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Case Report

Significance of genetic sequencing in patients with lung
adenocarcinoma with transformation to small cell lung cancer: a
case report and systematic review
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Abstract: Epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs) exhibit a beneficial
therapeutic effect on non-small cell lung cancer (NSCLC). However, almost all patients with EGFR-mutant
lung cancer develop drug resistance to these agents. Common drug resistance mechanisms include the
T790M mutation, c-MET amplification, KRAS mutation, BIM polymorphism deletion and PIK3CA gene
mutations. Some NSCLC exhibit transformation into small cell lung cancer (SCLC). A patient case of a
56-year-old man with lung adenocarcinoma (with symptoms of a cough and expectoration that had lasted
1 month) who exhibited an EGFR mutation (19-Del) and was treated with EGFR-TKIs is reported, which
transformed into SCLC after failed to targeted therapy. Pathological examination and genome sequencing
were carried out when every time the disease progressed, we obtained more comprehensive information
and could keep track of the patient’s progress. So, we could adjust the treatment plan at any time according
to the results of pathological examination and gene detection. We can get some implications: (I) patients
with EGFR mutant lung adenocarcinoma with the double inactivation of RB1 and TP53 genes exhibit an
increased risk of SCLC transformation; (II) after SCLC transformation, therapeutic strategies should be
adequately adjusted, when SCLC was controlled by chemotherapy the targeted therapy should be considered
for the treatment of adenocarcinoma; (IIT) evidence of the benefits of immunotherapy in patients with SCLC
transformation is insufficient; (IV) the achievement of the SCLC phenotype is a late phenomenon during

TKI therapy and the prognosis of patients after SCLC diagnosis is poor.
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Introduction Epidermal growth factor receptor-tyrosine kinase inhibitors
(EGFR-TKIs) exhibit beneficial therapeutic effects on

Lung cancer is the leading cause of cancer-related death.
adenocarcinoma with the EGFR sensitive gene mutation.

Based on its biological characteristics, lung cancer is divided
into two categories: small cell lung cancer (SCLC) and The National Comprehensive Cancer Network (NCCN)
non-small cell lung cancer (NSCLC). Adenocarcinoma identified EGFR-TKI as a first-line treatment for patients
is currently the most common histological subtype. with advanced EGFR-mutated lung adenocarcinoma (1).
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However, disease progression inevitably occurs after a
period of ~12 months of treatment (2,3). A variety of
mechanisms are associated with the development of the
acquired resistance to EGFR-TKIs, including the T790M
mutation, ¢-MET amplification, KRAS mutation, BIM
polymorphism deletion and PIK3CA gene mutations.
One of them was surprising-NSCLC transformation
into SCLC, 3-15% of NSCLC cases transform into
SCLC (4-6). Historically, SCLC was believed to develop
from neuroendocrine cells of central airways, whereas
adenocarcinoma derives from the alveolar type II cells
located in the alveolar surface area. Several studies have
shown that alveolar type II cells may be common precursors
of both lung adenocarcinoma and SCLC (5,7). The
transformation from adenocarcinoma to a SCLC phenotype
was first reported by Zakowski in 2006 (8). The mechanisms
underlying the NSCLC-to-SCLC transformation after
TKI therapy still remains unclear. There were also some
case reports about SCLC transformation from EGFR-
mutated lung adenocarcinoma (9). But generally, SCLC
transformation is only found by the change of tumor
markers or pathological examination. Different from
previous case reports, pathological examination and genome
sequencing were carried out when every time the disease
progressed, we obtained more comprehensive information
and could keep track of the patient's progress. So, we could
adjust the treatment plan at any time according to the
results of pathological examination and gene detection.
Hence, we report a case of TKI resistance due to SCLC
transformation and review the literature to summarize
the clinical features, mechanisms, predictors of SCLC
transformation, treatment after transformation. One case of
a 56-year-old man with lung adenocarcinoma is reported,
who exhibited an EGFR mutation (19-Del) and was treated
with EGFR-TKIs. This case transformed into SCLC after
failed to EGFR-TKI targeted therapy. The patient received
chemotherapy, EGFR-TKI, vascular-targeted therapy and
immunotherapy. Through the analysis of diagnosis and
treatment, the relevant mechanisms and treatment strategies
are summarized in the current paper. This report suggested
that combination treatment using cytotoxic chemotherapy
plus an EGFR-TKI may be useful for patients with EGFR-
mutated adenocarcinoma and transformed small cell
carcinoma. If the genetic testing done, maybe we can screen
out the high-risk population of small cell transformation.
We present the following case in accordance with the
CARE Guideline.
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Case presentation

A 56-year-old Asian man with a 25-year history of smoking
40 cigarettes per day was presented to the outpatient clinic
with symptoms of a cough and expectoration that had lasted
1 month since Sep 2017. There was no family history of
carcinoma and general health was good. On examination:
dullness to percussion at the bases and auscultation revealed
respiratory sounds in the left lower lobe were weak; the rest
were normal. A positron emission tomography/computed
tomography (PET-CT) scan indicated: a mass shadow in
the left upper lobe of the lung, multiple metastases in the
lymph nodes of the mediastinal, multiple metastasis in the
left pleural and a large accumulation of fluid in the left
pleural. Histopathology and immunohistochemistry results
revealed adenocarcinoma. The patient was diagnosed with
stage IVa (cT3N3Mla) according to the eighth edition of
the clinical tumor-node-metastasis staging system. Genome
sequencing indicated the presence of exon 19 deletion
mutations (57.30%), EGFR copy number amplification
(CN =4.7), RBI and TP53 mutations. The patient had
received treatment with icotinib (125 mg, three times a
day) since November 2017, within the first 2 weeks of
therapy the cough and expectoration resolved and the
patient’s performance status improved and stayed stable.
And he exhibited a partial response (PR) 3 months after
treatment initiation [carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9 (CA19-9) decreased to normal
levels]. A CT scan performed in March 2018 revealed a trend
in progression of the disease (PD). Neuron specific enolase
(NSE) were also indicated to be increased significantly. A
pathological examination (US-guided needle aspiration
biopsy in pleural cavity tumor) revealed compound small
cell carcinoma in April 2018 (Figure I). Genome sequencing
revealed exon 19 mutations (67.58%), EGFR copy number
amplification, RBI and TP53 mutations, missense mutations
in exon 4 of MSH6, PMS2 copy number amplification
and no 7790M mutations; PD-L1(-), microsatellite stable
(MSS), tumor mutational burden (TMB) 15.32 Muts/Mb
(Table 1). From April 2018 the patient was treated using
carboplatin and etoposide (EC). The patient exhibited a
PR after a two-cycle treatment (NSE decreased to normal
levels), but PD after four treatment cycles. From June 2018
the patient was treated using carboplatin and etoposide
sequential icotinib (CEA was higher) (Figure 2). After
a subsequent two cycles, the disease progressed further
(Figure 3). The patient was then treated with docetaxel
sequential icotinib, irinotecan, anlotinib and pabolizumab,
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Figure 1 Pathological diagnosis at several points during the disease procedure. Pathological slices were stained by H&E staining (200x). (A)
Adenocarcinoma (2017.10.9); (B) small cell carcinoma (2018.3.9); (C) small cell carcinoma (2018.4.8); (D) small cell carcinoma (2018.7.9).

H&E, hematoxylin-eosin.

and after one cycle, the illness has advanced further.
Adverse effects were seen in the patient when treated with
pabolizumab, included pancreatitis, thyroiditis, myocarditis.
The major adverse reactions were mild. All these symptoms
resolved completely after discontinuation of pabolizumab
and symptomatic treatment. However, malignancy tumor
progress was rapid, the patient died in January 2019 and had
an overall survival (OS) of 15 months (Figure 4).

Discussion

The mechanisms of the transformation from NSCLC to
SCLC after the failure of EGFR-TKI therapy

SCLC accounts for ~15% of lung cancer cases (10) and is
an aggressive disease characterized by rapid growth and
early widespread metastasis. Metachronous SCLC has also
been diagnosed in repeated biopsies from NSCLC patients

© Translational Cancer Research. All rights reserved.

who had previously received cytotoxic chemotherapy (4,6,8,
11-14). However, SCLC containing the EGFR mutation
is transformed from lung adenocarcinoma, or is combined
with small cell lung cancer (CSCLC) at first diagnosis. The
incidence of the SCLC phenotype is controversial. It has
been previously reported that the EGFR gene mutation
rate in patients with SCLC is low (~4%) (15), and EGFR-
TKIs are not effective (16). Some studies have investigated
the transformation mechanisms of SCLC throughout
the course of treatment, from EGFR-TKIs treatment to
SCLC transformation. Multigene detection was performed
in four patients with tumors at multiple time points. The
results revealed that EGFR mutant adenocarcinoma and
SCLC originated from a common primitive clone, and
this branching occurred prior to the initial treatment with
EGFR-TKIs. EGFR-TKI resistant mutations were only
revealed in lung adenocarcinoma clusters (these include

the 7790M mutation and EGFR amplification). Classical
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Table 1 The results from genetic detecting during treatment

Zhang et al. Lung adenocarcinoma with transform to SCLC

Gene name 2017.10.17 2018.3 2018.4.18 2018.4.22 2018.7.21
EGFR exon 19 deletion mutations 57.3% 67.58% Y 49.93% 61.51%
EGFR copy number amplification (CN) 4.7 4.68 - 3.14 3.69
TP53 non-shift deletion mutation in exon 5 34.05 76.73 Y 34.47 55.94
RB1 frameshift mutation in exon 2 48.09 84.03 - 44.79 70.26
MSH2 - - - -
MSH6 missense mutation in exon 4 p. D904E - 26.59 Y - -
PMS2 copy number amplification (CN) - 4.96 - 3.26 3.89
TMB (Muts/Mb) - <10 15.32 <10 9.5
Y, the result was positive; —, the result was negative. EGFR, epidermal growth factor receptor; CN, copy number; TMB, tumor mutational
burden.
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Figure 2 Changes of blood serum tumor markers during the treatment. CEA, carcinoembryonic antigen (ng/mL); CA19-9, carbohydrate

antigen 19-9 (U/mL); EC, etoposide + carboplatin; NSE, neuron specific enolase (ug/L).

variants of SCLC (including the PIK3CA mutation and
MYC amplification) were only revealed in SCLC clusters.
However, a study using small sample sizes does not
exclude the possibility of linear evolution. It is therefore
necessary to perform prospective studies using larger
sample sizes to further understand the mechanisms of
SCLC transformation. The aforementioned study also
demonstrated that double mutations of 7P53 and RBI
in patients with lung adenocarcinoma and the EGFR
mutation predicted SCLC transformation. The rate in the
SCLC transformation group was higher than that in the
non-transformation group (82% vs. 3%) and the risk of
SCLC transformation was 42.8 times higher in patients
with TP53 and RBI mutations (17). TP53 and RBI double
mutations are the most common gene mutations in SCLC,
occupying 32% of all types of gene mutation (18), but these
mutations are rare in common lung adenocarcinoma (19).

© Translational Cancer Research. All rights reserved.

The analysis of NSCLC specimens and cell lines which
exhibited resistance to EGFR-TKI revealed that the
incidence of RB gene inactivation in NSCLC-transformed
SCLC is almost 100% and is therefore a necessary
condition for the development of SCLC. However,
RB gene inactivation is rare in NSCLC with EGFR-
TKI resistance but without SCLC transformation (20).
Puncture biopsy is recommended in patients with lung
adenocarcinoma and EGFR-TKI mutations and 7P53 and
RB1 double mutations when EGFR-TXKI treatment fails,
instead of relying on liquid biopsies. Detection plasma
may be helpful to determine whether a 7790M mutation
is present, however, histological transformation will not
be detected (21). In this patient, 7P53 and RBI1 double
mutations were detected using polygene sequencing
at initial diagnosis. SCLC transformation occurred
5 months after EGFR-TKI treatment. Roca et 4/. have
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Figure 3 Iconographic changes during the treatment. (A) Before icotinib (2017.10); (B) 3 months after icotinib (2018.2); (C) 4 months after
icotinib (2018.3); (D) 5 months after icotinib (2018.4); (E) after 2-cycle EC (2018.5); (F) after 4-cycle EC (2018.7). The arrows indicate the

lesion location. EC, etoposide + carboplatin.

found that the median time from initial diagnosis of lung
adenocarcinoma to the transformation to SCLC was 19
(range, 1-61) months. There is great uncertainty in the
time span (22). NSE and a variety of other SCLC-related
tumor markers exhibited normal values prior to and during
treatment with EGFR-TKI. NSE increased significantly
after secondary resistance of the targeted treatment and
the pleural tumor subsequently enlarged rapidly. NSE
decreased rapidly after EC regimen chemotherapy and the
pleural tumor was reduced and nearly disappeared. This
occurred in accordance with the biological characteristics
of SCLC. The possibility of transformation to SCLC
should be considered when treating EGFR-mutant
adenocarcinoma with EGFR-TKI, especially when serum
NSE increases. And the one that should cause attention

even more is the patients with 7P53 and RBI mutations.

© Translational Cancer Research. All rights reserved.

Therapy-respond guide treatment strategy

In a clinical setting, how transformation of SCLC can
be predicted or detected as early as possible deserves
increased attention. There may be an increased risk of
SCLC transformation in NSCLC with neuroendocrine
differentiation (expressing NSE) or with RB and/or TP53
mutations. When EGFR-TKI treatment fails, due to the
accumulation of resistant mutations, SCLC transformation
should be considered. After SCLC transformation,
therapeutic strategies should be adjusted. SCLC is
highly malignant and develops rapidly. Therefore, SCLC
treatment should be a priority (the most commonly used
regimen is etoposide plus platinum). It has been revealed
that not all tumors transform into SCLC and some partial
lesions remain as adenocarcinoma (17,23). Consideration
should, however, be given to the original composition of
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Figure 4 The timeline figure of the patient. EC, etoposide + carboplatin.

adenocarcinoma after SCLC is controlled. The CEA of this
patient increased slowly during EC treatment. Icotinib was
added after the fifth cycle of carboplatin and etoposide and
a reduction in CEA was subsequently observed. But, overall,
the prognosis after SCLC diagnosis is poor and current
treatment strategies derived from primary SCLC seem to
be largely inefficacious.

Immunotherapy

In recent years, immunotherapy has demonstrated good
antitumor activity, particularly when using programmed
death receptor-1/ligand-L1 (PD-1/L1) and cytotoxic
T-lymphocyte-associated antigen-4 (CTLA-4). SCLC has
a high immunogenicity (24) and mutation load (25), among
other favorable immune factors, meaning that immuno-
checkpoint inhibitors may become important for the
treatment of SCLC. To assess the relationship between
TMB and objective response rate (ORR) in 27 types or
subtypes of tumors treated with PD-1/L1 inhibitors, studies
have summarized ORR data from various large-scale studies
and revealed that TMB is highly correlated with ORR in
multiple tumor treatment using PD-1/L1 inhibitors (26).
CheckMate032 research demonstrated a decreased
prevalence of PD-L1 expression in SCLC, with only 17% of
cases exhibiting >1% expression (27). Furthermore, SCLC

© Translational Cancer Research. All rights reserved.

efficacy did not increase with increased PD-L1 expression.
In the high TMB sub-group: ORR, mPFS and mOS in the
nivolumab and nivolumab + ipilimumab group (21.3% vs.
46.2%), (1.4 vs. 7.8 months), (5.4 vs. 22 months); in the
low or medium 7MB sub-group: ORR, mPFS and mOS in
the nivolumab and nivolumab + ipilimumab group (4.8%
vs. 22.2% or 6.8% vs. 16%), (1.3 vs. 1.5 months or 1.3 vs.
1.3 month), (3.1 vs. 3.4 months or 3.9 vs. 3.6 months) (28).
In patients with high TMB, ORR, mPFS and mOS were
significantly improved in the combination group and for
patients with low or moderate 7MB, ORR was improved,
but mPFS and mOS were not improved. Some studies
have revealed that TMB in patients with EGFR mutant
lung adenocarcinoma was lower than that in patients with
wild-type lung adenocarcinoma and NSCLC patients
with TP53 or KRAS mutations. TMB has been indicated
to significantly increase in patients with 7P53 and KRAS
mutations and this may mean they are more sensitive to
PD-1/PD-L1 drugs (29). These results indicate that TMB
may be a potential biomarker for predicting the efficacy of
immunotherapy. However, TMB reflects the mutational
landscape and therefore requires additional technical study
and the cutoff values for scoring 7MB remain disputed.
Mismatch repair (MMR) is an important DNA repair
mechanism. During DNA replication and recombination,
MMR mechanisms can identify and repair the mismatch,
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deletion and insertion of base pairs. MMR protein
deficiencies are caused by mutations in MMR-associated
genes including MLHI, MSH2, MSH6 and PMS?2 and
is reffered to as MMR gene defect (MMR deficient,
dMMR) (30). dMMR results in the accumulation of
somatic mutations and the appearance of multiple alleles
at microsatellite loci. This is known as microsatellite
instability (MSI). Previous studies have suggested that
dMMR/MSI exhibit a positive correlation with high
TMB (31), that dMMR/MSI produce large quantities of
new antigens and improve the efficacy of PD-1 antibody
A prospective clinical study assessed the efficacy of PD-1
antibody (pembrolizumab) in 12 different advanced cancer
types with dMMR. In the aforementioned study, a total
of 86 patients were enrolled. The disease was controlled
in 77% patients, 53% patients had an objective imaging
response and 21% patients achieved complete remission.
The median follow-up time was 12.5 months and mPFS
and mOS were not achieved (32). In 2017, pembrolizumab
was approved for the treatment of patients with dMMR/
MSI-high regardless of cancer type, indicating that dMMR/
MSI-high is a universal genetic alteration in tumors.

The patient case assessed in the current paper exhibited
a TMB of 15.32 Muts/Mb and deficiency in DNA MMR
genes MSH6, MSH2 and PMS2. If dMMR causes a loss
of MMR deficiency at the protein level, immunotherapy
could be a beneficial treatment for this patient. But the
presence of PD-L1(-) and MSS suggest that the effect of
immunotherapy may be poor. This patient was subsequently
treated with pembrolizumab and immunotherapy proved to
be ineffective in this patient. Due to the high heterogeneity
of tumors, it is difficult to accurately calculate TMB. More
comprehensive and accurate predictors of immune marker
expression are required to subsequently select patients who
may benefit from immunotherapy. Further study is required
to establish if patients with transformed SCLC can benefit
from immunotherapy.

This case provides valuable information for clinical
practice. As the disease becomes increasingly advanced,
the heterogeneity of tumors becomes more complicated.
Varying organs, time periods and discrepancies between
organ histomorphology and molecular characteristics are
present. Therefore, single-site and single-point detection
is insufficient. Disease assessments should be undertaken
in multiple parts and as a dynamic inspection. Additionally,
comprehensive genetic testing is increasingly important.
Patients with EGFR mutant lung adenocarcinoma with
the double inactivation of RBI and TP53 genes exhibit
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an increased risk of SCLC transformation. It is therefore
recommended that puncture biopsy be performed
instead of liquid biopsy for SCLC diagnosis. After SCLC
transformation, therapeutic strategies should be adequately
adjusted. SCLC is highly malignant and develops
rapidly, so the treatment of SCLC should be a priority
and consideration should still be given to the original
composition of adenocarcinoma after SCLC is controlled.
The treatment can be adequately adjusted when SCLC
transformation is predicted or detected as early as possible.
This also avoids the potential missed opportunities for
further treatment due to the rapid development of SCLC.
Evidence of the benefits of immunotherapy in patients
with SCLC transformation is insufficient. However,
immunotherapy is being increasingly promoted as a SCLC
treatment option.

The achievement of the SCLC phenotype is a late
phenomenon during TKI therapy and the prognosis of
patients after SCLC diagnosis is poor. Current treatment
strategies, adopted in the management of primary SCLC,
appear to be largely inefficacious in transformed SCLC, and
novel treatment approaches are needed. The mechanisms
underlying the NSCLC-to-SCLC transformation after
TKI therapy still remain undetermined and predictive
markers are required. Phenotypic transformation and EGFR
mutation have been associated with this transformation,
however, cell heterogeneity, cancer stem cells or other
associated molecular events (7P53 and RBI) may be
involved. A major limitation of the present study is that
patient data were retrospectively collected from published
articles. Therefore, the number of cases from which to
draw observations from was low. The second biopsy was
taken from the same anatomical location as the first and
the timing of specimen collection was also inconsistent.
Therefore, the therapeutic recommendations of the current
study are limited to a small sample and provide a low level
of evidence for use in clinical practice. Collecting a large
number of cases for a comprehensive prospective study
(including biological characteristics, response rate to current
treatment measures and prognosis) is an issue that requires
future attention.

But our case has some limitations. Firstly, the biopsy
method was fine needle aspiration and biopsy under
the guidance of color Doppler, the cancer biopsies was
relatively few. Secondly, the patient had not carried out
genetic detecting since receiving docetaxel treatment, we
did not know if the gene state changed again. And this was
just a retrospective case report, more accurate research and
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treatment information can be assessed to provide evidence-
based medical recommendations.
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