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Abstract

Small cell lung cancer (SCLC) is an aggressive type of cancer with a relatively high mortality rate
after diagnosis. It has been accepted for decades that platinum-based medicines, in addition to
chest radiotherapy, can be used in limited-stage of SCLC. Currently, chemotherapy or combination
immunotherapy are used for treatment. However, fully successful treatment may not to be attained
due to the resistance and relapse that can occur. Several reports have demonstrated that the addition
of anti-programmed death-ligand 1 (anti-PD-L1) immunotherapy or cytotoxic T-cell-associated
antigen antibodies and increasing of delta-like ligand 3 antigens on SCLC tumor cells into
chemotherapy could improve the survival rate of patients for few years. Monoclonal Antibodies,
as a new and effective class of biopharmaceutical compounds, showed broad application prospects
in the treatment of SCLC. Monoclonal antibodies that specifically target cancer cells and are
attached to cytotoxic drugs, allowing for targeted killing of cancer cells while healthy tissues are
not affected. In this review, we discussed the therapeutic efficacy and safety of MABs in SCLC.
The latest agents of this group of drugs are described. Their efficacy and challenges are discussed
and compared.
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Introduction aromatic hydrocarbons, has been
Lung cancer has the second-highest mortality demonstrated to be the leading cause of all
rate among malignancies, worldwide. types of lung cancer.! Small cell lung cancer
Tobacco smoking, which contains nicotine, (SCLC), named for the small microscopic

alkaloids, nitrosamines, and polycyclic appearance of the cancer cells, is a high-
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grade,  poor-prognosis  neuroendocrine
carcinoma and has the  strongest
epidemiological link to tobacco among all
lung cancers. SCLC accounts for about 15%
of lung cancer cases and has a high mortality
rate (25%) compared with other common
solid tumors. SCLC typically presents with
respiratory symptoms, including cough,
dyspnoea, or haemoptysis. Imaging usually
shows a centrally located lung mass and often
bulky thoracic lymph node involvement. The
inactivation of two tumor suppressors, p53
and RB, is found in the vast majority of
SCLC cases; this is distinct from the primary
oncogenic drivers of many other solid
tumors, notably non-small-cell lung cancers
(NSCLC). Several studies have described the
amplification of MYC family genes (MYC,
MYCL, and MYCN) in a subset of SCLC
tumors.>>

SCLC is biologically and clinically distinct
from other types of lung cancer. Therefore,
therapeutic progress is very different from
that seen in NSCLC. It has been accepted for
decades that platinum-based medicines, in
addition to chest radiotherapy, can be used in
limited-stage SCLC. But when tumors spread
from one lung to the other and to other organs
called extensive-stage, platinum-based
combinations that included etoposide
provided superior survival. In order to
improve the survival of patients with SCLC,
the development of new drugs and treatment
methods is essential. The etoposide plus
platinum combination was standard therapy
until 2019, when it was demonstrated that the
addition of anti-programmed death-ligand 1
(anti-PD-L1) immunotherapy to
chemotherapy could improve survival even
in some patients up to 3 years.*

Recently, checkpoint inhibitors, for their
anticancer effect by blocking a negative
regulatory signal for T-cell activation from
the tumor microenvironment, have been
widely used for the treatment of different
types of cancer. They include programmed

cell death protein-1 (PD-1), programmed cell
death ligand-1 (PD-L1), and cytotoxic T-
cell-associated antigen (CTLA-4)
antibodies. Also, the increasing expression of
delta-like ligand 3 (DLL3) antigens on SCLC
tumor cells has led pharmaceutical
companies to develop anti-DLL3 monoclonal
antibodies (MABs) for SCLC. In this review,
we aimed to evaluate all clinical studies
investigating monoclonal antibody-based
therapies in  SCLC. We included
interventional human studies of any
monoclonal antibody that has been approved
or tested for SCLC with due attention to their
regulatory approval status. Eligible studies
comprised randomized controlled trials
(RCTs) as well as non-randomized trials
(including single-arm studies) that evaluated
at least one monoclonal antibody in patients
with  limited-stage, extensive-stage, or
relapsed SCLC, with no restriction on the
time period of publication or conduct. A
comprehensive literature  search  was
performed using the Medline (PubMed),
Web of Science, and Google Scholar
databases.

Target Agents for PD-1 and PD-L1

PD-1 is a member of the CD28 family. It is
an inhibitory receptor expressed on activated
T cells, B cells, macrophages, natural killer
cells, and regulatory T cells (Tregs). This
receptor has two binding ligands, PD-L1 and
PD-L2, which are expressed on T cells, B
cells, macrophages, dendritic cells, and many
other cells, including tumor cells. Binding of
PD-1 to either ligand inhibits T cell activity,
induces T cell tolerance, suppresses
proliferation, and reduces the immune
response of T cells. Tumors cause
overstimulation of the PD-1/L1 signaling
pathway.’

Adebrelimab

Adebrelimab, developed by Jiangsu Hengrui
Pharmaceuticals, is a monoclonal antibody
against PD-L1 that has been approved since
2023 in combination with chemotherapy by



the National Medical Products
Administration (NMPA) of China as the first-
line treatment for extensive-stage SCLC.6

In phase 3 clinical trial (CAPSTONE-1), 462
patients  with  extensive-stage =~ SCLC
randomly assigned (1:1) to Adebrelimab in
combination with platinum compound +
etoposide (P/E) group or P/E alone group,
demonstrated 15.3 months median overall
survival (OS) versus 12.8 months
respectively.’

Atezolizumab

Atezolizumab, developed by the American
biotechnology company Genentech, is a
therapeutic anti-PD-L1 antibody, approved
by the U.S. Food and Drug Administration
(FDA), for the treatment of patients with
metastatic urothelial carcinoma, NSCLC and
the first approved monoclonal antibody for
SCLC at March 2019. It works by blocking
PD-1/PD-L1 interaction and preventing T
cell tolerance.?

One of the first RCTs evaluating
Atezolizumab in extensive-stage SCLC in
comparison with standard chemotherapy
(P/E) showed no significant difference in
0S.° But in phase 3 clinical trial
(IMpower133) when 403 patients with
extensive-stage SCLC randomly received
Atezolizumab added to P/E chemotherapy
versus P/E alone, mean OS significantly
increased from 10.3 to 12.3 months, although
the objective response rate (ORR) decreased
from 64.4% to 60.2%.'° most obvious
adverse effects reported in Atezolizumab
group  were  5-4%  Immune-related
hyper/hypothyroidism."!

Evaluation of OS in the long-term period
showed the superiority of Atezolizumab and
P/E combination again. In one study, patients
who survived over 18 months were 34% in
the combination group versus 20% in the P/E
alone group.'? In another study, from 202
patients in the P/E alone arm, none survived
more than 34 months, but from 201 patients
with Atezolizumab + P/E induction dose

continued with Atezolizumab maintenance
(every 3 weeks), at least 12 patients survived
more than 59 months. '3

Camrelizumab

Camrelizumab is a  PD-I-blocking
monoclonal antibody that prevents the
binding of PD-1 on immune cells to PD-L1
expressed on tumor cells. Camrelizumab was
developed by Jiangsu Hengrui Medicine Co.
Ltd. It has been approved in China for several
cancer types, including relapsed/refractory
classical Hodgkin lymphoma, hepatocellular
carcinoma, and others. However, it has only
received Orphan Drug Designation (not full
approval) from the U.S. FDA for advanced
hepatocellular carcinoma.'*

Unfortunately, there is no RCT with placebo
control evaluating the efficacy and safety of
Camrelizumab. However, some non-
randomized or single-arm clinical trials have
administered Camrelizumab in combination
with other common treatments, and the
results are promising. Camrelizumab with
common chemotherapy for induction,
followed by maintenance Camrelizumab plus
Apatinib in patients with extensive-stage
SCLC, increased median OS up to 15.38
months.'®> In another single-arm study with
the same treatments, median OS was 17.3
months. '

Durvalumab

Durvalumab, developed by
MedImmune/AstraZeneca  company 1S
another monoclonal antibody that blocks the
interaction between PD-L1 and T cells,
enhancing T-cell responses against cancer.
This immune checkpoint inhibitor has been
approved for many cancers, including
NSCLC, biliary tract cancer, hepatocellular
carcinoma, and from December 2024 for
SCLC."

In phase 3 clinical trial (CASPIAN), the
addition of durvalumab to P/E standard
chemotherapy significantly increased OS in
patients  with  extensive-stage = SCLC
compared with placebo plus P/E, from 10.5



to 12.9 months. ORR also increased from
58% to 68%.'® Promising results were also
reported in limited-stage SCLC: the addition
of Durvalumab to P/E and maintenance
therapy improved OS up to 55.9 months
versus 33.4 months in the chemotherapy-
alone group.'®-?

Nivolumab

Nivolumab is another PD-1-blocking
monoclonal antibody developed and
manufactured by Bristol Myers Squibb. It has
FDA approval for many cancers such as
NSCLC and others as listed in Table 1. %!
There are few RCTs evaluating Nivolumab
efficacy and safety in SCLC patients. Most
studies are single-arm or combined with
other drugs and cannot demonstrate the exact
effect of Nivolumab. One RCT of Nivolumab
in relapsed SCLC compared with common
chemotherapy showed no significant OS
difference. The most common adverse effects
of Nivolumab reported were asthenia,
fatigue, and decreased appetite, although
these were more prevalent in the
chemotherapy group.?? In phase II clinical
trial (ECOG-ACRIN), evaluating Nivolumab
in combination with P/E and Nivolumab
maintenance versus P/E and observation in
144 patients with extensive-stage SCLC, OS
was 11.2 months in the Nivolumab group
versus 8.1 months in the observation group.
However, ORR was 77% for the Nivolumab
group versus 80% for the observation
group.?’

Pembrolizumab

Pembrolizumab is another anti-PD-1
monoclonal antibody developed by Merck &
Co incorporated. Pembrolizumab has been
approved by the U.S. FDA for various
indications as listed in Table 1. Because of its
strong efficacy across a wide range of
malignancies, researchers have been eager to
evaluate Pembrolizumab in SCLC.?*

A combination of Pembrolizumab plus P/E
compared with P/E alone in extensive-stage
SCLC showed modest but significant OS

improvement, from 9.7 to 10.8 months. ORR
was 70.6% in the Pembrolizumab plus P/E
group and 61.8% in the placebo plus P/E
group.”> Studies of Pembrolizumab in
limited-stage and relapsed SCLC are few and
mostly uncontrolled. Some useful single-arm
studies reported that adding Pembrolizumab
to paclitaxel in relapsed SCLC resulted in 9.1
months OS, 2 while adding Pembrolizumab
to chemoradiotherapy in limited-stage SCLC
yielded OS of 39.5 months.?” The most
common adverse effects were asthenia and
fatigue.”8

Serplulimab

Serplulimab, developed by Henlius, is a
recombinant humanized anti-PD-1 antibody.
It works by binding to PD-1 on T cells,
blocking interaction with PD-1/PD-L1. As
mentioned in Table 2 Serplulimab was
approved by the Medicines and Healthcare
products Regulatory Agency (MHRA) in the
United Kingdom in June 2025 and the
European Commission (EC) in February
2025 for extensive-stage of SCLC. By
preventing immunosuppression mediated by
the PD-1 pathway, it allows the immune
system to better destroy cancer cells.?’

In phase 3 clinical trial (ASTRUM-005),
Serplulimab combined with P/E for first-line
treatment of extensive-stage SCLC resulted
in 15.8 months OS versus 11.1 months in the
P/E alone group. ORR was 80.2% in the
Serplulimab group compared with 70.4% in
the P/E group.’® Although ASTRUM-005
was a standard RCT, there are no other
independent studies to confirm these results,
and reliable data remain limited.
Tislelizumab

Tislelizumab, developed by BeiGene, is
another =~ monoclonal  antibody  that
specifically targets PD-1 on T cells. Its
unique feature is minimized binding to FcyR
receptors on macrophages, which may help
prevent antibody-dependent phagocytosis
and improve efficacy. Tislelizumab has been
approved by the U.S. FDA for esophageal



squamous cell carcinoma (ESCC) and
gastroesophageal adenocarcinoma, and by
the EC for SCLC since May 2025.%"!

In Phase 3 Clinical Trial (RATIONALE-
312), 457 Patients with extensive-stage
SCLC randomly assigned. Patients who
treated with Tislelizumab plus P/E had 15.5
months OS versus 13.5 months in the P/E
alone group. Confirmed ORR was 68% in the
Tislelizumab group versus 62% in the P/E
alone group.>?

Toripalimab

Toripalimab,  developed by  Junshi
Biosciences, is another PD-1 inhibitor. The
U.S. FDA approved Toripalimab for
nasopharyngeal carcinoma in combination
with chemotherapy as a first-line treatment,
and it is also approved in the EU for ESCC.*
In phase 2 clinical trial, patients with limited-
stage SCLC receiving Toripalimab plus P/E
plus radiotherapy versus P/E  plus
radiotherapy alone had 24-month OS of
82.7% versus 59.1%, and ORR of 78.0%
versus 73.1%.3* In phase 3 clinical trial
(EXTENTORCH), patients with extensive-
stage SCLC treated with Toripalimab plus
P/E compared with P/E alone had 14.6
months OS versus 13.3 months in the P/E
group (P =0.03).%°

Target Agents for CTLA-4

CTLA-4 is known as an '"immune
checkpoint,” preventing T-cells from
becoming hyperactive and attacking other
cells. As demonstrated in Figure 1, this
mechanism is facilitated by the attachment of
the CD80/86 surface antigen to the antigen-
presenting cell. Agents blocking CTLA-4
allow T-cells to recognize and attack cancer
cells more effectively. Targeting CTLA-4, a
protein found on the surface of T-cells, is a
cancer immunotherapy strategy that aims to
boost the body’s immune response against
cancer.’¢

Ipilimumab

Ipilimumab, developed by Bristol-Myers
Squibb, is a CTLA-4 blocker and as listed in

Table 1 approved by the FDA for the
treatment of several cancers.’’

Two RCTs evaluating Ipilimumab in
extensive-stage SCLC in combination with
chemotherapy versus chemotherapy alone.

In phase 2 clinical trial, median OS was 9.1
versus 9.9 months and ORR was 33% versus
49% respectively.®® Despite negative results,
phase 3 trial was conducted. It also failed to
demonstrate a statistically significant
improvement.3®

Tremelimumab

Tremelimumab is another CTLA-4-blocking
monoclonal  antibody  developed by
AstraZeneca and licensed from Pfizer. It was
approved by the U.S. FDA for unresectable
hepatocellular carcinoma and also in
combination with durvalumab for NSCLC.*°
Unfortunately, no RCTs have revealed
individual results for Tremelimumab in
SCLC. However, its combination with
durvalumab has shown promising results for
relapsed SCLC, a severe and poor-prognosis
stage, which will be discussed in the
combination therapy section.

Also, treatment with durvalumab for relapsed
SCLC, has been studied in combination with
Tremelimumab, with or without
radiotherapy. OS was 5.7 months and 2.8
months, respectively, but the difference was
not significant (P = 0.3).!

Target Agents for DLL3

DLL3 is a protein highly expressed on the
surface of many tumor cells but less so in
normal tissues. MABs targeting DLL3 are a
promising area of cancer therapy research,
particularly for SCLC and  other
neuroendocrine tumors. Some treatment
strategies using DLL3 targeting are based on
antibody-drug conjugates (ADCs), where the
antibody serves as a carrier to deliver toxin
(drug) to tumor cells.*? Most DLL3-targeted
agents are new and not yet approved, but the
recent approval of Tarlatamab in SCLC has
raised hopes for a treatment revolution.
Rovalpituzumab Tesirine



Rovalpituzumab tesirine (Rova-T) was
originally developed by Stemcentrx and later
acquired by AbbVie. Rova-T is a DLL3-
targeted ADC consisting of a humanized
DLL3-specific monoclonal antibody that
conjugate to Tesirine, a toxic DNA
crosslinking agent of pyrrolobenzodiazepine
class. ADC is internalized, releasing a
cytotoxic  pyrrolobenzodiazepine  dimer,
leading to DNA damage and cell death.
Although Rova-T has undergone several
clinical trials in various cancers, it has not
received approval to date.*?

In Phase 3 clinical trial (MERU), 748 patients
with extensive-stage SCLC previously
treated with P/E chemotherapy, randomized
ina 1:1 ratio received Rova-T as maintenance
therapy or placebo. OS in the Rova-T group
was 8.5 months versus 9.8 months in the
placebo group. Pleural effusion, decreased
appetite, peripheral edema, photosensitivity
reaction, fatigue, nausea, and dyspnoea were
more frequently observed in the Rova-T
group.*?

Tarlatamab

Tarlatamab is a bispecific T-cell engager
therapy developed by Amgen company is the
newest immunotherapy approved by the U.S.
FDA in May 2024 for extensive-stage SCLC
after platinum-based chemotherapy.
Tarlatamab selectively attaches to DLL3 on
tumor cells and CD3 on T cells, inducing
apoptosis of tumor cells.**

Several single-arm clinical trials in relapsed
SCLC have shown surprisingly improved
OS. One study reported a median OS of 13.2
months,*® while another reported 17.5
months .*® These results have encouraged
researchers to explore this therapy further in
both extensive- and limited-stage patients.
After promising results in phase 1 and 2,
open-label phase 3 RCT comparing
Tarlatamab versus common chemotherapy
(topotecan, amrubicin, etc.) in extensive-
stage SCLC reported median OS of 13.6
months versus 8.3 months, respectively (P <

0.001). Most adverse effects reported by
Tarlatamab group that were uncommon in
chemotherapy alone group were Cytokine
release syndrome, Dysgeusia, Pyrexia,
Decreased appetite, Hyponatremia and
Headache.*’

Target agents for Vascular Endothelial
Growth Factor A (VEGF-A)

VEGF-A is a key factor in angiogenesis,
essential for the development of new blood
vessels. Target agents for VEGF-A directly
inhibit or modulate VEGF-A activity, thereby
interfering with angiogenesis, which is
crucial for tumor growth and metastasis.*®
Bevacizumab

Bevacizumab, one of the VEGF-A inhibitors,
was developed by Genentech and has U.S.
FDA approval for a wide range of cancers as
listed in Table 1.4

Among studies of bevacizumab in SCLC,
only a few RCTs with placebo controls exist.
In one RCT, addition of bevacizumab to P/E
treatment showed no OS improvement in
extensive-stage SCLC compared with P/E
alone. OS was 94 months in the
bevacizumab group versus 10.8 months in the
P/E group, with ORR of 58% and 48%,
respectively.’® In phase II-1II clinical trial
(IFCT-0802), bevacizumab combined with
chemotherapy showed 11.1 months OS
versus 13.3 months in the chemotherapy-
alone group.’!

Sacituzumab Govitecan

Sacituzumab  Govitecan is an ADC
developed by Immunomedics and approved
by the U.S. FDA for metastatic triple-
negative breast cancer and urothelial cancer.
Sacituzumab targets Trop-2, a protein
overexpressed in many cancers. Upon
binding, the ADC is internalized, and the
conjugated  payload, Govitecan (a
topoisomerase inhibitor), induces DNA
damage and cell death.>

There are no standard RCTs for Sacituzumab
Govitecan in SCLC patients, but some single-
arm studies show promising results. Patients



with relapsed SCLC and extensive-stage
SCLC treated with Sacituzumab Govitecan
monotherapy had OS of 7.5 months and 13.6
months, respectively.>>->*

CTLA-4 and PD-1 Blocking Combination
Some studies have combined agents targeting
two  independent T-cell inactivation
pathways. Nivolumab (PD-1 blocker) plus
ipilimumab (CTLA-4 blocker) in relapsed
SCLC compared with nivolumab alone
showed OS of 4.7 months and ORR 0f21.9%
in the combination group versus 5.7 months
OS and 11.6% ORR in the nivolumab-only
group.” In another study, nivolumab plus
ipilimumab versus placebo in extensive-stage
SCLC resulted in OS of 9.2 and 9.6 months,
respectively.’® Even in limited-stage SCLC,
nivolumab plus ipilimumab with continued
nivolumab maintenance Versus
chemotherapy  and  observation  (no
maintenance) showed no significant OS
difference.’’

CTLA-4 and PD-1 Blocking Plus DLL3-
Targeted Antibody Drug Conjugate
Combination

In another study, extensive-stage SCLC
patients received Rova-T plus nivolumab
(Group 1) or Rova-T plus nivolumab plus
ipilimumab (Group 2). OS was 7.4 months
versus 11 months, and ORR was 27.6%
versus 36.4% in Group 1 and Group 2,
respectively.>®

Agents Rely on Biomarkers

Numerous studies have been conducted to
evaluate the efficacy of MABs depending on
the level of expression of specific biomarkers
in patients. All remarkable data are shown in
Table 3. In the CASPIAN phase 3 trial,
patients with extensive-stage SCLC with
high levels of T «cells who received
durvalumab plus Tremelimumab plus P/E
had an OS of 30.8 months, compared with 10
months in patients with low levels of T cells.
In the durvalumab plus P/E group, patients
with high levels of T cells had an OS of 15.8
months versus 11.5 months in low-level T

cell patients. Similar results were observed
for patients with high CD8A expression/CD8
cell compared with those with low
expression.”

Also, patients with high levels of major
histocompatibility complex (MHC) who
received durvalumab plus Tremelimumab
and P/E had 23.5 months OS versus 10.4
months in low-level MHC patients. In the
durvalumab plus P/E group, patients with
high levels of MHC had 17.3 months OS
versus 11.3 months in low-level MHC
patients. Patients with high levels of antigen
processing and presentation machinery
(APM) in the  durvalumab  plus
Tremelimumab and P/E group had 25.9
months OS versus 10 months in low-level
APM patients. In the Durvalumab plus P/E
group, patients with high levels of APM had
14.6 months OS versus 11.5 months in low-
level APM patients.>”

In the durvalumab plus Tremelimumab and
P/E group, median OS was 22.8 versus 10.4
months in patients with high versus low
expression of CTLA-4. Also, OS was 28.4
versus 10.4 months in patients with high
versus low expression of FOXP3 (forkhead
box P3). In contrast, expression of these
genes did not impact OS in the Durvalumab
plus P/E group.”

In the TRINITY study, 339 patients with
relapsed SCLC were divided into DLL3-
positive and DLL3-high groups according to
immunohistochemistry assay for Rova-T
monotherapy. OS for all, positive, and high
patients was 5.6, 5.8, and 5.7 months, and
ORR was 12.4%, 13.2%, and 14.3%,
respectively (P> 0.05).%° In another smaller-
scale study, 29 Japanese patients with
relapsed SCLC were divided into DLL3-high
and non-high groups for Rova-T
monotherapy. Median OS in DLL3-high,
non-high, and all patients was 7.4, 5.1, and
5.8 months, respectively.®!

In the CheckMate 451 study, patients with
extensive-stage SCLC with no progression



after at least four cycles of first-line
chemotherapy received maintenance therapy.
Patients with high levels of tumor mutational
burden (TMB) in the nivolumab plus
ipilimumab group had 13.5 months OS
versus 13.2 months in the nivolumab-only
group and 9.5 months in the placebo group.
Patients with low-level TMB in the
nivolumab plus ipilimumab group had 7.8
months OS versus 10.1 months in the
nivolumab-only group and 10 months in the
placebo group.>®

Also, patients with a PD-L1 combined
positive score (CPS) > 1% in the Nivolumab
plus Ipilimumab group had 11.9 months OS
versus 14.1 months in the Nivolumab group
and 13.9 months in the placebo group.
Patients with low CPS < 1% in the
Nivolumab plus Ipilimumab group had 8.6
months OS versus 9.4 months in the
Nivolumab group and 6.1 months in the
placebo group.>®

In the IMpowerl33 study, patients with
extensive-stage SCLC received
Atezolizumab plus P/E in comparison with
placebo. They were evaluated for the role of
TMB and neutrophil-to-lymphocyte ratio
(NLR) in response. Patients in the
Atezolizumab plus P/E group with TMB > 10
and NLR < median had 18.33 months OS
versus 12.53 months (P = 0.001) in the
placebo group. Also, patients in the
Atezolizumab plus P/E group with TMB <10
and NLR > median had 7.67 months OS
versus 7.3 months in the placebo group.®

Conclusion

The use of MABs as add-on therapy in the
treatment of SCLC has marked a significant
shift in the therapeutic landscape, particularly
for extensive-stage disease. The integration
of anti-PD-1/PD-L1 therapies, such as
Atezolizumab, Durvalumab, and
Serplulimab, into standard platinum-
etoposide regimens has demonstrated
significant but modest improvements in OS,

with studies reporting increases of about two
months in comparison with common
chemotherapy  regimens in  various
randomized clinical trials. It seems that the
PD-1/PD-L1 checkpoint has a significant but
not a key role in SCLC pathology.

Similarly, the emergence of DLL3-targeted
therapies, notably Tarlatamab, has shown
remarkable promise, particularly in relapsed
SCLC, with median OS increasing by more
than five months in comparison with standard
chemotherapy. There is a necessity for future
studies to confirm the superiority of DLL3
inhibitors over other antibody pathways such
as PD-1/PD-L1, and also combination
therapy to ensure we use the maximum
capacity of these pathways.

However, the variable efficacy of other
agents, such as Ipilimumab and
Bevacizumab, underscores the complexity of
SCLC'’s biology, where not all MABs vyield
consistent survival benefits. These findings
highlight the critical role of immune
checkpoint inhibitors and targeted therapies
in reshaping SCLC management, offering
new hope for a disease historically plagued
by poor prognosis.

Despite these advancements, challenges
persist in optimizing monoclonal antibody
therapies for SCLC. The limited efficacy of
CTLA-4 inhibitors, like Ipilimumab and
Tremelimumab, either alone or in
combination, suggests that not all immune
checkpoint pathways are equally effective in
SCLC’s immunosuppressive tumor
microenvironment. Furthermore, the lack of
robust RCTs for some agents, such as
Camrelizumab and Sacituzumab Govitecan,
limits definitive conclusions about their
efficacy.

Biomarker-driven approaches show that high
levels of T cells, CD8A, MHC, APM,
CTLA4, and FoxP3 in patients result in
greater efficacy of Durvalumab and
Tremelimumab, alone and in combination.
According to the mechanism of action of



Tremelimumab, a high level of CTLA4 is a
logical predictor of greater efficacy due to
CTLA4 Dblockade by Tremelimumab.
However, other biomarkers have no direct
connection with the known mechanisms of
these drugs. There is a necessity for further
investigation to find true connections
between medications and biomarkers, and to
avoid imposing unnecessary cost and time on
patients who show no efficacy to these
treatments.

While the therapeutic targeting of DLL3 has
proven clinically viable, it is crucial to
distinguish its established role as a lineage
marker from its unresolved role as a
predictive biomarker of response. DLL3 is a
robust lineage marker for tumors of
neuroendocrine origin, including SCLC,
owing to its high and specific expression on
the cell surface of these malignancies and its
near absence in most normal adult tissues.
This oncofetal pattern makes it an ideal target
for directed therapies, like Tarlatamab.
However, as our data and prior trials with
Rova-T demonstrate, high DLL3 expression
alone is an insufficient predictor of which
patients will derive significant benefit. This
suggests that therapeutic efficacy is governed
by additional factors beyond target presence,
such as tumor microenvironment
interactions, drug payload mechanisms, and
intrinsic ~ tumor  resistance  pathways.
Consequently, future trial designs must move
beyond the binary assessment of a lineage
marker and integrate multimodal biomarker
strategies. These should aim to elucidate the
complex mechanisms of action and
resistance, potentially combining DLL3
quantification with assessments of immune
contexture, target density, and downstream
signaling pathways to identify the patients
most likely to respond to DLL3-directed
therapies.

Also, high levels of TMB and low levels of
NLR show greater efficacy in patients treated
with Atezolizumab. This can guide us in

setting biomarker conditions for patients who
can significantly increase their survival with
this drug.

Looking forward, the future of monoclonal
antibody therapies in SCLC lies in leveraging
biomarker-driven precision medicine and
innovative combination strategies. The
success of Tarlatamab as a bispecific T-cell
engager highlights the potential of novel
mechanisms, such as DLL3-targeted
therapies, to address relapsed and refractory
cases. Ongoing research should prioritize
large-scale, randomized trials to validate the
efficacy of promising agents like
Camrelizumab and Sacituzumab-Govitecan,
while exploring combinations of PD-1/PD-
L1 inhibitors with DLL3- or VEGF-A-
targeted therapies to overcome resistance
mechanisms.  Additionally,  integrating
advanced genomic and proteomic profiling
could enhance the identification of patients
most likely to benefit from specific therapies,
moving SCLC treatment toward a more
personalized paradigm. Collaborative efforts
between  researchers, clinicians, and
pharmaceutical companies will be essential
to address current gaps, such as the limited
data on long-term outcomes and optimal
maintenance strategies.

In conclusion, MABs have ushered in a new
era of hope for SCLC patients. While agents
such as Atezolizumab, Durvalumab, and
Tarlatamab show clear survival benefits, the
variability in other therapies and challenges
in biomarker reliability highlight the need for
continued innovation. By embracing
precision medicine, novel therapeutic
combinations, and rigorous clinical trial
designs, the oncology community can further
unlock the potential of MABs to transform
SCLC from a historically intractable disease
into a more manageable disease, ultimately
improving survival and quality of life for
patients worldwide.
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Table 1. Monoclonal antibodies used for SCLC clinical trials and other FDA approvals

Name

Adebrelimab

Atezolizumab

Bevacizumab

Camrelizumab

Durvalumab

Ipilimumab

Nivolumab

Pembrolizumab

Rovalpituzumab-
Tesirine

Sacituzumab-
govitecan

Serplulimab

Tarlatamab

U.S. FDA approval

SCLC*

SCLC, NSCLC, Urothelial carcinoma

NSCLC, Cervical cancer, Ovarian cancer,

Colorectal cancer, Glioblastoma,
Hepatocellular carcinoma, Renal cell
carcinoma

NSCLC, SCLC, MIBC, Biliary tract cancer,
Hepatocellular carcinoma

NSCLC, Melanoma, Esophageal cancer,
Colorectal cancer, Hepatocellular

carcinoma, Renal cell carcinoma, MPM

NSCLC,
Gastroesophageal cancer, Hepatocellular,
Melanoma, Renal cell

Colorectal cancer,

carcinoma,
carcinoma, Urothelial carcinoma, Hodgkin
lymphoma, Head and neck cancer

NSCLC, Cervical cancer, Gastroesophageal

cancer, Head and neck cancer,
Hepatocellular  carcinoma, Melanoma,
Renal cell carcinoma, Urothelial

carcinoma, Breast cancer, Endometrial
carcinoma, Hodgkin lymphoma, Merkel
cell carcinoma, PMBCL, ¢cSCC

Breast cancer, Urothelial carcinoma

SCLC*

SCLC

RCT for SCLC
CAPSTONE-1
IFCT-1603
IMpower133

IMbrella

SALUTE

IFCT-0802

PASSION

CASPIAN

M. Reck et al. 2012

M. Reck et al. 2016

ECOG-ACRIN

CheckMate 331

KEYNOTE-604

MERU

ASTRUM-005
DeLLphi-300

DeLLphi-306

Mechanism

PD-L1 blocking

PD-L1 blocking

VEGF-A blocking

PD-1 blocking

PD-L1 blocking

CTLA-4 blocking

PD-1 blocking

PD-1 blocking

DLL3 blocking

PD-1 blocking

DLL3 blocking
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2025
LC ESCC: t hageal-
Tislelizumab ~ oo-Cc  ESCC Gastroesophagea RATIONALE-312 PD-1 blocking
adenocarcinoma
Toripalimab Nasopharyngeal carcinoma EXTENTORCH PD-1 blocking
Tremelimumab  NSCLC, Hepatocellular carcinoma CASPIAN CTLA-4 blocking

U.S. FDA: United States Food and Drug Administration; RCT: Randomized controlled trials; SCLC: Small-cell lung cancer;
NSCLC: Non-small cell lung cancer; MIBC: Muscle invasive bladder cancer; MPM: Malignant pleural mesothelioma; PMBCL:
Primary mediastinal B-cell lymphoma; cSCC: Cutaneous squamous cell carcinoma; ESCC: Esophageal squamous cell carcinoma;
PD-L1: Programmed cell death ligand 1; VEGF-A: Vascular endothelial growth factor A; PD-1: Programmed cell death 1; CTLA-

4: Cytotoxic T-lymphocyte-associated antigen 4; DLL3: Delta-like ligand 3; *Approved institutions other than US. FDA



Table 2. Monoclonal antibodies which approved for SCLC by an authorization medicine
organization

Name Approval for SCLC

s Approved by US. FDA in combination with carboplatin and etoposide, for
the first-line treatment of adult patients with extensive-stage SCLC on

Atezolizumab March 2019.
s Approved by the EC for the initial treatment of extensive-stage SCLC on
September 2019.
Adebrelimab % Approved in combination with chemotherapy by the NMPA of China as the

first-line treatment for extensive-stage SCLC on 2023.
s Approved by US. FDA for extensive-stage SCLC with disease progression
on or after platinum-based chemotherapy on May 2024,

Tarlatamab + Conditional approved by MHRA of UK for extensive-stage SCLC after
progression on two or more therapies, including platinum-based
chemotherapy on December 2024.6

% Approved by US. FDA for adults with limited-stage SCLC whose disease

Durvalumab has not progressed following P/E chemotherapy on December 2024.

¢ Approved by EC as monotherapy to treat adults with limited-stage SCLC
on March 2025.
s Approved by EC in combination with etoposide and platinum

Tislelizumab chemotherapy, as a first-line treatment for adult patients with extensive-
stage SCLC on May 2025.
Serplulimab :f’ Approved by MHRA for patients with extensive-stage SCLC on June 2025.

L)

» Approved by EC in combination with chemotherapy for the frontline
treatment of adult patients with extensive-stage SCLC on February 2025.

US. FDA: United States Food and Drug Administration; EC: European Commission; NMPA: National Medical Products
Administration; MHRA: Medicines and Healthcare products Regulatory Agency; SCLC* Small-cell lung cancer



Table 3. Clinical outcomes of biomarker-based RCTs in SCLC

Study

CASPIAN

CASPIAN

CASPIAN

CASPIAN

CASPIAN

CASPIAN

CASPIAN

TRINITY

CheckMate
451

CheckMate
451

CheckMate
451

CheckMate
451

IMpower133

Disease stage

Extensive-stage

Extensive-stage

Extensive-stage

Extensive-stage

Extensive-stage

Extensive-stage

Extensive-stage

relapsed

Extensive-stage

Extensive-stage

Extensive-stage

Extensive-stage

Extensive-stage

Regimen

Dur + Tre + P/E

Dur + P/E

Dur + Tre + P/E

Dur + P/E

Dur + Tre + P/E

Dur + Tre + P/E

Dur + Tre + P/E

Rova-T

Nivo + Ipili

Nivo

Nivo + Ipili

Nivo

Atezo + P/E

Biomarker

High level T cell
Low level T cell
High level T cell
Low level T cell
High level MHC
Low level MHC
High level MHC
Low level MHC
High level APM
Low level APM
High level CTLA-4
Low level CTLA-4
High level FOXP3
High level FOXP3
All
DLL3-positive
DLL3-high
High level TMB
Low level TMB
High level TMB
Low level TMB
PD-L1 (CPS)> 1%
PD-L1 (CPS) < 1%
PD-L1 (CPS) > 1%

PD-L1 (CPS) < 1%

TMB > 10 & NLR < median

Median OS

(months)

30.8

10

15.8

11.5

23.5

10.4

17.3

11.3

23.9

10

22.8

10.4

284

10.4

5.6

5.7

5.8

13.5

7.8

13.2

10.1

11.9

7.6

14.1

9.4

18.33



IMpower133 Extensive-stage TMB < 10 & NLR > median 7.67

SCLC* Small-cell lung cancer; Dur: Durvalumab; Tre: Tremelimumab; P/E: Platinum-based drug/ Etoposide; Rova-T:
Rovalpituzumab Tesirine; Nivo: Nivolumab; Ipili: Ipilimumab; Atezo: Atezolizumab; MHC: Major histocompatibility complex;

APM: Antigen processing and presentation machinery; CTLA-4: Cytotoxic T-cell-associated antigen; FOXP3: Forkhead box P3;
TMB: Tumor mutational burden; CPS: Combined positive score; NLR: Neutrophil-to-lymphocyte ratio



APC Tumor cell

CD80/86

Figure 1. A graphical overview illustrating the mechanism of monoclonal antibodies that used as a treatment candidate
in SCLC clinical trials: a. Target agents for CTLA-4. b. Target agents for PD-1. c. Target agents for PD-L1. d. Target
agents for DLLS3.

APC: Antigen presenting cell; CD80: Cluster of differentiation 80; CTLA-4: Cytotoxic T-lymphocyte-associated protein 4; DLL3:
Delta-like canonical Notch ligand 3; PD1: Programmed cell death protein 1; PD-L1: Programmed cell death ligand 1



