transformed from EGFR-mutant NSCLC after 
TKIs (Gefitinib, Afatinib, Erlotinib, or Osimertinib) to 
SCLC were included. The median age was 60 years (IQR, 
45–69 years). There were 4 (44.4%) males and 5 (55.6%) 
females. Of all 9 patients, 4 were never smokers, and 5 were 

https://tlcr.amegroups.com/article/view/10.21037/tlcr-21-665/rc
https://tlcr.amegroups.com/article/view/10.21037/tlcr-21-665/rc
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Table 2 EGFR TKIs patients received

Record # EGFR TKIs received before SCLC transformation Rechallenge/continuation EGFR TKIs received after SCLC transformation

1 Gefitinib → Erlotinib Continuation Erlotinib → Osimertinib 

2 Afatinib Continuation Afatinib

3 Erlotinib → Osimertinib Rechallenge Erlotinib

4 Osimertinib N/A N/A

5 Erlotinib → Osimertinib Continuation Osimertinib

6 Afatinib Rechallenge Osimertinib

7 Erlotinib → Osimertinib Continuation Osimertinib

8 Erlotinib N/A N/A

9 Erlotinib N/A N/A

EGFR TKIs that each patient received before and after SCLC transformation. Four patients’ transformation occurred with respect to 
Osimertinib, and three of them received sequential treatment with 1st generation to 3rd generation of TKIs. EGFR, epidermal growth factor 
receptor; SCLC, small cell lung cancer; TKIs, tyrosine kinase inhibitors; N/A, not applicable.

former smokers. Two (22.2%) patients had an exon 21-point 
mutation (L858R), and 7 (77.8%) patients had an exon 19 
deletion. All the 8 cases that had the molecular results after 
transformation retained the initial mutations (exon19del 
or L858R), one of the 9 cases lacked molecular testing 
after small cell transformation. The histological types 
of all the 9 patients were ADC, in which 7 patients were 
poorly differentiated at diagnosis, 2 were moderately-to-
poorly differentiated. All these patients were treated with at 
least one EGFR TKI before SCLC transformation as they 
were all at stage IV when initially diagnosed. The median 
time from the initial diagnosis to transformation was  
22.7 months (IQR, 15.1–25.1 months).

Post-transformation course

After SCLC transformation, all patients were treated with 
etoposide combined with cisplatin or carboplatin (EP/EC) 
chemotherapy, conferring a median PFS of 3.2 months  
(IQR, 2.2–6.5 months) and post-chemotherapy survival of  
8.6 months (IQR, 4.0–19.0 months). Four patients continued 
TKIs during EP/EC chemotherapy, and 2 patients resumed 
TKIs after EP/EC chemotherapy. The median duration of 
TKIs rechallenge/continuation after transformation was  
13.8 months (IQR, 3.8–27.7 months) (Table 1).

Molecular characteristics

Nine patients had molecular test results. As shown in 
Tables 3-5, the patients had multiple co-mutations of 
the listed genes in their tumors. At baseline, 5 cases had 
NGS (comprehensive genome profile) results, 4 cases had 
targeted gene analysis. After transformation, 7 cases had 
NGS results, 1 case had targeted gene analysis, 1 case lacked 
molecular testing. As shown in Tables 1,3,4, all 9 patients 
had TP53 mutation. Among them, 6 patients had TP53 
mutation both at baseline and after transformation. Two 
patients had TP53 mutation at baseline, while the mutation 
status was not available after transformation. One patient 
had TP53 mutation after transformation without mutation 
information at baseline. Seven cases had NGS results, 
among which, 5 cases had NGS both at baseline and after 
transformation. In these five cases, 4 cases had RB1 loss 
both at baseline and after transformation, but one case did 
not have RB1 loss. The other two patients had NGS after 
transformation, and one of them also harbored RB1 loss. 
There are two patients that had longer survival period (post-
chemotherapy survival 53.6 m+ and 19.0 m+, respectively). 
Interestingly, these two patients with longer survival period 
harbored a common unique genetic mutation for WNK 
lysine deficient protein kinase 1 (WNK1) (c.2567C>A 
p.T856K Missense variant and c.2176_2219delins (46) p. 
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I726fs Frameshift, respectively). The WNK1 gene mutation 
was acquired in one patient during treatment, but not clear 
if it was acquired in the other patient because this patient 
didn’t have NGS at baseline.

Discussion

In our study, the histologic types of all 9 eligible patients 
were lung ADC that had been treated with at least 
one EGFR-TKI before SCLC transformation. Several 
studies have shown that alveolar type II cells, which were 
historically thought to be the origin of ADC, may be 
common precursors of both lung ADC and SCLC (5,7,8,10). 
The majority (77.8%) of our patients harbored tumors 
with poor differentiation at diagnosis, suggesting that 
patients with this feature may portend transformation to 
SCLC. In these transformed cases, it is unclear if they are 
transformed fully or partially as that would require a biopsy 
of each lesion, and many patients have dozens of lesions. 
Unfortunately, at present, there is no imaging test or other 
means to discern which lesion on a scan is NSCLC vs. 
transformed SCLC. In our cases, the median interval from 

the initial diagnosis of lung ADC to SCLC transformation 
was 22.7 months. In the cases previously reported, ranges of 
10 months to 3 years have been showed (4,6,9,11,12).

As  shown in Table  1 ,  seven out  of  nine SCLC 
transformations were observed in patients with EGFR 
exon 19 mutations, and all the transformed SCLC retained 
the same EGFR mutation as the primary ADC. Similarly, 
previous studies revealed that SCLC transformation 
occurred more frequently in lung ADC with a deletion in 
EGFR exon 19 than in those with exon 21 L858R mutation, 
and the majority of patients retained the primary EGFR 
mutation indicating direct evolution from the original 
NSCLC (7-9,12).

There is no established guideline for treatment after 
the development of SCLC transformation. Treatment with 
platinum plus etoposide are standard therapies, and other 
strategies include irinotecan, taxanes, or radiotherapy (9).  
Some patients did respond well to these regimens (9,13,14); 
but some cases received limited responses (15). The data of 
median post-chemotherapy survival from the transformation 
of two teams was 10.9 and 9 months, respectively (9,12). 
Marcoux et al. showed a median PFS of 3.4 months after 

Table 3 The baseline gene mutations in the 7 patients that had NGS results

Gene mutations Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7

EGFR Exon 19 Deletion X X X X X X

TP53 X X X X X

RB1 loss X X X X

CCNE1 EGFR amp  X X X

ZNF217 X X X

INHBA MCL1 CARD11 IKZF1 X X

MPL APC MET X X

EPHA5 ARID1A EGFR R677C DICER1 CD79A PIK3CA 
FAS FAT1

X

EGFR L858R SPTA1 GRMJ NKX2-1 DDR2 NFKBIA KRAS 
BCL2L2 ABL2 SDHC STAG2 FOXP1 RAC1 NTRK1 HGF 
CDK6 DOT1L SMAD3 PIK3CG MAP2K1 CBFB EGFR 
L62R CIC MAGI2 BRCA2 CHD2 PMS2 KDM5A ATM MYC

X

ATRX RET AKT2 CEBPA FAM46C DAXX KDM6A X

IL7R ARID2 BRAF SMO CHEK2 LRP1B ARFRP1 CHD4 
PIK3CB RICTOR FGFR1 CREBBP EGFR T790M FGF10

X

FGFR3 X

Patients 2–6 had NGS both at baseline and after transformation. Patients 1 and 7 had NGS after transformation. NGS, next-generation 
sequencing.
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platinum-etoposide chemotherapy (9). Their results are 
similar to our data: median PFS of 3.2 months and post-
chemotherapy survival of 9.6 months after the EC/EP 
treatment.

For patients with transformed SCLC, there are no 
guidelines about whether to restart/continue TKIs or not 
after/concomitantly with chemotherapy. In our study, 
3 of the 9 cases showed CNS metastasis after SCLC 
transformation. Chemotherapy has poor penetration into 

the central nervous system (CNS), while Osimertinib is 
bioavailable and effective for CNS metastases, which is 
an issue in this patient population. Upon transformation, 
some researchers found, despite the retention of the 
EGFR-mutation, EGFR protein expression decreases, and 
patients have limited benefits from EGFR-TKIs (7,16). 
However, Marcoux et al. (9) found 5/67 cases with EGFR-
amplification after SCLC transformation, in addition to 
the founder EGFR-mutation, suggesting that both EGFR-

Table 4 The post-transformation gene mutations in the 7 patients that had NGS results

Gene mutations Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7

EGFR Exon 19 Deletion X X X X X X

TP53 X X X X X X X

RB1 loss X X X X X

WNK1 X X

APC X X X X

CCNE1 X X X

KMT2C X X

CDK6 X X

NF1 X X

ATRX X X

CARD11 EGFR amp X X

MYC X X

FGFR1 X X

CDKN1B NOTCH1 KIF1B U2AF1L4 LRP1B ACVR1B TSC1 
CUL4B TET2 CUX1 MTRR KMT2D

X

PIAS4 SRP68 TERT LMNA CBLB RNF139 PTPRT MALT1 
RB1 CFTR CRLF2 AMER1 TOP2A SLC47A2 BCLAF1 ZMYM3 
HSP90AA1 EGFR Copy number gain

X

KIT NKX2-1 NFKBIA BCL2L2 EGFR L858R STAG2 FOXP1 MPL 
RAC1 DOT1L SMAD3 EGFR L62R MET MAP2K1(MEK1) CIC 
BRCA2 CHD2 PMS2 ATM

X

PPARG CD22 RET BCL6 AKT2 IKZF1 CEBPA FAM46C DAXX 
KDM6A

X

ZRSR2 SMO FOXO1 CHEK2 KDR PIK3CB SMAD4 RANBP2 X

FGFR3 RPTOR ABL2 IRS2 KLHL6 PDGFRB GNAS AURKA 
PTCH1 SMAD2 FLT3 KDM5A

X

KRAS CCND2 HRAS CCND1 PIK3CA GATA6 GPR124 AR 
ARID1B ESR1

X

WNK1 mutation was found in both patients 1 and 2 that had longer survival period. VUS genes are not shown. NGS, next-generation 
sequencing; WNK1, WNK lysine deficient protein kinase 1; VUS, variant of undetermined significance.
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Table 5 The acquired gene mutations in the 5 patients (patient 2–6) that had NGS both at baseline and after transformation. 

Acquired gene mutations Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

WNK1 APC KMT2C ATRX PIAS4 SRP68 TERT LMNA CBLB RNF139 PTPRT MALT1 
CFTR CRLF2 AMER1 TOP2A SLC47A2 BCLAF1 ZMYM3 HSP90AA1 EGFR Copy 
number gain

X

KIT X

PPARG CD22 BCL6 X

ZRSR2 FOXO1 KDR SMAD4 RANBP2 X

RPTOR ABL2 IRS2 KLHL6 PDGFRB GNAS AURKA PTCH1 SMAD2 FLT3 KDM5A X

NGS, next-generation sequencing.

downregulation and -upregulation can contribute to the 
unresponsiveness of transformed tumors to EGFR-TKIs. 
Whereas, our data showed that 3 out of 7 cases with NGS 
data exhibited EGFR-amplification at baseline (together 
with CCNE mutation), while 1 patient displayed “EGFR 
copy number gain” after SCLC transformation (Tables 3,4).  
In our study, 2 patients resumed EGFR-TKIs (TKI 
rechallenge) at the completion of chemotherapy, and  
4 patients continued TKIs therapy (TKI continuation) 
concomitantly with chemotherapy. The median treatment 
duration of TKIs after transformation was 13.8 months, 
which indicated that TKIs resumption/continuation might 
benefit such patients. Some cases also showed clinical 
benefits from re-challenging/continuing TKIs treatment 
(9,14,17,18). Immunotherapy, which is disappointing in 
EGFR mutated NSCLC (19,20), appears to be ineffective in 
the transformed SCLC (9). In our cases, 2 patients also had 
no clinical improvement after receiving immunotherapy, 
even though one patient had high tumor mutational burden 
(TMB) 15 Muts/Mb and programmed cell death-ligand 
1 (PD-L1) tumor proportion score (TPS) >50%, which 
indicated that post-transformation, immunotherapy may 
not be effective.

Currently, the exact molecular changes associated with 
the transformation from lung ADC with EGFR mutations 
to SCLC after an initial response to EGFR TKIs remain 
largely unknown. Inactivation in TP53 and RB1 genes is 
the typical molecular feature for SCLC (21,22), and both 
genes mutation were rarely observed in NSCLC (23).  
However, they were found usually altered in SCLC 
transformed patients (7-9,22,24). In our study, we observed 
TP53 mutation in all the transformed patients and RB1 
loss in 5 transformed patients. There were 2 cases without 
RB1 loss, suggesting that RB1 loss is not universal in 

SCLC transformed patients, similar to Marcoux’s research  
results (9). Additionally, we noticed that 2 patients had 
longer survival period (post-chemotherapy survival 53.6+ 
and 19.0+ months, respectively). Of note, both patients 
harbored WNK1 mutation. Interestingly, the cBioportal 
database (Figure 1) showed that WNK1 altered in 1.25% to 
30% of SCLC cases and only 2.32% to 6.09% of patients 
with lung ADC (25,26). Previous research reported that 
WNK1 is a serine-threonine kinase that regulates ion 
transport across cell membranes, and influences PI3K-
AKT, TGF-β, and NF-κB signaling; WNK pathway has 
been implicated in numerous human diseases, including  
cancer (27). WNK1 Kinase’s indirect effects on angiogenesis 
may play a  role  in promoting tumor growth and  
metastasis (28), though the specific role of WNK1 remains 
to be further studied. It is not clear whether WNK1 
mutation is a contributor to SCLC transformation, or an 
enhancer of their prognosis. In this retrospective study, only 
5 patients had NGS results before and after transformation. 
Optimally, the identical platform should be utilized pre and 
post-transformation. However, given the rare nature of the 
event and the limited number of patients, we felt if baseline 
changes portended transformation to SCLC (similar to 
RB1), it would be important not to miss. 

In summary, transformation to SCLC occurs in a 
small but important subset of patients with EGFR-mutant 
NSCLC that should be borne in mind when patients 
exhibit progression on TKIs, and re-biopsy is necessary. 
This single-institution study is limited by the small size of 
the cohort. In addition, the search strategy we used may 
make us unable to retrieve all the transformed patients. 
Because we designed our search to detect patients who 
received etoposide, we may have missed patients treated 
with alternative regimens. This may be why the proportion 
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of transformed patients in our study is less than 1%, a 
bit lower than other studies. Furthermore, variation in 
sequencing techniques was also a limitation of this study. 
Future research is required to characterize the features of 
these tumors in larger cohorts to seek optimal strategies, 
as the median PFS and post-chemotherapy survival after 
transformation is currently short. The underlying genomic 
changes that contribute to this drug-resistant mechanism 
require more detailed exploration to help predict 
histological SCLC transformation at earlier stages of the 
disease.
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