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Abstract

Background: Transformation to small cell lung cancer (SCLC) is a resistance mechanism
of epidermal growth factor receptor (EGFR) mutant lung adenocarcinoma (LADC)
patients treated with EGFR tyrosine kinase inhibitors (TKIs). Here, we describe the clini-
cal characteristics and prognosis of these patients and explore the treatment modes after
transformation.

Methods: EGFR-mutant LADC patients with SCLC transformation were retrospec-
tively included in the study. Demographic and clinical data were collected. Survival
outcomes and corresponding influential factors were analyzed.

Results: Twenty-nine patients were included in the study. The median progression-
free survival (PFS) of patients who received first-line EGFR-TKIs was 13.1 months.
The median time to SCLC transformation was 27.5 months. After transformation, the
objective response rates of patients who received first-line chemotherapy with or with-
out EGFR-TKIs were 43.8% and 37.5%, respectively. The median PFS of patients
reveiving chemotherapy with EGFR-TKIs was significantly longer than that of patients
receiving chemotherapy without EGFR-TKIs (5.2 vs. 3.0 months; HR, 0.19; 95% CI:
0.05-0.72; p = 0.014). However, there was no significant difference in median overall
survival (OS) between patients who received chemotherapy with or without EGFR-
TKIs (14.8 vs. 13.0 months; p = 0.474). In the multivariate Cox proportional hazards
regression analysis, both anti-angiogenic treatment (HR, 0.04; 95% CI: 0.01-0.29;
p = 0.001) and local radiotherapy (HR, 0.28; 95% CI: 0.08-0.97; p = 0.044) were sig-
nificantly associated with better patient OS after transformation.

Conclusions: Compared with chemotherapy alone, the combination of chemotherapy
and EGFR-TKIs as first-line treatment after SCLC transformation can benefit patients
in PFS but not in OS. However, anti-angiogenic therapies and local radiotherapy can
significantly prolong OS after transformation.
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Lung adenocarcinoma (LADC) patients with epidermal
growth factor receptor (EGFR) mutations will inevitably
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develop resistance during treatment with EGFR tyrosine
kinase inhibitors (TKIs). Although almost 60% of acquired
resistance to first- or second-generation EGFR-TKIs have
been reported to result from secondary T790M mutation,’
transformation to small cell lung cancer (SCLC) also accounts
for about 3%-14% resistance to first- or second-generation

EGFR-TKIs"* and is seen in resistance to third-generation
EGFR-TKIs as well.>*

Even though the mechanism of transformation from
non-small cell lung cancer (NSCLC) to SCLC has not
previously been thoroughly investigated, several studies
have attempted to explain the phenomenon. SCLC and

TABLE 1 Demographic and clinical characteristics of EGFR-mutant LADC patients

Treatment of third

generation TKIs before No third generation TKIs

All patients transformation before transformation
Characteristics N % N % N %
N 29 19 10
Age
Median (years) 56.0 56.0 57.0
Range 32.6-79.7 32.6-68.7 38.2-79.7
Age distribution
265 4 13.8% 1 5.3% 3 30.0%
<65 25 86.2% 18 94.7% 7 70.0%
Gender
Male 10 34.5% 6 31.6% 4 40.0%
Female 19 65.5% 13 68.4% 60.0%
Smoking history
Yes 4 13.8% 3 15.8% 1 10.0%
No 24 82.8% 15 78.9% 9 90.0%
Unknown 1 3.4% 1 5.3% 0 0.0%
Brain metastasis before SCLC transformation
Yes 12 41.4% 8 42.1% 4 40.0%
No 17 58.6% 11 57.9% 60.0%
First-line treatment
EGFR-TKI 19 65.5% 14 73.7% 5 50.0%
EGFR-TKI + chemotherapy 2 6.9% 0 0.0% 2 20.0%
Chemotherapy 4+ EGFR-TKI maintenance 4 13.8% 3 15.8% 1 10.0%
Chemotherapy 4 13.8% 2 10.5% 2 20.0%
Initial EGFR-TKI treatment for advanced disease
First-line 21 72.4% 14 73.7% 7 70.0%
First-line maintenance 4 13.8% 3 15.8% 1 10.0%
Second-line 4 13.8% 2 10.5% 2 20.0%
Initial EGFR-TKI treatment
Gefitinib 13 44.8% 7 36.8% 6 60.0%
Erlotinib 4 13.8% 2 10.5% 2 20.0%
Icotinib 6 20.7% 5 26.3% 1 10.0%
Afatinib 1 3.4% 0 0.0% 1 10.0%
Dacomtinib 1 3.4% 1 5.3% 0 0.0%
Osimertinib 4 13.8% 4 21.1% 0 0.0%
Types of EGFR-TKIs used before SCLC transformation
1 9 31.0% 3 15.8% 6 60.0%
2 13 44.8% 10 52.6% 3 30.0%
3 6 20.7% 5 26.3% 1 10.0%
4 1 3.4% 1 5.3% 0 0.0%

Abbreviations: EGFR, epidermal growth factor receptor; LADC, lung adenocarcinoma; SCLC, small cell lung cancer; TKIs, tyrosine kinase inhibitors.
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adenocarcinoma are thought to originate from neuroendo-
crine cells and alveolar type II cells, respectively.” However,
experiments in mice have demonstrated that loss of Trp53
and Rb1I in alveolar type II cells could also effectively lead to
the development of SCLC,® indicating that some SCLCs and
adenocarcinomas might have a shared ancestry.

Since SCLC is a more aggressive tumor than
EGFR-mutant LADC, early identification of the transforma-
tion to SCLC during LADC treatment is of great impor-
tance. Due to the significant role in SCLC transformation,
inactivation of TP53 and RbI has also previously been
demonstrated to have a strong predictive value during
EGFR-TKI treatment for LADC.”® Unfortunately, TP53 and
Rb1 status is not routinely evaluated in LADC patients
before or during EGFR-TKI treatment. Therefore, more
clinical signs that indicate the probable SCLC transforma-
tion are needed to assist with early identification.

The optimal treatment choices for LADC patients who
develop SCLC transformation remain unclear. Some cases
have been reported to receive chemotherapy for SCLC alone
after transformation,*°~'* while other cases have received a
combination of chemotherapy and EGFR-TKIs.**'> The
response status and progression-free survival (PFS) varied
from case to case. Two studies reported that the objective
response rate (ORR) to platinum-etoposide therapy was
nearly 50% and the median PFS was about 3.5 months.'*"
However, whether EGFR-TKIs should be continued or not
is controversial.

Here, we conducted a retrospective study on patients
with transformation from EGFR-mutant LADC to SCLC.
The aim of our study was to describe the clinical and molec-
ular characteristics and prognosis of these patients and to
explore better treatment modes after transformation.

TABLE 2

METHODS
Patients

We retrospectively reviewed patients with advanced
EGFR-mutant LADC who visited and received treatment in
Cancer Hospital, Chinese Academy of Medical Sciences
(Beijing, China) from January 1, 2011 to June 30, 2021.
Patients who met the following criteria were included in this
study: (1) diagnosis of histologically- or cytologically-
verified advanced LADC with sensitive EGFR mutations deter-
mined by polymerase chain reaction (PCR) or next-generation
sequencing (NGS); (2) diagnosis of SCLC transformation
based on high-quality tumor biopsies or well-preserved cyto-
logical samples during LADC treatment. The study was
approved by the Ethics Committee of National Cancer Center/
Cancer Hospital, Chinese Academy of Medical Sciences and
Peking Union Medical College (Approval no. 21/243-2914).

Data collection and follow-up

Demographic and clinical information were extracted
from the medical history system and supplemented through
follow-up. Genomic profiles were also collected from
patients with complete NGS results to analyze accompany-
ing genomic alterations. Treatments and corresponding out-
comes of both pre- and post transformation were collected.
Tumor responses were evaluated according to Response
Evaluation Criteria in Solid Tumors (RECIST) guidelines
(version 1.1). PFS of certain treatment was defined as the
period from the initial date of the treatment to disease pro-
gression or death. Overall survival (OS) after transformation

Genomic features of EGFR-mutant LADC patients transforming to SCLC

Before transformation to SCLC

After transformation to SCLC

Characteristics N % N %
EGFR mutations 29 18
Exon 19 deletion 16 55.2% 12 66.7%
Exon 21 L858R 9 31.0% 4 22.2%
Exon 19 deletion + exon 21 L858R 2 6.9% 0 0.0%
Exon 18 G719X 1 3.4% 1 5.6%
Exon 18 G719X + exon 20 S7681 1 3.4% 1 5.6%
EGEFR exon 20 T790M mutation® 18 18
Yes 11 61.1% 4 22.2%
No 7 38.9% 14 77.8%
Accompanying mutations® 13 13
TP53 12 92.3% 13 100.0%
Rb1 5 38.5% 6 46.2%
PIK3CA 3 23.1% 5 38.5%
PTEN 1 7.7% 3 23.1%

Abbreviations: EGFR, epidermal growth factor receptor; LADC, lung adenocarcinoma; SCLC, small cell lung cancer.

*Patients who received at least two molecular tests before transformation.
“Patients who received next generation sequencing tests.
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FIGURE 2 Time to small cell lung cancer (SCLC) transformation and corresponding influential factors. (a) Time to SCLC transformation of all patients.
(b) Association between demographic and clinical factors and time to SCLC transformation analyzed by univariate cox proportional hazards regression
analysis. (c) Time to SCLC transformation stratified by the PES of initial EGFR-TKIs
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TABLE 3 Treatment after transformation to small cell lung cancer

TABLE 3 (Continued)

Treatment N % Treatment N %
Total patients 28 Consolidation radiotherapy of primary 3 23.1%
Lines of treatment after transformation lung lesion
1 10 35.7% Bone metastasis 3 23.1%
2 6 21.4%
>3 12 42.9% was defined as the period from the initial date of first-line treat-
First-line treatment ment after transformation to death or the date of last follow-up.
EGFR-TKI + chemotherapy 16 571% Time to SCLC transformation was defined as the period from
the initial date of first-line treatment for advanced disease to
Chemotherapy 5 28.6% the confirmation date of histologically- or cytologically-verified
EGER-TKI + chemotherapy + anti- 1 3.6% SCLC. The last follow-up date was July 20, 2021.
angiogenesis
Chemotherapy + anti-angiogenesis 2 7.1%
EGFR-TKI 1 3.6% Statistical analysis
First-line chemotherapy
Etoposide -+ platinum 21 77.8% PES, OS and time to SCLC transformation were analyzed using
Etoposide 2 7.4% Kaplan-Meier (K-M) analysis. Cox proportional hazards
Irinotecan + platinum 1 3.79% regression analysis was also used to explore corresponding
Nab-paclitaxel + platinum 5 7 4% inﬂgeptial fa.cto.rs. Two-sided p values <0.05 were co.nsidered
Pemetrexed + platinum ) 37% statistically significant. All analyses were performed with SPSS
(version 23.0) and Rstudio (version 1.1.383).
Anti-angiogenic treatment after transformation
Yes 18 64.3%
No 8 28.6% RESULTS
Unknown 2 7.1%
nitial line of anti-angiogenic treatment Demographic and clinical characteristics before
) 6 ;330  transformation
0,
; Z zzz; A total of 29 patients were included in this study, among whom
19 patients (65.5%) received third-generation EGFR-TKIs before
Anti-angiogenic agents transformation to SCLC. The demographic and clinical charac-
Anlotinib 15 83.3% teristics are summarized in Table 1. The majority of patients
Bevacizumab 6 33.3% were female (65.5%) and non-smokers (82.8%). The patients
Apatinib 2 11.1% were relatively young with a median age of 56 years at diagnosis
Regimens involving anti-angiogenic treatment of advanced disease. Nearly half of the patients had already
Single-agent anlotinib 6 33.3% developed brain metastases before transformation to SCLC.
Chemotherapy -+ anti-angiogenesis 5 27.8% Most patients (86.2%) received EGFR-TKIs in the
o } first-line setting, including EGFR-TKI maintenance and
EGER-TKI  anti-angiogenesis ¢ 22.2% combination of EGFR-TKI and chemotherapy. With only
ChemOFherapy,Jr EGFR-TKI + anti- 6 33.3% four (13.8%) patients receiving osimertinib as their initial
anglogeness EGFR-TKI treatment, about 70% patients received at least
Immunotherapy + anti-angiogenesis 4 22.2% two types of EGFR-TKIs.
Immunotherapy + chemotherapy 1 5.6%
+ anti-angiogenesis
Immunotherapy + EGFR-TKIs + anti- 1 >6%  Molecular characteristics before and after
anglogenesis .
transformation
Local radiotherapy
Yes 13 Gl Molecular tests were performed in all 29 patients before
No 15 53.6% initial EGFR-TKI treatment and most of these patients were
Reasons for local radiotherapy found to harbor EGFR exon 19 deletions (55.2%) and exon
Intracranial progression 46.2% 21 L858R mutations (31.0%) (Table 2). Eighteen patients
Porgression of isolated metastasis 4 30.8% received at least two molecular tests before transformation
Progression of primary lung lesion 5 15.4% to SCLC and EGFR exon 20 T790M mutation was identified
) in 11 (61.1%) patients. Among 13 patients who received
(Continues)

NGS tests, 12 harbored TP53 mutation; five harbored Rbl
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chemotherapy with or without epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs). (d) OS of first-line treatment after transformation

stratified by chemotherapy with or without EGFR-TKIs

mutation; three harbored PIK3CA mutation and one har-
bored PTEN mutation. All five patients who had RbI muta-
tion also harbored a TP53 mutation.

After transformation to SCLC, molecular tests were per-
formed in 18 patients. All these patients harbored EGFR muta-
tions. Among these patients, EGFR exon 20 T790M mutation
was identified in four (22.2%) patients. Among 13 patients
who received NGS tests after transformation, all patients har-
bored TP53 mutation; six harbored Rb1 mutation; five har-
bored PIK3CA mutation and three harbored PTEN mutation.

Treatment and efficacy before transformation

Among 19 patients treated with EGFR-TKIs in the first line,
four (21.1%) patients received third-generation EGFR-TKIs.
The ORR of first-line EGFR-TKI treatment was 68.4% and the
disease control rate (DCR) was 94.7%. The median PFS of

first-line EGFR-TKI treatment was 13.1 months (95% confi-
dence interval [CI]: 8.6-17.6 months] (Figure 1a). Among four
patients who received EGFR-TKIs as first-line maintenance,
the median PFS was 11.0 months (95% CI: 6.8—15.1 months).

A total of 15 patients were treated with second-line EGFR-
TKIs, among whom eight (53.3%) received third-generation
EGFR-TKIs. Apart from one patient that lacked a response
status, the ORR of second-line EGFR-TKI treatment was
21.4% among the other 14 patients and the DCR was 64.3%.
The median PFS of second-line EGFR-TKI treatment was
5.6 months (95% CI: 0.3-11.0 months) (Figure 1b).

Time to SCLC transformation and modes
of progression

The median time to SCLC transformation was 27.5 months
(95% CI: 15.6-39.5 months) (Figure 2a). When including
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gender, smoking history, EGFR mutation types, EGFR exon
20 T790M mutation status, treatment of third-generation
EGFR-TKIs, response to initial EGFR-TKIs and PES of initial
EGFR-TKIs into univariate Cox proportional hazards regres-
sion analysis, only PES of initial EGFR-TKIs was associated
with the time to SCLC transformation (Figure 2b). Com-
pared to patients with PFS of initial EGFR-TKIs <12 months,
patients with PFS of initial EGFR-TKIs >12 months experi-
enced a significantly longer time to SCLC transformation
(>12 vs. <12 months, 32.8 vs. 12.5 months; HR, 0.23; 95%
CI: 0.09-0.56; p = 0.001) (Figure 2c).

Detailed medical records or imaging examination results
of the last disease evaluation before SCLC transformation in
our hospital were available for 26 patients. Among these
patients, 22 (84.6%) developed progression in multiple
lesions at the point of SCLC transformation, one developed
new lesions and only three experienced oligoprogression.

Treatment after SCLC transformation
and clinical outcomes

Apart from one patient who died shortly after transforma-
tion to SCLC, the other 28 patients all received at least one
treatment after transformation (Table 3). The median OS after
transformation of these 28 patients was 14.8 months (95% CL:

12.9-16.6 months) (Figure 3a). The median PFS of first-line
treatment after transformation was 4.7 months (95% CI: 2.9-
6.5 months) (Figure 3b). Among these 28 patients, 16 patients
(57.1%) received chemotherapy for SCLC with EGFR-TKIs in
the first line, while eight patients (28.6%) received chemother-
apy for SCLC without EGFR-TKIs. Among these 24 patients,
most (87.5%) were treated with etoposide-based therapies.
Among 16 patients continuing with EGFR TKIs, 12 patients
(75.0%) received the same EGFR TKI as before transformation.
The ORRs of chemotherapy with or without EGFR-TKIs were
43.8% and 37.5%, respectively. The median PFS of chemother-
apy with EGFR-TKIs was significantly longer than that of che-
motherapy without EGFR-TKIs (5.2 vs. 3.0 months; HR, 0.19;
95% CI: 0.05-0.72; p = 0.014) (Figure 3c). However, there was
no significant difference in median OS between chemotherapy
with and without EGFR-TKIs (14.8 vs. 13.0 months; p = 0.474)
(Figure 3d).

In the 13 patients receiving molecular tests by NGS after
transformation, we were unable to divide them with TP53
mutation status as all patients harbored the TP53 mutation.
When dividing patients with RbI mutation status, the OS of
patients without RbI mutation was longer than that of
patients with RbI mutation, but the difference was not sig-
nificant (19.5 vs. 9.1 months; p = 0.076).

Among 28 patients receiving treatment after transforma-
tion, anti-angiogenic treatment was confirmed to be used in
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18 patients (64.3%) and local radiotherapy was performed in
13 patients (46.4%) (Table 3).

Most patients (66.7%) started anti-angiogenic treatment
in the first- or second-line after transformation. Anlotinib
was the agent that used the most (83.3%). Among 18
patients receiving anti-angiogenic agents, nine patients
received anti-angiogenic agents in more than one regimen.
Anti-angiogenic agents were mostly used in combination
with chemotherapy, EGFR-TKIs or both. Only six patients
used single agent anlotinib treatment.

Among 13 patients who received local radiotherapy, five
received local radiotherapy of more than one sites. Most
patients received local radiotherapy for intracranial progres-
sion (46.2%) or progression of isolated distant metasta-
sis (30.8%).

Compared to patients who did not receive anti-angio-
genic therapy, patients treated with anti-angiogenic therapy
experienced significantly longer OS after transformation
(anti-angiogenesis vs. non-anti-angiogenesis, 15.1 vs.
4.3 months; p < 0.001) (Figure 4a).

Compared to patients who did not receive local radiother-
apy, patients treated with local radiotherapy also obtained supe-
rior OS after transformation (local radiotherapy vs. non-local
radiotherapy, 15.5 vs. 13.9 months; p = 0.045) (Figure 4b).

When including anti-angiogenic treatment and local
radiotherapy into multivariate Cox proportional hazards
regression analysis, both anti-angiogenic treatment (HR,
0.04; 95% CI: 0.01-0.29; p = 0.001) and local radiotherapy
(HR, 0.28; 95% CI: 0.08-0.97; p = 0.044) were still signifi-
cantly associated with better OS after transformation
(Figure 4c).

DISCUSSION

To the best of our knowledge, this is the first retrospective
study to elaborate on treatment modes after transformation
and explore the influential factors of survival outcomes of
patients transforming to SCLC from EGFR-mutant LADC.
In addition, we also analyzed the clinical signs that may
indicate SCLC transformation.

A previous study has* reported that EGFR-mutant
patients may respond to a combination of etoposide-based
therapies and EGFR-TKIs after transforming to SCLC. In
our study, we also found that compared to chemotherapy
for SCLC alone, a combination of chemotherapy and EGFR-
TKIs could improve the ORR and PFS in the first-line set-
ting after transformation to SCLC. However, this combina-
tion did not benefit those patients in OS. This may indicate
that after transformation, even though there may be adeno-
carcinoma remaining that could benefit from treatment with
EGFR-TKIs, SCLC, the more invasive histological type,
probably holds the dominant position. The OS of these
patients may mainly depend on the efficacy of treatment
for SCLC.

Even though the efficacy of anti-angiogenic therapies for
primary SCLC patients is controversial,'®' a previous

study has suggested that anlotinib may be a therapeutic
option for EGFR-mutant patients transforming to SCLC,
with an ORR of 66.7% and a median PFS of 6.2 months."
Our study further identified the value of anti-angiogenic
treatment for these patients by revealing that patients
treated with anti-angiogenic therapies after transformation
could obtain OS benefit. Most of the patients in our study
were also treated with anlotinib. This may partly be because
some patients progressed too rapidly before they had the
opportunity to receive anti-angiogenic therapies. However,
in our study, most patients started anti-angiogenic therapy
in the first- or second-line after transformation, which indi-
cated that anti-angiogenic therapies, in particular anlotinib,
could be a favorable option for these patients in order to
prolong survival.

A previous study demonstrated that for extensive stage
SCLC patients responding to chemotherapy, thoracic radio-
therapy in addition to prophylactic cranial irradiation could
significantly improve 2-year 0S.** Our study also evaluated
the value of local radiotherapy for SCLC transformed from
EGFR-mutant LDAC. We found that patients who received
local radiotherapy could have significantly prolonged OS
after transformation compared to those who did not. This
may be explained by the characteristics of SCLC as SCLC is
also highly sensitive to radiotherapy.” Local radiotherapy is
therefore also recommended for EGFR-mutant LADC
patients with SCLC transformation.

Apart from exploring the treatment modes for these
patients after transformation, we also attempted to identify
the early signs that indicate SCLC transformation during
clinical practice. Previous studies have suggested that EGFR/
Rb1/TP53-mutant lung cancers are strikingly at risk of trans-
formation to SCLC,>** and this was also indirectly verified
by our study. In our study, among patients in whom NGS
tests were performed before transformation, 38.4% (5/13)
had concurrent TP53 and Rbl mutations. This frequency
was much higher than the frequency of Rb1/TP53-mutant
LADCs among all LADCs, which was 5% as reported.***
We also found that 84.6% patients developed progression in
multiple lesions at the time of transformation to SCLC and
patients with PFS of initial EGFR-TKIs <12 months experi-
enced much shorter time to SCLC transformation. All these
results suggest that rebiopsy would be needed to check if
there was histological transformation for EGFR-mutant
LADC patients with concurrent TP53 and Rbl mutations, if
they experienced poor efficacy during the initial EGFR-TKI
treatment and developed progression in multiple lesions.

There are also some limitations in our study. First, due to
its retrospective nature, recall bias may have been introduced
into the study. In addition, with the limited number of
patients in whom NGS tests were performed in our study, we
were unable to explore and analyze further genomic and
transcriptomic characteristics of these patients, and this
requires further investigation of patient tissue samples. Addi-
tionally, even though we found that anti-angiogenic therapies
may bring OS benefit for transformed SCLC patients, the
timing of initial anti-angiogenic  treatment after
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transformation and the influence of different anti-angiogenic
agents may need further prospective studies for
confirmation.

In conclusion, compared with chemotherapy alone, the
combination of chemotherapy and EGFR-TKIs in the first-
line treatment after SCLC transformation can benefit
patients in PFS but not in OS. Anti-angiogenic therapies
and local radiotherapy can significantly prolong the OS of
patients after transformation. Therefore, after transforming
to SCLC from EGFR-mutant LADC, anti-angiogenic thera-
pies and local radiotherapy should be considered.
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