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Abstract

Despite decades of research, prognosis for SCLC patients remains poor, and treatment options limited. SCLC is an immu-
nogenic tumor with high somatic mutation rates due to tobacco exposure resulting in potential neo-antigens, the presence of
suppressed immune responses, and occurrence of paraneoplastic disorders. The use of T cell immune-checkpoint inhibitors
(anti-PD1: nivolumab, pembrolizumab; anti-PD-L1: atezolizumab, durvalumab; anti-CTLA-4: ipilimumab, tremelimumab)
have shown promising antitumor activity with the potential to prolong survival in SCLC patients. In fact, atezolizumab when
combined with chemotherapy has achieved the milestone of being the first drug to improve survival in patients with newly
diagnosed extensive-stage SCLC. Other immunotherapeutic approaches evaluated in clinical trials for SCLC include the
use of cytokines, cancer vaccines, antiganglioside therapies, TLR9 inhibition, anti-Notch signaling, and anti-CD47. This
review discusses the rationale and clinical evidence of immunotherapy in SCLC, the conflictive clinical results of novel

immunotherapeutic agents and combinatorial therapies under evaluation in SCLC patients.
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Introduction

Small cell lung cancer (SCLC) is a deadly disease that rep-
resents about 15% of all lung cancers [1]. SCLC is strongly
associated with heavy tobacco exposure and is clinically
characterized by a rapid growth and early metastatic wide-
spread. SCLC molecular hallmarks consist of high mutation
rates, universal 7P53 and RBI gene inactivation, and rare
oncogenic drivers [2].

Around 70% of cases present with extensive-stage disease
at diagnosis (ED-SCLC); the remaining 30% of patients have
limited-stage disease (LS-SCLC), in which tumor involve-
ment is confined to one hemithorax and can be treated in
a tolerable radiation field [3-5]. The overall prognosis for
patients with SCLC is poor, with a median overall survival
(OS) of 15-20 months for LD-SCLC and 8-13 months for
ED-SCLC [3-5].
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First-line treatment for SCLC patients includes plati-
num—etoposide doublet. Despite the initial high responses
(up to 75%), most of the ED-SCLC patients will progress
during the first months (platinum resistant < 3 months, plati-
num sensitive > 3 months), achieving a median progression-
free survival (PFS) of only 5.5 months and a median OS
of < 10 months [3-5]. Subsequent-line treatment options are
limited. No therapy has improved on the 15-20% response
rate (RR) and 30% 1-year OS provided by second-line
topotecan [3-5]. There is no standard of care beyond second-
line therapy.

Systemic therapy for SCLC patients has not changed
substantially in several decades. Consequently, there is an
urgent medical need to bring new treatment options to SCLC
patients. This review discusses the rationale for using immu-
notherapy in SCLC and provides an overview of the immu-
notherapeutic agents under clinical investigation for SCLC.

Rationale for immunotherapy in SCLC

Adaptive immune response is the mechanism for which
the immune system is capable of detecting and eradicating
tumor cells [6]. SCLC has long been considered immuno-
genic because of the occurrence of paraneoplastic disorders,
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such as Lambert—Eaton myasthenic syndrome (LEMS), that
result from the consequence of an immune response target-
ing antigens expressed by both SCLC and healthy neurons
(e.g., HuD, HuC, and Hel-N1) [7]. In some instances, SCLC
patients with paraneoplastic disorders have a better progno-
sis, perhaps because the immune response generated against
the nervous system is also targeting tumor cells [8].
Several lines of evidence suggest that an ongoing, albeit
suppressed, immune response is mounted against SCLC
tumors [9, 10]. Differential tumor-infiltrating immune cell
populations can affect SCLC prognosis (Fig. 1). In fact,
CD4+ T immune effector T cells (Teff) are significantly
higher in LD-SCLC patients than that of ED-SCLC patients
including more IL-17-producing CD4+T cells (Th17) [11].
Long-term survivors of SCLC maintained a high Teff to reg-
ulatory T (Treg) cell ratio, whereas patients with recurrent
disease exhibited a low Teff to Treg cell ratio, suggesting
a role of inducing Teff cells, particularly Th17 cells, while
eliminating Treg cells to control systemic dissemination of

SCLC [11]. In addition, expression of PD-L1 in tumor cells
could be indicative of active T cell responses, and PD-L1
positive tumors have been associated with longer survival
in SCLC patients [12].

SCLC is one of the tumors with the highest rate of
somatic mutations [2, 13—15], including mutations in DNA
repair mechanisms [16]. Tumors with more somatic muta-
tions result in higher likelihood to develop tumor-specific
neo-antigens that may ultimately trigger an adaptive immune
response [17, 18]. Interestingly, somatic hypermutation and
neoepitope formation have been associated with response to
immunotherapy [18, 19]. Deficits in DNA mismatch repair
genes lead to multiple gene mutations, manifested as micro-
satellite instability (MSI). MSI is linked to an increased ben-
efit for PD-1 immune-checkpoint blockade [20]. In addition,
tumor mutational burden (TMB) has been associated as an
independent predictor of response to immunotherapy in dif-
ferent tumor types [21].

Neoantigen presentation
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Fig. 1 Rationale for immunotherapy in SCLC. SCLC small cell lung
cancer, PD-L1 programmed death-ligand 1, MHC major histocompat-
ibility complex, TIL tumor infiltrating lymphocytes, Teff T effector,
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Despite the high somatic tumor mutational rate, SCLC
has a highly immunosuppressive phenotype. SCLC cell lines
and tumors are likely to have low expression of the class I
major histocompatibility antigens HLA-A, B, C and beta
2-microglobulin [22]. HLA loss allows small cell lung can-
cer cells to evade the host immune response to the tumor and
its association with intrinsic resistance to immune-check-
point inhibitors is well established. In addition, no expres-
sion of class II major histocompatibility was found in SCLC
tumors and tumor-infiltrating lymphocytes (TILs) present in
SCLC tumors [23], suggesting an additional mechanism for
evading the host immune response. Moreover, despite its
high TMB, the level of TILs in SCLC is low and the ratio
of CD8/CD3 is prominently low [24]. Moreover, immature
myeloid cells have been implicated in the immunosuppres-
sive state, making SCLC patients less likely to develop
immune responses [25]. In spite of low expression of PD-L1,
TIM3, and LAG3 by tumor cells, those immune checkpoints
are frequently overexpressed in SCLC-associated TILs [26].
TIL expression of immune-checkpoint molecules is corre-
lated with high FoxP3 expression and improved outcome in
SCLC [26].

Immunotherapy in SCLC

There are different types of immunotherapy that have been
investigated for the treatment of SCLC. We will review the
use of immune-checkpoint inhibitors, cancer vaccines, and
the use of cytokines. In addition, novel immunotherapeutic
approaches and combinations will also be addressed (Fig. 2).

Cytokines

Cytokines directly stimulate immune effector at the tumor
site influencing immune cell activity. Two common
cytokines are used in cancer immunotherapy and have been
tested in SCLC: interferons (INFs) and interleukins (ILs)
(Table 1).

Interleukin (IL)-2

High-dose IL-2 prompted to durable objective responses in
a minority of patients with melanoma and renal cell carci-
noma, serving as proof of principle that the immune system
could eliminate cancer cells. In a phase II trial from the
cancer and leukemia group B (CALGB), 4 out of 24 (17%)
patients with ED-SCLC who had failed to obtain a complete
remission with chemotherapy did obtain a complete remis-
sion after therapy with IL-2 [27]. However, the substantial
IL-2 toxicity and the lack of efficacy in a later trial discon-
tinued the interest of IL-2 in SCLC [28].

Interferon (IFN)

IFN inhibits tumor cell growth, stimulates the immune
response, and has antiproliferative activity.

IFN-a2a combined with first-line chemotherapy was eval-
uated in a randomized trial involving 90 SCLC patients [29].
Compared to chemotherapy, IFN-a added to chemotherapy
did not only increase the RR but also prolonged OS. This
benefit seemed to be limited to patients with limited disease.

In a non-blinded, randomized, phase II study, 164 patients
with SCLC were randomized to receive chemotherapy or
immunotherapy plus chemotherapy [30]. Immunotherapy
was divided into three arms: IFN-a, IFN-y, and IFN-a
plus IFN-y. No differences in response and survival were
observed, with the exception of the IFN-a arm but only in
patients with limited stage, with few patients in this group to
draw formal conclusions (n=41). Tolerance was also worse
in the combination arms (characterized by fever, anorexia
and fatigue), and also with more neutropenia with IFN-y
[30].

Maintenance with IFNs after radical treatment was ini-
tially suggested to have a role in survival for SCLC [31].
However, in several randomized trials, both IFN-y and IFN-
o2a failed to prolong survival in SCLC patients that achieved
complete remission after induction chemotherapy + consoli-
dation radiotherapy [32-34].

In patients with recurrent SCLC, the addition to paclitaxel
of INF-a plus modulation of BCL-2 by 13-cis-retinoic acid
did not improve clinical outcomes in a single-arm phase 11
trial [35].

Vaccines

Vaccines harness the adaptive immune recognition of a spe-
cific tumor antigen to effect antitumor responses. There are
different types of cancer vaccines that have been evaluated
in SCLC patients.

Antigen vaccines

One approach is to use immunotherapy directed towards cell
surface antigens that are selectively and highly expressed on
SCLC tumors.

Ganglioside fucosyl GM1 is a monosialoganglioside with
limited expression in normal tissues, but with high expres-
sion on the surface of tumor cells in SCLC [36]. Vaccina-
tion with a synthetic version of fucosyl GM1 conjugated
to keyhole limpet hemocyanin (KLH) was evaluated in
patients with SCLC after a major response to initial ther-
apy. Synthetic fucosyl GM1-KLH conjugate at a dose of
30 pg induced an IgM antibody response against fucosyl
GMI1 and tumor cells expressing fucosyl GM1 [37]. The
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Fig.2 Overview of selected types of immunotherapy for SCLC.
SCLC small cell lung cancer, CTLA-4 cytotoxic T-lymphocyte anti-
gen-4, PD-1 programmed death-1, PD-LI PD ligand-1, TLR toll-like

most common toxicity was injection site reaction observed
in 87% of patients.

Polysialic acid (polySA) is a polymer side chain bound
to the neural cell adhesion molecule that is extensively
expressed on the surface of SCLC cells. KLH-conjugated
N-propionylated-(NP) polySA vaccine induced a robust anti-
body response. However, peripheral neuropathy and ataxia
were limiting toxicities at a dose of 30 pg [38]. A de-escala-
tion dosing study established NP-polySA-KLH 10 pg as the
lowest optimally immunogenic dose [39]. Self-limited grade
3 ataxia of unclear etiology was seen in 1 of 18 patients. The
future plan is to incorporate NP-polySA into a polyvalent
vaccine against SCLC with four glycolipid antigens also
widely expressed in SCLC-GD2, GD3, fucosylated GM1,
and globo H.
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- Dendritic cell vaccines: INGN-225
- TLR9 agonist: Lefitolimod

T Cell stimulation

- Anti-PD-1: Nivolumab, pembrolizumab
- Anti-PD-L1: Atezolizumab, durvalumab
- Anti-CTLA-4: Ipilimumab, tremelimumab

receptor, MHC major histocompatibility complex, DLL3 Notch ligand
delta-like protein 3, NK natural killer, /NF interferon

Dendritic cell vaccines

Active immunotherapy using dendritic cells (DCs) to deliver
tumor antigens has also been evaluated in SCLC. The tumor
suppressor gene, p53, has many features of an ideal tumor-
associated antigen [40, 41], with encouraging results both
preclinically and in humans with anti-wildtype-p53 cancer
therapy [41-43]. DCs transduced with adenovirus express-
ing the wild-type pS3 gene has been used in patients with
ED-SCLC that received at least a prior platinum therapy
[25]. Despite vaccination resulted in the development of
p53-specific T cell responses in just over half of the treated
patients (57.1%), only one radiological response was
observed out of the 29 patients treated with the vaccine.
Two important observations were made: first, patients with



Clinical and Translational Oncology (2019) 21:961-976 965
Table 1 Clinical trials of cytokines and vaccines in SCLC
Agent Phase Study Number of Endpoint Results Refer-
patients ences
IFN-a II Open-label, single group: 34 ORR ORR: 3 PR (9%), 5 SD (15%) [35]
IFN-o + 13-cis-retinoic median PFS, 2.0 months;
acid + paclitaxel median OS, 6.2 months
IFN-a, IFN-y 1I Randomized, open-label: 164 oS Median survival for LD-SCLC: [30]
chemotherapy vs. chemo- control, 19 months (95% CI
therapy 1+ IFN-a vs. 7.8-30); IFN-a, 34 months (95%
chemotherapy +IFN-y vs. CI 30-48); IFN-y, 13.6 months
chemotherapy + IFN-o/ (95% CI 3.8-23); IFN-o IFN-y,
IFN-y 17 months (95% CI 11-23)
KLH-conjugated /I Open-label, single group 20 Safety, antibody ~ 9/9 patients at 10-ug dose [39]
N-propionylated response responded with IgM and 8/9
polysialic acid with IgG
Autologous dendritic v Open-label, single group: 29 (ED- p53-specific T cell 57.1% with p53-specific T cell [25]
cell-adenovirus p53 platinum-based chemother- SCLC) responses responses

vaccine apy followed by adenovirus

p53 vaccine therapy

Adjuvant vaccination Il
with Bec2/Bacille up
Calmette—Guérin

Randomized: Bec2 vs. follow- 515 (LD- OS
SCLC)

16.4 and 14.3 months in the obser- [87]
vation and vaccination arms,
respectively (p=0.28)

SCLC small cell lung cancer, LS-SCLC limited-stage disease SCLC, ES-SCLC extensive-stage disease SCLC, IFN interferon, KLH keyhole lim-
pet hemocyanin, ORR objective response rate, OS overall survival, PR partial response, SD stable disease, PFS progression-free survival

an increased presence of immature myeloid cells were less
likely to develop responses to vaccination; second, an unusu-
ally high response rate to chemotherapy post-progression to
the vaccine. Based on these results, the optimal use of p53
cancer vaccine might be in combination with chemotherapy
rather than as single agent. Moreover, a recent phase II trial
(NCTO03406715) is evaluating whether adding a dendritic
cell-based p53 vaccine to nivolumab and ipilimumab combi-
nation checkpoint inhibition will improve outcomes among
patients with recurrent SCLC.

Immune-checkpoint inhibitors

The cytotoxic T-lymphocyte-associated protein 4 (CTLA-
4) and programmed death-1 (PD-1) pathways are the most
extensively studied immune-checkpoint pathways (Tables 2,
3) [9, 44-47]. Preclinical data demonstrate that treatment
with antibodies specific for CTLA-4 can restore an immune
response through increased accumulation and survival of
memory T cells and depletion of Tregs [45]. The use of
monoclonal antibodies (mAbs) to block either PD-1 or
PD-L1 prevents the downregulation of T cell effector func-
tion, allowing T cells to mediate tumor cell death [48].

Ipilimumab

Ipilimumab is a fully human IgG1 anti-CTLA-4 monoclonal
antibody.

Ipilimumab has been evaluated in combination with
chemotherapy in newly diagnosed ED-SCLC in two phase
II trials and in a phase III randomized clinical trial.

CA184-041 is a phase II randomized, double-blind trial,
where 130 patients were randomized 1:1:1 to receive carbo-
platin plus paclitaxel in addition to placebo (control arm),
or iplilimumab 10 mg/kg concurrent, or after 2 doses of car-
boplatin/paclitaxel (phased) [49]. In the phased ipilimumab
arm, median immune-related (ir) PFS (primary endpoint)
was 6.4 months vs. 5.3 months (P =0.03), and median OS
was 12.9 months vs. 9.9 months (P=0.13) compared to
paclitaxel and carboplatin alone. However, no improvement
in efficacy endpoints (including irPFS, mWHO-PFS, OS,
and tumor response) was noted with concurrent ipilimumab.
Ipilimumab was associated with known immune-mediated
adverse events. Grade 3/4 treatment-related adverse events
(TRAEs) were higher in phased regimen (50%) vs. control
(30%), although the rate of treatment discontinuation was
similar in phased (5%) vs. control (9%).

An open-label, single arm, phase II trial evaluated the
safety and efficacy of first-line ipilimumab (10 mg/kg iv)
combined with carboplatin plus etoposide (ICE) in 42
patients with ED-SCLC [50]. The 1-year PFS by Response
Evaluation Criteria in Solid Tumors (RECIST) v1.1. was
15.8% (primary endpoint). Median PFS was 6.9 months
(95% CI 5.5-7.9), median irPFS was 7.3 months (95%
CI 5.5-8.8) and median OS was 17.0 months (95% CI
7.9-24.3). Objective response by RECIST was 72.4%, and
84.8% by the immune-related response criteria (irRC).
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Grade 3 or higher adverse events developed in 89.7%, 69.2%
related to ipilimumab. Ad hoc analysis related the presence
of autoantibodies at baseline with improved outcomes and
severe neurological toxicity.

CA184-156 is a randomized, double-blind phase III
study that evaluated the efficacy and safety of ipilimumab
or placebo plus etoposide and platinum in 1132 patients
with newly diagnosed ED-SCLC [51]. There was no dif-
ference in median OS (primary endpoint) between patients
receiving chemotherapy plus ipilimumab (n=478) ver-
sus chemotherapy plus placebo (n=476): 11.0 months
vs. 10.9 months, respectively (hazard ratio 0.94, 95% CI
0.81-1.09, P=0.3775). No differences in efficacy in terms
of PFS or tumor responses were observed with the addition
of ipilimumab. Diarrhea, rash, and colitis were more fre-
quent with ipilimumab and the rate of treatment-related dis-
continuation was higher with chemotherapy plus ipilimumab
(18% vs. 2% with chemotherapy plus placebo).

Based on the negative results of ipilimumab combined
to chemotherapy, additional studies are currently evaluat-
ing ipilimumab in combination with anti-PD1 inhibitors in
SCLC.

Nivolumab

Nivolumab is a fully human IgG4 monoclonal antibody
directed against PD-1.

CheckMate 032 is a phase I/II multicentre, multi-arm,
open-label trial that included a cohort of patients with SCLC
[52]. Patients with SCLC progressing after at least one plat-
inum-containing therapy were allocated to three treatment
arms: nivolumab plus ipilimumab [1 mg/kg + 1 mg/kg iv
(n=3), 1 mg/kg+3 mg/kgiv (n=061), and 3 mg/kg+ 1 mg/
kg iv (n=54)] versus nivolumab monotherapy (3 mg/kg
iv) (n=98). Nivolumab plus ipilimumab was administered
every 3 weeks for four cycles followed by nivolumab 3 mg/
kg iv every other week. The primary end point was objective
response per RECIST v1.1.

Objective response was achieved in 14/61 (23%) receiv-
ing nivolumab 1 mg/kg plus ipilimumab 3 mg/kg; 10/54
(19%) receiving nivolumab 3 mg/kg plus ipilimumab 1 mg/
kg, 1/3 (33%) receiving nivolumab 1 mg/kg plus ipilimumab
1 mg/kg, and 10/98 (10%) patients in the nivolumab mono-
therapy arm.

The median duration of response (DoR) was 17.9 months
for nivolumab monotherapy, and 14.2 months with
nivolumab 1 mg/kg plus ipilimumab 3 mg/kg. Patients with
ongoing responses at 2 years were 45% for nivolumab mono-
therapy and 36% in the combination. PD-L1 expression was
assessable in 148 of 216 patient samples (69%), of which
25 (17%) had tumoral PD-L1 expression > 1%. Responses
were observed regardless of platinum sensitivity, line of
therapy, or PD-L1 status. Two-year OS rates were 14% for
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nivolumab monotherapy and 26% in the combination arm,
with a median OS of 4.1 (95% CI 3.0-6.8) and 7.8 (95% CI
3.6-14.2), respectively. In a randomized, phase II cohort
from CheckMate 032 to further evaluate nivolumab =+ ipili-
mumab, the initial efficacy of 242 patients was consistent
with that in the non-randomized cohort [53].

Grade >3 toxicities occurred in 18/61 (30%) in the
nivolumab 1 mg/kg plus ipilimumab 3 mg/kg group, 10/54
(19%) in the nivolumab 3 mg/kg plus ipilimumab 1 mg/kg,
and 13/98 (13%) in the nivolumab monotherapy. Six (6%)
patients in the nivolumab 3 mg/kg group, seven (11%) in
the nivolumab 1 mg/kg plus ipilimumab 3 mg/kg group,
and four (7%) in the nivolumab 3 mg/kg plus ipilimumab
1 mg/kg group discontinued treatment due to TRAEs. Four
patients who received nivolumab plus ipilimumab died from
TRAESs (myasthenia gravis, pneumonitis, encephalitis and
hepatitis), and one patient who received nivolumab mono-
therapy died from treatment-related pneumonitis.

Based on the antitumour activity with durable responses
and safety profile reported in CheckMate 032 trial,
nivolumab +ipilimumab is already included in the NCCN
guidelines for the treatment of relapsed SCLC [54].

In an attempt to better predict clinical outcomes in SCLC
patients treated with nivolumab + ipilimumab, whole-
exome sequencing was performed to evaluate the impact
of tumor mutational burden (TMB) [15]. TMB was evalu-
able in 53% of the 401 ITT population. Patients with high
TMB (cutoff 248 mut/Mb) had improved ORR, PFS, and
OS compared with low/medium TMB for both nivolumab
monotherapy and nivolumab + ipilimumab. Furthermore,
nivolumab + ipilimumab appeared to provide a greater clini-
cal benefit compared with nivolumab monotherapy in the
high TMB tertile. Therefore, TMB is a potentially relevant
biomarker that warrants cutoff optimization and prospective
validation.

Several trials are currently evaluating nivolumab =+ ipili-
mumab, including two randomized, phase III clinical tri-
als: nivolumab versus chemotherapy (topotecan or amru-
bicin) in patients with relapsed SCLC (CheckMate 331,
NCT02481830) [55]; nivolumab alone, nivolumab 1 mg/
kg in combination with ipilimumab 3 mg/kg, or placebo
as consolidation/maintenance therapy after completion of
platinum-based first-line chemotherapy in patients with ED-
SCLC (Checkmate 451, NCT02538666) [56]. However, in
two recent press releases (October 12th, and November 26th,
2018, respectively), Bristol-Myers Squibb announced both
CheckMate 331 and 451 studies did not meet their primary
endpoint of overall survival, while disclose of results is still
pending. Furthermore, a phase II trial of consolidation with
nivolumab and ipilimumab in LS-SCLC after chemo-radio-
therapy is ongoing (STIMULI, NCT02046733) [57].
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Table 2 (continued)
Immunotherapy
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Ongoing
Closed

NCT03371979

v
I
Ib
la

KEYNOTE PN758

ALCMI-005
39110-107
GO027831

Pembrolizumab + pegzilarginase

NCT03402880

Pembrolizumab + epacadostat

Ongoing

NCT02646748

Pembrolizumab + INCB050465

Atezolizumab

Completed, with results [62]

NCT01375842
NCT03059667

[63]

Completed, with results

IFCT-1603

Atezolizumab vs. topotecan

I NCT03262454 Ongoing

ML39728
BALTIC

Atezolizumab + hypofractionated radiotherapy

[66]

NCT02937818 Ongoing

11

Durvalumab + tremelimumab

Completed, with results [69]

/I NCT02734004

I

MEDIOLA

Durvalumab + olaparib

Ongoing

NCT02701400

NCI-2016-00026

Durvalumab + tremelimumab + radiotherapy

SCLC small cell lung cancer, LS-SCLC limited-stage disease SCLC, ES-SCLC extensive-stage disease SCLC

Pembrolizumab

Pembrolizumab is an anti-PD1 humanized IgG4 antibody.
Pembrolizumab is being extensively studied in SCLC
(Table 2): (1) in monotherapy in relapsed SCLC; (2) in com-
bination with other chemotherapies in relapsed SCLC (e.g.,
paclitaxel, irinotecan, or amrubicin); (3) in combination with
other immune-modulating agents; (4) concurrent or sequen-
cial to radiation therapy and chemotherapy in patients with
LS- or ED-SCLC; (5) face to face randomized clinical trials
against standard of care topotecan in second-line, and to
platinum plus etoposide in first-line ED-SCLC.
Pembrolizumab’s antitumor activity was initially evalu-
ated in refractory, PD-L1-positive SCLC in a phase Ib trial
(KEYNOTE 028) [58]. PD-L1 (22C3 antibody clone) was
considered positive if membranous PD-L1 expression> 1%
of tumor and associated inflammatory cells or positive
staining in stroma. The primary endpoint was ORR as per
RECIST vl.1. Forty-six patients from 145 evaluable patients
screened for PD-L1 expression were positive (31.7%). In
total, 24 patients with PD-L1-positive ED-SCLC received
pembrolizumab 10 mg/kg every 2 weeks up to 24 weeks or
until progression. Up to 87.5% of patients enrolled in the
trial received > 2 previous lines, representing a heavily pre-
treated population. The ORR was 33.3% (95% CI 16%—55%)
with a median time to response of 2 months (range
1.7-3.7 months), and a median DoR of 19.4 months (range
3.6-20+months), that highlight both the rapid onset and the
DoR to immunotherapy compared to short-lasting responses
to chemotherapy in this setting. The median PFS and OS
were 1.9 months (95% CI 1.7-5.9 months) and 9.7 months
(95% CI 4.1 months—not reached), respectively. The 6- and
12-month OS rates were 66.0% and 37.7%, respectively. The
most common adverse events were asthenia (n="7), fatigue
(n=17), and cough (n=6). Two patients experienced grade >
3 TRAESs: one patient had elevated bilirubin, and one patient
had asthenia, grade 5 colitis, and intestinal ischemia. The
safety profile is consistent with previously known in other
tumor types. There was no relationship between higher
PD-L1 expression and frequency of response (P =0.235).
A phase II basket trial is evaluating predictive biomarkers
for pembrolizumab in 11 different tumor types (KEYNOTE
158, NCT02628067). The initial results from the SCLC
cohort have been recently communicated [59]. Pembroli-
zumab was administered at a fixed dose of 200 mg iv every
3 weeks for a maximum of 2 years. In the overall SCLC
patient cohort (n=107), included few patients with carci-
noid tumor (n=1), and large cell neuroendocrine carcinoma
(n=7), the ORR (primary endpoint) was 18.7% (95% CI
11.8-27.4). Median DoR was not reached (range 2.1+ to
18.7+ months) and 73% of patients had a DoR of 12 months
or longer. Median PFS was 2.0 months (95% CI 1.9-2.1),
and median OS was 8.7 months (95% CI 5.6-12.0). PD-L1
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(22C3) was found positive in 47% using a combined positive
score (CPS) of > 1 (defined as the ratio of PD-L1 positive
cells including tumor cells, lymphocytes and macrophages to
the total number of tumor cells x 100). None of the patients
was MSI-H. Antitumor activity was particularly promising
among patients PD-L1 positive (n =42) compared to those
PD-L1 negative (n=>50): ORR of 35.7% (95% CI 21.6-52.0)
vs. 6% (95% CI 1.3-16.5), and median OS of 14.9 months
(95% CI 5.6-NR) vs. 5.9 months (95% CI 3.3-10.1), with
12-month OS rates of 66.0% vs. 30.7%, respectively. TRAEs
occurring in 10 percent or more of patients were fatigue
(14%), pruritus (12%), hypothyroidism (12%), decreased
appetite (10%) and nausea (10%). Thirteen patients had
grade 3—4 TRAEs; two deaths occurred due to TRAEs
(pneumonia and encephalopathy).

Pembrolizumab has also been tested as maintenance
therapy in ED-SCLC patients upon completion of first-line
treatment in a phase II study (NCT02359019) [60]. With
a mPFS of 1.4 months, maintenance pembrolizumab did
not achieve its primary endpoint. Only 3/30 tumors evalu-
able (10%) had PD-L1 expression (> 1%) in the tumor cells.
Patients with tumors with PD-L1 expression at the stromal
interface had better outcomes: PFS 5.5 vs. 1.3 months and
OS 10.1 vs. 7.2 months.

Finally, pembrolizumab is being evaluated in patients
with newly diagnosed ED-SCLC in combination with chem-
otherapy (cisplatin/carboplatin plus etoposide) in an ongo-
ing phase III, randomized, double-blind, placebo-controlled
trial (KEYNOTE 604, NCT03066778) [61]. Pembrolizumab
200 mg iv every 3 weeks or placebo is administered in
combination to chemotherapy and thereafter until 2 years.
Coprimary endpoints are PFS per RECIST 1.1 as assessed
by blinded independent central review (BICR) and OS.

Atezolizumab

Atezolizumab is humanized, IgG1 monoclonal antibody that
binds to PD-L1 and blocks interactions with the PD-1 and
B7-1 receptors.

Atezolizumab showed encouraging single-agent activ-
ity in pretreated ED-SCLC patients in a phase Ia study of
atezolizumab for locally advanced/metastatic solid tumors
[62]. A total of 17 patients with ED-SCLC were enrolled
in the study to receive atezolizumab 15 mg/kg or 1200 mg
every 3 weeks; 65% of the patients were heavily pretreated
(=3 prior therapies). Confirmed ORR by RECIST was 6%
and 24% by irRC. mPFS by RECIST was 1.5 months (95%
CI 1.2-2.7), and mOS was 5.9 months (95% CI 4.3-20.1).
Grade >2 TRAEs occurred in two patients (12%): grade 3
pneumonitis resulted in treatment discontinuation for one
patient; and one patient experienced a grade 5 hepatic fail-
ure. PD-L1 expression (IHC) was overall low, consistent
with published data. A trend towards greater clinical benefit

@ Springer

was seen for higher expression (>median) of PD-L.1 mRNA
and T effector (Teff) gene signature (CD8A, GZMA, GZMB,
EOMES, CXCL9, CXCL10, TBX21).

IFCT-1603 study is a randomized non-comparative phase
II trial in second-line SCLC, where atezolizumab as single
agent did not show any efficacy signal in unselected popula-
tion [63]. A total of 73 patients were assigned 2:1 to atezoli-
zumab (n = 49) or chemotherapy (either topotecan or retreat-
ment with carboplatin plus etoposide if indicated, n=24).
Only one patient in the atezolizumab arm [2.3%, CI (0.0;
6.8)] had a confirmed response at 6 weeks and did not meet
the primary endpoint of the study. Moreover, progression-
free survival was significantly shorter with atezolizumab
compared to chemotherapy: 1.4 months, (CI 1.2-1.5) and
4.2 months (CI 1.5-5.9), respectively [HR 2.26 (1.30-3.93);
p=0.004]. Retrospective analysis on PD-L1 expression did
not predict for patients with sustained disease control. No
new safety signals were reported.

IMpower133 (NCT02763579) is a global, phase I/11I,
randomized, multicenter, double-blinded, placebo-controlled
trial that evaluated the efficacy and safety of first-line ate-
zolizumab in combination with carboplatin plus etoposide
in treatment-naive patients with ED-SCLC [65]. A total
of 403 eligible patients regardless of PD-L1 expression
status were randomized 1:1 to receive four 21-day cycles
of atezolizumab (1200 mg IV) or placebo in combination
with carboplatin (AUC 5 mg/mL/min IV, d1) and etoposide
(100 mg/m?, d1-3 IV), followed by maintenance therapy
with atezolizumab or placebo until progression per RECIST
v1.1. This study met its coprimary endpoints of OS and
investigator-assessed PFS at its first interim analysis [65].
After a median follow-up of 13.9 months, median OS was
12.3 months (95% CI 10.8-15.9) in the atezolizumab arm
compared with 10.3 months (95% CI 9.3-11.3) in the pla-
cebo arm (HR 0.70, 95% CI 0.54-0.91, P = 0.0069). Median
PFS was 5.2 months (95% CI 4.4-5.6) in the atezolizumab
group compared with 4.3 months (95% CI 4.2-4.5) in the
placebo group (HR 0.77, 95% CI 0.62-0.96, P = 0.017).
Atezolizumab was associated with a higher 6-month PFS
rate (30.9% vs. 22.4%), and a more than doubling 12-month
PFS rate (12.6% vs. 5.4%) compared with placebo. Explora-
tory analysis of blood-based TMB lacked for prediction on
OS and PFS for prespecified cutoffs. Safety was consistent
with the known chemotherapy and atezolizamab. The most
common grade 3 or 4 TRAEs were neutropenia (23%), ane-
mia (14%), decreased neutrophil count (14%), and thrombo-
cytopenia (10%). Immune-related adverse events occurred in
40% in the atezolizumab group and in 24.5% in the placebo
group, with rash (19%), hypothyroidism (13%), and hepatitis
(7%) being the most common. Hence, atezolizumab in com-
bination with chemotherapy is the first positive phase III trial
to increase survival for the initial treatment of ED-SCLC
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in decades and represents a new standard of care for this
disease.

Durvalumab-tremelimumab

Durvalumab is an anti-PD-L1 human IgG1 mAb. Tremeli-
mumab (formerly ticilimumab, CP-675,206) is a fully human
IgG2 monoclonal antibody targeting CTLA-4 (CD152).
Durvalumab or the combination of tremelimumab plus dur-
valumab is currently under evaluation in SCLC.

BALTIC (NCT02937818) is a phase II, open-label,
multi-arm study to determine preliminary efficacy of novel
combinations of immunotherapies or DNA damage repair
inhibitors in platinum-refractory ED-SCLC (progressed
during, or within 90 days of completing first-line platinum-
based chemotherapy) [66]. Arm A of this study will evaluate
durvalumab 1500 mg + tremelimumab 75 mg iv g4w for 4
doses, followed by durvalumab monotherapy 1500 mg iv
g4w. The primary end point is ORR. The secondary end
points are DoR, PFS, OS, safety and tolerability.

CASPIAN (NCT03043872) is a phase III, randomized,
multicenter, open-label study to determine the efficacy of
durvalumab or durvalumab and tremelimumab in combi-
nation with platinum-based chemotherapy for first-line
treatment in patients with ED-SCLC [67]. Patients will be
randomized 1:1:1 to receive durvalumab (1500 mg) + treme-
limumab (75 mg) iv every 3 weeks + chemotherapy; dur-
valumab (1500 mg) iv q3w + chemotherapy; or chemother-
apy alone. Co-primary endpoints are investigator-assessed
PFS per RECIST vl1.1 and OS. Both BALTIC and CAS-
PIAN studies are ongoing, and the first results are expected
for 2019-2020.

Durvalumab-olaparib

High mutation load and genomic instability are two key
features of SCLC. Preclinical data show that the inhibi-
tion of the enzyme poly-ADP ribose polymerase (PARP)
upregulates PD-L1 expression and may further enhance
the cancer-associated immunosuppression [68]. Olaparib
is FDA-approved oral PARP inhibitor for germline BRCA-
mutated (gBRCAm) advanced ovarian cancer, and gBR-
CAm breast cancer. MEDIOLA (NCT02734004) is a phase
I/T1, open-label, basket trial of durvalumab in combination
with olaparib in advanced solid tumors [69]. Patients with
relapsed SCLC received olaparib monotherapy (300 mg bid)
for 4 weeks, then olaparib (300 mg bid) plus durvalumab
(1500 mg iv g4w) until disease progression. Primary objec-
tives were disease control rate (DCR) at 12 weeks, safety
and tolerability. DCR at 12 weeks was 29% (7/38 patients)
and did not meet the prespecified futility threshold. ORR
was 11%, with all responses occurred prior to the addition
of durvalumab (median DoR 4.4 months). Median PFS

was 3.0 months (95% CI 2.4-4.6), and median OS was
8.8 months (95% CI 5.6-NC). The most frequent grade >3
AE:s in this study were anemia (39.5%) and lymphopenia
(13.2%) and TRAEs were in line with those previously
reported in olaparib and durvalumab studies. PD-L1 expres-
sion in both tumor cells and immune cells was relatively low.
CD3/CD8/PD-L1 IHC did not significantly correlate with
clinical outcomes.

Other immunotherapy agents and combinations
with novel therapies

TLR9 agonist

Lefitolimod (MGN1703) is a DNA-based agonist of the Toll-
like receptor 9 (TLR9) expressed in dendritic cells, which
initiates immune surveillance activating IFN-a secretion and
thereby stimulating monocytes, NK cells, T cells and NKT
cells [70]. Its efficacy and safety profile were evaluated in
the phase II trial-IMPULSE, where 102 patients with ED-
SCLC were randomized to receive lefitolimod maintenance
therapy (twice weekly, 60 mg, subcutaneously) or local
standard of care, after objective response to four cycles of
platinum-based first-line induction chemotherapy. Analysis
of results showed no OS advantage in the ITT population
(primary endpoint), but with an OS benefit signal in the sub-
group of patients with a low number of activated CD86+ B
cells (284 days vs. 231.5, HR 0.59, 95% CI 0.29-1.21). The
hypothesis postulated is that a lower count of activated/
regulatory B cells produces less inhibition of lefitolimod-
induced antitumor effect. Lefitolimod showed a favorable
safety profile, with cough (25%), asthenia (13.3%) and head-
ache (21.7%) as the most common symptoms reported [71].

Notch signaling

The inhibitory Notch ligand Delta-like protein 3 (DLL3) has
generated great interest in SCLC [2, 17]. There are several
clinical studies evaluating antibodies targeting DLL3 (an
atypical Notch receptor family ligand), highly expressed on
the cell surface of SCLC and other neuroendocrine tumors.
Rovalpituzumab Tesirine (Rova-T) is an antibody—drug
conjugate composed of a humanized DLL3-specific [gG1
monoclonal antibody linked to a toxic DNA cross-linking
agent that induces cell death upon internalized [72]. A phase
I study of Rova-T in relapsed metastatic SCLC patients,
showed promising results in both sensitive and refractory
disease, in second and third line of treatment. PFS was
3.1 months (95% CI 2.7-4.1 months), and median OS of
4.6 months (95% CI 3.9-7.1 months). Exploratory analysis
showed the greatest benefit in the subgroup of patients with
a high level of DLL3 expression (IHC > 50%), with a PFS
and OS of 4.5 (95% C13.0-5.4) and 5.8 (95% C1 4.4-11.6)

@ Springer
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months, respectively, and a 38% RR compared to 18% in the
overall population [73]. The recommended phase II dose and
schedule is 0.3 mg/kg every 6 weeks, and the most frequent
grade 3 or worse TRAEs were thrombocytopenia (12%),
pleural effusion (8%), skin reaction (8%), and increased
lipase (7%).

Multiple clinical studies with Rova-T are ongoing in
SCLC, including a phase I study of the efficacy of Rova-T in
the first-line setting in series or in combination with frontline
chemotherapy in DLL3+ subjects (NCT02819999); a phase
III with Rova-T as maintenance therapy after first-line plat-
inum-based chemotherapy (MERU trial, NCT03033511); a
second-line phase III trial compared to topotecan in DLL3-
high tumors (TAHOE trial, NCT03061812); and a phase I/
IT study investigating the safety and efficacy of Rova-T in
combination with nivolumab or nivolumab + ipilimumab in
progressive disease after at least one platinum-based chemo-
therapy (NCT03026166). The results of a phase II single-
arm pivotal study in third line DLL3-expressing SCLC has
been recently presented (TRINITY trial, NCT02674568).
Rova-T showed single-agent activity with a 16% ORR and
5.6-month median OS. Toxicity profile was consistent with
the previously known from Rova-T, as serosal effusions
(28% pleural, 12% pericardial), photosensitivity reactions
(35%), peripheral edema (26%), fatigue (28%), and thrombo-
cytopenia (22%). There were ten cases (3%) of drug-related
deaths, including generalized edema, pneumonitis, ascites,
liver injury, pleural effusion, pneumothorax, respiratory fail-
ure, and sepsis. Overall, the study failed to meet the primary
endpoint threshold of 25% for best ORR [74].

Tarextumab (TRXT, OMP-59RS5) is a fully human IgG2
monoclonal antibody targeting the Notch 2 and 3 receptors.
Tarextumab in combination with platinum-based therapy
failed to improve PFS, OS, and ORR in previously untreated
ED-SCLC in a phase II study (PINNACLE), while patients
treated with tarextumab experienced more toxicity (diarrhea,
thrombocytopenia, fatigue, anemia, and nausea) [75]. Bio-
marker analysis of the Notch pathway gene activation did not
find any predictive marker for tarextumab efficacy.

Passive immunotherapy with antiganglioside therapy

Fucosyl GM1 BMS-986012 is a first-in-class fully human
immunoglobulin G1 mAb with enhanced antibody-depend-
ent cell-mediated cytotoxicity (ADCC) that binds with high
affinity and specificity to fucosyl GM1 and exhibited pre-
liminary activity in SCLC [76]. A phase I/I dose-escala-
tion and expansion study of BMS-986012 in combination
with nivolumab in patients with relapsed/refractory SCLC
showed responses in 5 of 27 patients treated (ORR of 19%)
but this antitumor activity was limited to patients with plati-
num-sensitive SCLC [77]. Most patients treated with BMS-
986012 +nivolumab experienced low-grade (grade 1-2)
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TRAEs (pruritus was the most common adverse event).
There was one case of grade 3 hepatic failure that led to
discontinuation that was attributable to nivolumab. Over-
all, there was no evidence of clinically meaningful additive
efficacy or toxicity over BMS-986012 or nivolumab mono-
therapy [77].

GD2 ganglioside Dinutuximab is a disialoganglioside
(GD2)-binding human/mouse chimeric mAb, that binds to
the glycolipid GD2, a tumor-associated antigen expressed
on cells surfaces, and induces cell lysis through ADCC and
complement-dependent cytotoxicity [78, 79]. Dinutuximab
was first approved for treatment of pediatric patients with
neuroblastoma [80, 81]. A recent multicenter, open-label,
randomized, phase II/III study is evaluating the efficacy and
safety of dinutuximab in combination with irinotecan for
second-line treatment in subjects with relapsed or refractory
SCLC (NCT03098030).

Anti-CD47

Therapies targeting the CD47 axis have demonstrated suc-
cess in preclinical models and are currently under inves-
tigation in clinical trials for both solid and haematologic
malignancies [82, 83]. CD47 is a cell-surface molecule that
promotes immune evasion by engaging signal-regulatory
protein alpha (SIRPa), which serves as an inhibitory recep-
tor on macrophages. CD47 is part of the innate immune
system and mediates a “don’t eat me” signal that contrib-
utes to the resistance of tumor cells to be eradicated by
phagocytosis [84]. Weiskopf et al. demonstrated that CD47
is highly expressed on the surface of human SCLC cells;
and the disruption of the interaction of CD47 with SIRPa
using anti-CD47 antibodies induces macrophage-mediated
phagocytosis of human SCLC cells and cytotoxic T cell acti-
vation, and this would be the rationale for its potential use
as an immunotherapy agent in SCLC [85].

Conclusions

SCLC is a challenging disease in the need of new therapeutic
opportunities. The use of immunotherapy can benefit SCLC
patients by generating effective antitumor responses in the
host. Inspite of considering SCLC an immunogenic tumor
with high somatic mutation rates due to tobacco exposure,
SCLC also displays a very immunosuppressive phenotype
that hinder therapeutic advances in immunotherapy. This
may explain, in part, the recent conflicting results of the
efficacy of immune-checkpoint inhibitors in SCLC.
Treatment with immune-checkpoint inhibitors against
CTLA-4 and PD-1/PD-L1 are likely to change the para-
digm of treatment of SCLC in a similar manner that they
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are already doing in NSCLC. Nivolumab =+ ipilimumab, and
pembrolizumab have already shown compelling activity in
relapsed SCLC with the potential to prolong survival in
this patient population. However, without patient selection,
immune-checkpoint inhibitors given as monotherapy seem
to be inferior to standard chemotherapy in relapsed SCLC
so far. The same holds true when administered in the main-
tenance setting after first-line chemotherapy induction. In
contrast, atezolizumab when combined with chemotherapy
has achieved the milestone of being the first drug to improve
survival in patients with newly diagnosed ED-SCLC. Over-
all, the side effects observed from immune-checkpoint inhib-
itors in SCLC are similar to the observed in other indications
such as in NSCLC.

The search for biomarkers of clinical benefit to immune-
checkpoint inhibitors in SCLC remains elusive. The role of
selection of SCLC patients for anti-PD1/PD-L1 therapies
according to PD-L1 expression is currently unknown and
must await further analysis [86]. The use of TMB has the
potential to identify those patients more likely to benefit
from immunotherapy in SCLC and warrants prospective
validation.

The results of ongoing large randomized trials along with
future research and novel immunotherapeutics and new com-
binations are expected to define the final role of immuno-
therapy in the treatment algorithm for SCLC [87].
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