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Abstract

Objective: The purpose of this study was to assess whether thoracic radiotherapy (TRT) combined with chemo-
therapy (CHT) showed promising anti-tumour activity in extensive-stage small cell lung cancer (ES-SCLC), to explore
practice patterns for the radiation time and dose/fractionation and to identify prognostic factors for patients who
would benefit from CHT/TRT.

Methods: A total of 492 ES-SCLC patients were included from January 2010 to March 2019, 244 of whom received
CHT/TRT. Propensity score matching was performed to minimize bias between the CHT/TRT and CHT-alone groups.
Patients in the CHT/TRT group were categorized into four subgroups based on the number of induction CHT cycles.
For effective dose fractionation calculations, we introduced the time-adjusted biological effective dose (tBED). Cat-
egorical variables were analysed with chi-square tests and Fisher's exact tests. Kaplan-Meier curves were generated
to estimate survival rates using the R-project. Multivariate prognostic analysis was performed with Cox proportional
hazards models.

Results: Patients who received CHT/TRT experienced improved overall survival (OS) (18.1 vs 10.8 months), progres-
sion-free survival (PFS) (9.3 vs 6.0 months) and local recurrence-free survival (LRFS) (12.0 vs 6.6 months) before match-
ing, with similar results after matching. In the CHT/TRT group, the median LRFS times for the groups based on the
radiation time were 12.7,12.0, 12.0, and 9.0 months, respectively. Early TRT had a tendency to prolong PFS (median
10.6 vs 9.8 vs 9.0 vs 7.7 months, respectively, p=0.091) but not OS (median 17.6 vs 19.5 vs 17.2 vs 19.0 months, respec-
tively, p=0.622). Notably, patients who received TRT within 6 cycles of CHT experienced prolonged LRFS (p=0.001).
Regarding the radiation dose, patients in the high-dose group (tBED > 50 Gy) who achieved complete response and
partial response (CR and PR) to systemic therapy had relatively short OS (median 27.1 vs 22.7, p=0.026) and PFS
(median 11.4 vs 11.2, p=0.032), but the abovementioned results were not obtained after the exclusion of patients
who received hyperfractionated radiotherapy (all p>0.05).

Conclusion: CHT/TRT could improve survival for ES-SCLC patients. TRT performed within 6 cycles of CHT and hyper-
fractionated radiotherapy (45 Gy in 30 fractions) may be a feasible treatment scheme for ES-SCLC patients.
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Background

Small cell lung cancer (SCLC) accounts for approximately
13-15% of primary lung cancers and is characterized by
its highly aggressive nature, early dissemination and good
response to treatment, with almost two-thirds of SCLC
patients presenting in an extensive stage (ES) at the first
clinical diagnosis [1, 2]. Four to six cycles of platinum-
based chemotherapy (CHT) alone is the historic standard
treatment for ES-SCLC, with thoracic radiation (TRT)
and prophylactic cranial irradiation (PCI) considered for
patients who achieved response despite controversy [3,
4]. Recently, the FDA approved immunotherapy (I0) as
a front-line treatment option in combination with CHT
given the results of the IMpower133 and CASPIAN tri-
als [5, 6]. Moreover, the use of PCI may further decrease
if IO can reduce the incidence of brain metastasis in ES-
SCLC patients [7].

Prior studies have demonstrated that TRT plays a vital
role in terms of regional control and improved survival
for ES-SCLC patients. A previous study published by Jer-
emic et al. was the first to point out the importance of
TRT in ES-SCLC but with less attention [8]. The CREST
trial, despite the primary endpoint at 1 year not being
met, illustrated a 10% 2-year improvement for patients
who responded to CHT with subsequent TRT [9]. Sub-
group analysis of the CREST trial concluded that TRT
should not be offered to patients who achieved com-
plete intrathoracic response [10]. In other separate sec-
ondary analyses, survival was improved in patients with
2 or fewer metastases, and the presence of liver and/or
bone metastases was an important factor in identify-
ing beneficiaries [11, 12]. Additionally, the RTOG 0937
study, which delayed progression but regrettably failed
to improve 1-year overall survival (OS), reported no dif-
ference among patients who underwent TRT early or
late [13]. Several retrospective analyses also suggested
that TRT in combination with CHT was associated with
long-term survival [14—18]. This treatment strategy was
advocated for certain ES-SCLC patients both in the 2020
NCCN guidelines [19] and in the ASTRO 2020 guide-
lines [20]. Nevertheless, there is no clear consensus on
the application of TRT for ES-SCLC to date. Especially in
the absence of TRT, as a first-line treatment, IO with the
incorporation of atezolizumab or durvalumab into the
CHT scheme has prolonged survival, making the role of
TRT even more unclear. Hence, we conducted this ret-
rospective real-world study. The aims of this study were
as follows: first, to characterize whether TRT added to

CHT (CHT/TRT) showed promising anti-tumour activ-
ity in ES-SCLC; second, to explore the appropriate TRT
time and optimal radiation dose/fraction for survival; and
third, to identify prognostic factors influencing the clini-
cal outcome for ES-SCLC patients to distinguish who
would benefit from CHT/TRT.

Materials and methods

Patients and study design

We retrospectively registered ES-SCLC patients who
were treated in Shandong Cancer Hospital between Janu-
ary 2010 and March 2019. Clinical information, includ-
ing demographic details, Eastern Cooperative Oncology
Group (ECOG) performance status (PS) score, metastatic
sites, treatment information, and haematological and
nonhaematological toxicities, was collected from elec-
tronic medical records. Eligible patients had to satisfy the
following criteria: (1) histologically or cytologically con-
firmed as having SCLC and in the ES by imaging at the
initial diagnosis; (2) at least two cycles of CHT regard-
less of TRT receipt; and (3) an ECOG PS score of 0-2.
The exclusion criteria were as follows: (1) patients who
received salvage radiotherapy due to recurrence; (2) a
history of malignancy in other sites that affect survival;
and (3) incomplete clinical data or lost to follow-up. Our
study was approved by the Ethics Review Committee of
Shandong Cancer Hospital.

Treatment strategy

The CHT regimens were mainly platinum combined with
etoposide. All patients were administered either 3D con-
formal radiotherapy (3D-CRT) or intensity-modulated
radiation therapy (IMRT). The gross tumour volume
(GTV) encompassed the primary tumour and the posi-
tive lymph nodes. The clinical target volume (CTV) was
defined as the GTV with a 5 mm margin, and the plan-
ning target volume (PTV) was expanded from the CTV
with a 5—8 mm margin. If the tumour lesion was too large
to carry out a tolerable radiotherapy plan, a 5-10 mm
margin was directly expanded on the basis of the GTV to
form the planning gross target volume (PGTV). Consid-
ering different radiation fractionations and time efficien-
cies, we employed the time-adjusted biological effective
dose (tBED) formula [21]: tBED=(nd) {1+ [d/(«/B)]} —
[0.693t/(aTpot)], where n is the number of fractions, d
represents the dose per fraction, a/fp =10, a=0.3 Gy, t is
the number of radiotherapy days, and Tpot is the poten-
tial doubling time (5.6 days) [22, 23].
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Assessment of the response and toxicity

Imaging examinations were required almost every 2
cycles of CHT, before or after TRT, or as clinical mani-
festations worsened. The tumour response to first-line
treatment was assessed by the Response Evaluation Cri-
teria in Solid Tumors (RECIST) version 1.1. Efficacy was
classified as complete response (CR), partial response
(PR), stable disease (SD), or progressive disease (PD) [24].
Toxic effects were assessed according to the Common
Terminology Criteria for Adverse Events (version 4.0)
[25].

Statistical analysis

Statistical analysis was performed via SPSS version 24.0
software (IBM Corp). Propensity score matching (PSM)
(1:1) was performed to ensure well-balanced characteris-
tics between the CHT/TRT and CHT-alone groups. The
propensity score was calculated by a multivariable logis-
tic regression model, with TRT as the dependent variable
and age, sex, ECOG PS score, smoking index, metastatic
organs, number of metastases, brain metastasis, liver
metastasis, bone metastasis, weight loss, and PCI as
the covariates. Chi-square and Fisher’s exact tests were
employed to compare baseline characteristics between
groups. Survival information, including OS, progression-
free survival (PFS) and local recurrence-free survival
(LRFS), was collected until October 31, 2019. OS was cal-
culated from the date of diagnosis to death or the period
up to the observation point. PFS was defined as the time
of diagnosis until disease progression or death. LRFS was
defined as the date of diagnosis until the time of local
recurrence or death. Kaplan—Meier curves including
the numbers at risk were plotted using R-project (ver-
sion 4.0.3, http://www.Rproject.org). Univariable and
multivariate Cox regression analyses were performed to
identify the potential predictors of ES-SCLC patients. All
statistical analyses were two-sided, and a P value<0.05
was considered statistically significant.

Results

Patient characteristics

After rigorous reviews, 492 patients met the eligibility
criteria for the final analysis, 244 of whom received CHT/
TRT and 248 received CHT alone. The clinical charac-
teristics of the study cohorts were comparable after PSM
(Additional file 1: Table S1).

The median follow-up duration of the CHT/TRT group
was 33 months. In total, 196 patients received conven-
tional fractionated radiotherapy (40-66 Gy at 1.8-2 Gy/
fraction daily), 40 patients received hyperfractionated
radiotherapy (45 Gy at 1.5 Gy/fraction twice per day),
and 8 patients received hypofractionated radiotherapy
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(30-51 Gy at 3 Gy/fraction daily). PCI was given as 25 Gy
or 30 Gy in ten fractions. A total of 98 patients had bone
metastasis, 31 of whom accepted bisphosphonates and 28
of whom received palliative radiotherapy to relieve pain.
A total of 148 patients had brain metastases, with more
than 80% (121 patients) undergoing either whole-brain
radiotherapy (WBRT) or stereotactic radiotherapy (SRT).
Notably, 33 patients received IO or targeted therapy after
recurrence.

Patients were apportioned to four groups regarding the
number of induction CHT cycles prior to TRT. Group A
received TRT before or at the second cycle of CHT (<2
cycles, n=41); group B received TRT from the third
cycle to the fourth cycle of CHT (3-4 cycles, n="78);
group C received TRT from the fifth cycle to the sixth
cycle of CHT (5-6 cycles, n=92); and group D received
TRT after the sixth cycle of CHT (>6 cycles, n=33).
There were no differences in the distribution of most var-
iables other than bone metastasis among the four groups.
To determine whether escalated doses to TRT had any
significant impact on the outcomes, patients were clas-
sified into low-dose and high-dose groups according to
two previous studies [26, 27]. Patient characteristics are
presented in Tables 1 and 2.

Survival outcomes

Patients who received CHT/TRT experienced longer OS
(18.1 vs 10.8 months), PFS (9.3 vs 6.0 months) and LRFS
(12.0 vs 6.6 months) than those who received CHT alone
before matching (all p<0.001, Fig. 1). The survival ben-
efit remained significant for OS (16.4 vs 11.6 months),
PFS (7.9 vs 6.5 months) and LRFS (10.6 vs 7.1 months)
after matching (all p<0.001, Fig. 2). In the subgroup
analysis of patients without brain metastasis, a significant
increase was observed in patients who received PCI com-
pared with those who received non-PCIL; the same was
observed for patients who received TRT + PCI compared
with those who received non-TRT +PCI (all p<0.001,
Figs. 3 and 4).

We then attempted to explore the appropriate TRT
time and optimal dose/fraction in the population who
received CHT/TRT. With regard to the radiation time,
the median LRFS (mLRFS) times based on the radiation
time were 12.7, 12.0, 12.0, and 9.0 months, respectively.
The median PFS (mPFS) times were 10.6, 9.8, 9.0, and
7.7 months, respectively. The median OS (mOS) times
were 17.6, 19.5, 17.2, and 19.0 months, respectively.
Patients who received TRT within 6 cycles of CHT had a
better mLRES than those who received TRT after 6 cycles
of CHT (p=0.001). Kaplan—Meier survival curves con-
cerning the radiation time are shown in Fig. 5. Regarding
the radiation dose, patients in the high-dose group had
better OS (median 20.8 vs 17.3, p=0.747), PFS (median
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Table 1 Clinical characteristics of ES-SCLC patients based on the radiation time
Variables <2cycles 3-4cycles 5-6¢cycles >6 cycles p value
Age,y <60 20 36 46 15

>60 21 42 46 18 0.950
Sex Male 34 60 68 30

Female 7 18 24 3 0.189
ECOG PS score 0-1 38 71 85 32

2 3 7 7 1 0487
Smoking index > 400 20 47 38 15

<400 21 31 54 18 0.098
Metastatic organs single 16 36 33 9

Multiple 25 42 59 24 0.266
Number of metastases <2 1 18 16 4

>2 30 60 76 29 0.345
Brain metastasis yes 25 46 55 22

no 16 32 37 1 0.891
Liver metastasis yes 9 21 35 7

no 32 57 57 26 0.128
Bone metastasis yes 18 22 38 20

no 23 56 54 13 0014
Weight loss yes 4 8 14 5

no 37 70 78 28 0.695
pCl yes 3 6 5 2

no 38 72 87 31 0.641
Radiation dose <50 Gy 27 50 60 22

>50 Gy 14 28 32 1 0.994

ES-SCLC, Extensive-stage small-cell lung cancer; ECOG PS, Eastern Cooperative Oncology Group performance status; PCI, Prophylactic cranial irradiation;

9.9 vs 9.0, p=0.679) and LRFS (median 12.7 vs 114,
p=0.977), but the differences were not statistically sig-
nificant (all p>0.05). We further analysed the patients
who achieved CR and PR to systemic therapy, with the
low-dose group having better OS (median 27.1 vs 22.7,
p=0.026) and PFS (median 11.4 vs 11.2, p=0.032)
(Fig. 6). Unfortunately, the differences were not sig-
nificant when patients who received hyperfractionated
radiotherapy were excluded (all p>0.05). Specifically,
patients who received 45 Gy at 1.5 Gy/fraction twice
per day experienced better OS (median 22.7 vs 18.2,
p=0.036) and PFS (median 11.3 vs 9.3, p=0.047) than
those who received 60 Gy radiotherapy at 2 Gy/fraction
daily (Fig. 7). In addition, patients in the hypofraction-
ated radiotherapy group had similar outcomes to those
in the conventional fractionated radiotherapy group (all
p>0.05).

Response to treatment and treatment failure

The ORRs according to the radiation time and radiation
dose were 68.3% vs 60.3% vs 57.6% vs 48.5% (p=0.377)
and 72.9% vs 51.6% (p=0.001), respectively. Regard-
ing failure patterns, in the CHT/TRT group, 29 (11.9%)

patients had progression in the thoracic area, 74 (30.3%)
patients had progression at distant sites, and 90 (36.9%)
patients developed regional and distant recurrence,
whereas in the CHT-alone group, 35 (14.1%) patients
had progression in the thoracic area, 25 (10.1%) patients
had progression at distant sites, and 151 (60.9%) patients
developed regional and distant recurrence. The local
relapse rate was significantly decreased with the receipt
of TRT (48.8% vs 75.0%); however, the distant control rate
was disappointing (67.2% vs 71.0%). More specifically, the
recurrence rates of these four groups were 70.7%, 73.1%,
81.5%, and 97.0%, respectively (p <0.001), while no signif-
icant difference was found between the high-dose group
and the low-dose group (78.6% vs 80.0%, p=0.726).

Prognostic factors influencing survival

The following factors were identified as significant prog-
nostic factors for OS in univariate analysis: ECOG PS
score (p=0.013), smoking index (p=0.014), number of
metastases (p =0.006), metastatic organs (p <0.001), liver
metastasis (p <0.001), bone metastasis (p =0.011), weight
loss(p=0.021), and PCI (p=0.018). Next, multivari-
ate analysis revealed that an excellent PS score and PCI
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toxic. Leucopenia was more frequent than other toxici-
ties, and no treatment-related deaths occurred. No signif-

icant difference was observed among these four groups.
Nausea/vomiting and TRT-induced oesophagitis were

Variables Low -dose High-dose p value
Age,y <60 77 40

>60 82 45 0.838
Sex Male 128 64

Female 31 21 0.344
ECOG PS score 0-1 149 77

2 10 8 0.374
Smoking index > 400 79 41

<400 80 44 0.829
Metastatic organs Single 56 38

Multiple 103 47 0.147
Number of metastases <2 31 18

>2 128 67 0.755
Brain metastasis Yes 97 51

No 62 34 0.878
Liver metastasis Yes 50 22

No 109 63 0.364
Bone metastasis Yes 68 30

No 91 55 0.257
Weight loss Yes 24 7

No 135 78 0.125
PCl Yes 12 4

No 147 81 0.588

more common in the high-dose group than in the low-
dose group. Haematologic and nonhaematologic toxici-
ties are summarized in Table 4.

Discussion

In the present study, TRT added to CHT in ES-SCLC
patients was associated with long-term survival both
before and after matching. We found that the mOS for
patients treated with CHT/TRT was 18.1 months, which
is similar to a retrospective study that demonstrated a
comparable mOS (17 months) [14]. Two recent rand-
omized phase III trials confirmed survival advantages
in ES-SCLC patients who received both IO and CHT.
IMpower133 was the first trial to show improved sur-
vival in patients treated with atezolizumab combined
with CHT (mOS 12.3 months vs 10.3 months). The
CASPIAN study also showed an improvement in sur-
vival, which reported an mOS of 13.0 months in the dur-
valumab combined with CHT group and 10.3 months
in the CHT-alone group. Based on the above two stud-
ies, atezolizumab or durvalumab combined with CHT
has become the preferred recommended protocol for

ES-SCLC, Extensive-stage small-cell lung cancer; ECOG PS, Eastern Cooperative
Oncology Group performance status; PCl, Prophylactic cranial irradiation;

were independent, favourable prognostic factors for OS.
Liver metastasis, weight loss and the smoking index were
adverse factors affecting prognosis in ES-SCLC patients
(all p<0.05). Details are presented in Table 3.

Safety profile

In this study, side effects of grade II and above (haema-
tologic toxicity, gastrointestinal toxicity, acute radiation-
induced pneumonitis, and oesophagitis) were defined as

ES-SCLC. Notably, patients could have PCI, but TRT
was not allowed in these two studies. However, survival
data from both studies did not show superior survival
with CHT/IO compared to CHT/TRT. Whether IO com-
bined with TRT could improve survival remains to be
further determined, and the role of TRT is more difficult
to determine with the inclusion of IO; furthermore, the
optimal time and radiation dose have not been uniformly
characterized.

With respect to the radiation time, the Jeremic trial
reported a survival advantage when TRT was given after
three cycles of CHT [8], whereas a retrospective study by
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Fig. 1 Kaplan—-Meier survival curves of all patients in the CHT/TRT and CHT-alone groups before matching
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Luo et al. did not show a significant benefit between early  therefore, TRT has been administered to enhance locore-
and late TRT [28]. We evaluated the efficacy of intro- gional control. Further evaluation is required to deter-
ducing TRT at different time points. An improvement, mine whether TRT could provide a clear survival benefit.
albeit not statistically significant, in PFS was found with ~ Several reasons may account for this fact. First, ES-SCLC
earlier TRT compared to delayed TRT, suggesting that is a systemic disease, and early TRT may be more effec-
earlier TRT could prolong PFS and thus improve OS, tive in improving local control than extrathoracic control.
although this benefit was not durable. Additionally, TRT  Second, the unbalanced prognostic factor of bone metas-
within 6 cycles presented a significant difference in LRFS;  tasis may have resulted in a statistical disconformity.
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Finally, the number of patients in each group was small,
and treatment regimens as second-line CHT after recur-
rence were inhomogeneous.

Whether a higher TRT dose could give rise to a favour-
able prognosis is still an unresolved question. Two
recently published studies suggested that patients in
the high-dose group had longer OS than those in the
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Table 3 Univariate and multivariate survival analyses
of the prognostic factors for OS in patients receiving TRT

Variables Univariate Multivariate
p value HR(95%Cl) p value
Age, y (> 60 vs<60) 0.191 - -
Sex (Male vs Female) 0.073 - -
ECOG PS score (<1vs>1) 0.013 0.52(0.31,088) 0013
Smoking index (<400 vs >400) 0.014 1.56(1.16,2.11) 0.003
Number of metastases (<2 0.006 1.01(0.61,1.68) 0.962
vs>2)
Metastatic organs (Single vs <0.001 1.52(0.97,236) 0.065
Multiple)
Brain metastasis (yes vs no) 0.299 - -
Liver metastasis (yes vs no) <0.001 1.71(1.22,241) 0.002
Bone metastasis (yes vs no) 0011 1.13(0.82,1.56) 0.455
Weight loss (yes vs no) 0.021 1.60 (1.04,2.46) 0.034
PCl (yes vs no) 0.018 0.48 (0.24,096) 0.039

ECOG PS, Eastern Cooperative Oncology Group performance status; PCl,
Prophylactic cranial irradiation; OS, overall survival; TRT, thoracic radiotherapy;
HR, hazard ratio; Cl, confidence interval

low-dose group [26, 27]. We found that patients treated
with higher doses had better mOS, mPFS and mLRFS,
but the differences were not statistically significant. We
next analysed the patients who achieved CR and PR to
systemic therapy but reached discordant conclusions;
that is, patients in the low-dose group had superiority
over those in the high-dose group. The different radiation
fractionations employed may have led to this inconsistent
result. Unlike the abovementioned studies, patients who
received hyperfractionated radiotherapy were included in
our study. Moreover, receiving TRT at 45 Gy/30 fractions
twice per day translated into a survival benefit in contrast
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with receiving radiotherapy at 60 Gy/30 fractions daily,
which was consistent with the findings of Luan et al. [29].
Thus, TRT at 45 Gy/30 fractions twice daily appears to
be a feasible treatment scheme for ES-SCLC patients.
An interesting finding was that patients in the hypof-
ractionated radiotherapy group had similar prognoses
to patients in the conventional fractionated radiother-
apy group and acceptable adverse effects, bringing great
convenience for patients with weak physical conditions.
However, the number of patients who received hypofrac-
tionated radiotherapy was small, and more homogeneous
studies are needed to confirm the results.

However, we focused on the independent predictors
in ES-SCLC patients who received TRT, including the
ECOG PS score, PCI, smoking index, liver metastasis and
bone metastasis. The ECOG PS score is traditionally used
to predict the outcome of SCLC patients, with two pre-
vious studies reporting a relatively short OS duration in
patients with a poor PS score [30, 31]. Our results were
in conformity with their findings and indicate that TRT
confers a survival advantage in patients with a good PS
score and that the treatment tolerance in patients with
an excellent PS score could be better than that in those
with a poor PS score; thus, it seems reasonable to select
ES-SCLC patients with an excellent PS score for systemic
therapy with TRT. PCI was also proven to be a prognos-
tic factor for improved survival. Furthermore, OS was
improved with TRT + PCI compared to non-TRT 4 PCIL.
However, PCI was administered to only 16 patients, mak-
ing statistical comparisons difficult. Taken together, these
results show that the relationship between PCI and sur-
vival needs to be further verified.

Concerning distant metastasis, two previous studies
by Nakazawa K et al. and Ren Y et al. revealed that a

Table 4 Adverse events summarized by the time and dose of TRT

Toxic Effect/Grade <2cycles 3-4 cycles 5-6 cycles >6 cycles p value Low-dose High-dose p value
Haematologic toxicity grade > 2

Leucopenia 27 52 49 18 0.244 90 56 0.159
Anemia 9 10 7 0.111 20 12 0.734
Thrombocytopenia 7 12 14 0.994 24 14 0.778
Nausea/vomiting

Grade 0-1 33 62 79 24 137 61

>Grade 2 8 16 13 9 0.388 22 24 0.006
TRT-induced Oesophagitis

Grade 0-1 37 71 83 29 148 72

>Grade 2 4 7 9 4 0.729 11 13 0.036
TRT-induced Pneumonitis

Grade 0-1 35 64 77 25 133 68

>Grade 2 6 14 15 8 0.714 26 17 0476

TRT, thoracic radiotherapy



Han et al. Radiat Oncol (2021) 16:47

single metastasis was associated with better OS than
multiple metastases [32, 33]. In contrast, metastatic
sites (multiple vs single) and the number of metastases
in our analysis were significantly obvious in univariate
analysis, but they did not affect survival in multivari-
ate analysis. One possible reason was the different sam-
ple sizes of the two groups. Cai et al. and Qin et al.
reported that patients diagnosed with liver metastasis
had a significantly increased risk of death, while no
benefit was found in patients without brain metastasis
and bone metastasis [34, 35]. Our results were consist-
ent with these results and confirmed that patients with-
out liver metastasis had better OS than those with liver
metastasis. A high proportion of patients with brain
metastasis who underwent either WBRT or SRT had a
prognosis similar to that of those without brain metas-
tasis. Owing to timely therapy with diphosphonates
and palliative radiotherapy, there was no significant dif-
ference in OS between patients with and without bone
metastasis. Further studies are needed to formulate the
therapeutic schedule of ES-SCLC patients with liver
metastasis.

Needless to say, the smoking index was identified as a
negative predictor of OS [36, 37]. Weight loss was consid-
ered the diagnostic criterion for cancer cachexia accord-
ing to a previous study by Fearon et al. [38]. We speculate
that weight loss in ES-SCLC patients may be associated
with a heavy tumour burden, tumour progression or low
food intake caused by chest pain and dyspnoea, leading
to decreased quality of life and an increase in mortality.
Furthermore, our study confirmed that CHT/TRT was
well tolerated in patients with ES-SCLC.

As previously reported, integrating IO and TRT may
potentiate a synergistic effect and possibly augment the
anti-tumour immune response, resulting in locoregional
control and enhancing the IO effect on extrathoracic
metastasis [39—41]. One prospective study by Welsh JW
et al. corroborated that pembrolizumab added to TRT
was safe and well tolerated in ES-SCLC patients, with the
risk of treatment-related complications being manage-
able [42]. It is necessary to conduct large-scale prospec-
tive cohort studies to put this treatment paradigm into
practice for ES-SCLC.

In addition to the retrospective nature of our research,
several other limitations should be acknowledged. First,
the small number of patients in the subgroups limited the
statistical analyses. Second, the radiation dose/fraction,
diversified therapeutic modality after disease progression
and radiation target volume schemes may have contrib-
uted to study bias. Third, no biomarker analysis was per-
formed, and patients who were lost to follow-up were not
included in the study. Further studies are warranted to
clarify the findings of this study.
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Conclusion

Considering the current and previous reports, there is
no doubt that TRT could improve survival in ES-SCLC
patients. TRT performed within 6 cycles of CHT and
delivered hyperfractionated (45 Gy in 30 fractions) may
be an appropriate treatment scheme. Consolidation
TRT could be an option for patients who undergo PCI,
with no liver metastasis, with a satisfactory ECOG PS
score, with no weight loss as well as those who cease
smoking. Nevertheless, whether TRT and PCI are
superior in the era of IO is unknown. Future prospec-
tive studies that establish adjunct immune checkpoint
inhibitors are required to confirm this hypothesis.
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