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ABSTRACT

We analyzed an EGFR-mutated lung cancer with a pathologic
diagnosis of combined large cell neuroendocrine carcinoma
with mixed adenocarcinoma subtypes. Targeted next-
generation sequencing of each component suggested that
mutations in RB1, TP53, and SMAD4 and apparent loss of
heterozygosity of TP53 and SMAD4 accompanied the transi-
tion of different adenocarcinoma subtypes. Additional gene
mutations including PTEN, MST1R, and PIK3CA were noted
during transdifferentiation from acinar adenocarcinoma to
large cell neuroendocrine carcinoma. Combined DNA and
RNA analysis using Todai OncoPanel revealed that trans-
differentiation to different pathologic subtypes occurred in a
single tumor through the accumulation of gene mutations.

� 2022 The Authors. Published by Elsevier Inc. on behalf
of the International Association for the Study of Lung
Cancer. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
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Introduction
Lung cancer is histologically classified as NSCLC or

SCLC. Large cell neuroendocrine carcinoma (LCNEC) is
biologically similar to SCLC, and they are classified as
neuroendocrine carcinomas. The transformation from
adenocarcinoma to neuroendocrine carcinoma is an
established mechanism of acquired resistance to EGFR
tyrosine kinase inhibitors.1 Inactivation of RB1 and TP53
is known to associate with the transformation from
EGFR-mutated adenocarcinoma to SCLC.2 In addition,
transformation can occur without tyrosine kinase in-
hibitor treatment.3,4 We report an EGFR-mutated lung
cancer that spontaneously transdifferentiated to different
pathologic subtypes within a single tumor through the
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accumulation of gene mutations in RB1, TP53, PTEN, and
SMAD4.

Case Presentation
A 67-year-old man with an 18-pack-year smoking

history was referred for a lung nodule of the left upper
lobe. He had no history of malignant diseases. Adenocar-
cinoma was suspected by bronchoscopy, and the left up-
per lobe was resected. The primary tumor was combined
LCNEC with mixed adenocarcinoma subtypes including
papillary (35%), LCNEC (20%), acinar (20%), lepidic
(20%), micropapillary (<5%), and solid adenocarcinoma
(<5%) (Fig. 1A–E). The LCNEC component was diffusely
positive for synaptophysin, CD56, TTF1, and p53, and
negative for chromogranin A, RB1, and PTEN (Fig. 1F and
Supplementary Fig. 1). The adenocarcinoma components
were diffusely positive for TTF1, focally positive for p53,
and negative for synaptophysin, CD56, and chromogranin
A (Supplementary Fig. 1). The lepidic component was
positive for RB1 and PTEN, and the acinar and papillary
components were heterogeneously positive for PTEN and
negative for RB1 (Fig. 1F). The lymphnodemetastasiswas
positive for the micropapillary component. The pathologic
stagewasdeterminedaspT1bN2M0, stage IIIA. cobasEGFR
Mutation Test v2 (Roche Diagnostics K.K., Tokyo, Japan), a
commercial companion diagnostic, detected exon 19
deletion.

We performed targeted next-generation sequencing
to compare molecular changes in each component of the
adenocarcinoma and the LCNEC subtypes. The tissue of
each histologic component was obtained by macro-
dissecting the formalin-fixed paraffin-embedded sec-
tions. After obtaining informed consent, genomic DNA
was extracted from each pathologic component and pe-
ripheral blood lymphocytes as matched normal control
and was subjected to targeted sequencing of 464 cancer-
related genes with the use of Todai OncoPanel.3 The
tumor content of micropapillary and solid adenocarci-
noma components and lymph node metastasis was too
low to be analyzed. We detected 3, 5, 6, and 9 non-
synonymous somatic mutations in the lepidic, acinar,
papillary, and LCNEC components, respectively
(Table 1). We also detected 1 and 3 synonymous somatic
mutations in the adenocarcinoma and LCNEC compo-
nents. Copy number graph revealed loss of chromosome
13 in papillary and LCNEC components, consistent with
RB1 loss (Supplementary Fig. 2). In addition, loss of
chromosome 10 in papillary and LCNEC components
was consistent with PTEN loss. RNA expression analysis
was performed using the Todai OncoPanel RNA panel for
each component, and hierarchical clustering confirmed
that the lepidic and acinar subtypes clustered, and the
papillary and LCNEC subtypes (Fig. 2A). Gene Set
Enrichment Analysis revealed down-regulation of EGFR
signaling, and, RB1 targets, SOX4 targets, and cell cycle
genes were enriched in the papillary and LCNEC sub-
types. No pathogenic germline mutations were detected.

Discussion
Mutations in EGFR and ARHGEF12 and TERT gene

amplification were detected as trunk mutations, com-
mon among all four lesions, indicating each subtype had
the same clonal origin. The results of targeted next-
generation sequencing in each pathologic subtype sug-
gest that mutations in RB1, TP53, and SMAD4 and
apparent loss of heterozygosity of TP53 and SMAD4
accompanied the transition of different adenocarcinoma
subtypes (Table 1 and Fig. 2B). Furthermore, additional
gene mutations including PTEN, MST1R, and PIK3CA
were noted during transdifferentiation from acinar
adenocarcinoma to LCNEC.

The association between the specific histologic
pattern of lung adenocarcinoma and gene mutations has
been unclear. Whereas invasive mucinous adenocarci-
noma has been associated with KRAS mutations and
NRG1 fusions,5 associations between genetic changes
and other histologic types of lung cancer have not been
reported. Inactivation of RB1 and TP53 is known to
associate with the transformation from EGFR-mutated
adenocarcinoma to neuroendocrine carcinoma. In our
case, inactivation of RB1 and TP53 was necessary, but
not sufficient, for the transformation to neuroendocrine
carcinoma. Currently, unknown additional factors are
needed for the transformation.

We, here, report targeted next-generation sequencing
of four lung cancer pathologic subtypes within a single
tumor and found that accumulation of genetic mutations
can lead to the transition of pathologic subtypes.

Conclusions
Composite clonal analysis revealed trans-

differentiation to different pathologic subtypes occurred
in a single tumor through the accumulation of gene
mutations.
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Figure 1. (A) Combined LCNEC and adenocarcinoma with mixed histologic pattern resected from a 67-year-old man (he-
matoxylin and eosin stain; overview). Acinar component (green), papillary component (yellow), both acinar and papillary
components (blue), LCNEC (red). The lepidic component was obtained from different sections (not shown). Higher magni-
fication of (B) lepidic component, (C) acinar component, (D) papillary component, and (E) LCNEC component (hematoxylin
and eosin stain; original magnifications: �200). (F) Immunohistochemical staining of the adenocarcinoma components and
the LCNEC component. The adenocarcinoma components were focally positive for p53. The lepidic component was positive
for RB1 and PTEN; the acinar and papillary components were heterogeneously positive for PTEN and negative for RB1. The
LCNEC component was diffusely positive for p53 and negative for RB1 and PTEN. LCNEC, large cell neuroendocrine
carcinoma.
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Table 1. Nonsynonymous and Synonymous Gene Mutations from the Primary Tumor Detected by Targeted Sequencing

Gene Mutation Type Gene Amino Acid Change

Histologic Subtype

Lepidic
Adenocarcinoma, %a

Acinar
Adenocarcinoma, %b

Papillary
Adenocarcinoma, %c

Large Cell Neuroendocrine
Carcinoma, %d

Nonsynonymous gene
mutations

EGFR p.E746_P753delinsVS 11 9 20 25
ARHGEF12 p.Y391C 11 13 34 55
CDKN2A p.D74N 6
FMN2 p.E1615Dfs*8 5 10
FMN2 p.Q584* 13
SMAD4 p.R361C 12 43 55
TP53 p.V173E 12 46 61
CCND1 p.E69 6
ZFHX3 p.S3638C 39
BRCA1 p.E1526K 9
MST1R p.E1121K 60
PIK3CA p.E545Q 36

Synonymous gene
mutations

BCL6 c.1677C>G 7 13 35 41
ALK c.450C>T 40
DDR2 c.1914C>T 33

Note: The values in the table represent detected nonsynonymous or synonymous somatic mutations and allele frequency. Gene mutations shared between large cell neuroendocrine carcinoma and each component of
adenocarcinoma are in boldface type.
aEstimated tumor purity of the lepidic component was 27.0%.
bEstimated tumor purity of the acinar component was 33.3%.
cEstimated tumor purity of the papillary component was 63.0%.
dEstimated tumor purity of the large cell neuroendocrine carcinoma component was 76.5%.
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Figure 2. (A) Hierarchical clustering of mean-centered RNA gene expression of each component in the adenocarcinoma
subtypes and the large cell neuroendocrine carcinoma subtype. We identified DEGs among the lepidic subtype and other
adenocarcinoma or large cell neuroendocrine carcinoma subtypes. We performed hierarchical clustering by analyzing the
difference between each FPKM value of DEGs (X) and the mean FPKM value (M). (B) Accumulation of genetic mutations and
transition of pathologic subtypes. The relationship between genetic mutations and histologic subtype was illustrated. DEG,
differentially expressed gene; FPKM, fragments per kilobase per million mapped reads; HD, homogeneous deletion; LOH, loss
of heterozygosity.

February 2022 Transition of NSCLC Subtypes 5
Research and Development. Sequencing analysis of the
clinical specimens was in part funded by Sysmex Cor-
poration (17kk0205003h0002).

Supplementary Data
Note: To access the supplementary material accompa-
nying this article, visit the online version of the JTO
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