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Abstract: Small-cell lung cancer (SCLC) represents one of the most aggressive cancer types, and it is
associated with a dismal prognosis throughout the world. However, the lack of evidence regarding a suitable
therapy regimen makes the systemic treatment of SCLC problematic. In recent years, with the rapid
development of high-throughput sequencing and immunotherapy, several existing regimens have been shown
to be promising for future treatment. Several treatment regimens, including immunotherapy, Rova-T, and
alisertib, have led to considerable response rates and manageable side effects. Inmunotherapy and antibody-
drug conjugates (ADCs) should be examined closely in subsequent assays and clinical trials. Here, we
reviewed some of the latest and most promising treatment strategies for SCLC with the aim of elucidating
the full scope of SCLC treatment.
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Introduction

Although the incidence of lung cancer has been declining
since 2000, it has remained the leading cause of cancer-
related mortality worldwide for the last 10 years for both
sexes (1,2). Small-cell lung cancer (SCLC), which accounts
for approximately 15% of lung cancers, continues to
have a dismal prognosis due to its aggressive biological
characteristics, with an overall 5-year survival rate of
less than 10% (3). SCLC is highly sensitive to initial
chemotherapy; however, nearly all patients eventually
relapse. The only FDA-approved treatment for relapsed
SCLC in the past 2 decades has been single-agent
topotecan, but it has a poor response rate (7%), and its
survival rate is unacceptable (4,5).

Approximately 30% of patients are classified as limited-
stage (LS) at the time of diagnosis. The current standard
of care for LS-SCLC is cisplatin or carboplatin plus
etoposide with concurrent thoracic radiation performed
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early during the first two cycles of chemotherapy. Recently,
more emerging data have validated the role of surgical
resection in LS-SCLC (6-9), especially for the T1-2NOMO
cases, and it is accepted by the National Comprehensive
Cancer Network (NCCN) and ASCO guidelines (10).
Compared to LS-SCLC, except for first-line chemotherapy,
follow-up treatments for extensive-stage SCLC (ES-
SCLC) have made slow progress in recent years, but there
still some bright spots. Prophylactic cranial irradiation
(PCI) should be considered for patients with LS- or ES-
SCLC with favorable performance scores, as it has been
shown to decrease the risk of intracranial recurrence and
improve overall survival (OS). However, due to the risk
of neurocognitive decline, the role of PCI in resected LS-
SCLC is controversial (11).

Recently, with the increased attention on drug discovery
and the development of precision medicine, several novel
therapies for SCLC have emerged. Here, we emphasize
novel promising therapies for ES-SCLC (7able 1).

Transl Cancer Res 2017;6(3):639-644


https://crossmark.crossref.org/dialog/?doi=10.21037/tcr.2017.05.38

640

Table 1 Several promising therapeutic regimens for SCLC
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Adverse event rate

Regimen Remark Object Efficacy (grade 3-5) (%)
Ipi + EP Phase 3 First line Negative (mPFS: 4.6 m; mOS: 48
11.0 m)
Nivo 3 mg/kg Checkmate 032, phase 1/2 Relapsed ORR: 10% (95% CI: 5-18%) 13
Nivo 1 mg/kg + Ipi 3 mg/kg ~ Checkmate 032, phase 1/2 Relapsed ORR: 23% (95% CI: 13-36%) 30
Nivo 3 mg/kg + Ipi 1 mg/kg  Checkmate 032, phase 1/2 Relapsed ORR: 19% (95% Cl: 9-31%) 19
Pembrolizumab Keynote 028, phase 1b Relapsed or unable to ORR: 33.3% (95% Cl: 16-55%) 10
receive SOC
Nivo/Nivo + Ipi/placebo Checkmate 451, phase 3 Relapsed Ongoing -
Nivo/chemotherapy Checkmate 331, phase 3 Relapsed Ongoing -
Atezolizumab Phase 1a Relapsed ORR: 5.9% (mPFS: 1.5 m; mOS: 17.6
5.9 m)
Atezolizumab + EP IMpower133, phase 1/3 First-line Ongoing -
Rova-T SCRX16-001, Phase 1 Relapsed or refractory ORR: 18%; DLL3™: 38% 38
BMS-986012 Phase 1/2 Relapsed or refractory ORR: 6.9% 0 (grade4-5)
Alisertib + paclitaxel Phase 2 Second line ORR: 22%; mPFS: 3.4 m 87.4

Ipi, Ipilimumab; EP, etoposide and platinum (cisplatin or carboplatin); Mpfs, mean progression-free survival; mOS, mean overall survival;

Nivo, Nivolumab; ORR, objective response rate; SOC, standard of care.

Checkpoint blockade immunotherapy

In theory, checkpoint blockade immunotherapy could
be the most promising treatment for ES-SCLC and
alter its standard of care for the following reasons: (I)
whole-genome and transcriptome sequencing results
highlighted a high frequency of somatic mutation rates
in SCLC (12,13), which could theoretically induce a
higher neoantigen burden. Neoantigen refers to a class
of potential cancer rejection antigens which could be
recognized by effective immune cells and prime the
immune system (14). Considering this biological feature of
SCLC, patients’ immune systems could attack tumor cells
persistently during therapy with checkpoint inhibitors,
such as ipilimumab (anti-CTLA4), nivolumab (anti-PD-1),
pembrolizumab (anti-PD-1) and atezolizumab (anti-
PD-L1); (II) it is generally considered that chemotherapy
could enhance the diversity of neoantigen expression (15).
Coupled with SCLC’s high sensitivity to chemotherapy,
the combination of cytotoxic drugs and checkpoint-
targeted immunotherapy could result in ideal treatment
effects.

In this context, ipilimumab (anti-CTLA4) set the
trend for immunotherapy for SCLC. In 2013, Reck and
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colleagues reported findings from a phase 2 trial that
investigated the efficacy of ipilimumab in combination
with paclitaxel and carboplatin as a first-line therapy for
ES-SCLC. However, there were no significant differences
between the control and ipilimumab groups (16). The first
phase 3 trial regarding immunotherapy for SCLC was
published (17); in it, 1,132 patients with ES-SCLC were
randomly assigned to receive either etoposide or platinum
(cisplatin or carboplatin) for four cycles alone or together
with ipilimumab. Disappointingly, the trial failed at the
interim analysis. The OS of the combined-treatment group
was not improved (HR, 0.94; 95% CI, 0.81-1.09). The
main reasons for failure were attributed to: (I) rapid tumor
growth and inferior performance status score of patients
with ES-SCLC, which led to poor tolerance to immune-
checkpoint inhibitors; (II) excessive patient dropout, which
affected clinical outcomes; and (III) the unsuitability of
ipilimumab for use after chemotherapy, which regulates the
amplitude of the early stages of T cell activation relative to
PD-1 pathway blockade agents (18).

Fortunately, the PD-1 antibody (nivolumab or
pembrolizumab) showed antitumor activity with durable
responses and manageable safety profiles in early-stage
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clinical trials. A phase 1/2 trial (checkmate 032), in which
nivolumab (nivo) was used alone or in combination with
ipilimumab (ipi) to treat relapsed SCLC, showed that
an objective response was achieved in 10 (10%) of 98
patients receiving nivo 3 mg/kg, 1 (33%) of 3 patients
receiving nivo 1 mg/kg plus ipi 1 mg/kg, 14 (23%) of
61 patients receiving nivo 1 mg/kg plus ipi 3 mg/kg, and
10 (19%) of 54 patients receiving nivo 3 mg/kg plus ipi
1 mg/kg (19). These data demonstrated a promising new
treatment approach for ES-SCLC. The subsequent design
of a phase 3 randomized controlled trial (Checkmate 451)
was reported at the 2016 ASCO annual meeting, which
evaluated nivo monotherapy, nivo plus ipi followed by nivo
monotherapy, and placebo as maintenance therapy for ED-
SCLC after first-line chemotherapy (20). Another ongoing
phase 3 trial (Checkmate 331) is expected to investigate
further the efficacy of nivo for ES-SCLC. Keynote 028 is
an ongoing non-randomized Phase 1b basket trial, and the
updated survival results have been published. In keynote
028, 24 previously treated ES-SCLC patients, who were
PD-L1 expression positive, received pembrolizumab and
had an objective response rate (ORR) of 33.3%, a median
progression-free survival (mPFS) of 1.9 months, and a
median OS (mOS) of 9.7 months (21).

For PD-L1 antibody, atezolizumab, also show its safety
and clinical efficacy in a phase la study (22); 17 patients
enrolled, ORR was 5.9% and immune-related response
evaluation criteria in solid tumors (irRECIST) based ORR
was 17.6%. Another ongoing phase I/III trail (IMpower133)
try to investigate the efficacy and safety of atezolizumab
plus chemotherapy in treatment-naive patients with ES-
SCLC (23).

As shown above, recent advances in the development
of immunotherapy against non-small-cell lung cancer
(NSCLC) contrast sharply with the minor progress in ES-
SCLC and the treatment efficacy is far from satisfaction.
The strategy of the application of checkpoint inhibitors
for SCLC is still a major unresolved issue: (I) in the wake
of phase of immunotherapy 2.0, how to select potential
benefit population becomes the prime target; (II) which is
a better choice, monotherapy or combined? To answer the
former question, we need more fundamental researches
which could be summed up into two aspects. One is the
tumor microenvironment, as Chen proposed the cancer-
immune phenotypes and the insights to T cell exhaustion
(24-26). And the molecular mechanism correlation, as TP53
and KRAS mutation predicts response to PD-1 blockade in
NSCLC 27).
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ADCs

Antibody-drug conjugates (ADCs) comprise cytotoxic drugs
conjugated to a humanized monoclonal antibody directed at
antigens overexpressed on a tumor cell’s surface (28). The
conjugated antibodies are supposed to deliver a cytotoxic
effect selectively to a tumor; their purpose is to improve
the clinical benefit and minimize the systemic toxicity of
traditional chemotherapy (Figure I). To date, two clinical
trials to our knowledge have published results regarding
ADC:s targeting ES-SCLS.

Rovalpituzumab tesirine (Rova-T)

Through next-generation sequencing, inactivating
mutations in TP53 and RB1 have been observed in
nearly all SCLC specimens (13). Mutations in RB1 are
highly associated with elevated expression of achaete-
scute complex homolog 1 (ASCL1). ASCLI is a basic-
helix-loop-helix transcription factor that plays a pivotal
role in neuroendocrine differentiation and correlates
with tumor-initiating capacity (29,30). By combining
whole-genome microarray expression analysis and
ChIP-Seq data, delta-like 3 (DLL3) is transcriptionally
regulated downstream of the ASCL1. DLL3 is one of
the mammalian Notch pathway family ligands, which
predominantly localizes to the Golgi apparatus (31).
Notch pathway activation acts as anti-oncogenic stimulus
in SCLC (32). DLL3 interacts with Notchl and DLL1
in the Golgi apparatus, retaining and/or redirecting them
to endosomes for destruction and thereby preventing
them from reaching the cell surface where they can
activate Notch signaling in trans (33). DLL3 seems to
be an inhibitor of the Notch signal pathway, and the
TP53-RB1-ASCL1-Notch signaling axis appears to drive
neuroendocrine differentiation (34). Hence, DLL3 could
be a potential target for ADCs due to its overexpression
in neuroendocrine tumor cells (35).

Saunders and his colleagues (36) established an ADC,
Rova-T, to target DLL3+ tumor cells. Rova-T consists of a
humanized anti-DLL3 monoclonal antibody and a DNA-
damaging pyrrolobenzodiazepine (PBD) dimer toxin. In
the SCLC patient-derived xenograft (PDX) model, Rova-T
induced durable tumor regression over 4 months and
effectively inhibited tumor initial cells (TICs) compared
to the activity of chemotherapy regimens. Additionally, a
subsequent phase 1 clinical trial was recently completed,
in which Rova-T was used to treat recurrent or refractory
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Figure 1 The structure and mechanism of action for ADCs. (A) The structure of ADCs comprises a humanized monoclonal antibody, a

chemical linker, and a cytotoxic payload; (B) the general mechanism of action of ADCs is shown. Step 1: the ADC binds to its target cell-

surface antigen receptor; step 2: leading to endocytosis of the complex; step 3: the cytotoxic payload is released inside the cell and binds to its

target, leading to cell death. ADC, antibody-drug conjugate.

SCLC. Rova-T led to an ORR in 11 (18%) of 60 evaluable
patients, mPFS of 2.8 months, mOS of 4.6 months, and a
1-year survival rate of 15%. In addition, in patients with
DLL3 expression >50%, the ORR was 38%, mPFS was
4.3 months, mOS was 5.8 months, and 1-year survival
rate was 29% (37). This promising result provided
strong support for further investigation of Rova-T. The
DLL3 expression level, as a biomarker, should direct the
development of subsequent clinical trials.

BMS-986012

At the 2016 EMSO meeting, results of another phase 1/2
trial regarding ADCs for ES-SCLC were published. BMS-
986012 is a fully humanized monoclonal antibody with
enhanced ADCs that specifically target Fucosyl-GM1 (Fuc-
GM1). Fuc-GM1 is a sphingolipid monosialoganglioside
and tumor-associated antigen with a high prevalence in
SCLC, while its expression is minimal in most normal
tissues. Patients with relapsed/refractory SCLC after at
least one line of prior therapy were enrolled and 29 patients
were treated across all doses. One complete remission (CR),
one partial remission (PR), and four stable diseases (SDs)
were observed during the procedure, and no dose-limiting
toxicities or treatment-related grade 4/5 adverse events
occurred (38).
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Alisertib

Alisertb is a selective inhibitor of aurora A kinase (AAK). AAK
is essential for mitosis (39,40). A previous study showed a high
expression of AAK in SCLC and the depressive effect of cell
proliferation through knocking down the aurora A gene (40).
In a five-arm phase 1/2 study, 48 patients with SCLC with
either refractory or recurrent disease received at least one
dose of alisertib. The ORR was 21%, and the mPFS was
2.1 months (41). This result showed promising antitumor
activity with a manageable safety profile for ES-SCLC. A
subsequent randomized phase 2 study has been completed (42).
In it, 178 patients were randomly assigned to receive either
alisertib and paclitaxel or placebo and paclitaxel. The median
PFS was 3.32 months for the alisertib group versus 2.17 months
for the placebo group [hazard ratio (HR), 0.77; 95% CI, 0.557-
1.067; P=0.113]. In a subgroup of patients with either refractory
or relapsed disease, mPFS was 2.86 months versus 1.64 months
(HR, 0.659; 95% CI, 0.442-0.983; P=0.0372). Interestingly,
c-MYC protein expression showed a strong association with
improved PFS, which needs further investigation.

At present, other small-molecule inhibitors, such as
sunitinib (a multikinase inhibitor) (43), veliparib (a poly-
ADP-ribose polymerase inhibitor) (44), and roniciclib (a
cyclin-dependent kinase inhibitor) (45), have not shown any
significant improvement for ES-SCLC.
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Conclusions

With the increasing focus on systemic therapy for SCLC,
several promising regimens have been developed. Despite
the unsatisfactory situation, immunotherapy is the most
promising; however, problems related to its exorbitant costs
and the selection of suitable patients remain to be resolved.
Additionally, ADCs and TKIs may result in unexpected and

surprising outcomes.
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