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Abstract

Small cell lung cancer (SCLC) remains one of the most aggressive cancers, with a high
relapse rate and limited treatment outcomes. The introduction of immunotherapy, including PD-
L1 inhibitors such as atezolizumab and durvalumab, has changed the standard of care,
especially in advanced-stage disease (ES-SCLC). Combining immunotherapy with
chemotherapy allows for prolonged survival and disease control, as confirmed in the
IMpower133 and CASPIAN studies. New strategies, such as consolidation with lurbinectedin
in the IMforte study, indicate further opportunities to improve treatment outcomes. In limited-
stage disease (LS-SCLC), the groundbreaking results of the ADRIATIC study established
immunotherapy with durvalumab as the standard of care after chemoradiotherapy. However,
later lines of treatment and resistance to therapy remain a challenge, which is driving the
development of new methods such as PARP inhibitors, anti-DLL3 antibodies, and adoptive
immunotherapy. Advances in the molecular classification of SCLC and the identification of
biomarkers pave the way for more precise and effective therapeutic approaches that may

significantly improve patient prognosis in the future.
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Introduction

Small cell lung cancer (SCLC) constitutes about 13—15% of all lung cancers, and in
most cases (approx. 70%) is diagnosed in the advanced stage, the so-called extensive stage (ES-
SCLC). It is characterized by an aggressive course and initially high chemosensitivity, but
unfortunately, also a tendency to early relapses. Despite obtaining good initial responses,
progression occurs in most patients within a few months of completing treatment, and the 2-
year survival rate is only about 7% in ES-SCLC (1). The prognosis in the limited-stage (LS-
SCLC) form is slightly better, but even with aggressive combined treatment Only 20% of
patients survive for two years when treated with chemoradiotherapy and prophylactic brain
irradiation. For many decades, there has been no significant improvement in the treatment
outcomes of SCLC, which is why this tumor has been referred to as an "orphan" tumor in
oncology (2).

The breakthrough came with immunotherapy — a treatment based on inhibiting immune
checkpoints. Atezolizumab — a monoclonal antibody blocking the PD-L1 ligand — combined
with chemotherapy was the first to demonstrate prolonged survival in patients with advanced
SCLC. The results of the IMpowerl33 study published in 2018 showed that adding
atezolizumab to the standard etoposide + carboplatin regimen significantly prolonged median
overall survival (3). Following atezolizumab, the CASPIAN study yielded positive results —
using the anti-PD-L1 antibody durvalumab with the same chemotherapy also improved median
OS (4). Since 2019, immunochemotherapy has become a new standard of first-line treatment
for ES-SCLC worldwide (5). This review article discusses the mechanism of action of
atezolizumab and key clinical trials involving it in patients with SCLC. It presents this form of

therapy's efficacy, safety, and development prospects.

Mechanism of action of atezolizumab

Atezolizumab is a recombinant [gG1 monoclonal antibody directed against programmed
death receptor ligand 1 (PD-L1). Its binding to PD-L1 inhibits the interaction of this ligand with
the PD-1 receptor on T lymphocytes (and with the B7.1 co-stimulator), abolishing the
mechanism of immune surveillance evasion by tumor cells. In physiological conditions, the
PD-1/PD-L1 pathway acts as a "brake" - binding of PD-L1 (expressed, among others, on

antigen-presenting cells) to PD-1 on activated T lymphocytes induces their anergy or apoptosis,



protecting tissues from autoaggression. Cancer cells use this mechanism of immune escape:
many tumors (including SCLC) show abnormally high expression of PD-L1, which leads to
inhibition of the local antitumor response. Atezolizumab reverses this process — by blocking
PD-L1, it releases the brake imposed on T lymphocytes, restoring their ability to recognize and
destroy cancer cells (3). Unlike anti-PD-1 antibodies (e.g., nivolumab, pembrolizumab),
atezolizumab neutralizes the PD-L1 ligand on both cancer cells and immune cells in the tumor
microenvironment, which may be important in the context of the immunologically "cold"
phenotype of SCLC. At the same time, the Fc fragment of atezolizumab has been modified to
limit the induction of antibody-dependent cytotoxicity (ADCC) so that the drug does not
eliminate activated T lymphocytes expressing PD-L1 but blocks the transmission of the
inhibitory signal by them. It is worth emphasizing that small cell lung cancer is one of the
cancers with the highest mutational burden (TMB) — it is the result of long-term exposure to
tobacco smoke and reaches a median of about 8—10 mutations/Mb, exceeding the TMB of many
non-small cell cancers (6). High mutation density translates into numerous neoantigens of the
tumor, which in turn is a rational basis for therapy that unblocks the lymphocyte response.
Paradoxically, however, SCLC shows a very low expression of PD-L1 — positive
immunohistochemical staining (according to various criteria) is found in only <5-10% of cases
of this tumor (7). There is, therefore, a slight correlation between the TMB value and
immunogenicity measured by PD-L1 expression, which suggests that other mechanisms (e.g.,
immunosuppressive microenvironment with the participation of Treg cells, MDSC, etc.) may
play a major role in inhibiting the immune response in SCLC. However, the combination of
chemotherapy with atezolizumab seems to act synergistically: cytostatics cause the release of
tumor antigens and modify the tumor's immune infiltration, and simultaneous PD-L1 blockade
allows maintaining the antitumor activity of T lymphocytes against the remaining tumor cells
(3). In summary, atezolizumab "unmasks" the tumor from the immune system, which, in

combination with classical chemotherapy, leads to an intensified cytotoxic effect.

Clinical Trial Overview

IMpower133 (atezolizumab in first-line ES-SCLC): This landmark phase III trial
demonstrated the survival benefit of immunotherapy in small cell lung cancer. The trial included
403 previously untreated patients with ES-SCLC who were randomly assigned (1:1) to receive
etoposide and carboplatin-based chemotherapy plus atezolizumab (1200 mg intravenously
every 3 weeks for four induction cycles, followed by maintenance monotherapy) or identical

chemotherapy plus placebo. The primary endpoints were overall survival (OS) and progression-



free survival (PFS). After a median follow-up of 13,9 months, a significant prolongation of OS
was observed in the atezolizumab group — median OS was 12,3 months compared to 10,3
months in the control group. After 1 year from randomization, 51,7% of patients receiving
immunotherapy were alive compared to 38.2% receiving chemotherapy alone. An improvement
in PFS was also noted: median PFS was 5,2 vs 4,3 months. The objective response rate (ORR)
was similar in both groups (approximately 60%), indicating that the main effect of atezolizumab
was the prolongation of disease control time after chemotherapy-induced remission. The safety
profile of immunochemotherapy was acceptable — the frequency of severe grade 3/4 adverse
events was almost identical to chemo alone (56,6% vs 56,1%)(3). No new toxicity signals were
observed; typical immunological adverse events (such as hypothyroidism, rash, and diarrhea)
were generally mild and managed with symptomatic treatment. IMpower133 established a new
standard of care in ES-SCLC in 2018 — the etoposide + platinum + atezolizumab regimen was
approved by the FDA and EMA and entered into the treatment guidelines (8).

CASPIAN (durvalumab in first-line ES-SCLC): The phase III CASPIAN study was
conducted parallel to IMpowerl33. It provided independent confirmation of the benefit of
adding a PD-L1 inhibitor to first-line chemotherapy for SCLC. The study included 805
previously untreated patients with ES-SCLC who were randomized to one of three arms: (A)
etoposide + cisplatin/carboplatin + durvalumab, (B) the same regimen + durvalumab +
tremelimumab (anti-CTLA-4 antibody), or (C) etoposide + platinum (control arm).
Durvalumab was administered at a dose of 1500 mg every 3 weeks in combination with
chemotherapy (4 cycles) and then every 4 weeks as monotherapy until progression. The primary
analysis comparing arms A vs. C showed a significant improvement in OS with durvalumab:
median OS was 13,0 months vs. 10,3 months with chemotherapy. At 18 months after
randomization, 33,9% of patients receiving durvalumab were alive vs. 24,7% receiving
chemotherapy alone. Median PFS was slightly longer in the immunotherapy arm, although PFS
was not formally assessed as an endpoint of the study. It is worth noting that the CASPIAN
protocol allowed up to 6 cycles of chemotherapy in the control arm and optional use of
prophylactic brain irradiation (PCI) after completion of chemotherapy — despite these measures
"favoring" the control group, immunotherapy still showed an advantage. Concomitant
administration of durvalumab and tremelimumab (triple arm) did not improve the results over
durvalumab alone — median OS in the tremelimumab arm was similar (12.9 months), and the
frequency of adverse events was higher. Thus, it was confirmed that PD-L1 blockade is
beneficial, while concurrent CTLA-4 inhibition does not increase efficacy in first-line SCLC.

Durvalumab therapy was well tolerated — severe adverse events (G3/4) occurred in 62% of



patients in the durvalumab group vs 62% in the control group (4). CASPIAN has established
the role of immunotherapy in SCLC; since 2020, durvalumab has been used interchangeably
with atezolizumab in combination with first-line chemotherapy. KEYNOTE-604
(pembrolizumab in first-line ES-SCLC): The third phase III study evaluating immunotherapy
in first-line SCLC involved the PD-1 inhibitor pembrolizumab. 453 previously untreated
patients with ES-SCLC were randomized to receive four cycles of etoposide plus
cisplatin/carboplatin + pembrolizumab 200 mg every 3 weeks (up to 35 cycles) or identical
chemotherapy + placebo. The study met one of the two primary endpoints: pembrolizumab
significantly prolonged PFS. The median OS was longer in the immunotherapy group, but the
difference did not reach the protocol-defined statistical significance threshold. After 2 years of
follow-up, 22,5% of patients in the pembrolizumab group were alive vs 11,2% in the control
group, indicating a potential benefit (9).

KEYNOTE-604 (pembrolizumab in first-line ES-SCLC): The third phase III study
evaluating immunotherapy in first-line SCLC evaluated the PD-1 inhibitor pembrolizumab. 453
previously untreated patients with ES-SCLC were randomized to 4 cycles of etoposide plus
cisplatin/carboplatin + pembrolizumab 200 mg every 3 weeks (up to 35 cycles) or identical
chemotherapy + placebo. The study met one of its two primary endpoints: pembrolizumab
significantly prolonged PFS. The median OS was longer in the immunotherapy group, but the
difference did not reach the threshold of statistical significance adopted in the protocol. After 2
years of follow-up, 22,5% of patients in the pembrolizumab group survived vs. 11,2% in the
control group, indicating a potential long-term benefit in some patients despite the lack of
significance in the entire population. The toxicity profile of immunochemotherapy with
pembrolizumab was similar to that observed in IMpower133 — G3/4. Adverse events occurred
in 76.7% of patients (9). The KEYNOTE-604 results confirmed the activity of pembrolizumab
in SCLC (previously suggested by phase II studies, see below), although they did not formally
meet the requirement for improved OS. Based on these data, pembrolizumab received
accelerated (conditional) FDA approval in 2019 for the treatment of refractory SCLC (after >2
lines of therapy) — an indication based on a 19% response rate in the KEYNOTE-028/158
studies and was withdrawn in 2021 due to lack of evidence of improved OS (7,10).

CheckMate 032 (nivolumab and ipilimumab in relapsed SCLC): one of the first studies
evaluating immunotherapy in SCLC, conducted in a population of patients after relapsed
disease. The phase I/Il CheckMate 032 study was a multi-cohort, open-label study — patients
with advanced SCLC after platinum chemotherapy received nivolumab (N) as monotherapy or

nivolumab in combination with ipilimumab (I) at various doses. In the monotherapy cohort (98



patients), nivolumab was administered at a dose of 3 mg/kg every 2 weeks; in two cohorts of
combination therapy nivolumab 1 mg/kg + ipilimumab 3 mg/kg (61 patients) or nivolumab 3
mg/kg + ipilimumab 1 mg/kg (54 patients) — in both cases every 3 weeks for a maximum of 4
cycles, followed by continuation of nivolumab. The primary objective was to determine ORR.
The results were encouraging: N monotherapy gave an ORR of 10% (10/98), while the
combination of N+I at doses of 1+3 mg/kg — an ORR of 23% (14/61). The median duration of
response was 17,9 months (N) and 18,0 months (N+I 1+3), indicating the possibility of
achieving long-term remissions in some patients. The median OS was 4,4 months (N
monotherapy), 7,7 months (N+I 1+3), and 6.0 months (N+I 3+1). The N+I combination was
associated with higher toxicity: G3/4 adverse events occurred in 30% of patients (vs 13% with
nivolumab monotherapy), most commonly increased pancreatic enzyme activity, diarrhea, and
colitis. Nevertheless, CheckMate 032 demonstrated immunotherapy activity in refractory
SCLC, paving the way for FDA approval of nivolumab in 2018 in the 3rd line of treatment
(after platinum and subsequent regimen) (11). Importantly, this indication was also later
withdrawn (2021) due to the results of a confirmatory study (CheckMate 451), which did not
show an OS benefit (10).

CheckMate 451 (nivolumab and ipilimumab as maintenance therapy): a phase III study
evaluating immunotherapy in patients with ES-SCLC who had at least stable disease after first-
line chemotherapy. Eight hundred thirty-four patients who had not progressed after four cycles
of etoposide with cisplatin/carboplatin were randomized to 3 groups: (A) nivolumab +
ipilimumab (N 1 mg/kg + I 3 mg/kg every 3 weeks for four doses, then N 240 mg every 2
weeks), (B) nivolumab (240 mg every 2 weeks), or (C) placebo, administered for up to 1 year.
Unfortunately, the second interim analysis of the study found no benefit from immunotherapy
— median OS was 9,2 months in the N+I arm vs 9,6 months in the placebo arm. Nivolumab
monotherapy resulted in a median OS of 10,4 months. An increase in median PFS was noted
(1,8 months placebo vs. 2,6 months N vs. 2,4 months N+I) — however, the improvement in PFS
did not translate into a durable effect in OS. In an exploratory analysis, a trend for OS benefit
was observed in the subgroup of patients with high TMB, but this was not conclusive. A
significant limiting factor was toxicity — the N+I combination caused G3/4 adverse events in
52% of patients (vs. 11,5% after N alone and 8,4% after placebo). The most common
immunological complications included enteritis, hepatitis, and endocrine disorders. As a result,
maintenance immunotherapy after first-line therapy was not used in SCLC — the results of
CheckMate 451 contributed to the withdrawal of nivolumab and pembrolizumab indications in

subsequent lines, and interest was directed towards consolidation strategies after completion of



chemoradiotherapy (see ADRIATIC below) instead of concurrent immuno-chemical therapy
(12).

IFCT-1603 (atezolizumab vs chemotherapy in second line): a French randomized phase
I study evaluating the efficacy of atezolizumab monotherapy versus standard chemotherapy in
patients with relapsed SCLC after a platinum regimen. Seventy-three patients with relapsed
disease (61 platinum-sensitive, 12 resistant) were randomly assigned in a 2:1 ratio to
atezolizumab (49 patients, 1200 mg every 3 weeks) or chemotherapy (24 patients, most often
topotecan). The primary endpoint was the disease control rate at 6 weeks. Unfortunately,
atezolizumab did not demonstrate significant activity: ORR was only 2.3% (1/43 treated; one
partial response), while in the chemotherapy group, ORR reached 10%. Median PFS was also
worse in immunotherapy — 1,4 vs 4,3 months. The median OS did not differ significantly, but
only 20% of patients in the atezolizumab arm survived 1 year, which confirms the lack of
clinical advantage. It is worth adding that in the immunohistochemical analysis of tumors, only
1 of 53 samples tested (2%) showed PD-L1 expression, which reflects the immunologically
"cold" nature of advanced SCLC. Atezolizumab was well tolerated - only 4% of patients
experienced G3 adverse events (fatigue, hormonal disorders), while after chemotherapy this
percentage reached 75% (mainly bone marrow suppression). The IFCT-1603 study confirmed
the limited efficacy of atezolizumab monotherapy in relapsed SCLC. It indicated that
immunotherapy makes sense primarily in combination with other methods (chemotherapy,
radiotherapy) in the early phase of the disease (13).

KEYNOTE-028 and 158 (pembrolizumab in relapsed SCLC): Finally, it is worth
mentioning two single-arm studies that paved the way for immunotherapy in refractory SCLC.
The multi-cohort phase Ib KEYNOTE-028 trial evaluated pembrolizumab in 24 patients with
relapsed SCLC, but only in those with PD-L1 expression >1%, achieving an ORR 0f33% (8/24)
in this selected group. This was followed by the phase II KEYNOTE-158 trial, which
administered pembrolizumab to 107 patients without PD-L1 matching and achieved an ORR of
18.7% (20/107). The median duration of response was 17.9 months (7). These results (pooled
analysis of 131 patients with ORR 19% and median OS 9 months) were the basis for accelerated
registration of pembrolizumab in the US (2019) in 3rd line SCLC — as mentioned, this indication
was withdrawn after the publication of KEYNOTE-604 and CheckMate 451 results, which did
not confirm OS prolongation (9,10,12). Nevertheless, the KEYNOTE-028/158 studies proved
that about 1/5 of patients with relapsed SCLC can achieve objective remission after

immunotherapy, sometimes lasting more than a year. Searching for predictors of this



extraordinary sensitivity (e.g., the role of PD-L1 level, TMB, and molecular subtypes is being
studied) remains an important goal of further research.

S1929 study (atezolizumab + talazoparib as maintenance therapy): Immunotherapy for
small cell lung cancer also develops towards targeted and personalized therapies. An example
is the American phase II S1929 study (SWOG), in which the PARP inhibitor talazoparib was
used in combination with atezolizumab as maintenance therapy in patients with ES-SCLC,
selected for Schlafen 11 protein (SLFN11) expression. SLFN11 is a biomarker of sensitivity to
PARP inhibitors; it is expressed by approximately 40% of SCLC tumors. Only SLFN11-positive
patients who did not progress after completion of induction immunochemotherapy (carboplatin
+ etoposide + atezolizumab) were qualified for S1929. 106 such patients were randomized to
continue atezolizumab alone (control arm) or atezolizumab in combination with talazoparib.
The primary endpoint was time to progress. Results presented in 2023 showed that adding
talazoparib significantly prolonged PFS: median PFS was 2,9 vs 2,4 months. At month 6, the
percentage of patients free from progression was 34% in the combination group vs 20% in the
atezolizumab group. Median OS was similar (15,3 vs 15,6 months) — no difference in overall
survival has been observed so far, although the follow-up is short. Importantly, S1929
prospectively confirmed the value of biomarker-based patient selection: in SLFN11-positive
patients, maintenance therapy with atezolizumab plus a PARP inhibitor prolonged disease
control. This is the first such report in SCLC and may become a starting point for subsequent
phase III maintenance therapy studies based on the tumot's molecular features (14).

IMforte (lurbinectidine + atezolizumab as consolidation): Recent strategies investigate
adding a third agent to immunochemotherapy. An example is the phase I1I IMforte study, which
evaluated the maintenance of remission with lurbinectidine (a transcription inhibitor, cytotoxic
drug approved in 2nd-line SCLC) in combination with atezolizumab, compared with
atezolizumab alone, in patients with ES-SCLC after induction with a standard regimen
(platinum + etoposide + atezolizumab). In October 2024, it was announced that the combination
of lurbinectidine with atezolizumab significantly improved survival compared to atezolizumab
monotherapy. According to a press release (preliminary data), median OS and PFS were
prolonged in the combination arm, and the safety profile was acceptable. The full results of the
IMforte study have not yet been published (they are scheduled for presentation at a scientific
conference). However, this combination is already seen as a potential new consolidation
standard after the first line. In the future, this could lead to the approval of a four-drug regimen

(chemotherapy + atezolizumab + lurbinectidine) in ES-SCLC (15).
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NRG-LUO005 (atezolizumab with chemoradiotherapy in LS-SCLC): Immunotherapy is
also being evaluated in a limited stage. NRG-LUOOS is a randomized phase II/III trial adding
atezolizumab to standard concurrent chemoradiotherapy in patients with LS-SCLC. Interim
analysis results were presented at the ASTRO meeting in September 2024 — unfortunately,
atezolizumab given concurrently with chemoradiotherapy did not improve survival compared
with chemoradiotherapy alone. The 2-year survival rate was 48% in both arms. Therapy with
atezolizumab also proved more difficult to manage — in particular, concurrent chest irradiation
and immunotherapy were associated with a higher risk of pneumonia. The conclusion from
NRG-LUOO0S is that immunotherapy in LS-SCLC should be administered sequentially, after
completion of chemoradiotherapy, rather than concurrently (16).

ADRIATIC (durvalumab + tremelimumab after chemoradiotherapy for LS-SCLC): The
most groundbreaking study in the limited stage was the ADRIATIC study — the first to show
prolonged survival with immunotherapy in patients with LS-SCLC. In this study, after
completion of radical chemoradiotherapy (4-6 cycles of platinum + etoposide + radiation),
patients were randomized to receive durvalumab (1500 mg every 4 weeks for 2 years),
durvalumab + tremelimumab (75 mg x 4 doses), or placebo. The results were published in 2024:
durvalumab monotherapy significantly prolonged OS and PFS compared with placebo. The
median OS was 55,9 vs. 33,4 months, and the median PFS was 16.6 vs. 9,2 months. After 3
years from randomization, 71% of patients receiving durvalumab were alive vs. 57% in the
placebo group. The addition of tremelimumab did not further improve the results (the triple arm
remains blinded, but the study already met its objective in comparing durvalumab vs. placebo).
Durvalumab was relatively well tolerated — the incidence of G3/4 pneumonitis was 3,1% (vs.
2,6% in placebo). The ADRIATIC study has set a new standard in LS-SCLC: In 2023, the FDA
and EMA approved durvalumab as consolidation therapy after chemoradiotherapy in patients
who did not progress after induction. Analyses are currently ongoing to determine the optimal
timing of immunotherapy initiation (ADRIFT — after vs. during radiotherapy) and the potential
benefit of additional CTLA-4 blockade (tremelimumab arm) (17).

Efficacy and safety of therapy

Efficacy: Atezolizumab and other PD-1/PD-L1 inhibitors have revolutionized the
treatment of SCLC, but their efficacy depends on the clinical setting. The most significant
benefits are observed in first-line ES-SCLC in combination with chemotherapy.

Immunochemotherapy (atezolizumab or durvalumab + etoposide/cisplatin or carboplatin) has
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become a standard, providing an extension of median OS by about 2—3 months and an increase
in the 2-year survival rate from <10% to 20-25%. Although the absolute difference in median
OS seems small, the hazard ratios (0,70 for atezolizumab and 0,73 for durvalumab) confirm a
reduction in the risk of death by 27-30%. It is worth noting that the benefit of adding
immunotherapy is visible only after 6 months of treatment initiation — survival curves diverge
after chemotherapy completion, suggesting that atezolizumab primarily prolongs the duration
of remissions. In subgroup analyses in both IMpower133 and CASPIAN, improved OS was
observed in all distinguished patient categories (regardless of age, sex, performance status,
stage of disease, or presence of CNS metastases) (3,4). Importantly, the efficacy of
immunotherapy seems to be independent of PD-L1 expression — PD-LI-negative cases
predominate in SCLC, yet they derive comparable benefits from atezolizumab (3,13). Another
biomarker studied was TMB: in the analysis of patients with IMpower133, high TMB had no
significant effect on OS with immunotherapy, although, in CheckMate 451, a trend towards
prolonged OS was observed with N+I therapy in patients with TMB > 13 Mut/Mb (12,18).
Further work is underway to identify markers, e.g., genetic signature based on SCLC subtypes
(see below) or the level of TIGIT family receptors (inhibiting activation of NK and T cells). In
subsequent lines of treatment, the efficacy of immunotherapy is lower. Monotherapy with
nivolumab or pembrolizumab in refractory SCLC gives an ORR of 10-20% while standard
cytotoxics (e.g., topotecan) — about 10-25%. Although the rate of immunological long-term
responses 1is higher (stable remissions >1 year in ~10% of patients), nivolumab and
pembrolizumab in the late line setting failed to improve median OS compared to chemotherapy
(CheckMate 331 study — nivolumab vs topotecan) (7,10,11). Therefore, immunotherapy is
currently not routinely used in relapsed SCLC outside of research protocols. Greater hopes are
associated with targeted therapies: lurbinectidine received conditional FDA approval in 2020
(ORR 35% in a phase II study) (19). The future of refractory SCLC treatment may lie in
regimens combining immunotherapy with targeted therapies, as demonstrated by the S1929
study (atezolizumab + talazoparib in SLFN11+ patients) (14). Safety: Immunotherapy for small
cell lung cancer has a toxicity profile consistent with that observed in other malignancies, and
the addition of atezolizumab to chemotherapy does not significantly worsen treatment tolerance.
In the IMpower133 and CASPIAN studies, the incidence of grade 3—4 adverse events was 60%
in both the immunochemotherapy and control groups (3,4). Chemotherapy-related toxicity
predominated (myelosuppression — neutropenia 40%, anemia 30%, thrombocytopenia 10-20%),
while serious immunological complications were relatively rare. The most common adverse

events of atezolizumab include fatigue (all grades 39% of patients), rash (20%), thyroid

12



dysfunction (10%, mainly hypothyroidism), diarrhea (10%), and increased transaminases
(10%). Most of them are mild or moderate and respond well to symptomatic treatment or short
courses of steroid therapy. Severe immunologic adverse events (pneumonia, colitis, severe
hepatitis, grade 3/4 endocrinopathies) occur in <5% of patients (3,9). No new deaths related to
durvalumab were observed in the CASPIAN study (4), and lethal toxicity in IMpower133 was
1,4% vs 1,6% (3). Taken together, these data suggest that the addition of atezolizumab does not
significantly increase the overall toxicity of treatment, and the risk of severe immunologic
complications is limited to isolated cases. However, it is essential to closely monitor patients
during immunotherapy — especially after chemotherapy, when immunological effects begin to
dominate — and respond quickly to the first symptoms (fever, shortness of breath, diarrhea,
hormonal disorders). Implementing algorithms for adverse immunological effects and patient

education are important practice elements.

Clinical application and development prospects

Clinical application: Atezolizumab has become integral to treating metastatic small-cell
lung cancer. Current guidelines (including ASCO and NCCN) recommend etoposide + platinum
+ PD-L1 inhibitor (atezolizumab or durvalumab) as the first-line standard in all patients with
ES-SCLC without contraindications (5,15). Immunochemotherapy should include four cycles
of induction therapy, followed by a continuation of atezolizumab (or durvalumab) as
monotherapy every 3—4 weeks until disease progression or unacceptable toxicity (5). Currently,
no factors allow for selecting which patient would benefit more from immunotherapy — PD-L1
expression is not used, and TMB testing is not required. Atezolizumab is usually well tolerated,
even by older people and those in poorer general conditions, which is important because the
median age of SCLC patients is over 65 years. Population analyses indicate that patients >70
years of age also benefit from immunochemotherapy and do not report a significant
deterioration in quality of life compared to chemotherapy alone (5). Contraindications to
atezolizumab include active autoimmune diseases and organ transplants — in such situations,
treatment with chemotherapy alone should be considered. In limited-stage disease (LS-SCLC),
immunotherapy was not standard until recently. However, the results of the ADRIATIC study
have changed this — from 2023, incorporating durvalumab after completing chemoradiotherapy
is becoming the new consolidation standard (5,17). It should be noted, however, that
immunotherapy in LS-SCLC should be initiated after completing radiotherapy (as in
ADRIATIC), and not simultaneously — this was confirmed by the negative NRG-LUO0O05 study

(16). Apart from the above indications, immunotherapy in monotherapy in later lines should be
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conducted as part of clinical trials or experimental protocols (in Poland, until 2021, there was a
nivolumab program in 3rd line SCLC, but it was terminated). Exceptionally, the use of a PD-
1/PD-L1 inhibitor may be considered in a patient after multiple lines of treatment who is
diagnosed with, for example, high TMB or persistently low tumor mass after subsequent
therapies - although these are individual decisions outside the condition recommended in the
guidelines.

Development prospects: Despite progress, SCLC remains a cancer with an inferior
prognosis. Hence, numerous studies are being conducted to improve the results further. One
direction is to intensify first-line treatment — for example, by adding another drug to
immunochemotherapy (as in the IMforte study with lurbinectidine) (15). Another approach is
to add drugs targeting the microenvironment to immunotherapy — an example is the anti-TIGIT
antibody tiragolumab, which blocks an additional checkpoint on lymphocytes and NK cells.
Unfortunately, in the phase III SKYSCRAPER-02 study, the combination of tiragolumab with
atezolizumab did not improve survival over immunochemotherapy alone (20), which cooled
the expectations for this combination. However, the studies are still ongoing — other antibodies
(anti-LAG-3, anti-CD47) and kinase inhibitors (e.g., domanexafor — CXCR4 inhibitor) are
being analyzed. A significant area of research is the identification of biomarkers. Apart from
the aforementioned TMB and SLFNI11, the most significant interest is the molecular
classification of SCLC into four subtypes: SCLC-A (ASCL1), SCLC-N (NEUROD1), SCLC-
P (POU2F3) and SCLC-I (inflamed, characterized by low expression of neuroendocrine factors
and high activation of immune pathways) (16). It turns out that the SCLC-I subtype has a rich
lymphocytic infiltrate and shows higher sensitivity to immunotherapy (16). Work is underway
on tests distinguishing these subtypes in practice (e.g., appropriate immunohistochemical
panels); potentially, in the future, patients with subtype I could be candidates for more intensive
immunotherapy, and patients with "cold" subtypes - directed immediately to protocols with
targeted therapies. In the second-line and subsequent treatment, new drugs are being intensively
tested (16). However, in a phase III study, it did not improve OS over placebo, and drug

development was discontinued.

Summary and conclusions

The introduction of atezolizumab to the treatment of small-cell lung cancer was a
milestone that broke the period of therapeutic stagnation lasting over 30 years. For the first time,
extending the survival of patients with advanced SCLC was possible — immunotherapy in

combination with chemotherapy became the first-line standard, increasing the percentage of
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long-term survival of patients. Atezolizumab works by unblocking the immune response against
the tumor, which, combined with the cytotoxic effect of chemotherapy, brings a synergistic
effect. Key studies (IMpower133, CASPIAN) showed a reduction in the risk of death by about
25-30% with the addition of a PD-L1 inhibitor (3,4). Subsequent clinical trials have established
the role of immunotherapy — pembrolizumab and durvalumab confirmed activity in SCLC,
although not all of them achieved statistical significance in OS (9,12). Immunotherapy proved
particularly valuable in maintaining remission after treatment induction; it performs worse in
monotherapy in recurrent disease, which encourages its combination with other methods or uses
in populations selected by biomarkers (13,14). The safety profile of atezolizumab is favorable
— it does not significantly increase the toxicity of chemotherapy, and serious immunological
complications are rare and usually reversible with appropriate treatment (3,9). Thanks to
atezolizumab, small-cell lung cancer has become the first respiratory cancer in which
immunotherapy has improved treatment results — similar success was previously noted in
melanoma, renal cancer, or non-small cell lung cancer. Work is currently underway to further
improve the therapy: intensification of first-line treatment (e.g., adding lurbinectidine — IMforte
study), the introduction of immunotherapy to the limited stage (ADRIATIC study), and
overcoming resistance in subsequent lines (targeted drugs, vaccines, additional monoclonal
antibodies). The results to date are encouraging — for example, the use of durvalumab after
chemoradiotherapy for LS-SCLC extended the median survival to almost 5 years (17), and new
anti-PD-1 antibodies (serplulimab, tislelizumab) in combination with chemotherapy achieved
median OS of around 15 months in ES-SCLC (21). However, SCLC remains a challenging
disease to treat and requires innovative solutions. Atezolizumab paved the way for these
innovations, providing evidence that even in such an aggressive tumor, activation of the
immune system can prolong the life of patients. Future progress — based on immunotherapy and
targeted therapies — will allow us to hope that SCLC will become an increasingly controllable

disease in the coming years.
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