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Small-cell neuroendocrine cancers often originate in the lung
but can also arise in the bladder or prostate. Phenotypically,
small-cell carcinoma of the bladder (SCCB) shares many similarities with small-cell lung cancer (SCLC). It is unknown whether

SCCB and SCLC share common genetic driver mutations.

In this issue of Clinical Cancer Research, Chang and colleagues
(1) perform DNA sequencing to characterize the mutational
signature of small-cell carcinoma of the bladder (SCCB). They
ﬁnd that both SCCB and small-cell lung cancer (SCLC) harbor
near universal loss-of-function mutations in RB1 and TP53. In
contrast to the smoking mutational signature found in SCLC,
SCCB has an APOBEC mutational signature, a signature also
found in urothelial carcinoma. Furthermore, they show that SCCB
and urothelial carcinoma share many common mutations that are
distinct from mutations found in SCLC, suggesting that SCCB
may arise from a preexisting urothelial cancer. To further explore
this hypothesis, they sequenced distinct regions from mixedhistology tumor specimens that had both urothelial and smallcell components and found that the small-cell component
uniquely harbored RB1 and TP53 mutations, providing stronger
evidence that RB1 and TP53 loss is required for the development
of SCCB and that SCCB arises from a preexisting urothelial cancer.
Urothelial cancers have a high frequency of mutations in
chromatin-modifying enzymes, including mutations in KDM6A
and ARID1A (2). SCCB, but not SCLC, shares these mutations in
the same chromatin-modifying enzymes at similar frequencies to
urothelial carcinoma, demonstrating that SCCB is unique from
SCLC and raising the likely possibility that SCCB arises from a
preexisting urothelial carcinoma. Although these are loss-of-function mutations and are not directly targetable, these genetic
features of SCCB are not present in SCLC and are important to
be cognizant of, as targeting chromatin-modifying enzymes is an
active area of preclinical research and therapeutic opportunities
may become available in the future.
Like SCLC, nearly all SCCBs harbor mutations in RB1 and TP53.
In patients with mixed-histology tumors, RB1 and TP53 loss was
present in the SCCB component, but not in the urothelial com-

ponent, suggesting that RB1 and TP53 loss occurs after the initial
development of the urothelial carcinoma and is required for
transdifferentiation from urothelial cancer to SCCB. This is reminiscent of a similar phenomenon observed in two other tumors
types: (i) EGFR-mutant lung cancer and (ii) castration-resistant
prostate cancer, where RB1 and TP53 loss is necessary for the
transdifferentiation from an adenocarcinoma to a small-cell neuroendocrine tumor. EGFR-mutant lung cancers acquire RB1 loss as
a mechanism of resistance to EGFR tyrosine kinase inhibitors (3),
and castration-resistant prostate cancers acquire RB1 and TP53
loss as a mechanism of resistance to androgen receptor (AR)
blockade (4, 5). Both lung and prostate cancers that acquire RB1
and TP53 mutations are no longer responsive to inhibition of
their respective oncogenic drivers (e.g., EGFR or AR) likely because
gene expression of their respective oncogenic drivers is downregulated at the time of acquired resistance and transdifferentation to a small-cell neuroendocrine tumor (refs. 3–5; Fig. 1). In
contrast to EGFR-mutant lung cancer or prostate cancer, urothelial
cancers less frequently harbor recurrently mutated oncogenic
drivers (2) and have no approved targeted therapies. There are,
however, low-frequency mutations and ampliﬁcations in ERBB2
and ERBB3, which are also present in SCCB at similar frequencies
and are potentially druggable targets. Chang and colleagues (1)
also described a patient with a mixed-histology tumor and a
hotspot mutation in PIK3CA Q546P that was found in both the
urothelial and the small-cell component. It is not known whether
there is protein expression of these candidate oncogenic drivers
(ERBB2, ERBB3, or PI3K) in the SCCB tumors. Similar to lung and
prostate cancers that have transdifferentiated to a small-cell neuroendocrine tumor (3–5), we hypothesize that as a consequence
of inactivating RB1 and TP53 and becoming neuroendocrine,
SCCB tumors downregulate expression of the activating oncogene
(e.g., ERBB2) and as a result, become less addicted to these
activating mutations (Fig. 1). Thus, it is likely that the loss of
tumor suppressor genes RB1 and TP53, which are required for the
small-cell neuroendocrine state, display the dominant phenotype. Once small-cell differentiation has occurred, the tumors are
no longer addicted nor express these oncogenes that were initially
required for their tumorigenesis (Fig. 1).
Chang and colleagues point out that roughly 10% of urothelial
cancers harbor mutations in both RB1 and TP53, suggesting that
RB1 and TP53 loss is not sufﬁcient for the small-cell neuroendocrine state. This is consistent with EGFR-mutant lung cancer
in that RB1 loss alone does not transdifferentiate EGFR-mutant
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Figure 1.
Pathogenesis of small-cell neuroendocrine tumors share a common pathway
involving RB1 and TP53 loss. The pathogenesis of EGFR-mutant lung cancer
(yellow), prostate cancer (blue), and bladder cancer (gray) all initially require
and are dependent on a speciﬁc oncoprotein (EGFR for lung cancer, AR for
prostate cancer, and sometimes ERBB2 for bladder cancer) for maintenance
of tumorigenesis. Acquisition of the small-cell neuroendocrine state requires
RB1 and TP53 loss, at which time EGFR and AR expression is downregulated.
Although it is not known whether oncogenic drivers in bladder cancer are
downregulated upon transdifferentiation to small-cell carcinoma, we
hypothesize that this occurs as a consequence of the small-cell neuroendocrine
state, but this hypothesis needs to be formally tested.

regulation of AR, and upregulation of neuroendocrine markers
(chromogranin A and synaptophysin; ref. 5). Inactivation of
SOX2 reverses these effects. It will be interesting to determine
whether SOX2 deregulation upon RB1 and TP53 loss occurs
selectively in prostate cancer, but not in EGFR-mutant lung cancer
or bladder cancer, which may help explain why RB1 and TP53 loss
is not sufﬁcient to promote the transdifferentiation to a small-cell
neuroendocrine phenotype in these tumor types. Future studies
will also help elucidate what else is required in addition to RB1
and TP53 loss to drive the neuroendocrine phenotype in lung and
bladder cancers.
The most common driver mutations in SCCB are loss-offunction mutations in RB1 and TP53. Developing new therapies
in this setting has been challenging, as RB1 and TP53 are not
directly targetable, and TP53 loss causes resistance to several
therapies. However, there are new promising therapies that are
being tested preclinically and in clinical trials (e.g., Rova-T,
immuno-oncology) for SCLC. Do these new approaches that
show efﬁcacy in SCLC also show responses in SCCB given that
each cancer has a distinct but overlapping pathogenesis? Likewise, will SCCB respond similarly to the several immunooncology agents that are now approved for metastatic urothelial carcinomas?
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