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ABSTRACT

Background: Small-cell lung cancer (SCLC) is an aggressive neuroendocrine malignancy charac-
terized by rapid proliferation, early metastatic spread, and poor prognosis. Approximately 70%
of patients are diagnosed with extensive-stage disease, for which systemic therapy remains the
cornerstone of treatment. However, despite high initial response rates, intrathoracic and intracra-
nial disease control remains a major challenge.

Objective: This review aims to critically assess the current role of radiotherapy in extensive-stage
SCLC, with a particular focus on prophylactic cranial irradiation (PCI), thoracic consolidative
radiotherapy, and emerging strategies in the era of chemo-immunotherapy.

Methods: We reviewed pivotal randomized trials, contemporary imaging-driven studies, and on-
going dlinical trials evaluating radiotherapy-based strategies in extensive-stage SCLC, including
thoracic consolidation, brain-directed approaches, oligometastatic treatment, and combinations
with immunotherapy and novel systemic agents.

Results: Historically, PCI and thoracic consolidative radiotherapy demonstrated benefits in dis-
ease control and long-term survival in selected patients treated in the pre-immunotherapy era.
However, advances in brain MRI surveillance and the integration of immune checkpoint inhib-
itors have challenged the systematic use of these approaches. Recent and ongoing trials are explor-
ing optimized patient selection, radiotherapy timing, dose and volume adaptation, hippocampal-
sparing techniques, stereotactic approaches, and synergistic combinations with immunotherapy.
Novel agents such as DLL3-targeting bispecific antibodies further expand therapeutic perspec-
tives.

Conclusion: Radiotherapy remains a key component of multimodal management in extensive-
stage SCLC beyond palliation. Its optimal integration in the chemo-immunotherapy era requires
a personalized, multidisciplinary approach, and the results of ongoing clinical trials will be critical

e e BenBencn S SemdBerenSencne camdl] dlbarmencmaBea Semomcts

1. Introduction

Small-cell lung cancer (SCLC) is a high-grade neuro-
endocrine malignancy characterized by rapid prolifer-
ation, marked biological aggressiveness, and an early
tendency for metastatic dissemination. It accounts for
approximately 13-15% of all lung cancers and

remains associated with a poor prognosis despite re-
cent therapeutic advances (1).

From a clinical perspective, disease course and
survival in patients with SCLC are closely related to
the stage at diagnosis. Localized disease, correspond-
ing to limited-stage SCLC, is associated with a median
survival of approximately 25-30 months when a mul-
timodal treatment strategy is feasible. In contrast, the
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majority of patients (around 70%) are diagnosed with
extensive-stage disease (stage IV), with a median sur-
vival not exceeding 10—12 months, despite high initial
response rates to systemic therapies (1,2).

Recent advances in imaging have significantly
improved initial staging. The routine use of positron
emission tomography combined with computed to-
mography (PET-CT) has enhanced the detection of
subclinical metastatic disease, while brain magnetic
resonance imaging (MRI) has become the reference
modality for screening cerebral metastases, which are
common in SCLC. These developments have led to
more accurate staging and improved patient selection
for different therapeutic strategies (3).

In parallel, technological innovations in radio-
therapy have profoundly transformed clinical prac-
tice. The development of modern conformal radio-
therapy techniques, such as volumetric modulated arc
therapy (VMAT), now allows improved tumor cover-
age while reducing radiation exposure to organs at
risk. Moreover, the evolution toward smaller target
volumes, particularly through the adoption of in-
volved-field radiotherapy concepts, has contributed to
reducing treatment-related toxicity without compro-
mising tumor control (4,5).

Within this context of improved staging, tech-
nological progress, and evolving systemic treatments,
the role of radiotherapy in extensive-stage SCLC war-
rants reappraisal. Once largely confined to a palliative
role, radiotherapy may now play a more integrative
role in selected patients, both for locoregional disease
control and as part of combined modality treatment
strategies.

Given the predominance of extensive-stage dis-
ease at diagnosis and the limitations of systemic ther-
apies alone, a focused analysis of the management of
extensive-stage SCLC—and in particular the role of
radiotherapy—appears essential.

2. Extensive-stage SCLC: current chal-
lenges and clinical data

Despite a high initial sensitivity to chemotherapy and
to combined chemo-immunotherapy regimens, con-
trol of thoracic disease remains a major challenge in
extensive-stage small-cell lung cancer (SCLC). Several
studies have shown that approximately 70-75% of
patients have persistent thoracic disease after initial
systemic treatment, reflecting incomplete locore-

gional control (6,7).

Furthermore, intrathoracic progression occurs
early during the course of the disease. Up to 90% of
patients develop thoracic progression within the first
year following diagnosis, even in the presence of an
initial favorable response to systemic therapy. This
persistent or recurrent thoracic disease represents a
major source of morbidity and may contribute to de-
terioration in performance status, thereby limiting ac-
cess to subsequent lines of treatment (8).

These findings highlight that systemic therapy
alone is insufficient to achieve durable disease control,
both at the locoregional and metastatic levels. In this
context, improving local tumor control emerges as a
key therapeutic challenge in extensive-stage SCLC,
supporting the investigation of strategies incorporat-
ing additional local treatments.

By analogy with the issue of intracranial disease
control—which led to the evaluation of prophylactic
cranial irradiation (PCI)—the potential role of tho-
racic consolidative radiotherapy has been explored in
patients achieving a response to initial systemic ther-
apy. Such approaches aim to reduce the risk of local
progression, prolong disease control, and potentially
improve overall survival in carefully selected patients.

This rationale naturally leads to a discussion of
the respective roles of PCI and thoracic radiotherapy
in extensive-stage SCLC.

3. Prophylactic cranial irradiation in ex-
tensive-stage small-cell lung cancer

Extensive-stage small-cell lung cancer (SCLC) is char-
acterized by a strong propensity for cerebral dissemi-
nation, which is associated with substantial neurolog-
ical morbidity and a significant deterioration in qual-
ity of life. The cumulative risk of brain metastases ex-
ceeds 50% during the course of the disease, even
among patients achieving an initial favorable response
to systemic therapy. This observation provided the ra-
tionale for the development of preventive strategies
such as prophylactic cranial irradiation (PCI).
Historically, PCI was evaluated in extensive-
stage SCLC based on compelling results obtained in
limited-stage disease. The randomized phase III trial
conducted by Slotman et al. (EORTC 08993-22993)
represented a major milestone in this setting. This
study included 286 patents with extensive-stage
SCLC who had responded to chemotherapy, without
systematic baseline brain imaging. Patients were ran-
domized to receive either PCI or observation. PCI
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significantly reduced the incidence of symptomatic
brain metastases at one year (14.6% vs. 40.4%, p <
0.0001) and improved overall survival, with a me-
dian survival of 6.7 months versus 5.4 months and
a one-year survival rate of 27.1% versus 13.3% in
the control arm. These findings led to the adoption
of PCI as a standard of care in patients with exten-
sive-stage SCLC responding to chemotherapy for
more than a decade.

However, advances in diagnostic practices, par-
ticularly the routine use of brain magnetic resonance
imaging (MRI), prompted a critical reappraisal of this
strategy. The Japanese randomized phase III trial con-
ducted by Takahashi et al. enrolled 224 patients with
extensive-stage SCLC who had responded to plati-
num-based chemotherapy and all had a negative brain
MRI at baseline. Patients were randomized to receive
PCI (25 Gy in 10 fractions) or MRI surveillance with
treatment of brain metastases at the time of detection.
In contrast to the EORTC trial, this study did not
demonstrate an overall survival benefit with PCI, with
a median survival of 11.6 months in the PCI arm ver-
sus 13.7 months in the surveillance arm (p = 0.094),
despite a significant reduction in the incidence of
brain metastases.

The discrepancy between these two trials can
largely be explained by major methodological differ-
ences. In the EORTC trial, the absence of systematic
baseline brain imaging likely resulted in the irradia-
tion of subclinical brain metastases already present at
the time of treatment, potentially accounting for part
of the observed survival benefit. Conversely, the Japa-
nese study was based on a modern MRI surveillance
strategy, enabling early detection and targeted treat-
ment of brain metastases, thereby reducing the poten-
tial impact of PCI on overall survival.

These data have led to an evolution in clinical
practice and recommendations. PCI in extensive-
stage SCLC is no longer considered a systematic ap-
proach and should be discussed on a case-by-case ba-
sis, taking into account patient performance status, re-
sponse to systemic therapy, life expectancy, the risk of
neurocognitive toxicity related to irradiation, and the
feasibility of regular brain MRI surveillance. In pa-
tients for whom close MRI follow-up is feasible, an
active surveillance strategy with deferred treatment of
brain metastases represents a valid alternative to PCI.

Finally, the recent introduction of immunother-
apy in the first-line treatment of extensive-stage SCLC
raises additional questions regarding the role of PCI.

Pivotal trials incorporating immune checkpoint in-
hibitors did not systematically evaluate the impact of
PCI, and specific data remain limited. The potential
effect of immunotherapy on the incidence of brain
metastases and on the benefit—risk balance of PCI
warrants further investigation in dedicated prospec-
tive studies.

4. Thoracic consolidative radiotherapy in
extensive-stage small-cell lung cancer

In extensive-stage small-cell lung cancer (SCLC),
standard treatment is based on platinum—etoposide
chemotherapy, now combined with immunotherapy.
Although these treatments achieve high initial re-
sponse rates, locoregional control remains insufficient,
with frequent persistence of residual thoracic disease
and a high risk of early intrathoracic progression. Ap-
proximately 70—75% of patients have persistent tho-
racic disease after chemotherapy, and up to 90% de-
velop intrathoracic progression within the first year,
highlighting the limitations of systemic therapy alone
and supporting the evaluation of additional local
treatment strategies.

In this context, thoracic consolidative radiother-
apy has been investigated as a means to improve lo-
coregional control and potentially overall survival.
The CREST trial (Chest Radiotherapy Extensive-
Stage Small-Cell Lung Cancer Trial), published by
Slotman et al. in 2015, represents the pivotal study
evaluating this approach in extensive-stage SCLC (9).
This randomized phase III trial included 498 patients
with extensive-stage SCLC who achieved a complete
or partial response after 4-6 cycles of platinum—
etoposide  chemotherapy. All patients received
prophylactic cranial irradiation and were then ran-
domized to receive either thoracic consolidative radi-
otherapy or no thoracic radiotherapy.

Thoracic radiotherapy was delivered at a dose of
30 Gy in 10 fractions using two-dimensional or three-
dimensional conformal techniques. Target volumes
were defined based on post-chemotherapy residual
disease, including the residual gross tumor volume
with a 15-mm margin to generate the planning target
volume, without elective irradiation of initially in-
volved nodal areas. Strict dosimetric constraints were
applied, particularly a lung V20 below 35%, in order
to limit pulmonary toxicity (9).

The primary endpoint of the CREST trial was

overall survival at one year. This analysis did not show
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a statistically significant difference between the two
arms, with one-year survival rates of 33% in the tho-
racic radiotherapy arm and 28% in the control arm (p
= 0.066). However, significant benefits were observed
for several secondary endpoints. Overall survival at
two years was significantly improved in the thoracic
radiotherapy arm (13% versus 3%, p = 0.004), sug-
gesting a long-term benefit in a subset of selected pa-
tients (9). In addition, progression-free survival at six
months was significandy higher in the thoracic radio-
therapy arm (24% versus 20%, p = 0.001), reflecting
improved tumor control.

The hazard ratio for overall survival was 0.84 in
favor of thoracic radiotherapy, indicating a moderate
relative reduction in the risk of death. Subgroup anal-
yses suggested that the benefit of thoracic consolida-
tive radiotherapy was more pronounced in patients
with limited metastatic burden, particularly in the ab-
sence of liver or brain metastases, and in those who
achieved a good response to initial systemic therapy
(9,10). These findings emphasize the importance of
careful patient selection for this strategy.

In terms of safety, thoracic consolidative radio-
therapy was generally well tolerated, with acceptable
pulmonary and esophageal toxicity, likely related to
the use of limited target volumes and moderate dose-
fractionation schedules (9). These data confirm the
feasibility of this approach in a selected population of
patients with extensive-stage SCLC.

At present, evidence from the CREST trial and
subsequent analyses suggests that thoracic consolida-
tive radiotherapy represents a relevant therapeutic op-
tion for patients with extensive-stage SCLC who re-
spond to initial systemic therapy, have good perfor-
mance status, and exhibit persistent residual thoracic
disease (10,11). Its primary goal is to improve locore-
gional control and prolong long-term survival in a
subset of patients. However, its exact role in the era of
immunotherapy remains to be defined, and prospec-
tive studies are needed to determine optimal sequenc-
ing and to identify the patients most likely to benefit.

5. Therapeutic perspectives and ongoing
clinical trials

Despite the recent integration of immunotherapy into
first-line treatment, the prognosis of extensive-stage
small-cell lung cancer (SCLC) remains poor, with fre-
quent relapses and insufficient locoregional disease
control. In this context, several ongoing clinical trials

are exploring innovative strategies aimed at optimiz-
ing the combination of radiotherapy and systemic
treatments, refining brain-directed management, and
evaluating novel therapeutic agents. These approaches
rely on improved patient selection, earlier integration
of local therapies, and increased personalization of
treatment strategjes.

6. Integration of thoracic radiotherapy in
the era of chemo-immunotherapy

The TREASURE trial is a randomized phase II study
evaluating the contribution of thoracic consolidative
radiotherapy in patients with extensive-stage SCLC
who have responded to induction therapy with car-
boplatin, etoposide, and atezolizumab (12). Patients
are randomized to receive either thoracic radiotherapy
(30 Gy in 10 fractions) combined with atezolizumab
maintenance or atezolizumab maintenance alone.
Stratification factors include the presence of brain me-
tastases, thoracic response after induction, and the use
of prophylactic cranial irradiation. This trial primarily
aims to assess the feasibility and tolerability of this
combined approach, as well as its potential impact on
locoregional control.

Complementarily, the TRIPLEX trial investi-
gates the addition of thoracic radiotherapy to a stand-
ard chemo-immunotherapy strategy in extensive-
stage SCLC (13). This study is based on the hypoth-
esis of a synergistic interaction between radiotherapy
and immunotherapy, whereby radiotherapy may en-
hance antitumor immune responses through antigen
release and modulation of the tumor microenviron-
ment. The results of these studies are expected to bet-
ter define the optimal sequencing and the precise role
of thoracic radiotherapy in the immunotherapy era.

According to recent ESMO-ESTRO consensus
statements, no major safety concerns have been iden-
tified overall with the combination of thoracic radio-
therapy and PD-(L)1 inhibitors, although a modest
increase in the risk of pneumonitis has been reported,
with an estimated rate of grade >3 pneumonitis of ap-
proximately 6%(14). The results of ongoing studies
such as TREASURE and TRIPLEX are therefore ex-
pected to better define not only the efficacy, but also
the optimal sequencing and safety profile of thoracic
radiotherapy in the immunotherapy era.
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7. Radiotherapy and the oligometastatic
concept

The oligometastatic concept, well established in other
solid tumors, is beginning to be explored in extensive-
stage SCLC. The RAPTOR trial (NRG-LU007)
evaluates the role of consolidative ablative radiother-
apy to residual thoracic and/or extracranial sites
(thorax, liver, and other locations) in patients with sta-
ble disease or response following chemo-immuno-
therapy (15). Patents are randomized to receive ate-
zolizumab maintenance alone or atezolizumab com-
bined with radiotherapy to all residual disease sites.
This strategy aims to determine whether aggressive lo-
cal control can improve progression-free survival and
overall survival in a selected subgroup of patients with
extensive-stage SCLC.

8. Evolution of brain irradiation strategies

In the era of chemo-immunotherapy, the role of
prophylactic cranial irradiation (PCI) in extensive-
stage small-cell lung cancer has become increasingly
controversial. Importantly, the two pivotal phase III
trials that established chemo-immunotherapy as the
standard of care differed in their trial design regarding
PCI. In the IMpower133 trial, prophylactic cranial ir-
radiation was permitted at the investigator’s discre-
tion, whereas PCI was not allowed in the CASPIAN
trial (16,17). This key methodological difference
likely influenced the reported rates of brain relapse
and limits direct cross-trial comparisons, thereby
complicating the interpretation of intracranial out-
comes in the immunotherapy era.

Brain-directed management is also undergoing
significant  evolution. The PRIMALung trial
(EORTC-1901) compares prophylactic cranial irradi-
ation (PCI) with active surveillance using regular
brain MRI in patients with extensive-stage SCLC
who have responded to systemic therapy (18). This
study incorporates modern imaging standards and
evaluates not only the incidence of brain metastases
but also neurocognitive function and quality of life.

In addition, techniques aimed at reducing cogni-
tive toxicity are actively being investigated. Hippo-
campal-avoidance PCI (HA-PCI) is permitted within
PRIMALung and is being specifically evaluated (18).
In parallel, the NRG-CC009 trial compares stereotac-
tic radiosurgery (SRS) with hippocampal-avoidant
whole-brain radiotherapy (HA-WBRT) in patients

with up to ten brain metastases from SCLC, with the
primary objective of preserving neurocognitive func-
tion while maintaining effective intracranial disease
control (19).

9. Novel systemic therapies and com-
bined strategies

Alongside radiotherapy-based strategies, novel sys-
temic treatments have recently expanded the thera-
peutic landscape of extensive-stage small-cell lung
cancer. Tarlatamab, a DLL3-targeting bispecific T-
cell engager, has demonstrated clinically meaningful
activity in patients with relapsed disease after plati-
num-based chemotherapy. Based on the results of the
phase II DeLLphi-304 trial, tarlatamab received regu-
latory approval in the United States in 2024 for the
treatment of previously treated SCLC. Updated data
published in 2025 confirmed durable responses with
a manageable safety profile, establishing tarlatamab as
a new standard in the second-line setting (20).

More recently, first-line maintenance therapy
with lurbinectedin plus atezolizumab has demon-
strated a significant clinical benefit in extensive-stage
small-cell lung cancer, as shown in the phase III IM-
forte trial, and may have implications for the timing
and integration of consolidative thoracic radiotherapy
(18).

10. Overall perspectives

Collectively, these trials illustrate a shift toward a more
personalized management of extensive-stage SCLC,
with earlier and more targeted integration of radio-
therapy, whether thoracic, cerebral, or metastatic. The
anticipated results will help to better define the patient
populations most likely to benefit from intensified ap-
proaches and to clarify the evolving role of radiother-
apy within a rapidly changing therapeutic landscape.

11. Conclusion

Radiotherapy retains a strategic role in extensive-stage
small-cell lung cancer, both for intracranial control
and thoracic locoregional disease management, be-
yond its purely palliative use.

Historical data support the use of prophylactic
cranial irradiation and thoracic consolidative radio-
therapy in selected patients; however, their validity in
the era of chemo-immunotherapy, as well as the
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optimal modalities of their use, remain to be clarified. crucial to defining a personalized and mulddiscipli-

Ongoing clinical trials integrating radiotherapy, im- nary approach to the management of extensive-stage
munotherapy, and novel targeted strategies will be SCLC.

ABBREVIATIONS

DLL3 — Delta-like ligand 3

EORTC — European Organisation for Research and Treatment of Cancer
ESMO — European Society for Medical Oncology

ESTRO - European Society for Radiotherapy and Oncology

ES-SCLC - Extensive-stage small-cell lung cancer

HA-PCI — Hippocampal-avoidance prophylactic cranial irradiation

HA-WBRT — Hippocampal-avoidant whole-brain radiotherapy

MRI — Magnetic resonance imaging

NCCN - National Comprehensive Cancer Network

PCI - Prophylactic cranial irradiation

PD-(L)1 — Programmed death-(ligand) 1

PET-CT - Positron emission tomography combined with computed tomography

SCLC -

Small-cell lung cancer

SRS — Stereotactic radiosurgery

V20 — Percentage of total lung volume receiving 20 Gy or more
VMAT - Volumetric modulated arc therapy
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