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Small cell lung cancer (SCLC), an aggressive and devastating malignancy, is characterized by rapid growth and
early metastasis. Although most patients respond to first-line chemotherapy, the majority of patients rapidly
relapse and have a relatively poor prognosis. Fortunately, immunotherapy, mainly including antibodies that
target the cytotoxic T lymphocyte antigen-4 (CTLA-4), checkpoints programmed death-1 (PD-1), and pro-
grammed death-ligand 1 (PD-L1) to block immune regulatory checkpoints on tumor cells, immune cells, fibro-
blasts cells and endothelial cells, has achieved the milestone in several solid tumors, such as melanoma and
non-small-cell lung carcinomas (NSCLC). In recent years, immunotherapy has made progress in the treatment
of patients with SCLC, while its response rate is relatively low to monotherapy. Interestingly, the combination
of immunotherapy with other therapy, such as chemotherapy, radiotherapy, and targeted therapy, preliminar-
ily achieve greater therapeutic effects for treating SCLC. Combining different immunotherapy drugs may act
synergistically because of the complementary effects of the two immune checkpoint pathways (CTLA-4 and
PD-1/PD-L1 pathways). The incorporation of chemoradiotherapy in immunotherapy may augment antitumor
immune responses because chemoradiotherapy can enhance tumor cell immunogenicity by rapidly inducing
tumor lysis and releasing tumor antigens. In addition, since immunotherapy drugs and the molecular targets
drugs act on different targets and cells, the combination of these drugs may achieve greater therapeutic effects
in the treatment of SCLC. In this review, we focused on the completed and ongoing trials of the combination
therapy for immunotherapy of SCLC to find out the rational combination strategies which may improve the
outcomes for SCLC.
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Introduction

Small cell lung cancer (SCLC), which represents 10% to 20% of total
lung cancers [1], is known as an highly aggressive cancer with dismal out-
comes closely related to tobacco use and has a high mutation burden with-
out known tumorigenic drivers [2]. SCLC has traditionally been divided
into limited stage small cell lung cancer (LS-SCLC) and extensive stage
small cell lung cancer (ES-SCLC). The platinum–etoposide doublet has
remained the first-line standard chemotherapy, with topotecan as the
second-line therapy over three decades [3]. While response with first line
chemotherapy is achieved in about 70% for SCLC patients, relapse occurs
rapidly in most cases (80% of patients with LS-SCLC and almost all patients
with ES-SCLC recur or experience disease progression), and the outcomes of
the second-line treatment (single-agent topotecan) are poor [4,5]. Approx-
imately 20–40% of LS-SCLC patients and 5% of ES-SCLC patients survive
for 2 years [6]. In addition, there are not yet third-line treatment for
SCLC. And although recent results from targeted therapy trials are encour-
aging, most SCLC patients demonstrate rapid acquired resistance [7]. Thus,
more effective treatments are urgently needed.

In the past few years, immune checkpoint inhibitors (ICIs) activating
anti-tumor immunity to target and kill cancer cells have made unprece-
dented progress [8,9]. It is a common therapeutic approach to use antibod-
ies whose chief targets include the immune checkpoints programmed
death-1 (PD-1), PD-1 ligand (PD-L1), and cytotoxic T lymphocyte antigen-
4 (CTLA-4) to block immune regulatory checkpoints on tumor and immune
cells [10]. Due to the obvious effect of ICIs in several tumors, such as non-
small cell lung cancer (NSCLC) and melanoma, several ICIs, including anti-
CTLA-4 (tremelimumab and ipilimumab), anti-PD1 (nivolumab and
pembrolizumab), and anti-PD-L1 (durvalumab and atezolizumab), have
been approved by the US Food and Drug Administration (FDA) to treat pa-
tients with some advanced cancers [11,12]. Based on some improvements
in clinical outcomes, immunotherapy has indicated a great therapeutic po-
tential for the treatment of SCLC.

Although SCLC has a high mutation rate (tumor mutational burden
(TMB), a biomarker of sensitivity to immunotherapy in SCLC) [13], only
a small percentage of patients respond to ICIs (approximately 10% with
anti-PD-1monotherapy and 23%with anti-PD-1/anti-CTLA4 combination)
[14,15], because of low expression of PD-L1, major histocompatibility
complex-1 (MHC-1) as well as the excess of regulatory T cells (Tregs)
which can inhibit activation, expansion and effector functions of other T
cells [16]. The low expression of MHC-1 will result in a decrease of cyto-
toxic T-lymphocytes (TILs) infiltrating in SCLC tumor, which is a negative
factor in the immunotherapy response [17]. Recently, many studies
showed that the combinations (multi-ICIs, immunotherapy/chemoradio-
therapy and immunotherapy/ targeted therapy) have obvious effect in
the treatment of SCLC [14,18–21]. Thus, it is of vital importance to find
out the promising combination treatment strategies to acquire better effects
for the treatment of SCLC.

Monotherapy and combination therapy for immunotherapy

The CTLA-4 and PD-1/PD-L1 immune checkpoint pathways can main-
tain peripheral tolerance by downregulating T cell activation, which can
be utilized by tumors to form an immunosuppressive state whereby the tu-
mors continue to growwithout being recognized and eliminated by the au-
toimmune system. Therefore, it is a promising method to restore antitumor
immune responses for the treatment of SCLC through the inhibition of
CTLA-4 and PD-1/PD-L1 pathways. Interestingly, some studies have re-
ported that the presence of paraneoplastic syndromes, such as Lambert-
Eaton syndrome, most commonly accompanied by SCLC, is associated
2

with a better prognosis for SCLC [22,23]. Moreover, tumor tissue from
SCLCpatientswith neurologic paraneoplastic syndromes presentedwith in-
creased tumor infiltrating lymphocytes [24]. These immune-mediated neu-
rologic syndromes can be induced by ICIs, which suggest that the SCLC
patients might be response highly to immunotherapy with ICIs [25].

Monotherapy

Nivolumab (a fully human monoclonal antibody against PD-1), in a
phase I/II, multicenter, open-label trial, was proven the safety and efficacy
in the third-line therapy for recurrent SCLC [26]. There are 109 patients re-
ceiving nivolumab (3 mg/kg every 2 weeks) as third- or later-line treat-
ment, until disease progression or intolerable toxicity. At the median
follow-up time (28.3 months), the overall response rate (ORR) was 11.9%
(95% confidence interval (CI): 6.5–19.5) and the median duration of re-
sponse (DOR) was 17.9 months (95% CI: 7.9–42.0). The median progres-
sion free survival (PFS) was 1.4 months (95% CI: 1.3–1.6) and 17.2% of
patients, at 6 months, were progression-free. The median overall survival
(OS) was 5.6 months (95% CI: 3.1–6.8) and the 12-month and 18-month
OS rates were 28.3% (95% CI: 20.0–37.2) and 20.0% (95% CI:
12.7–28.6), respectively. The treatment-related adverse events (TRAEs) of
grade 3 or 4 occurred in 11.9% of the treated patients. Three patients
discontinued because of TRAEs. Based on these results, nivolumab mono-
therapy was approved by the FDA as the third-line treatment of advanced
SCLC. Unfortunately, a global, open-label, randomized phase III trial
(Checkmate 331) reported that single-agent treatment of nivolumab was
not as expected compared to chemotherapy with topotecan or amrubicin
in SCLC patients that relapsed after platinum-based therapy [27]. In this
trial, nivolumab did not improve survival compared to chemotherapy: the
median OS were 7.5 months and 8.4 months, respectively. Both the re-
sponse rate (13.7% vs. 16.5%) and PFS (1.4 months vs. 3.8 months) sup-
ported chemotherapy in numerical values. However, in the China cohort,
the median OS in patients treated with nivolumab was longer,
11.5 months and 7.0 months (HR=0.70; 95%CI: 0.42–1.17), respectively,
compared with chemotherapy, and the ORR of the two groups was 20.6%
and 4.7%, respectively. Perhaps there is a difference in the efficacy of
nivolumab in different subgroups, which needs further clinical trials in dif-
ferent subgroups.

Pembrolizumab, an anti-PD1 humanized IgG4 antibody, was initially ex-
plored in relapsed ES-SCLC with positive expression of PD-L1 in a phase Ib
basket study (KEYNOTE 028) [15]. In this study, PD-L1 positive was de-
fined as membranous PD-L1 expression ≥1% of tumor and associated in-
flammatory cells or positive staining in the stroma. Twenty-four patients
with PD-L1-positive were enrolled and received the treatment of
pembrolizumab (10 mg/kg every 2 weeks). As a result, though the median
PFS was 1.9 months, the ORR was 33.3% with the median DOR
(19.4 months) and the median OS was 9.7 months. Among the 24 patients,
themost common adverse events (AEs) were fatigue (n=7), asthenia (n=
7), and cough (n=6).Moreover, amulticenter, open label, single group as-
signment phase II trial was conducted to evaluate the effect of
pembrolizumab in 107 patients with recurrent SCLC. The ORR was
18.7% for the overall cohort. The median PFS was 2.0months with the
OS of 9.1months, regardless of the status of PD-L1 expression. In this
study, the tumor PD-L1 level was evaluated through the PD-L1 IHC 22C3
pharmDx assay, and samples with a PD-L1 combined positive score of at
least 1 were considered positive. The combined positive score was the
ratio of PD-L1-positive cells (tumor cells, lymphocytes, and macrophages)
to the total number of tumor cells multiplied by 100. In PD-L1 positive pa-
tients (n=42), the anti-cancer effect was more promising than those (n=
50) with PD-L1 negative expression. The ORR was 35.7% and 6%; the
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median OS was 14.9 months and 5.9 months; and the median PFS was 2.1
months and 1.9months, respectively. 63 patients occurred TRAEs, mainly
including fatigue, pruritus, hypothyroidism, decreased appetite and nausea
[28]. A single-arm phase II study conducted by Gadgeel et al. [29] evalu-
ated the effect of pembrolizumab for the maintenance therapy in ES-SCLC
patients with a response or stable disease after completion of first-line che-
motherapy (etoposide‑platinum). For all enrolled patients treated with
pembrolizumab at a dosage of 200 mg every 3 weeks, the response rate
was 11.1% (95% CI: 4.8–23.5). The median PFS was 1.4 months (95% CI:
1.3–2.8). The 6-month and 12-month PFS rates were 20% and 13%, respec-
tively. The median OSwas 9.6 months (95% CI: 7.0–12). Althoughmainte-
nance pembrolizumab did not improve median PFS compared with the
historical data, based on PD-L1 expression at the stromal interface (tumor
PD-L1 status was assessed by using the DAKO 22C3 antibody and PD-L1
positive was considered if a lichenoid pattern of PD-L1 membrane-stained
cells surrounding the tumor nests was identified at low power), the PD-
L1-positive patients (n=8) had longer median PFS compared with the pa-
tients with negative PD-L1 (n=12): 6.5 (95% CI: 1.1–12.8) months vs. 1.3
(95% CI: 0.6–2.5) months. This PD-L1 expression renders tumor-specific T
cells inactive and, therefore, may serve as an immune escapemechanism in
cancer immunotherapy. Because the binding of PD-1 and PD-L1 renders
CTLs inactive and increases the infiltration of Tregs into tumor, which
serves as an immune escape mechanism in cancer, pembrolizumab can
block this bond to act against tumor. Therefore, pembrolizumabmight ben-
efit a subset of SCLC patients with positive expression of PD-L1.

Atezolizumab, a humanized monoclonal anti-PD-L1 antibody, can pro-
mote activation and proliferation of T cells through the inhibition of the
binding of PD-L1 to PD-1 and B7–1 receptors (also known as CD80) [30].
A phase I study demonstrated that atezolizumab single-agent presented
promising DOR without serious side effects in patients with relapsed
SCLC [31]. In this study, all 17 patients with ES-SCLC who receive treat-
ment of atezolizumab (15 mg/kg or 1200 mg every 3 weeks) were evalu-
ated. The ORR was 6%; the median OS was 5.9 (95% CI 4.3–20.1)
months; the median PFS was 1.5 (95% CI 1.2–2.7) months. Grade > 2 tox-
icity was observed in 2 patients. Grade 5 hepatic failure was seen in one pa-
tient and one patient experienced a grade 3 pneumonitis, resulting in
treatment discontinuation. However, the IFCT-1603 study, a randomized
non-comparative phase II study, showed that atezolizumab monotherapy
failed to show significant efficacy in the second-line treatment for SCLC
[32]. At 6 weeks, 1 of 43 eligible patients who experienced a relapse after
first-line chemotherapy (platinum and etoposide) treated with
atezolizumab achieved an objective response (OR), whereas 8 others had
stable disease (SD) (20.9%). Compared to chemotherapy, the median PFS
was significantly shorterwith atezolizumab: 1.4 (CI 1.2–1.5)months versus
4.2 (CI 1.5–5.9) months, respectively. The median OS did not significantly
differ between the atezolizumab group and the chemotherapy group
(9.5 months vs. 8.7 months, respectively). In this study, PD-L1 expression
was assessed in tumor samples according to previously published scoring
criteria using the Ventana SP142 PD-L1 immuno-histochemistry assay.
Among 53 evaluable specimens, only 1 (2%) was proven positive for PD-
L, whichmay be the reason for the failure of this clinical trial. Moreover, an-
other reason for this result may be the small number of patients investi-
gated, which is the main limitation of the study. Therefore, whether PD-
L1 expression affects the efficacy of atezolizumab in SCLC must await anal-
ysis in a larger population.

Combination immunotherapy

Asmentioned above, although a single agent of immunotherapy has po-
tential efficacy in SCLC, its response rate is relatively low.One approach ap-
pears to solve this problem by combining CTLA4 inhibitor with PD-1
inhibitor or PD-L1 inhibitor to enhance the immune activity over either
therapy alone, which were observed in patients with some other tumors,
such as melanoma [33]. The CTLA-4 can suppress the T cells proliferation
at the initial stage of an immune response, mainly in lymph nodes, while
PD-1 can inhibit previously activated T cells at the later stages of this
3

response, typically in peripheral tissue, including tumors tissue [34]. The
anti-CTLA4 antibody can activate antigen-specific T cells and clear Tregs
in the tumor microenvironment. The blocking of PD-L1 or PD-1 can restore
the killing effect of T cells on tumors [35]. In addition, a study (in vivo)
disclosed that anti-CTLA-4 agents induced a proliferative signal primarily
in a subset of transitional memory T cells, while anti-PD-1 agents can lead
to changes in genes involved in cytolysis and natural killer cells (NK cells)
function [36]. Combination therapy will result in nonredundant changes
in the expression of genes associatedwith the proliferation of tumor and ex-
pression of chemokine [36]. Due to the differences in timing, location, and
nonoverlapping effects of the two immune checkpoint pathways, the com-
bination of anti-CTLA-4 agents and anti-PD-1 or anti-PD-L1 drugs may have
the potential synergistic effects in the immunotherapy of SCLC.

Nivolumab in combination with ipilimumab. Checkmate-032, a multicen-
ter, multi-arm, phase I/II trial, was performed to evaluate the safety and ef-
fect of nivolumab alone and nivolumab plus ipilimumab in SCLC patients
who progressed after at least one platinum-based chemotherapy. In this
trial, 216 enrolled patients received nivolumab (3 mg/kg (n = 98)) every
2 weeks or nivolumab plus ipilimumab (1 mg/kg plus 1 mg/kg (n = 3),
1 mg/kg plus 3 mg/kg (n = 61), or 3 mg/kg plus 1 mg/kg (n = 54))
every 3 weeks for 4 cycles followed by nivolumab 3 mg/kg every
2 weeks, until disease progression or intolerable toxicity. The ORR was
10% in the nivolumab monotherapy cohort, 33% in the nivolumab
1 mg/kg plus ipilimumab 1 mg/kg cohort, 23% in the nivolumab
1 mg/kg plus ipilimumab 3 mg/kg cohort, and 19% in the nivolumab
3 mg/kg plus ipilimumab 1 mg/kg cohort. And the median PFS was
1.4 months (nivolumab), 2.6 months (nivolumab 1mg/kg plus ipilimumab
3mg/kg), and 1.4months (nivolumab 3mg/kg plus ipilimumab 1mg/kg).
The median OS was 4.4, 7.7, and 6.0months, respectively. However, the
combination of nivolumab and ipilimumab also increased the rate of the
grade 3/4 TRAEs compared to nivolumab alone: 13/98 (13%) for the
nivolumab 3 mg/kg group, 18/ 61 (30%) for the nivolumab 1 mg/kg plus
ipilimumab 3 mg/kg group, and 10/ 54 (19%) for the nivolumab
3 mg/kg plus ipilimumab 1 mg/kg group, respectively [14]. The above re-
sults, from the initial treatment arms, revealed the tolerability and efficacy
of nivolumab plus ipilimumab, promoting the addition of a randomized ex-
pansion cohort to further assess the effect of the combination of nivolumab
and ipilimumab on advanced SCLC. In this expansion cohort, 242 patients
were divided randomly 3:2 to nivolumab alone or nivolumab plus
ipilimumab. The response patterns were consistent with the initial (non-
randomized) trial: 12% (nivolumab monotherapy) and 21% (nivolumab
plus ipilimumab) [18]. CheckMate 451, a global, double-blind, phase III
study, enrolled 834 patients with ES-SCLC who did not progress on the
first-line platinum-based chemotherapy, to evaluate the safety and activity
of nivolumab plus ipilimumab vs. nivolumab vs. placebo as maintenance
therapy. These patients were randomized 1:1:1 to receive nivolumab
1 mg/kg plus ipilimumab 3 mg/kg (every 3 weeks for four cycles followed
by maintenance nivolumab 240 mg every 2 weeks, n = 279), nivolumab
240 mg (every 2 weeks, n = 280) or placebo (n = 275), until progression
or unacceptable toxicity. The primary endpoint (OS) was not significantly
prolonged with nivolumab plus ipilimumab as compared to placebo, with
a median OS of 9.2 and 9.6 months, respectively. OSwas also not improved
for nivolumab vs. placebo. PFS was marginally improved with nivolumab
plus ipilimumab vs. placebo (1.7 months vs. 1.4 months, HR 0.72, 95% CI
0.60–0.87). Safety profiles of nivolumab plus ipilimumab and nivolumab
were consistent with previous reports at this dose/schedule in SCLC [37].
Therefore, based on the above data analysis, nivolumab plus ipilimumab
might benefit the recurrent SCLC patients after at least one platinum-
based chemotherapy. However, nivolumab in combination with
ipilimumab, as the maintenance therapy after the first-line platinum-
based chemotherapy, did not show the expected effect for the patients
with SCLC.

Durvalumab in combinationwith tremelimumab.Aphase I clinical trial was
performed to evaluate the safety profile and activity of dual checkpoint in-
hibition with the durvalumab (a human IgG1 monoclonal antibody
targeting PD-L1) in combination with the tremelimumab (a fully human
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IgG2 monoclonal antibody targeting CTLA-4) in the patients with ES-SCLC
[38]. In this study, 30 patients were enrolled in the expansion phase and re-
ceived dual-agent treatment (durvalumab 20 mg/kg plus tremelimumab
1 mg/kg every four weeks for 7 doses, then every 12 weeks for 2 doses,
followed by durvalumab 10 mg/kg every two weeks for up to
12 months). 20/30 (67%) patients reported ≥1 TRAEs, among which the
most common TRAEs were pruritus (n = 7 (23%)) and fatigue (n = 7
(23%)). Seven patients experienced Grade 3 or 4 TRAEs. Confirmed ORR
was 13.3% (95% CI 3.8–30.7); the median DOR was 18.9 months (95%
CI: 16.3–18.9). At 16 weeks, disease control rate (DCR) was 20.0% (95%
CI: 7.7–38.6). The median OS was 7.9 months (95% CI: 3.2–15.8), and
12-month OS rate was 41.7% (95% CI: 23.3–59.2). Besides, the median
PFS was 1.8 months (95% CI 1.0–1.9). This study indicates that combina-
tion therapy (durvalumab plus tremelimumab) exhibited an acceptable
safety and promising efficacy for the pretreated patients with ES-SCLC. Fur-
ther large clinical trials (phase II / III) of combination therapy (durvalumab
in combination with tremelimumab) should be warranted to better under-
stand its safety profile and activity in the patient with SCLC. At present, sev-
eral clinical trials are ongoing to evaluate the effect of combination
immunotherapy in the treatment of patients with SCLC (Table 1, Table 2).

Immunotherapy in combination with chemoradiotherapy

Currently, etoposide or irinotecan with platinum plus concurrent or
sequential thoracic radiotherapy is a recommended standard treatment
for LS-SCLC, Unfortunately, with the shortage of specific symptoms and
rapid tumor growth, ES- SCLC accounts for the majority of new cases
(approximately 65%) [39]. In the extensive stage, first-line standard
chemotherapy is the mainstay treatment. Despite sensitivity to the ini-
tial treatment, the majority of SCLC patients rapidly develop recurrent
disease, often with additional sites of metastasis. Fortunately, studies
have revealed an unexpected ability that chemotherapy and radiother-
apy can promote immune responses by enhancing tumor cell immuno-
genicity, enhancing MHC-I expression, directly activating immune
effectors such as NK cells and targeting immunosuppressive cells such
as Tregs defined as an essential mediator of immune tolerance
[40–42]. In addition, there is increasing evidence that chemotherapy
or radiation can decrease the immunosuppressive properties of cancer
via reducing the tumor mass (debulking) and create an environment
more suitable for T-cell activation [43,44]. Therefore, the treatment ef-
ficacy of immunotherapy may be optimized through concomitant treat-
ment with chemoradiotherapy in SCLC.

Combining chemotherapy

Due to the aggressive course of SCLC and the low response, immuno-
therapy alone, as a first-line therapy, is too risky in an unselected popula-
tion. If no responses were observed, patients with SCLC would lose the
reliable benefit of chemotherapy. Interestingly, there is an unexpected in-
terplay between the chemotherapy and immune system. On the one hand,
chemotherapy enhances the immunogenicity of tumor cells through cell-
Table 1
Ongoing studies of combination immunotherapy in SCLC.

Design Phase Condition

Nivolumab + Ipilimumab II Recurrent ES-SCLC who have previously re
chemotherapy

Nivolumab + Ipilimumab + Ad.p53-DC II Recurrent SCLC who received at least one p
containing regimen

Nivolumab vs. Nivolumab + Ipilimumab
vs. Placebo

III ES-SCLC after completion of platinum-base

Abbreviations Ad.p53-DC: dendritic Cell based p53 Vaccine; DCR: disease control rate;
mune response; ORR: overall response rate; PFS: progression-free survival; RR: response
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surface calreticulin exposure on tumor cells, autophagy induction, mobility
group box 1 protein and ATP release [45–47]. On the other hand, chemo-
therapy can activate immune effectors such as NK cells and prevent
tumor-induced immunosuppression. For example, cisplatin, the common
drug in the treatment of SCLC, can activateNK cells by triggered the expres-
sion of ligands of the activating NK cells receptor NKG2D [48]. In addition
to this effect, cisplatin can disrupt signal transducer and activator of tran-
scription 6 and then reduce expression of the programmed death
receptor-ligand 2 on both dendritic cells (DCs) and tumor cells, leading to
decrease of the immunosuppressive capability of tumor cells [49]. Thus,
it is expected that combinations of chemotherapy and immunotherapy
can be used to achieve long-lasting anticancer responses in the treatment
of SCLC.

The IMpower 133, a double-blind, placebo-controlled, phase III trial,
was performed to evaluate the efficacy of adding atezolizumab to first-
line treatment with etoposide and carboplatin in patients with ES-SCLC
who had not previously received treatment [19]. In a 1:1 ratio, 403 enrolled
patients were randomly assigned to receive atezolizumab (n = 201, at a
dose of 1200 mg on day 1 of each cycle) or placebo (n = 202) combined
with four cycles of etoposide (100 mg/m2 on days 1–3) plus carboplatin
(area under the curve (AUC) 5 on day 1) every 3 weeks, followed by main-
tenance atezolizumab or placebo until the occurrence of unacceptable toxic
effects or disease progression. At a median follow-up of 13.9 months, the
addition of atezolizumab significantly improved overall survival. Median
OS was 12.3 months (atezolizumab) versus 10.3 months (placebo), with
stratified hazard ratio (HR) of 0.70 (95% CI, 0.54 to 0.91; P = 0.007),
and the 1-year OS was improved from 38.2% to 51.7%. A significant im-
provement in PFS was also found in the atezolizumab group compared to
the placebo group (median, 5.2 (95% CI, 4.4–5.6) months vs. 4.3 (95%
CI, 4.2 to 4.5) months; HR, 0.77 (95% CI, 0.62 to 0.96); P = 0.02)
(Table 3, NCT02763579). The side effects were similar in the two groups,
and immune-related adverse events were consistent with the previously re-
ported adverse events of atezolizumabmonotherapy. This study indicated a
significant amelioration in efficacy for patients with SCLC treated with
atezolizumab in combination with the standard carboplatin-etoposide reg-
imen, making it the FDA-approved frontline treatment for ES- SCLC.

Therewere two phase II trials and a phase III clinical trial to examine the
safety and efficacy of ipilimumab in combination with chemotherapy in
newly diagnosed patients with ES-SCLC (Table 3).

In a multicenter, double-blind, randomized phase II trial (CA184-041)
[20], patients (n=130) with previously untreated ES-SCLC were random-
ized (1: 1: 1) to receive control cohort (6 doses of placebo plus paclitaxel
plus carboplatin), concurrent-ipilimumab cohort (4 doses of ipilimumab
plus paclitaxel plus carboplatin followed by 2 doses of placebo plus pacli-
taxel plus carboplatin) and phased-ipilimumab cohort (2 doses of placebo
plus paclitaxel plus carboplatin followed by 4 doses of ipilimumab plus pac-
litaxel plus carboplatin). Treatment, carboplatin (AUC= 6) plus paclitaxel
(175mg/m2) in addition to ipilimumab (10mg/kg) or placebo,was admin-
istered every 3 weeks for 6 cycles, followed by placebo (control cohort) or
ipilimumab (phased and concurrent cohort) as maintenance treatment
every 12weeks, until progression, intolerance or death. Phased ipilimumab
n Endpoint ClinicalTrials.
gov
identifier

ceived platinum-based 40 Primary: change in the ratio of
Teff/Treg
Secondary: RR; DOR; PFS

NCT03670056

rior treatment with a platinum 41 Primary: DCR
Secondary: PFS; OS; ORR; IR

NCT03406715

d first line chemotherapy 1327 Primary: OS
Secondary: PFS;

NCT02538666

DOR: duration of response; ES-SCLC: extensive-stage small cell lung cancer; IR: im-
rate; SCLC: small cell lung cancer; Teff: effector T cells; Treg: regulatory T cells.

ctgov:NCT03670056
ctgov:NCT03958045
ctgov:NCT03923270


Table 2
Ongoing studies of combining immunotherapy with chemotherapy and combining immunotherapy with radiotherapy±chemotherapy in SCLC.

Treatment Phase Condition n Endpoint ClinicalTrials.
gov
identifier

IM + CT
Durvalumab+tremel-imumab+CE vs. Durvalumab+CE I Untreated ES-SCLC 18 Primary: safety and tolerability NCT03963414
Avelumab+CE II Advanced SCLC 55 Primary: 1-year PFS rate

Secondary: OS; BOR; ORR;
NCT03568097

Nivolumab+CE vs. CE II ES-SCLC 150 Primary: PFS
Secondary: OS; BOR; AEs

NCT03382561

Durvalumab+tremel-imumab+CE vs. durvalumab+CE
vs. CE

III Untreated ES-SCLC 988 Primary: OS
Secondary: PFS; ORR

NCT03043872

Atezolizumab+CE IIIB Untreated ES-SCLC 150 Primary: safety Secondary: OS; PFS; ORR; DOR NCT04028050
Pembrolizumab+CE vs. Placebo+CE III ES-SCLC 453 Primary: PFS; OS

Secondary: ORR; DOR; AEs
NCT03066778

IM + RT
ipilimumab+nivolu-mab + TRT I / II ES-SCLC after CT 21 Primary: recommended phase II dose (Phase I); PFS (Phase II)

Secondary: OS
NCT03043599

Atezolizumab+ SHRT II Recurrent SCLC 35 Primary: OS
Secondary: PFS

NCT03262454

Tremelimumab+dur-valumab vs.
Tremelimumab+dur-valumab+SBRT or HRT

II Recurrent SCLC 28 Primary: PFS; ORR
Secondary: IrORR; OS

NCT02701400

IM + CT + RT
LS-SCLC, pembrolizumab+CT + RT
ES-SCLC, pembrolizumab+RT

I • LS-SCLC; ES-SCLC; 80 Primary: side effects and best dose of pembrolizumab Secondary: RR;
PFS; OS; Biomarker response

NCT02402920

Atezolizumab after concurrent chemoradiation vs.
chemoradiation alone

II • LS-SCLC 212 Primary: 2 years survival
Secondary: PFS; BRR; TRAEs;

NCT03540420

Concurrent RT + CT + durvalumab, followed by
consolidation durvalumab

II LS-SCLC
After
chemoradiation

51 Primary: PFS
Secondary: OS; safety

NCT03585998

Nivolumab + ipilim-umab vs. no intervention II LS-SCLC after
chemoradiation

264 Primary: OS; PFS
Secondary: OR; Time to treatment failure; Toxicity

NCT02046733

Pembrolizumab+co-ncurrent CT ± RT II ES-SCLC. 60 Primary: PD-L1 expression
Secondary: PFS; OS

NCT02934503

Atezolizumab+CE+3D-CRT or IMRT vs. CE+ 3D-CRT
or IMRT

II/ III LS-SCLC 506 Primary: PFS (Phase II); OS (Phase III)
Secondary: PFS (phase III); AE; ORR

NCT03811002

Abbreviations AEs: adverse events; BOR: best overall response; BRR: best response rate; CE: cisplatin/carboplatin+etoposide; CT: chemotherapy; DOR: duration of response;
ES-SCLC: extensive-stage small cell lung cancer; HRT: hypofractionated radiotherapy; IMRT: Intensity-Modulated Radiotherapy; irORR: Immune-related objective response
rate; IT: immunotherapy; LE-SCLC: limited-stage small cell lung cancer; OR: objective response; ORR: objective response rate; OS: overall survival; PFS: progression free sur-
vival; RR: response rate; RT: radiotherapy; SBRT: stereotactic body radiotherapy; SCLC: small cell lung cancer; SHRT: sequential hypofractionated radiotherapy; TRT: thoracic
radiotherapy; TRAEs: treatment-related adverse events; 3D-CRT: 3-Dimensional Conformal Radiotherapy;
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regimen, but not concurrent ipilimumab, improved immune-related (ir)
PFS compared with control (HR, 0.64; P = 0.03). The median irPFS was
6.4 months (phased ipilimumab), 5.7 months (concurrent-ipilimumab),
and 5.3 months (control), and median PFS is 5.2, 3.9 and 5.2 months, re-
spectively. The median OS was 9.9 months for control, 9.1 months for con-
current ipilimumab, and 12.9 months for phased ipilimumab (HR = 0.95,
0.75; P = 0.41, 0.13). Control, phased ipilimumab, and concurrent
ipilimumab, respectively, were associated with the best overall response
Table 3
Completed clinical trials of combining immunotherapy with chemotherapy in ES-SCLC.

ClinicalTrials.
gov
identifier

phase Treatment arms PFS (month)

NCT01331525 II Ipi/Pac/Car (n = 42) 6.9 (95% CI: 5.5–7.9)
NCT00527735 II 6 doses of Pla/Pac/Car (n = 45) vs.

4 doses of Ipi/Pac/Car followed by 2 doses
of Pla/Pac/Car (n = 43) vs.
2 doses of Pla/Pac/Car followed by 4 doses
of Ipi/Pac/Car (n = 42)

5.3 vs. 5.7 vs. 6.4
[HR = 0.75 (95% CI, 0
0.64(95% CI, 0.40–1.0

NCT02763579 III Pla/Eto/Car, maintained with Pla (n= 202)
vs.
Ate/Eto/Car maintained with Ate
(n = 201)

4.3 vs. 5.2
[HR = 0.77 (95% CI, 0

NCT01450761 III Pla/Eto/Plat (n = 476) vs.
Ipi/Eto/Plat (n = 478)

4.4 vs. 4.6
[HR = 0.85(95% CI, 0

Abbreviations Ate: atezolizumab; Car: carboplatin; CI: confidence interval; ES-SCLC: exte
Pac: paclitaxel; PFS: progression-free survival; Pla: placebo; Plat: platinum; OS: overall s
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rate (BORR) of 49, 57 and 33%, while the irBORR of 53%, 49%, and
71%. Grade 3/4 TRAEs appeared higher in ipilimumab containing cohort
(phased, 50%; concurrent, 43%) than in the control cohort (30%). The
overall incidence of immune-related grade 3/4 AEs were 9, 17 and 21%
for control, phased ipilimumab and concurrent ipilimumab, respectively.
The results indicated that ipilimumab plus chemotherapy might improve
outcomes and their sequencing may affect clinical outcomes for patients
with untreated ES-SCLC.
OS (month)

17.0 (95% CI 7.9–24.3)

.48–1.19), P = 0.11; HR =
2), P = 0.03)]

9.9 vs. 9.1 vs. 12.9
[HR = 0.95, (95% CI, 0.59–1.54), P = 0.41; HR =
0.75(95% CI, 0.46–1.23), P = 0.13]

.62–0.96), P = 0.02]
10.3 vs. 12.3
[HR = 0.70(95% CI, 0.54–0.91), P = 0.007]

.75–0.97), P = 0.016]
10.9 vs. 11.0
[HR = 0.94(95% CI, 0.81–1.09), P = 0.3775]

nsive-stage small cell lung cancer; Eto: etoposide; HR: hazard ratio; Ipi: ipilimumab;
urvival.

ctgov:NCT03958045
ctgov:NCT03923270
ctgov:NCT03382561
ctgov:NCT03043872
ctgov:NCT03026166
ctgov:NCT03066778
ctgov:NCT03043599
ctgov:NCT03262454
ctgov:NCT02701400
ctgov:NCT02402920
ctgov:NCT03540420
ctgov:NCT03585998
ctgov:NCT02046733
ctgov:NCT02934503
ctgov:NCT03811002
ctgov:NCT01331525
ctgov:NCT01331525
ctgov:NCT00527735
ctgov:NCT00527735
ctgov:NCT02763579
ctgov:NCT02763579
ctgov:NCT01450761
ctgov:NCT01450761
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Another multicenter phase II study was conducted to explore the effi-
cacy of ipilimumab (10 mg/kg, was given every 12 weeks for 3 to
6 cycles) combined with standard first-line chemotherapy (paclitaxel /
carboplatin for up to 6 cycles) for patients with ES-SCLC [50]. This study
enrolled 42 patients, and the OR by RECIST and the immune-related re-
sponse criteria is 72.4% and 84.8%, respectively, in the patients evaluable
for response. 15.8% of patients achieved PFS at 1-year by RECIST. The me-
dian PFS was 6.9 months (95% CI: 5.5–7.9) and the median irPFS was
7.3 months (95% CI: 5.5–8.8). The median OS was 17.0 months (95% CI:
7.9–24.3). All patients experienced at least one AEs, and at least one
≥grade 3 toxicity appeared in 35/39 (89.7%) of patients, 69.2% related
to ipilimumab. Additionally, 5 deaths were thought to be associated with
ipilimumab.

CA184-156 study, a randomized, double-blind phase III clinical trial,
was carried out to evaluate the combination of ipilimumab (10 mg/kg)
with etoposide / platinum vs. placebo combined with etoposide/platinum
in patients with newly diagnosed ES-SCLC [51]. Of the 1132 enrolled pa-
tients, 213 patients receiving at least one dose of blinded study therapy
were evaluable (ipilimumab plus chemotherapy (n = 478); placebo plus
chemotherapy (n = 476)). However, no difference was seen in median
OS between chemotherapy plus ipilimumab group and chemotherapy
plus placebo group (11.0 vs. 10.9 months; HR, 0.94; 95% CI, 0.81 to
1.09; P = 0.3775). The median PFS was also not significantly improved
(4.6 vs. 4.4 months; HR, 0.85; 95% CI, 0.75 to 0.97; P = 0.016). BORR
were similar in the two group. Rates of TRAEs were similar between the
arms, 82% with chemotherapy plus ipilimumab and 76% with chemother-
apy plus placebo. Diarrhea, rash, and colitis were more frequent in chemo-
therapy plus ipilimumab. The rate of treatment-related discontinuation in
ipilimumab plus chemotherapy was higher than the placebo cohort (18%
v 2%). There were 5 treatment-related deaths in the chemotherapy plus
ipilimumab, while 2 treatment-related deaths in the chemotherapy plus
placebo.

It is worth noting these two clinical trials (The IMpower 133 and
CA184-156 study). it's not hard tofind that atezolizumab plus first-line che-
motherapy (carboplatin-etoposide), compared with chemotherapy alone,
significantly improve the OS and PFS in the treatment of patients with
SCLC, but ipilimumab plus first-line chemotherapy (platinum- etoposide)
do not improve the OS and PFS. One possible explanation is that
ipilimumab can stimulate peripheral T-cell activation but does not activate
T cells in the tumor microenvironment [9]. In contract, atezolizumab be
able to activate intratumoral T lymphocytes [9]. In addition, carboplatin
and etoposide may decrease peripheral T-cell activation and proliferation,
but not deplete the intratumoral T-cell population. Therefore, it is rational
that atezolizumab in addition to first-line chemotherapy can benefit the
SCLC patients.

Combining a promising chemotherapeutic drug: arsenic trioxide

Arsenic trioxide (As2O3), the most active single drug in the treatment of
acute promyelocytic leukemia (APL), has been approved by the US FDA for
treating APL [52]. As2O3 can cure APL through degradation of PML-RARa
fusion protein, which is the main mechanism in the treatment of APL
[53]. In recent years, the immunoregulation role of As2O3 has been proved
by numerous studies in the treatment of tumors. In APL NB4 cell line, low
doses of As2O3 (1μM) can increased cytolytic activity of NK cells against
APL by increasing the expression of activating receptors (NKP30, NKG2D,
and KIR2DS4), decreasing expression of inhibitory receptors KIR3DL1/
DL2, and increasing expression of activating ligand (MICA/B, DNAM-1 li-
gand and HLA class I) [54]. Moreover, a study examined the effect of
ATO administration on myeloid-derived suppressor cells (MDSCs) from
mice bearing either the melanoma B16 or hepatoma H22 cells, and re-
vealed that the immunoregulatory effects of As2O3 was achieved by
inhibiting the activity of MDSCs and by enhancing T-cell function [55]. In
addition, several studies have shown that As2O3 might serve as an immune
adjuvant by the depletion of Tregs to enhance antitumor immune responses
in the treatment of several solid tumors, such as colon cancer and liver
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cancer [56–58]. Interestingly, some previous researches indicated that
As2O3 can inhibit the growth of SCLC. Pettersson HM et al. reported that
low doses of As2O3 could induce SCLC cells death by inducing a mixed ne-
crotic and apoptotic cell death. And SCLC cells were more sensitive than
NSCLC cells to As2O3, with lower IC50 values (1 to 2 Amol/L vs. 2 to 5
Amol/L) [58]. In a word, As2O3 can significantly inhibit SCLC through var-
ious mechanisms as follow: 1) induces cytotoxicity via altered redox ho-
meostasis and mitochondrial integrity [59]; 2) inhibits tumor growth
through antiangiogenesis through the blockade of Notch signaling [60];
3) inhibits the metastasis by blocking calcineurin-nuclear factor of acti-
vated T cells signaling [61]. However, the results from a phase II clinical
trial of As2O3 for the treatment of patients with relapsed SCLC are frustrat-
ing. Of 17 evaluable patients, no complete or partial responses were ob-
served. 2 (12%) patients acquired stable disease and 15 (88%) patients
developed progressive disease. The median time to progression was
7 weeks (1–17 weeks) and the median OS was 4.5 months (2–7 months)
[62]. There was a study demonstrating that As2O3 may induce cancer
immunoresistance by up-regulation of PD-L1 surface expression in human
HL-60 leukemia cells [63]. However, there is a lack of research on the com-
bination of As2O3 with ICIs, such as anti-PD-1/anti-PD-L1, in the treatment
of SCLC.

Combining radiotherapy

Radiotherapy is critical for the treatment of patients with SCLC, both in
curative and palliative settings. Although, in patients with LS-SCLC, the op-
timal radiation dose and optimal timing (sequential or concurrent) is still
not clear, the addition of thoracic radiotherapy to platinum-based chemo-
therapy is recommended [64]. Besides, some studies demonstrate that the
combination of thoracic radiotherapy and chemotherapy seems to benefits
to patients with ES-SCLC [65]. In addition, in a phase III trial [66], prophy-
lactic cranial irradiation provided a survival benefit and was recommended
for responders with either LS- or ES-SCLC [67].

Current evidence demonstrates that radiotherapy can trigger both
local and systemic immune responses via diverse mechanisms to pro-
mote tumor cell death. What is most noteworthy is that the abscopal ef-
fect, which is described as the regression and rejection of non-irradiated
and distant tumor lesions induced by radiation [68], have been reported
in some tumors, such as lung adenocarcinoma [69]. Although the mech-
anism involved has remained unclear, this phenomenon is proposed to
be associated with the systemic immune responses induced by radia-
tion. With the advent of immunotherapy, the interaction of radiother-
apy and immune system has gained particular interest. Interestingly,
some studies have shown that immunotherapy can boost the abscopal
effect and radiotherapy is able to intensify the effect of immunotherapy
[70,71]. And this interaction between radiation and immunotherapy
has been increasingly reported in several tumors, such as NSCLC [72],
melanoma [73], intrahepatic cholangiocarcinoma [74]. The mechanism
might be as follows.

On the one hand, the immune system can recognize damaged cells in-
duced by ionizing radiation via identifying some specific molecules, such
as oxidized DNA, heat shock proteins (HSPs), and ATP etc. released by radi-
ation damage [75,76]. These specificmolecules function as an alarm for the
immune system. These alarms can be recognized by antigen presentation
cells (APCs) through binding to some receptors on the surface of APCs
and presented to CD4+ and CTLs. For example, oxidized DNA originating
from the nucleus or mitochondria is able to bind to toll-like receptor 9
(TLR9), resulting in the induction of inflammatory responses through the
activation of inflammasome [77]. HSP70 can also engage with TLR4 and
CD91, leading to the activation of both NK cells and CTLs [78]. In response
to these alarms, CTLs release inflammatory cytokines including TNF-α and
IFN-γ. These cytokines are able to activate CTLs and induce the transforma-
tion of CD4+ toCTLs [79]. In addition, these cytokines can suppressmesen-
chymal derived suppressor cells and Tregs [80]. Furthermore, radiation can
promote the release of chemokines that recruit inflammatory cells, such as
DCs, macrophages and CTLs into the tumor microenvironment,
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augmenting immune responses against tumor [81]. Therefore, based on the
above mechanisms, radiotherapy can trigger the immune system against
cancer cells. On the other hand, immunotherapy can strengthen these ef-
fects by stimulating the APCs and effector cytotoxic T cells and depleting
intratumoral Tregs [82].

Hence, it is rational that the combination of radiotherapywith immuno-
therapy can strengthen the anti-tumor immune response locally and sys-
temically. At present, there are several ongoing clinical trials that employ
immunotherapy in combination with radiotherapy to exploit its synergistic
effects in the patients with SCLC (Table 2). In addition, several trials utiliz-
ing ICIs to maintain an immune response after chemoradiation treatment
are ongoing (Table 2). However, there are not completed trials combining
radiotherapy with ICB for SCLC so far.
Combining immunotherapy and targeted therapy

Molecular targeted therapy, a revolutionary treatment that inhibits the
growth, progression, and metastasis of cancer by interfering with specific
molecules, has shown significant clinical success in treating NSCLC [83].
In recent years, with the deeper unravelling of the molecular mechanisms
underlying the carcinogenesis of SCLC, there is new hope that some molec-
ular targeted drugs might achieve adequate clinical benefits by inhibiting
poly ADP-ribose polymerase (PARP), delta-like protein 3 (DLL3) pathway,
and vascular endothelial growth factor (VEGF) pathway [84] (Fig. 1). In ad-
dition, there are some studies that reported positive outcomes by the com-
bination of molecular targeted agents and immunotherapy drugs. We will
discuss the current evidence focusing on immunotherapy combining with
targeted therapy and outline the important views that might hopefully
change the poor prognosis of patients with SCLC.
Fig. 1. Mechanisms of immune checkpoint blockade in combination with targeted ther
CCL5: Chemokine (CC motif) ligand 5; CTLA-4: Cytotoxic T-lymphocyte antigen-4; CXC
growth factor receptor; IFNβ: Interferon-beta; PARP: Poly ADP-ribose polymera
Rovalpituzumab tesirine; SCLC: Small cell lung cancer; STING: Stimulator of interfero
growth receptor;
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ICIs in combination with PARP inhibition

PARP acts as a DNA repair protein and the transcription factor adenovi-
rus E2 promoter-binding factor-1 (E2F1) co-activator, which suggests that
its inhibition not only directly blocks the repair of double-strand DNA
breaks and controls the cell cycle, but regulates other E2F1-regulated
DNA repair proteins [85–87]. Compared to other histologic subtypes of
lung cancer, SCLC highly expresses the PARP [85,88]. In addition, clinical
trials utilizing PARP inhibitors in ovarian and breast cancer have shownpo-
tential, especially in patients with potential defects in DNA repair or
platinum-sensitive, which makes PARP inhibitors an attractive candidate
for the treatment of SCLC because of the high sensitivity to platinum-
based treatment [89,90]. In other cancer types, such as breast cancer,
PARP inhibitors can enhance response to ICIs [91]. Because the DNA dam-
age induced by PARP inhibitors not only can promote immune priming
through a range of molecular mechanisms, but upregulate the expression
of PD-L1, the combination of PARP inhibitors and ICIs is promising in
SCLC patients [92]. Triparna Sen et al. [21] conducted a preclinical study
to detect whether PARP inhibitors could enhance the anti-tumor effect of
anti-PD-L1 in SCLC cell lines. In this study, 50mg/kg olaparib (PARP inhib-
itors) or 10 mg/kg anti-PD-L1 alone had no significant anti-tumor activity
in an immunocompetent SCLC model. However, striking tumor regressions
occurred in animals treated with the olaparib and anti-PD-L1 combination.
All combined groups had a complete regression as early as day 7 and the ef-
fect lasted until day 80, and the OS of the olaparib plus anti-PD-L1 group
was obviously higher than the olaparib or anti-PD-L1 groups (p < 0.001).
Further investigation indicated that PARP inhibition activates the STING-
TBK1-IRF3 innate immune response pathway by inducing DNA damage
in SCLC models, leading to the upregulation of Type 1 interferon IFNβ ex-
pression. The upregulated IFNβ leads to the upregulation of PDL1
apy drugs for the treatment of small cell lung cancer. APC: Antigen-presenting cell;
L10: Chemokine (C-X-C motif) ligand; DLL3: Delta-like protein 3; FGFR: Fibroblast
se; PD-1: Programmed death-1; PD-L1: Programmed death-ligand1; Rova-T:
n genes; VEGF: Vascular endothelial growth factor; VEGFR: Vascular endothelial



W. Huang et al. Translational Oncology 14 (2021) 100889
expression and enhances the expression of chemokines CXCL10 and CCL5,
which can induce activation of cytotoxic T-lymphocytes [21] (Fig. 1). These
results partly elucidated the synergistic effect of these combinations in
SCLC. Recently, several clinical trials with PARP inhibitors and ICIs are on-
going in order to rapidly translate this combination into the clinic applica-
tion to improve the prognosis of patients with SCLC (Table 4).

ICIs in combination with rovalpituzumab tesirine (Rova-T)

DLL3, an inhibitory ligand of the Notch signaling pathway, highly
expressed on the surface of SCLC tumor cells, is correlated with tumor pro-
gression of SCLC [93–95]. Rova-T is known as a humanizedmonoclonal an-
tibody directed against DLL3. An open-label, phase I clinical trial reported
that Rova-T shows substantial anti-tumor effect with a manageable safety
profile in recurrent SCLC. The confirmedOR is 18% (11 of 60 assessable pa-
tients), and the most frequent ≥3 TRAEs were thrombocytopenia (11%),
pleural effusion (8%), and increased lipase (7%) [96]. Results of phase II
clinical studies of Rova-T in patients with DLL3-expressing SCLC, who
progressed after at least two prior lines of therapy indicated that, with ame-
dian follow-up of 19.1weeks, the best OR was 18.0% (95% CI, 14.1–22.5).
The median PFS was 4.1 months. The median OS was 6.7months with tox-
icities which was consistent with the findings of the phase I study [97]. Un-
fortunately, the phase III trial comparing Rova-T to topotecan as second-
line therapy for patients with SCLC was halted due to shorter OS in the
Rova-T arm than the topotecan arm. In another study, it reported that
DLL3 is of importance in the immune system to regulate T-cell develop-
ment. The absence of DLL3 could induce the activity of the Notch signaling
and this could synergize with TCR signals to promote T-cell differentiation
[98]. A phase I clinical study concerning the combination of ipilimumab/
nivolumab or Rova-T/nivolumab/ipilimumab in SCLC is ongoing
(Table 4). The combination of Rova-T and immunotherapy might have a
synergistic effect in SCLC, which gives hope to conduct more relevant
research.

Anti-angiogenesis and immunotherapy

Angiogenesis is important in tumor growth, invasion, and metastases
[99]. To support the high proliferation rate of tumor cells, tumors need to
rapidly develop a new vascular network characteristic of disorganized, im-
mature and permeable blood vessels, which impair their functionality. The
dysfunction of tumor vascular would cause profound consequences for the
tumor microenvironment, resulting in hypoxia, increased risks of metasta-
tic dissemination as well as decreased immune cell infiltration and activity
[100]. Vascular endothelial growth factor (VEGF), as the most important
Table 4
Ongoing studies incorporating immunotherapy and targeted therapy in SCLC.

Drug Phase Patient
(n)

Study design

ICB + PARP inhibitor
Nivolumab
Rucaparib

II ES-SCLC
(36)

Open label, single group assignment: nivolumab + rucap
with platinum doublet

Durvalumab
Tremelimumab
Olaparib
Thoracic
radiotherapy

I ES-SCLC
(54)

Open label, non-randomized, parallel assignment: thorac
radiotherapy + durvalumab + tremelimumab vs. thorac

ICB + Rova-T
Ipilimumab
Nivolumab
Rova- T

I/ II ES-SCLC
(42)

Open label, non-randomized, parallel assignment: Rova-
ipilimumab (1 mg/kg) vs. Rova- T + nivolumab + ipilim

Abbreviations CBR: clinical benefit rate; DCR: disease control rate; DOR: duration of respo
ade; mPFS: median PFS; ORR: objective response rate; OS: overall survival; PARP: poly
Tesirine; SCLC: small cell lung cancer.
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mediators of angiogenesis, is thought to be related to poor prognosis of
SCLC, which made the VEGF pathway an attractive target in SCLC patients
[101].

Bevacizumab, an anti-VEGFA antibody, seems to have some benefit for
patientswith ES-SCLC in several phase II clinical studies [102–105] (Fig. 1).
Given the promising results in phase II studies, a large phase III trial was de-
signed to evaluate the efficacy of adding bevacizumab to standard chemo-
therapy of cisplatin/etoposide for the treatment of ES-SCLC. The results
were disappointing: PFSwas improved, but OS had not a statistically signif-
icant increase [106]. Besides bevacizumab, another anti-angiogenetic
agent, anlotinib, targeting the vascular endothelial growth factor receptor
(VEGFR), fibroblast growth factor receptor (FGFR), C-Kit and other targets,
has been under studying in phase II clinical trials in SCLC with promising
results (Fig. 1). Anlotinib significantly prolonged median FFS compared
with placebo: 4.3 vs. 0.7 months (HR = 0.19, P < 0.0001). The median
OS was 7.3 months in the anlotinib arm vs. 4.9 months in the placebo
arm. DCR was superior for the anlotinib group at 71.6% vs. 13.2% in the
placebo group [107]. Moreover, trials with other anti-angiogenetic agents
(vandetanib, thalidomide, and sunitinib) have shown controversial results
[108–110]. Interestingly, in an autochthonous mouse model of SCLC,
Meder L et al. found that the combination of anti-VEGF and anti-PD-L1-
targeted therapy synergistically improves treatment effect compared to
monotherapy. The study indicated that VEGF enhances expression of the in-
hibitory receptor TIM-3 on T cells, resulting in resistance to anti-PD-1 treat-
ment in SCLC. Therefore, the addition of anti-VEGF to anti-PD-1 targeted
treatment could be a potential treatment strategy in SCLC [111].

Conclusion and perspectives

In summary, previous clinical trials have shown that immunotherapy,
with favorable toxicity profile and durable responses, has made some little
breakthroughs in the treatment of patients with SCLC, while immuno-
monotherapy shows a relatively low response rate. Thereby, combination
immunotherapy and combination of immunotherapy with other therapy,
such as chemotherapy, radiotherapy, and targeted therapy, represent a
new modality for treating SCLC, which can achieve greater therapeutic ef-
fects through multiple synergistic mechanisms. Combining different ICIs
may act synergistically due to the nonredundant effects of the two immune
checkpoint pathways (CTLA-4 and PD-1/PD-L1 pathways), despite poten-
tially with a higher rate of toxicity than monotherapy. The addition of che-
moradiotherapy to immunotherapy may augment antitumor immune
responses because chemoradiotherapy can enhance tumor cell immunoge-
nicity by rapidly inducing tumor lysis and releasing tumor antigens. In ad-
dition, given that ICIs andmolecular targets drugs act upon different targets
Endpoint ClinicalTrials.
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and cells, the combination of these drugs may achieve greater therapeutic
effects in the treatment of SCLC. Especially, some emerging targeted ther-
apy drugs, such as olaparib, Rova-T and anlotinib, have shown some poten-
tials for improving outcomes in SCLC, which is regarded as the first choice
for targeted therapy in combined with immunotherapy.

Compared with the other combination therapies, combining immuno-
therapywith chemotherapy is expected to become themost promising ther-
apy for SCLC, since the combination of immunotherapywith chemotherapy
has been intensively studied and has achievedmuchmore satisfying results.
As previously mentioned, maintenance pembrolizumab did not improve
PFS and OS in ES-SCLC patients after completion of first-line chemotherapy
compared with the historical data, but the combination of atezolizumab
with chemotherapy as first-line treatment showed a significant improve-
ment in PFS and OS [19,29]. In addition, the result from the Checkmate-
032 and CheckMate 451 trials showed that nivolumab plus ipilimumab
was beneficial for the recurrent SCLC patients after at least one platinum-
based chemotherapy, while this combination, as the maintenance therapy
after the first-line chemotherapy, did not show the expected effect for the
patients with SCLC [14,37]. This suggests that combining immunotherapy
with chemotherapy during induction may bemore beneficial than the stan-
dard chemotherapy for SCLC patients, and it may be a preferred treatment
approach over maintenance immunotherapy alone.
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