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Abstract
A few years ago the answer to the question in the title of this review would have been, “unfortunately not much” or
even “nothing”, likely eliciting knowing nods of agreement from oncologists. For the last 3 decades, SCLC has
been notorious for its lack of progress, as drug after drug, over 60 of them, in fact, including inhibitors of VEGF,
IGFR, mTOR, EGFR and HGF has failed and fallen by the wayside due to little or no impact on PFS or OS, while
SCLC's cousin, NSCLC, has notched success after success with a spate of targeted treatment and immunotherapy
regulatory approvals. However, a paradigm shift or, more appropriately, a ‘paradigm nudge’ is quietly underway in
extensive stage SCLC with a series of agents that in early clinical trials have shown the potential to ‘lift the curse’ in
SCLC, heretofore referred to as “a graveyard for drug development”. These agents, constituting the “best of what's
new” in SCLC, and discussed in this review following a brief overview of the classification, epidemiology,
prognosis and current treatment of SCLC, include checkpoint inhibitors, antibody-drug conjugates, PARP
inhibitors, epigenetic inhibitor/innate immune activator, and an inhibitor of RNA polymerase II. Compared to
NSCLC, the therapeutic options are still limited but with one or more successes to build momentum and drive
long-overdue R&D and clinical investment the hope is that the approval floodgates may finally open.
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Introduction
As the leading cause of death among men and women in North
America, lung cancer has attracted substantial attention and
pharmaceutical investment. However, in contrast to the rapidly
changing status of non-small cell lung cancer (NSCLC), where
significant inroads have been made with targeted agents and
immunotherapies, the small cell lung cancer (SCLC) landscape has
remained, like its name, disappointingly small and static for over 30
years, with a dearth of effective therapies. Due to the failure of over 60
agents including inhibitors of VEGF, IGFR, mTOR, EGFR, HGF
and a P53 cancer vaccine in clinical trials, SCLC, long considered the
black sheep of the lung cancer family, has been fittingly referred to as
“a graveyard for drug development” [1,2].

An aggressive neuroendocrine (NE) tumor derived from bronchial
epithelial cells, SCLC (also known as oat-cell carcinoma) accounts for
about 13–15% [3] of all lung cancers and between 30,000 to 35,000
new cases per year in the U.S. [4] Its rapid doubling time and high
growth fraction combined with a propensity to metastasize widely and
early on in the disease course (most commonly to the brain, liver, or
bone) results in a 95% mortality rate [5], which makes SCLC the
most lethal lung cancer subtype. Most cases of SCLC develop in
patients aged 60–80 years and the estimated overall death rate is
25,000–30,000 per year [6]. Ancillary factors, which contribute to
the high mortality rate include the advanced age of a patient
population that is historically difficult to treat secondary to multiple
smoking related comorbidities, the dose-limiting cumulative effects of
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Table 1. Matching Tumor and Patient Characteristics, some of which are Obvious and some of
which are not, to the Individual Treatments Described in this Review

Agent or Class Tumor Characteristics

Checkpoint inhibitors Platinum sensitive disease
Slower growing disease
No history of paraneoplastic syndromes

Rova-T Platinum sensitive disease
Presence of DLL3

IMMU-132 Presence of TROP-2 receptor
PARP inhibitor + temozolomide Presence of SLFN11
Lurbinectedin No bone marrow suppression

Presence of NER-related genes
RRx-001 High infiltration of tumor associated macrophages
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prior, treatment regimens on bone marrow reserves and the lack of
responsiveness of the tumor to novel cytotoxic drugs and so-called
targeted therapies. This high degree of treatment difficulty combined
with a decline in the incidence of SCLC in North America (down
from 20–25%) [7], (even while the worldwide incidence, particularly
in Central/Eastern and Southern Europe, has continued to rise [8]),
and the stigma of it as a self-inflicted “smoker's disease” have led to
pharmaceutical disinterest and the relative neglect of a tumor type
that accounts for 13–15% of all lung cancers.
Indeed, SCLC is so strongly correlated with a history of smoking,

in fact heavy smoking (for example, those with a 30 pack-year
history), more so than any other cancer, that the occurrence in a never
smoker constitutes an anomaly, worthy of a case report [9]; its rarity
has led more than one author [10] to dispute the diagnosis in patients
who deny a smoking history. Somewhat surprisingly, then,
transformation of NSCLC to SCLC has been reported in
non-smoking patients with mutated EGFR when resistance to
EGFR tyrosine kinase inhibitors develops [11]. However, due to the
use of low-tar filtered and “light” cigarettes, which prompt smokers to
inhale more deeply and smoke more intensely/vigorously as a
compensatory strategy for the lower delivery of nicotine, thus exposing the
higher-order peripheral bronchi to carcinogen-containing smoke, the
incidence of centrally-located squamous cell cancers and SCLCs has
waned while that of peripheral lung adenocarcinomas has increased [12].
In addition to pulmonary SCLC, another entity is extrapulmonary

small cell carcinoma (EPSCC), thought to represent up to 5% of all
cases of small cell carcinoma, and to most commonly occur in the
gastrointestinal tract and genitourinary system [13]. However, failure
to account for high levels, up to 25% [14], of secondary or
treatment-emergent small cell/neuroendocrine prostate cancer after
the development of anti-androgen resistance may underestimate the
true rate of EPSCC.

Classification of SCLC—Limited and Extended Stage
The most commonly used staging system for SCLC is the Veterans

Administration Lung Study Group (VALG) staging system that
classifies patients into two categories, limited stage (LS), which is
confined to one hemithorax and one radiation field or extensive stage
(ES) which extends beyond one hemithorax. Current standard of care
is concurrent chemoradiation for LS disease and chemotherapy alone
for ES disease [15].
Without treatment, extensive stage small cell lung cancer

(ES-SCLC), representing approximately two-thirds of all cases
(LS-SCLC comprises the other one-third), is rapidly and invariably
fatal within 2 to 4 months [16]. With combination chemotherapy,
responses are dramatic but sadly short-lived: SCLC inevitably relapses
and relapse is associated with a median OS often b6 months [17]
(the median OS for SCLC patients in the third line setting is 4.7
months [18], a survival rate which has scarcely improved over the last
40 years [19].

Extensive-Stage SCLC Classification by First Line Response
and Chemotherapy-Free Interval

ES-SCLC patients are further classified according to their response
to first line platinum doublets. The relapse-free interval of sensitive
patients exceeds 90 days after treatment with platinum doublets is
completed, resistant disease relapses within 90 days of treatment
completion during a chemotherapy-free interval (CFI) and refractory
disease either never responds at all or relapses within 45 days of
treatment completion during a CFI. The practical value of this
classification scheme is that platinum sensitivity or lack thereof
correlates with prognosis and dictates secondary treatment strategies;
the longer the chemotherapy free interval (CFI) the greater the
likelihood of a re-response to platinum (Figure 1).

To the extent that all patients with small cell lung cancer, whatever
their initial classification, will eventually develop resistance to all
conventional therapies, the incidence of relapsed and refractory/
resistant SCLC (as well as platinum sensitive third line or beyond
SCLC) is probably roughly equivalent to that of SCLC as a whole;
however, unlike platinum sensitive SCLC, where the response rate to
second-line topotecan is 14% to 38%, the response rate with
topotecan for resistant or refractory SCLC (rSCLC) is a dismal 2% to
8%, which makes rSCLC (and, by extension, platinum sensitive third
line and beyond SCLC, which may be considered at this late stage to
be pan-treatment refractory) a recalcitrant and neglected tumor
subtype [20].

SCLC is an Orphan Disease Based on Prevalence and
Historical Neglect

SCLC meets the criterion for an Orphan Disease on the basis of
prevalence (b200,000 patients in the United States of America) as
well as historical neglect since (a) the treatment landscape has not
changed in over 30 years; (b) no new drugs have been approved for 19
years; (c) the only officially defined second-line treatment in the USA,
topotecan (Hycamtin) (amrubicin is registered for administration
only in Japan), is ineffective in resistant/refractory SCLC; and (d) new
potential treatment options such as immunotherapy and Rova-T are
unlikely to have activity specifically in relapsed refractory or resistant
SCLC (rSCLC), for reasons discussed below.

Having been understudied, underfunded, and without effective
therapeutic options for so many decades, SCLC has been referred to
as the “forgotten cancer” [21], an inevitable consequence of its
reputation as a “graveyard for drug development”. The NCI has
referred to SCLC as a “poster child” for cancers [22] classified as
recalcitrant on the basis of relative five-year survival rates that are less
than 20%. The 5-year relative survival rate of SCLC is around 5%
with the loss of approximately 30,000 lives per year.

Therefore, a significant improvement in overall response rate and
survival in SCLC with would constitute the first real progress in this
rare and recalcitrant disease subtype in decades.

Treatment for Extensive-Stage (ES) SCLC
The current standard of first-line care for ES-SCLC is platinumbased

(cisplatin-etoposide or cisplatin-irinotecan or cisplatin-topotecan) with
or without concurrent radiation therapy, followed in general by



Figure 1. Platinum sensitivity is classified as refractory, resistant, or sensitive, according to the time elapsed during a chemotherapy-free
interval since finishing first-line treatment. Probability of re-treatment response is shown for each group of patients.
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topotecan (Hycamtin), the sole agent with FDA approval specifically for
the second line setting [23]. Topotecan binds to the topoisomerase
I-DNA complex and prevents the religation of DNA after single strand
cleavage has taken place, which results in cell death [24].

A standard third line treatment is lacking although single agent
paclitaxel, irinotecan, gemcitabine and vinorelbine are commonly
tried in patients with acceptable performance status. The prognosis
for relapsed SCLC is poor with a median survival of weeks to months
[15]. The standard treatment algorithm is shown in Figure 2.

New Treatments in Development
1. Immunotherapy

The data with immunotherapy in relapsed SCLC is mixed. In
two Phase I/II trials for relapsed SCLC, KEYNOTE-028 [25]
with the anti-PD-1 antibody, pembrolizumab, and CheckMate
032 study with the anti-PD-1 antibody, nivolumab plus/minus
the CTLA-4 inhibitor, ipilimumab, durable response rates were
observed. In the randomized CheckMate 032 study [26] objective
response rates were 11% for nivolumab (13% and 8% in platinum
sensitive and resistant disease, respectively) and 25% for
nivolumab + ipilimumab (25% and 24% in platinum sensitive
and resistant disease, respectively), while the median overall
survival was 4.1 months for nivolumab and 7.9 months for the
combination.

The risk of toxicity, however, is not insignificant especially in
combination: 16% of patients in the CheckMate 032 study
Figure 2. Standard tre
discontinued due to treatment-related adverse events and 3
immune-related deaths occurred (frompneumonitis, myasthenia gravis,
and renal failure).Any grade treatment-related adverse events occurred in
82% of the combination vs. 60% for nivolumab alone; Grade 3/4
serious adverse events occurred in 33% for the combination vs. 14% for
nivolumab alone.

Moreover, in a double-blind Phase 3 study of ipilimumab plus
etoposide and a platinum agent overall survival was not increased,
when compared with chemotherapy alone [27].

Overall, the challenge with immunotherapy in relapsed SCLC and,
in particular, in platinum resistant or refractory relapsed SCLC, is
two-fold: (1) that due to the high burden of disease and the rapidity of
progression the time that it takes to mount an effective anti-tumor
response, typically up to 3–6 months, may exceed the overall survival
of the patient and (2) that checkpoint inhibitor-treated patients may
be at higher risk of developing life-threatening immune-related
toxicities since a variety of paraneoplastic immune-mediated
syndromes such as encephalitis and myasthenia gravis [28] are already
associated with SCLC.

2. Antibody-Drug Conjugates (ADCs)

Similar to Erlich's magic bullet concept, antibody-drug
conjugates, which are intended to decrease toxicity and improve
the therapeutic index, comprise (1) an antibody directed at a
defined antigen on cancer cells, (2) a linker, and (3) a cytotoxic
agent.
atment of ES-SCLC.
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a) Rovalpituzumab Tesirine (Rova-T)

Rova-T is an antibody drug conjugate that recognizes delta-like
protein 3 (DLL3), a NOTCH ligand, which is expressed on the
surface of approximately two-thirds of SCLC cells but is absent
from healthy cells; in a trial of 79 patients with SCLC [29] that
relapsed after first or second line therapy, high expression of DLL3
correlated with response, irrespective of platinum sensitivity;
however, the median overall survival of 5.8 months in the Rova-T
trial was 1.1 months better than the historical median overall
survival of 4.7 months for 3rd line SCLC [18], which suggests that
patients with harder-to-treat resistant/refractory SCLC in third
line or beyond may actually fare worse than 5.8 months.
Moreover, Grade 3 and above toxicity occurred in 26% of
Rova-T-treated patients.

b) Sacituzumab Govitecan (IMMU-132)

IMMU-132 is an antibody drug conjugate (ADC) that
comprises approximately 8 molecules of SN-38, the active
metabolite of the topoisomerase-1 inhibitor, camptothecin
(irinotecan), conjugated to an antibody that binds Trop-2, a
calcium-transducing transmembrane glycoprotein widely
expressed (N80% with the caveat that no standardized method
for the immunohistochemical assessment of TROP2 expression in
tumors exists) in most epithelial cancers, including SCLC [30]. In
Phase II trial of 49 evaluable patients with recurrent metastatic
SCLC, both platinum-sensitive and platinum-resistant, and a
median of two prior therapies, an overall response rate of 14% (7/
49 confirmed partial responses), a clinical benefit rate (PR + SD
N4 mos) of 35% (17/49) and a median OS of 7.5 months were
reported [31]. As expected for SN-38, Grade 3/4 toxicities
included neutropenia (34%), fatigue (13%) and diarrhea (9%).
IMMU-132 has received FDA Fast Track Designation in SCLC.

3. PARP inhibitors

Since SCLC is known to overexpress PARP protein, PARP
inhibitors, which include veliparib, have been investigated in
SCLC. In a phase II 93 patient relapsed SCLC study of
temozolomide (TMZ) plus veliparib vs. TMZ alone, the response
rate for veliparib/TMZ compared to TMZ alone was significantly
different (39% vs. 14% P = .016). However, the median overall
survival was not significantly different between the two arms (8.2
months vs. 7.0 months P = .50) and Grade 3/4 thrombocytopenia
and neutropenia more commonly occurred in the veliparib/TMZ
arm: 50% vs. 9% and 31% vs. 7%, respectively [32]. High levels
of SLFN11, a marker for defective DNA damage repair, obtained
at original diagnosis, were associated with better overall survival
only in the veliparib/TMZ arm.

4. Transcription inhibitor—Lurbinectedin

The combination of doxorubicin + lurbinectedin (PM1183), a
novel marine-derived RNA II polymerase inhibitor
structurally-related to FDA approved trabectedin (Yondelis), vs.
topotecan or the combination VCR (cyclophosphamide, doxoru-
bicin, and vincristine) is currently under investigation in a Phase
III 600 patient study (ATLANTIS NCT02566993) for 2nd line
SCLC patients after failure of 1st line platinum doublets. In
addition to RNA II inhibition, lurbinectedin also disrupts the
nucleotide excision repair (NER) pathway (its activity is
attenuated in NER-deficient cells) [33], and is further associated
with depletion of tumor-associated macrophages [34]. The Phase
III trial follows on the heels of a Phase I dose escalation study in
which the overall response rate and complete response rate, among
21 patients with SCLC, were 67% and 10%, respectively [35].
However, toxicity is an issue: due to a 96% rate of Grade 3/4
neutropenia on the Phase I trial as well as 24% Grade 3 febrile
neutropenia and 5% Grade 4 febrile neutropenia, prophylactic
G-CSF support is required on the Phase III trial.

5. Epi-immune agent—RRx-001

RRx-001 is a minimally toxic tumor associated macrophage
(TAM) and tumor associated neutrophil (TAN) repolarizing agent
and pan-epigenetic inhibitor with orphan drug status in SCLC
[36]. In over 170 patients treated to date over all studies in
multiple tumor types including metastatic colorectal cancer,
cholangiocarcinoma, as well as neuroendocrine, SCLC, EGFR
mutated NSCLC and epithelial ovarian cancer, only one serious
adverse event has been possibly attributed to RRx-001 as a single
agent [37].
In an ongoing Phase II proof-of-principle clinical study called

QUADRUPLE THREAT (NCT02489903), RRx-001 is dosed as
a single agent until RECIST version 1.1-defined progression, at
which point first line platinum doublets are sequentially
reintroduced in third line or beyond resistant and refractory
small cell lung cancer (rSCLC) as well as three other tumor types.
To date, in over 50% of evaluable patients, RRx-001 has
demonstrated reversal of chemoresistance to reintroduced
first-line platinum doublets.
Patient biopsies have correlated response with a high density of

infiltrated TAMs and, according to the literature, tumor-
infiltrating macrophages are abundant in SCLC [38].
Moreover, on the basis of preclinical evidence, RRx-001

may be protective against the bone marrow and renal toxicities
of cisplatin [39].

Conclusion
The success of cancer treatment in solid tumors is continuously
eroded by the occurrence of drug resistance, innate or acquired and
the extensive stage SCLC tumor type is no exception. While initially
exquisitely chemoradiosensitive, relapse in SCLC is the rule and the
efficacy of treatment beyond first line dramatically dwindles—along
with therapeutic options— as it becomes increasingly resistant to
treatment.

Unlike many other solid-tumor malignancies, NSCLC in
particular, where advances in diagnosis and treatment have resulted
in improved survival, SCLC has remained in a holding pattern at best,
with only a two month improvement in median survival times shown
in Phase III trials over the last 30 years [40], engendering an ingrained
therapeutic skepticism in the oncology community that borders
on—if not outright devolves into—nihilism [41]. Such is the sense of
futility after so many clinical failures with single- or combination
chemotherapies and targeted agents (one oncologist compared the
implacability of SCLC to a “brick wall” [42]) that for the last 3
decades it has been largely written off by the pharmaceutical industry
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as too formidable of a challenge, resulting in a vicious circle of
treatment stagnation and inaction, which, in turn, has reinforced the
perception of futility.

However, to continue the oncologist's comparison from the
preceding sentence, the hope is that the newest molecular chisels
described in this review i.e., checkpoint inhibitors, antibody-drug
conjugates, PARP inhibitors, epigenetic inhibitors and transcription
inhibitors will be used to chip/pry away at different sections of the
formerly impenetrable SCLC brick wall until finally the whole of it
crumbles. Nevertheless, like actual chisels (or any set of tools for that
matter), which come in different sizes and styles i.e. broad or flat vs.
narrow-pointed, depending on their intended purpose, one size never
fits all and the use of these agents, all of which have distinct
limitations or challenges associated with them, is only justified if
limited to a defined subset of patients whose tumors are prescreened
or monitored during treatment for certain favorable characteristics.
These characteristics, which may serve as the basis for an
individualized treatment plan, are summarized in Table 1.

In conclusion, then, to return to the question posed in the title of
this review, “What's New in SCLC?” the short answer, as of July
2017, hopefully infusing some much-needed optimism into the
treatment of a tumor type long-neglected by researchers, physicians
and drug companies is “quite a lot actually”.
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