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Purpose  This study aimed to compare the failure patterns before and after the introduction of immunotherapy and to determine the 
role of thoracic radiotherapy (TRT) in extensive-stage small-cell lung cancer (ES-SCLC) treatment.
Materials and Methods  We retrospectively reviewed 294 patients with ES-SCLC, of which 62.2% underwent chemotherapy alone, 
13.3% underwent chemotherapy followed by consolidative TRT (TRT group), and 24.5% underwent chemotherapy with immune 
checkpoint inhibitor (ICI group). We performed propensity-score matching (PSM) to compare each treatment group.  
Results   The median follow-up duration was 10.4 months. At the first relapse, in the cohort showing objective response, the propor-
tion of cases showing intrathoracic progression was significantly lower in the TRT group (37.8%) than in the chemotherapy-alone 
(77.2%, p < 0.001) and the ICI (60.3%, p=0.03) groups. Furthermore, in the subgroup analysis, TRT showed benefits related to  
intrathoracic progression-free survival (PFS) in comparison with ICI in patients with less than two involved extrathoracic sites (p=0.008) 
or without liver metastasis (p=0.02) or pleural metastasis (p=0.005) at diagnosis. After PSM, the TRT group showed significantly bet-
ter intrathoracic PFS than both chemotherapy-alone and ICI groups (p < 0.001 and p=0.04, respectively), but showed no significant 
benefit in terms of PFS and overall survival in comparison with the ICI group (p=0.17 and p=0.31, respectively).
Conclusion  In ES-SCLC, intrathoracic progression was the most dominant failure pattern after immunotherapy. In the era of chemo-
immunotherapy, consolidative TRT can still be considered a useful treatment strategy for locoregional control. 
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Intrathoracic Progression Is Still the Most Dominant Failure Pattern after 
First-Line Chemo-immunotherapy in Extensive-Stage Small-Cell Lung Cancer: 
Implications for Thoracic Radiotherapy 

Introduction

Small-cell lung cancer (SCLC) accounts for 14% of all lung 
cancers and exhibits the most aggressive behavior, which is 
associated with rapid tumor growth and early distant metas-
tasis [1]. Two-thirds of patients with SCLC present with 
extensive-stage SCLC (ES-SCLC) at the time of diagnosis 
[2,3]. For decades, the cornerstone of treatment in patients 
with ES-SCLC has been 4-6 cycles of platinum-based chemo-
therapy and etoposide [4]. Although combination chemo-
therapy can improve short-term survival, long-term survival 
remains poor [5]. Most patients eventually experience dis-
ease progression, and the 2-year survival rate is less than 5% 
[1].

Several phase 3 randomized controlled trials and meta-
analyses have evaluated the role of consolidative thoracic 

radiotherapy (TRT) in patients with ES-SCLC who respond-
ed to first-line chemotherapy [6-11]. These studies revealed 
that chemotherapy followed by TRT significantly improved 
local control, progression-free survival (PFS), and overall 
survival (OS) in selected patients [6-11]. As a result, in the 
chemotherapy era, consolidative TRT became a standard of 
care in patients with ES-SCLC who showed a favorable res-
ponse to chemotherapy. 

More recently, several phase 3 studies have demonstrated 
significant survival benefits with a combination of chemo-
therapy and immune checkpoint inhibitor (ICI) therapy in 
ES-SCLC [12-14]. Therefore, current guidelines recommend 
chemoimmunotherapy as the first-line treatment for ES-
SCLC [15,16]. However, the role of TRT in the era of chemo-
immunotherapy has not yet been evaluated because the 
studies that led to the introduction of ICI did not permit the 
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use of consolidative TRT [12-14].
Therefore, this study aimed to investigate the changes in 

the patterns of failure before and after the introduction of 
immunotherapy in ES-SCLC and to determine the role of 
TRT in the era of chemoimmunotherapy.

Materials and Methods

1. Study population
We retrospectively reviewed the medical records of 396  

patients who were diagnosed as showing ES-SCLC at two 
institutions from January 2016 to June 2021. At the initial 
diagnosis, F-18 fluorodeoxyglucose positron emission tomo-
graphy (FDG-PET)/computed tomography (CT) and brain 
magnetic resonance imaging (MRI) were performed to eval-
uate the patients. The exclusion criteria for this study were 
as follows: less than 3 months of follow-up; treatment with 
only the best supportive care; and history of other malignan-
cies within 5 years, excluding in situ tumors of the breast or 
uterine cervix, differentiated thyroid cancer, and basal cell 
carcinoma. In addition, five patients who underwent con-
solidative TRT after chemoimmunotherapy were excluded. 
Ultimately, 294 patients were included in the present study 
(S1 Fig.). 

2. Treatment 
In total, 62.2% (n=183) of the patients underwent chemo-

therapy alone, 13.3% (n=39) underwent chemotherapy fol-
lowed by consolidative TRT (TRT group), and 24.5% (n=72) 
underwent chemotherapy with ICI without TRT (ICI group). 
The chemotherapy regimen was a combination of platinum 
agents (carboplatin or cisplatin) and etoposide in all patients. 
Carboplatin and cisplatin were administered to 63.6% and 
36.4% of the patients, respectively. The median number of 
chemotherapy cycles in both the chemotherapy-alone and 
TRT groups was 6 (interquartile range [IQR], 4 to 6). The 
decision to administer consolidative TRT was made collabo-
ratively between the hemato-oncology and radiation oncol-
ogy departments. Consolidative TRT was mainly performed 
in patients who showed an objective response (complete 
response [CR] or partial response [PR]) after chemotherapy. 
The planning target volume was based on the post-chem-
otherapy volume with a 10- to 15-mm margin considering 
respiratory movements, microscopic disease, and setup 
errors. In cases showing CR after chemotherapy, the initially 
involved lymph nodes were included in the target volume. 
Furthermore, any residual lesions from multiple meta-
static lung nodules post-chemotherapy were also included 
in the TRT field. However, the initially involved extratho-
racic lesions were not included in the irradiated field. TRT 

was delivered as a median dose of 50 Gy (IQR, 45 to 54 Gy) 
over a median of 25 fractions (IQR, 15 to 27 fractions) with 
three-dimensional conformal radiotherapy (RT) (n=7, 17.9%) 
or intensity-modulated RT (n=32, 82.1%). TRT was admin-
istered with 6-10 MV photons from linear accelerators and 
all fields were treated daily (five fractions per week). TRT 
was performed for a median of 46 days (IQR, 34 to 53 days) 
after chemotherapy. Prophylactic cranial irradiation (PCI) 
was administered to 24 patients at doses of either 25 Gy in 
10 fractions or 20 Gy in 5 fractions. PCI was given based on 
physician judgment, specifically for patients without brain 
metastases on the initial brain MRI who also maintained a 
good performance status following their scheduled initial 
chemotherapy. At our institution, we favored active brain 
MRI surveillance over PCI; therefore, most patients did not 
receive PCI. Palliative TRT was conducted among patients 
showing intrathoracic disease progression after first-line 
therapy according to the judgment of a radiation oncologist, 
and it was delivered at a median dose of 39 Gy (IQR, 20 to 
50 Gy) over a median of 15 fractions (IQR, 5 to 20 fractions). 
ICI for ES-SCLC was introduced to our institution in 2020, 
and anti–programmed death-ligand 1 inhibitors (atezoli-
zumab and durvalumab) were administered for ICI. Atezoli-
zumab and durvalumab were administered in 94.4% (n=68) 
and 5.6% (n=4) of the patients, respectively. In the induction 
phase, the patients in the ICI group concurrently received 
platinum-based doublet chemotherapy with ICI; the median 
number of induction cycles was 4 (IQR, 2 to 6). The induc-
tion phase was followed by a maintenance phase in which 
patients continued to receive ICI until evidence of disease 
progression or intolerable toxicity was observed; the median 
number of maintenance cycles was 4 (IQR, 2 to 7). In the ICI 
group, consolidative TRT was administered during or before 
the maintenance phase, and only five patients were treated; 
however, as mentioned above, these patients were excluded 
from the survival analysis due to the small sample size. 

3. Follow-up and assessment
Response to the initial treatment was evaluated by clinical 

examination and chest/abdominal CT every 2-3 cycles of the 
initial chemotherapy with or without ICI. Subsequently, rou-
tine follow-up assessments were conducted every 3 months. 
At every visit, the patients underwent blood and biochemi-
cal tests, chest radiography, CT, and brain MRI. FDG-PET/
CT and fine-needle aspiration biopsy were performed as 
required. Tumor response to initial treatment was assessed 
by the physicians with the Response Evaluation Criteria in 
Solid Tumors (RECIST) ver. 1.1 [17]. 

4. Statistical analysis
The chi-square test or Fisher’s exact test were performed 
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to compare variables according to treatment group. We per-
formed propensity-score matching (PSM) analysis to control 
for differences in characteristics between treatment groups. 
The variables used in PSM were as follows: age, sex, Europe-
an Cooperative Oncology Group performance status, smok-
ing status, duration of follow-up, response to systemic ther-
apy, number of involved extrathoracic sites, and metastasis 
status in the brain, bone, liver, and pleura at diagnosis. The 
matched cohorts were constructed using 2:1 (chemotherapy-
alone group/TRT group), 2:1 (chemotherapy-alone group/

ICI group), and 1:1 (TRT group/ICI group) ratios for each 
comparison group, respectively. Using propensity scores, 
each treatment group was matched with a nearest-neighbor 
matching algorithm using a caliper width of 0.5 standard 
deviations. Intrathoracic progression was defined as tumor 
progression or newly developed lesions in the lung, medi-
astinal lymph nodes, or pleura. The primary endpoints were 
intrathoracic PFS and PFS. Intrathoracic PFS was defined 
as the time from diagnosis to intrathoracic disease progres-
sion, death, or the last follow-up. PFS was defined as the 

Table 1.  Baseline patient characteristics by treatment group (n=294)

Characteristic
	 Chemotherapy  	 Chemotherapy 	 Chemotherapy	

p-value
	 alone (n=183)	 with TRT (n=39)	 with ICI (n=72)

Age group (yr)
    < 65	 62 (33.9)	 15 (38.5)	 17 (23.6)	 0.19
    ≥ 65	 121 (66.1)	 24 (61.5)	 55 (76.4)
Sex			 
    Female	 19 (10.4)	 7 (17.9)	 10 (13.9)	 0.38
    Male	 164 (89.6)	 32 (82.1)	 62 (86.1)
ECOG performance status			 
    0-1	 158 (86.3)	 34 (87.2)	 64 (88.9)	 0.86
    2	 25 (13.7)	 5 (12.8)	 8 (11.1)
Smoking status			 
    Never smoked	 30 (16.4)	 9 (23.1)	 10 (13.9)	 0.46
    Current or former smoker	 153 (83.6)	 30 (76.9)	 62 (86.1)
No. of involved extrathoracic sites			 
    0-1	 98 (53.6)	 32 (82.1)	 38 (52.8)	 0.003
    ≥ 2	 85 (46.4)	 7 (17.9)	 34 (47.2)
Brain metastasis at diagnosis			 
    No	 139 (76.0)	 29 (74.4)	 50 (69.4)	 0.56
    Yes	 44 (24.0)	 10 (25.6)	 22 (30.6)
Bone metastasis at diagnosis			 
    No	 97 (53.0)	 28 (71.8)	 38 (52.8)	 0.09
    Yes	 86 (47.0)	 11 (28.2)	 34 (47.2)
Liver metastasis at diagnosis			 
    No	 119 (65.0)	 36 (92.3)	 52 (72.2)	 0.003
    Yes	 64 (35.0)	 3 (7.7)	 20 (27.8)
Pleural metastasis at diagnosis			 
    No	 149 (81.4)	 33 (84.6)	 54 (75.0)	 0.39
    Yes	 34 (18.6)	 6 (15.4)	 18 (25.0)
Follow-up duration (mo)			 
    < 10 	 101 (55.2)	 10 (25.6)	 29 (40.3)	 0.001
    ≥ 10 	 82 (44.8)	 29 (74.4)	 43 (59.7)
Response to 1st line systemic therapya)			 
    SD or PD	 38 (20.8)	 2 (5.1)	 9 (12.5)	 0.03
    PR or CR	 145 (79.2)	 37 (94.9)	 63 (87.5)
Values are presented as number (%). CR, complete response; ECOG, Eastern Cooperative Oncology Group; ICI, immune checkpoint  
inhibitor; IQR, interquartile range; PD, progressive disease; PR, partial response; SD, stable disease; TRT, thoracic radiotherapy. a)Median 
number of 1st line systemic therapy cycles was 6 (IQR, 4 to 6) in the chemotherapy alone group; 6 (IQR, 4 to 6) in the TRT group; 4 (IQR, 
2 to 6) in the ICI group. 
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time from diagnosis to any disease progression, death, or the 
last follow-up. The secondary endpoint was OS, which was 
calculated from the date of diagnosis to all-cause mortality. 
Survival outcomes were calculated by Kaplan-Meier analysis 
and comparisons between treatment groups were performed 
by log-rank test. We assessed grade 3 or higher esophageal 
and bronchopulmonary toxicities related to TRT using the 
Common Terminology Criteria for Adverse Events (ver. 5.0). 
We defined statistical significance as a p < 0.05. All statistics 
were evaluated using STATA software ver. 17.0 (Stata Corp., 
College Station, TX).

Results

1. Patient characteristics
Table 1 presents the patient characteristics of the entire 

cohort according to treatment groups. The median patient 
age was 68 years (IQR, 48 to 84 years). The distribution of 
the number of involved extrathoracic sites, liver metastasis 
at diagnosis, follow-up duration, and response to systemic 
therapy differed across treatment groups. The number of  
patients with fewer than two extrathoracic sites involved, 
no liver metastasis at diagnosis, longer follow-up duration, 
and objective response (PR or CR) to systemic therapy was 
significantly greater in the TRT group than in the other treat-
ment groups. However, the treatment groups showed no sig-
nificant differences for the other variables. 

After initial chemotherapy, the proportion of patients who 
experienced a worsening in Eastern Cooperative Oncology 
Group (ECOG) performance status was 26.2% (n=48) in the 
chemotherapy-alone group, 15.4% (n=6) in the TRT group, 
and 25.0% (n=18) in the ICI group. Notably, the TRT group 
exhibited a lower proportion of patients with deteriorating 
performance status post-initial systemic therapy than the 

other groups. Regarding the completion rate of scheduled  
initial chemotherapy, it was 79.8% for the chemotherapy-
alone group, 92.3% for the TRT group, and 87.5% for the ICI 
group. As for dose reductions during chemotherapy, the rate 
was 34.4% (with reductions of 20%-40%) for the chemother-
apy-alone group, 12.8% (with reductions of 20%-30%) for 
the TRT group, and 31.9% (with reductions of 20%-30%) for 
the ICI group. Fewer patients in the TRT group underwent a 
dose reduction compared to the other groups.

2. Patterns of progression and treatment outcomes
The median follow-up duration was 10.4 months (IQR, 

6.9 to 16.1 months). The patterns of progression in the entire 
cohort are described in Table 2. During the follow-up period, 
disease progression occurred in 208 patients (84.9%): 172 in 
the chemotherapy-alone group, 57 in the ICI group, and 26 
in the TRT group. The chemotherapy-alone group (94.0%) 
had a significantly higher proportion of patients experienc-
ing any disease progression than the TRT group (66.7%,  
p < 0.001) and ICI group (79.2%, p < 0.001). Furthermore, 
the chemotherapy-alone group (84.2%) had a significantly 
higher proportion of patients showing intrathoracic disease 
progression than the TRT group (53.8%, p < 0.001) and ICI 
group (68.1%, p=0.004); however, the TRT and ICI groups 
did not show a significant difference (p=0.14). The propor-
tion of patients showing intrathoracic disease progression 
among all disease events was 89.5% (154/172) in the chem-
otherapy-alone group, 80.8% (21/26) in the TRT group, and 
86.0% (49/57) in the ICI group. However, no significant dif-
ference was observed across the three groups (p=0.39). Fur-
ther details on the patterns of intrathoracic progression are 
provided in S2 Table. Of the total intrathoracic progressions 
(n=224), 92.4% (n=207) occurred from the initial thoracic 
lesion. When categorized by group, the TRT group exhibited 
a lower rate of disease progression from the initial intratho-

Table 2.  Patterns of disease progression according to the treatment group (n=294)

	 Chemotherapy  	 Chemotherapy 	 Chemotherapy	
p-value

	 alone (n=183)	 with TRT (n=39)	 with ICI (n=72)

Any site progression	 172 (94.0)	 26 (66.7)	 57 (79.2)	 < 0.001
Intrathoracic progression	 154 (84.2)	 21 (53.8)	 49 (68.1)	 < 0.001
    Thorax only	 41 (22.4)	 3 (7.7)	 10 (13.9)	 0.05
    Thorax and brain	 22 (12.0)	 4 (10.3)	 7 (9.7)	 0.85
    Thorax and other sites	 67 (36.6)	 8 (20.5)	 19 (26.4)	 0.07
    Thorax, brain, and other sites	 24 (13.1)	 6 (15.4)	 13 (18.1)	 0.46
Extrathoracic progression only	 18 (9.8)	 5 (12.8)	 8 (11.1)	 0.85
    Brain only	 2 (1.1)	 0 (	 5 (6.9)	 0.01
    Brain and other sites	 9 (4.9)	 4 (10.3)	 1 (1.4)	 0.13
    Other sites only	 7 (3.8)	 1 (2.6)	 2 (2.8)	 0.87
Values are presented as number (%). ICI, immune checkpoint inhibitors; TRT, thoracic radiotherapy.
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racic lesion, at 66.7% (14/21), compared to the chemother-
apy-alone group at 96.7% (149/154) and the ICI group at 
89.8% (44/49).

After first-line systemic therapy, 245 patients achieved an 
objective response according to the RECIST criteria. The pat-
terns of the first site of failure in these patients are shown 
in Table 3. At the first progression, the proportion of cases 
showing intrathoracic disease progression was 77.2% in the 
chemotherapy-alone group, 37.8% in the TRT group, and 
60.3% in the ICI group; it was significantly lower in the TRT 
group than in the chemotherapy-alone group and the ICI 
group (p < 0.001 and p=0.03, respectively). Furthermore, 
the proportion of cases showing intrathoracic progression 
among all events at the first relapse was 83.0% (112/135) in 
the chemotherapy-alone group, 58.3% (14/24) in the TRT 

group, and 77.6% (38/49) in the ICI group; the proportion in 
the TRT group was significantly lower than that in the chem-
otherapy-alone group (p=0.006) and showed a marginal sig-
nificance in comparison with that in the ICI group (p=0.08).

The median intrathoracic PFS and PFS were 5.8 months and 
5.4 months in the chemotherapy-alone group, 11.0 months 
and 9.2 months in the TRT group, and 6.9 months and 6.0 
months in the ICI group, respectively. The 6-month and 
1-year intrathoracic PFS were 51.4% and 17.0% in the chemo-
therapy-alone group, 94.9% and 64.3% in the TRT group, and 
60.3% and 34.9% in the ICI group, respectively. The 6-month 
and 1-year PFS were 39.3% and 6.0% in the chemotherapy-
alone group, 87.2% and 30.8% in the TRT group, and 50.0% 
and 24.9% in the ICI group, respectively. The Kaplan-Meier 
curves for intrathoracic PFS and PFS showed significant dif-

Table 3.  The patterns of the first site of failure in the cohorts with an objective response (n=245)

	 Chemotherapy  	 Chemotherapy 	 Chemotherapy	
p-value

	 alone (n=145)	 with TRT (n=37)	 with ICI (n=63)

Any site progression	 135 (93.1)	 24 (64.9)	 49 (77.8)	 < 0.001
Intrathoracic progression	 112 (77.2)	 14 (37.8)	 38 (60.3)	 < 0.001
    Thorax only	 56 (38.6)	 6 (16.2)	 13 (20.6)	 0.004
    Thorax and brain	 8 (5.5)	 1 (2.7)	 4 (6.3)	 0.72
    Thorax and other sites	 39 (26.9)	 6 (16.2)	 14 (22.2)	 0.37
    Thorax, brain, and other sites	 9 (6.2)	 1 (2.7)	 7 (11.1)	 0.24
Extrathoracic progression only	 23 (15.9)	 11 (29.7)	 11 (17.5)	 0.20
    Brain only	 8 (5.5)	 5 (13.5)	 7 (11.1)	 0.17
    Brain and other sites	 7 (4.8)	 3 (8.1)	 2 (3.2)	 0.83
    Other sites only	 8 (5.5)	 3 (8.1)	 2 (3.2)	 0.56
Values are presented as number (%). ICI, immune checkpoint inhibitor; TRT, thoracic radiotherapy. 

Fig. 1.  Kaplan-Meier curves of intrathoracic progression-free survival (A) and progression-free survival (B) according to the treatment 
group in the entire cohort. CTx, chemotherapy; ICI, immune checkpoint inhibitor; TRT, thoracic radiotherapy.
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Fig. 2.  Kaplan-Meier curves of intrathoracic progression-free survival and progression-free survival in the propensity-score matched 
cohorts. The chemotherapy-alone and the TRT groups were matched in a 2:1 ratio, and intrathoracic progression-free survival (A) and 
progression-free survival (B) were compared. The chemotherapy-alone and the ICI groups were matched in a 2:1 ratio, and intrathoracic 
progression-free survival (C) and progression-free survival (D) were compared. The TRT and the ICI groups were matched in a 1:1 ratio, 
and intrathoracic progression-free survival (E) and progression-free survival (F) were compared. CTx, chemotherapy; ICI, immune check-
point inhibitor; TRT, thoracic radiotherapy.
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ferences across the three groups (all p < 0.005) (Fig. 1A and 
B). The median OS of the chemotherapy-alone, TRT, and 
ICI groups was 9.8, 16.4, and 11.6 months, respectively. The 
6-month and 1-year OS were 79.8% and 37.2% in the chemo-
therapy-alone group, 97.4% and 66.7% in the TRT group, and 
83.3% and 54.6% in the ICI group, respectively. The Kaplan-
Meier curves for OS showed significant differences in both 
TRT and ICI groups in comparison with the chemotherapy-
alone group (p < 0.001 and p=0.01, respectively) (S3 Fig.); the 
TRT group showed a trend of better OS than the ICI group 
(p=0.08) (S3 Fig.). 

Palliative TRT was not performed in patients who recei-
ved consolidative TRT but was performed in 7.7% and 
15.3% of patients in the chemotherapy-alone group and ICI 
group, respectively (S4A Fig.). In the cohort with an objec-
tive response, palliative TRT was performed in 5.5% and 

12.7% of the patients in the chemotherapy-alone and ICI 
groups, respectively (S4A Fig.). In both the entire cohort and 
the objective response cohort, the patients in the ICI group 
tended to receive more palliative TRT than those in the TRT 
group, but the difference was not statistically significant 
(entire cohort: p=0.06; objective response cohort: p=0.07). In 
addition, consolidative TRT was performed less in the chem-
oimmu-notherapy era than in the chemotherapy era. Indeed, 
in the entire cohort, the proportion of patients receiving con-
soli-dative TRT decreased from 17.6% to 6.5% after the intro-
duction of immunotherapy (S4B Fig.). Moreover, among 
patients who achieved an objective response, consolidative 
TRT was performed in 20.3% of the patients in the chemo-
therapy era and 7.4% of those in the chemoimmunotherapy 
era (S4B Fig.).

Treatment for initial brain metastasis or brain disease pro-

Fig. 3.  Intrathoracic progression-free survival (A) and progression-free survival (B) according to subgroup analyses between the TRT and 
ICI groups in the cohort with an objective response. CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard 
ratio; ICI, immune checkpoint inhibitor; TRT, thoracic radiotherapy.  (Continued to the next page)
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gression was performed in a total of 57 patients. Of these, 27 
were in the chemotherapy-alone group, 15 in the TRT group, 
and 15 in the ICI group. The treatment modalities for these 
patients included: whole brain radiotherapy (n=41), whole 
brain radiotherapy after craniotomy (n=2), whole brain radi-
otherapy after Gamma knife radiosurgery (n=5), craniotomy 
(n=1), and Gamma knife radiosurgery (n=8).

Regarding treatment–related toxicities, in the TRT group, 
grade 3 esophagitis and pneumonitis were observed in one 
(2.6%) and two (5.1%) patients, respectively; no patient expe-
rienced toxicities exceeding grade 3. In both the chemother-
apy-alone group and the ICI group, there were no cases of 
esophagitis of grade 3 or higher. Grade 3 pneumonitis was 
observed in three patients (1.6%) from the chemotherapy-
alone group and two patients (2.8%) from the ICI group; 
among the patients with pneumonitis in the chemotherapy-
alone group, one had received palliative TRT.

3. Subgroup analyses
For comparisons between the chemotherapy-alone and 

TRT groups, 76 and 38 patients were included after 2:1 
PSM, respectively. The patient characteristics of the matched 
cohort are summarized in S5 Table. In the matched cohort, 
the proportion of cases showing intrathoracic progression 
in the TRT group was significantly lower than that in the 
chemotherapy-alone group (39.5% vs. 76.3%, p < 0.001). The 
median intrathoracic PFS and PFS were 5.8 months and 5.3 
months in the chemotherapy-alone group and 9.9 months 
and 8.4 months in the TRT group of the matched cohort, 
respectively. The TRT group showed significantly better 
intrathoracic PFS and PFS than the chemotherapy-alone 
group (all p < 0.001) (Fig. 2A and B).

For comparison between the chemotherapy-alone and 
the ICI groups, 118 and 59 patients were included after 2:1 
PSM, respectively. The patient characteristics of the matched  
cohort are summarized in S6 Table. In the matched cohort, 
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the proportion of cases showing intrathoracic progression 
in the ICI group tended to be lower than that in the chemo-
therapy-alone group (62.7% vs. 75.4%, p=0.08). The median 
intrathoracic PFS and PFS were 5.5 months and 5.3 months 
in the chemotherapy-alone group and 6.0 months and 5.8 
months in the ICI group of the matched cohort, respectively. 
The ICI group showed significantly better intrathoracic PFS 
and PFS than the chemotherapy-alone group (p=0.03 and 
p=0.004, respectively) (Fig. 2C and D).

For comparisons between the TRT and the ICI groups, 
32 patients were included in each group after 1:1 PSM. The 
patient characteristics of the matched cohort are summa-
rized in S7 Table. In the matched cohort, the proportion of 
patients showing intrathoracic progression in the TRT group 
was significantly lower than that in the ICI group (34.4% vs. 
59.4%, p=0.04). The median intrathoracic PFS and PFS in 
the matched cohort were 10.3 months and 8.3 months in the 
TRT group and 7.3 months and 7.0 months in the ICI group, 
respectively. The TRT group showed a significantly better 
intrathoracic PFS than the ICI group (p=0.01) (Fig. 2E); how-
ever, PFS showed no significant difference between the two 
groups (p=0.17) (Fig. 2F). 

After PSM, OS was significantly better in both TRT and ICI 
groups than in the chemotherapy-alone group (p=0.001 and 
p=0.02, respectively) (S8A and S8B Fig.), but the difference in 
OS between the TRT and ICI groups was not statistically sig-
nificant (p=0.31) (S8C Fig.). Additionally, we roughly com-
pared OS between the patients in the TRT and ICI groups 
who received palliative TRT; the patients in the TRT group 
showed marginally better OS than those in the ICI group 
who received palliative TRT (p=0.06) (S9 Fig.).

We also performed subgroup analyses of patients who 
achieved an objective response in the TRT and ICI groups 
to identify a subset of patients who might benefit more from 
TRT (Fig. 3). In terms of intrathoracic PFS, TRT showed ben-
efits in patients with less than two involved extrathoracic 
sites (p=0.008) or without liver metastasis (p=0.02) or pleural 
metastasis (p=0.005) at diagnosis (Fig. 3A); meanwhile, TRT 
showed superior outcomes compared to ICI even in patients 
with brain metastasis (Fig. 3A). In terms of PFS, TRT showed 
better outcomes in patients without pleural metastasis (Fig. 
3B).

Discussion

In patients with ES-SCLC, chemotherapy significantly 
prolonged the survival rate, but the median survival times 
were limited to 9-12 months [18,19]. In particular, the main 
problem in ES-SCLC patients undergoing chemotherapy 
was intrathoracic tumor progression, and approximately 

90% of patients have been reported to develop intrathoracic 
progressive disease within 1 year after diagnosis [19]. Sev-
eral recent studies have demonstrated that a combination of 
chemotherapy with immunotherapy improved disease con-
trol and survival outcomes better than chemotherapy alone 
[12-14]. In these studies, 80%-85% of patients showed lung or 
mediastinal lymph node involvement at diagnosis, and only 
2.5% achieved CR after chemoimmunotherapy [12]. 

Indeed, in our study, chemoimmunotherapy yielded sig-
nificantly better treatment outcomes than chemotherapy 
alone, consistent with the results of other studies on ES-
SCLC. Nevertheless, our results revealed that intrathoracic 
progression was the most dominant pattern of failure for the 
first relapse and overall tumor progression even after chemo-
immunotherapy; besides, these failure patterns did not show 
significant differences in comparison with chemotherapy 
alone. Meanwhile, patients in the ICI group tended to receive 
more palliative TRT than those in the chemotherapy-alone 
group. This can be explained by the fact that consolidative 
TRT was performed more frequently in the chemotherapy 
era. Additionally, in a rough comparison of our results, the 
TRT group tended to have better OS than patients in the ICI 
group who received palliative TRT. These results might sug-
gest that early intervention of consolidative TRT, rather than 
palliative TRT after intrathoracic progression, probably gives 
the survival benefit in patients treated with chemoimmuno-
therapy, although we could not show treatment outcomes 
of chemoimmunotherapy with consolidative TRT. There-
fore, given the high rate of intrathoracic failure even after 
chemoimmunotherapy, management techniques for locore-
gional control, such as consolidative TRT, in selected patients 
should still be considered.

In the era of chemotherapy, several prospective studies 
and meta-analyses have demonstrated that consolidative 
TRT offers survival benefits in comparison with chemother-
apy alone [6-11]. Slotman et al. [7], in a phase 3 randomized 
controlled study, reported that the 2-year OS significantly 
improved from 3% to 13% when consolidative TRT was per-
formed in ES-SCLC patients who responded to chemothe-
rapy; the intrathoracic progression was significantly lower 
in the chemotherapy with TRT than the chemotherapy-alone 
group (44% vs. 80%). Additionally, a follow-up study found 
significantly better survival outcomes when TRT was per-
formed in patients with two or fewer distant metastases [20]. 
Accordingly, the authors suggested that more intensive TRT 
with a curative aim should be considered in ES-SCLC pati-
ents with a low tumor burden [20]. 

In our study, consistent with previous studies, TRT signifi-
cantly reduced intrathoracic tumor progression in compari-
son with chemotherapy alone; this beneficial effect of TRT 
was more prominent in patients who achieved an objective 
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response. Notably, in our study, the TRT group exhibited 
significantly better intrathoracic tumor control and intratho-
racic PFS than the ICI group, even after PSM. In addition, 
among patients with objective response, TRT showed bet-
ter intrathoracic PFS than ICI in subsets with a low initial 
tumor burden (without liver or pleural metastasis and less 
than two extrathoracic sites). We also observed that intra-
thoracic progression was predominantly observed in the 
initial thoracic lesion for both the chemotherapy-alone and 
ICI groups. While the TRT group exhibited better control of 
initial intrathoracic lesions than the other two groups, even 
though only the post-chemotherapy volume was set as the 
TRT field. Moreover, the incidence of TRT-related toxicity 
was consistent with findings from previous other studies 
and was deemed tolerable [7]. These findings suggest that 
TRT plays a complementary role in addition to chemoimmu-
notherapy in ES-SCLC. 

To date, data from phase 3 randomized controlled trials 
evaluating the effect of TRT in the era of chemoimmunother-
apy are limited; therefore, many institutions, including ours, 
are hesitant to use the combination of chemoimmunotherapy 
with TRT as first-line treatment for ES-SCLC. On the other 
hand, immunotherapy has been successfully used with TRT 
for advanced non-SCLC [21,22]. Recent retrospective studies 
have evaluated the safety and efficacy of the combination of 
immunotherapy with TRT in ES-SCLC [23,24]. Galuba et al. 
[23] reported that the addition of TRT to immunotherapy did 
not appear to be associated with increased toxicity in com-
parison with TRT alone in patients with SCLC. Diamond et 
al. [24] suggested that chemoimmunotherapy followed by 
consolidative TRT is safe and feasible with a median PFS and 
OS of 6.7 months and 16 months, respectively, which were 
comparable to the findings reported in published modern 
clinical trials. Although these retrospective studies were 
small and did not evaluate long-term outcomes, the results 
showing the safety of the combination of TRT and immu-
notherapy should encourage further studies. Additionally, 
several preclinical and clinical studies have reported that 
the combination of radiotherapy and immunotherapy can 
enhance local control and show systemic anti-tumor immu-
nity as a synergistic effect [25,26]. These results lead us to 
expect promising results from ongoing prospective trials 
evaluating the combination of chemoimmunotherapy with 
TRT for ES-SCLC.

The RAPTOR/NRG LU007 trial is a randomized phase 2/3 
study that will evaluate the PFS and OS of ES-SCLC patients 
receiving TRT after first-line chemoimmunotherapy with  
atezolizumab [27]. The TREASURE trial is a randomized 
phase 2 trial that will investigate whether the addition of 
TRT to atezolizumab maintenance therapy can improve OS 
in patients showing a response after chemoimmunotherapy 

[28]. These ongoing trials will answer important clinical 
questions regarding the need for TRT in the chemoimmu-
notherapy era. However, randomized evidence from these 
studies, which have recently started enrollment, will only 
arrive after some time. Moreover, as mentioned above, coin-
cident with the reduction in the use of consolidative TRT, 
the proportion of patients requiring palliative TRT tended 
to increase in the chemoimmunotherapy era. Therefore, our 
study tried to guide the clinical practices and elucidate the 
role of TRT until results from these trials became available.

The main strength of this study is that, to the best of our 
knowledge, it is the first study to compare the failure pat-
terns of chemotherapy-alone, consolidative TRT, and chemo-
immunotherapy and also provides potential insights into the 
role of TRT after chemoimmunotherapy in patients with ES-
SCLC. However, our study has some limitations worth con-
sideration. First, this study had a retrospective design, and 
selection bias could not be completely avoided. Indeed, the 
TRT group included more patients who responded favora-
bly to chemotherapy and had a lower tumor burden than 
the other groups. Therefore, we independently conducted 
PSM analysis for each treatment modality and performed 
subgroup analysis in the cohort that achieved an objec-
tive response to minimize the imbalance between groups. 
However, due to incomplete control over various detailed 
clinical factors—such as differences in performance status 
post-chemotherapy, chemotherapy completion rates, and 
dose reduction rates—the possibility of selection bias still  
remains. Thus, caution should be exercised when interpreting 
our results. Second, we did not directly evaluate the effect of 
combining chemoimmunotherapy with TRT. This is because 
chemoimmunotherapy for ES-SCLC was recently introduced 
at our institution and few patients had received additional 
consolidative TRT. Instead, we analyzed the change in the 
pattern of failure and treatment outcome in cohorts matched 
by each treatment group, indicating the need for investiga-
tions of the role of TRT in the immunotherapy era. Lastly, 
the sample sizes of the TRT and ICI groups were insufficient 
for detailed subgroup analysis. Therefore, further large-scale 
studies are warranted to validate our results. 

In conclusion, our results indicated that intrathoracic  
tumor progression was the dominant pattern of failure even 
after chemoimmunotherapy in patients with ES-SCLC. Con-
solidative TRT administered following chemotherapy result-
ed in significantly reduced intrathoracic tumor progression 
and improved intrathoracic PFS in comparison with chemo-
therapy alone and chemoimmunotherapy without TRT. In 
the era of chemoimmunotherapy, consolidative TRT can still 
be considered a useful treatment strategy for locoregional 
disease control.
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