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Recent advances in next-generation sequencing have opened
a new prospect in the field of cancer genomics and cancer
evolution. Using next-generation sequencing, researchers
have revealed that the occurrence of somatic events such as
mutations and copy number alterations is associated with
tumor evolution and genomic diversity in tumors, which is
known as tumor heterogeneity (1). Tumor heterogeneity
includes interpatient tumor heterogeneity (2), intratumoral
heterogeneity (3,4), intermetastatic heterogeneity (5-8), and
intrametastatic heterogeneity (9).

Tumor heterogeneity is a key factor associated with
heterogeneous treatment responses including cancer
progression, relapse and drug resistance (10). Primary lung
cancers harbor a larger mutational burden compared to
other cancers, which might be a reason of poor treatment
outcomes in patients with primary lung cancer (1,11-13).
Intratumoral heterogeneity, characterized by larger fractions
of subclonal mutations in primary tumors is related to
postsurgical recurrence in localized lung adenocarcinoma
(LADC) (3). Another study also showed that intratumoral
heterogeneity related to elevated copy number was closely
associated with cancer recurrence or death in patients with
early stage non-small cell lung cancer (14). Furthermore,
the different molecular evolution patterns and tumor
heterogeneity in metastatic lymph nodes are associated
with the heterogeneous treatment response in patients with
advanced primary lung cancer (8).
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Tumor heterogeneity also limits the treatment response
of targeted therapy in advanced LADC. Under selection
pressures by these therapies, subclones with intrinsic or
acquired resistance are selected, and these selected tumors
drive disease progression (15-17). Another important
mechanism in which tumors acquire drug resistance is a
phenotypic change. For example, some LADC tumors
harboring epidermal growth factor receptor (EGFR)
mutations transform into small cell lung cancer (SCLC)
following treatment with first- and third-generation EGFR/
tyrosine kinase inhibitors (TKIs) in 5% of patients (17-20).
A recent systemic review showed that the transformation
into SCLC from LADC following EGFR/TKI therapy
appeared to be a late phenomenon (21). The prognosis after
SCLC diagnosis is poor and current treatment strategies
derived from primary SCLC seem to be ineffective (21).
The inactivation of retinoblastoma protein 1 (RB1) was
suggested as a possible mechanism for this phenomenon,
but it cannot sufficiently explain the transformation from
LADC into SCLC (22).

To answer this question, Lee et 2/. (23) investigated
21 patients with EGFR mutant-LADC tumors that
transformed into SCLC after EGFR/TKIs therapy. They
performed whole genome sequencing on nine tumors
acquired from four patients at different time points. The
sequenced tumors exhibited biallelic inactivation of both
RB1 and tumor protein p53 (TP53) from the early LADC
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stages, revealing that the complete inactivation of these
two genes is crucial for the transformation from LADC
into SCLC. At the molecular level, the inactivation of
one parental copy of these genes is caused by diverse
mechanisms, including frameshift indels, large deletions,
and nonsense or inactivating missense substitutions. The
other parental copy is inactivated by whole chromosomal-
or chromosomal arm-level loss of heterozygosity events.
These findings were also validated by immunohistochemical
analysis in the stage IV LADC tissues of 75 patients who
received EGFR/TKIs. In the validated cohort, an EGFR-
mutant LADC tumor with complete inactivation of Rb
and p53 was 43 times more likely to be transformed
into SCLC from LADC. They further showed that
apolipoprotein B mRNA editing enzyme catalytic
polypeptide-like (APOBEC)-induced hypermutation was
more frequently found in the mutational spectrum of
branches toward SCLC, suggesting that APOBEC-induced
hypermutation might play a significant role in the late stage
of transformation from LADC into SCLC.

Interestingly, two-dimensional plotting of tumor cell
fractions for serially acquired tumors revealed that the
clonal divergence of SCLC from LADC cells occurred
before the first treatment with EGFR/TKIs (23). There
were three definite clusters. The first clusters had both
EGFR-activating mutations and inactivating mutations of
RB1 and TP53. The second and third clusters had only
private mutations for LADCs and transformed SCLCs,
respectively. These results indicate that LADC and SCLC
clones branch directly out from common ancestors and
they coexist before the initiation of EGFR/TKIs. During
treatment with first- or third-generation EGRF/TKIs,
SCLC clones outgrew LADC clones. Therefore, this study
addressed the importance of the intratumoral heterogeneity
in the era of targeted therapy. However, the mechanism
by which the ancestor cells of transformed SCLC survive
for approximately 30 months in the presence of effective
EGFR/TKIs is not clear. It is likely that a few cancer cells
may remain dormant for a long period of time before overt
clinical transformation.

Regarding clinical relevance of this study, the
researchers identified potent genomic biomarkers that
predict transformation from LADC into SCLC. As
the transformation into SCLC is associated with poor
treatment outcomes, a preemptive strategy to search for the
inactivation of Rb and p53 in patients with LADC could
help identify and manage LADC patients with a high risk of
transformation into SCLC. Additionally, Lee er al. proved
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that immunohistochemical analysis for Rb and p53, a
simpler method compared to the whole genome sequencing,
could be used as an alternative to identify the inactivation of

RB1 and TP53.
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