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Background: The target definition of consolidation radiotherapy (RT) for extensive stage small-cell lung cancer
(ES-SCLC) has not been standardized. This study aimed to demonstrate the feasibility of post-chemotherapy based
consolidation RT in ES-SCLC.

Methods: All ES-SCLC patients without initial brain metastases who completed > 4 cycles of systemic therapy
at Department of Radiation and Medical Oncology, Zhongnan Hospital of Wuhan University from 2012 to 2021
were included in this retrospective study. We correlated the site of first recurrence to the post-chemotherapy-
based radiation volume (small-field). Relapse pattern, progression-free survival (PFS) and overall survival (OS)
were compared between those received and did not receive consolidation RT.

Results: A total of 152 patients were followed up for a median of 31.7 months (interquartile range [IQR], 23.9-
39.6 months). The median PFS and OS of the cohort were 8.3 months (IQR, 6.1-11.2 months) and 16.2 months
(IQR, 9.9-24.9 months), respectively. Thoracic consolidation RT served not only as an independent prognostic
factor for improved PFS in the entire cohort, but also significantly prolonged OS in the subgroup without syn-
chronous liver metastases. Small-field consolidation RT markedly reduced in-field recurrences (hazard ratio [HR],
0.28 [95% CI, 0.12-0.38]; P < 0.001) without increasing out-of-field recurrences (HR, 0.40 [95% CI, 0.13-1.161;
P = 0.080). No relapse was observed at the margin of the targets. Treatment-related toxicities were moderate,
with grade 3 acute radiation pneumonia, radiation esophagitis, and bone marrow suppression rates of 8.3%,
3.1%, and 12.5%, respectively. No grade 5 toxicity occurred.

Conclusion: Small-field consolidation RT based on post-chemotherapy volume is safe and can significantly im-
prove local control in ES-SCLC.

The role of radiotherapy (RT), including prophylactic cranial irradi-
ation (PCI) and thoracic consolidation RT, in ES-SCLC is still under in-

1. Introduction

Small-cell lung cancer (SCLC) accounts for approximately 15%-20%
of all lung cancers.! In 2021, approximately 30,000 new cases of SCLC
were diagnosed in the US, and it was the fifth leading cause of can-
cer death. About two-thirds of SCLC have extensive stage (ES) at di-
agnosis.>>3 Conventional standard treatment for ES-SCLC is 4-6 cycles
of platinum-based chemotherapy.*” Recently, chemotherapy combined
with programmed cell death-ligand 1 (PD-L1) antibodies has been rec-
ommended as the preferred first-line treatment for ES-SCLC.810

* Corresponding authors.

vestigated. A randomized study from Europe showed that PCI improved
overall survival (OS) in ES-SCLC showing any response to chemother-
apy.'! A subsequent multicenter study from Japan found that in cases
where occult brain metastases had been ruled out by magnetic reso-
nance imaging (MRI) scan PCI failed to prolong OS, although it could
reduce the risk of brain metastases.'?

Consolidation RT is recommended for ES-SCLC who have responded
to systemic therapies, with benefit being most likely for those with low-
bulk extrathoracic metastases.!®> The CREST study showed improved 2-
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2021, with complete follow-up

248 Patients with extensive-stage small-cell lung cancer (ES-SCLC)
treated at Zhongnan Hospital of Wuhan University between 2012 and

50 Excluded

Under 4 cycles of systemic treatments

198 ES-SCLC patients who showed response (stable disease/partial
response/complete response after 4-6 cycles of systemic treatment

46 Excluded

4

Brain metastases at time of initial diagnosis

152 Eligible ES-SCLC

A

96 Consolidation radiotherapy

| | 56 Non-consolidation radiotherapy group

Fig. 1. Patient enrollment and treatment assignment.

year OS and 6-month Progressive-free Survival (PFS) with addition of
consolidation RT.'* However, the target volumes for consolidation RT
has not been well defined. In the CREST study, consolidation RT targets
included post-chemotherapy residual lesions as well as the hilar and me-
diastinal regions that involved prior to treatments. Yee et al conducted
a phase II study exploring consolidation RT in ES-SCLC, in which the
RT targets included only residual lesions after chemotherapy irrespec-
tive of the pre-chemotherapy tumor involvements, and showed that a
reduced target indicated good tolerability as well as a low rate of lo-
cal recurrence (only 5 relapse out of 32 patients).!® In our institution,
since 2012, we have been actively recommending consolidation RT for
ES-SCLC who achieved radiological response and underwent systemic
therapies. We adopt a small-field RT method. In brief only the residual
lesions after chemotherapy are treated, without encompassing the in-
volved locations at baseline. Herein, the aim of this study is to report
the feasibility of the approach and its long-term outcomes.

2. Materials and methods
2.1. Study cohort

Patients with ES-SCLC who were treated at the Department of Radi-
ation and Medical Oncology, Zhongnan Hospital of Wuhan University
between June 2012 and October 2021 were considered for inclusion in
this retrospective study. Patients were eligible if they 1) had newly di-
agnosed, pathologically confirmed ES-SCLC; 2) were treated with four
or more cycles of systemic therapy (chemotherapy alone or chemother-
apy plus immunotherapy); and 3) showed responses to systemic ther-
apy, achieving stable disease (SD), partial response (PR) or complete
response (CR). Patients with confirmed synchronous brain metastases
at diagnosis were excluded. 152 patients met these criteria and were
grouped into consolidation thoracic RT (n = 96) and non-consolidation
RT (n = 56) groups. A flow diagram of patients’ inclusion is shown in
Fig. 1.

2.2. Treatment

Patients were first treated with systemic therapies, including
platinum-based doublet chemotherapy or chemotherapy combined with
immunotherapy. After completion of 4-6 cycles of treatments, patients
were considered for consolidation RT or close surveillance if they
achieved any response, i.e., CR, PR, or SD. The choice of PCI was at
the discretion of the physician as well as the patients’ wishes.

Both consolidation RT and PCI were delivered under the intensity-
modulated radiotherapy technique. The dose of consolidation RT was
based on the following factors: high-dose RT (> 50 Gy) was used for pa-
tients with good tumor regression after first-line chemotherapy (residual
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volume < 30 cm? after systemic treatments), while lower dose (< 50 Gy)
was considered for those with large target volumes due to poor tumor
regression after chemotherapy (the residual volume above 30 cm?). The
median consolidation RT dose was 56 Gy in 28 fractions (interquartile
range [IQR], 50 Gy in 25 fractions to 60 Gy in 30 fractions). The pre-
scribed dose for PCI was 25 Gy in 10 fractions.

A small-field approach was used for consolidation RT. The gross tu-
mor volume (GTV) included only post-chemotherapy residual lesions.
After systemtic treatment, five patients achieved CR, for whom the pre-
treatment computed tomography (CT) were registered with the CT sim-
ulated images for target determination. For them, GTV,, (tumor bed)
was contoured according to the involved scope of the primary tumor
at baseline, tailored by sparing the normal structures such as bones,
chest wall, mediastinal vessels, heart and trachea. Since all patients ex-
perienced tumor regression after first-line chemotherapy, we assumed
a very low risk of subclinical tumor invasion; therefore, the planning
target volume (PTV) was generated by adding a margin of 0.6 cm to the
GTV or GTVy, in the axial plane and 1.0 cm in the craniocaudal plane
(Fig. 2).

In the non-consolidation RT group, GTV, GTVy, and PTV were delib-
erately delineated as “virtual” target volumes using the same approach
to help map the recurrences.

2.3. Study endpoints

The primary endpoints were to investigate the feasibility of post-
chemotherapy based consolidation RT for ES-SCLC and its prognostic
value. PFS was defined as the period from the date of diagnosis to the
date of disease progression, death from any cause, or the last follow-up.
OS was defined as the period from the date of diagnosis to the date of
death from any cause or the last follow-up.

The site of first recurrence was used to determine the pattern of re-
currence. In-field recurrence was defined as at least one recurrence oc-
curring within the actual target volume (consolidation RT group) or the
“virtual” target volume (non-consolidation RT group). Out-of-field re-
currence was defined as at least one relapse arising outside the actual
target volume (consolidation RT group) or the “virtual” target volume
(non-consolidation RT group) but remaining limited to the intratho-
racic region; ipsilateral and contralateral intrapulmonary disseminated
metastases were excluded.

2.4. Statistical analysis

Categorical variables were summarized using descriptive statistics
and compared between groups using the chi-square test. The in-field and
out-of-field recurrences were analyzed using cumulative incidence func-
tions. The impact of consolidation RT on OS and PFS was assessed by
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the Kaplan-Meier method. Multivariate Cox proportional hazards anal-
ysis was performed to determine the association of different covariates
with OS and PFS. All analyses were carried out using SPSS Statistics, ver-
sion 20.0 (IBM Corp., Armonk, NY, USA). Statistical significance was set
at P < 0.05; all P-values were derived from two-tailed tests.

3. Results

The median age of the included patients was 63 years (IQR, 56—
69 years). Of them, 96/152 (63.2%) cases received consolidation RT
and 56/152 (36.8%) did not. More patients in the non-consolidation
RT group received PET-CT scans for staging than the consolidation RT
group (35.7% vs. 22.9%, P = 0.089). A relatively higher proportion of
patients in the consolidation RT group underwent PCI in comparison
to the non-consolidation group (19.8% vs. 10.7%, P = 0.145). It was
worth noting that the percentage of synchronous liver metastases was
significantly higher in the non-consolidated RT group relative to the
consolidated RT group (35.7% vs. 14.6%, P = 0.003). As of April 2022,
10/96 (10.4%) and 10/56 (17.9%) of cases in the consolidation and
non-consolidation RT groups received chemo-immunotherapy modality
[median cycles 6 (range 4-6) versus 8 (range 6-8)], while the median
cycles of chemotherapy alone of the two groups was 5 (range 4-8) versus
6 (range 4-8), respectively. Baseline characteristics of the study cohort
are presented in Table 1.

The median follow-up time for this cohort was 31.7 months (IQR,
23.9-39.6 months). Univariate analysis showed that consolidation RT
significantly improved PFS and OS, with median PFS improving from
7.5 months to 9.2 months (P = 0.001, Supplementary Fig. 1A) and the
median OS improving from 12.8 months to 17.1 months (P = 0.011, Sup-
plementary Fig. 1B). Multivariate analysis showed that consolidation RT
was an independent prognostic factor for PFS (hazard ratio [HR], 0.65
[95% CI, 0.45-0.94]; P = 0.024, Supplementary Table 1) but not for OS
(HR, 0.70 [95% CI, 0.46-1.08]; P = 0.107, Supplementary Table 2).

Given that liver metastases being an important confounder for OS,
we then stratified the entire cohort by the synchronous liver metastases,
and found that consolidation RT could only improve PFS and OS in pa-
tients without synchronous liver metastases (Fig. 3A and B), but failed to
bring any survival benefits in subgroup of synchronous liver metastases
(Fig. 3C and D).

Relapse was observed in 78/96 (81.2%) and 51/56 (91.1%) patients
in the consolidation and non-consolidation RT groups, respectively. In
the consolidation RT group, 21/96 (22%) patients experienced in-field
recurrence, with median time to recurrence of 20.4 months (95% CI,
16.3-24.5 months), while in the non-consolidation RT group 32/56
(57%) patients experienced in-field recurrence, with median time to re-
currence of 8.9 months (95% CI, 6.9-10.8 months). Consolidation RT

163

Journal of the National Cancer Center 3 (2023) 161-166

Fig. 2. An illustration of the small irradiation tar-
get volume. (A) The pretreatment image of an ex-
tensive stage small cell lung cancer patient who
achieved partial response after four cycles of combi-
nation chemotherapy. (B) The target was based on the
residual tumor. The red area represents the gross tumor
volume and the green area the planning target volume.

significantly reduced the risk of in-field recurrence at 1-year from 76.1%
to 26.9% (HR, 0.28 [95% CI, 0.12-0.38]; P < 0.01).

Out-of-field recurrence occurred in 9/96 (9.4%) and 6/56 (10.7%)
patients in the consolidation and non-consolidation RT groups, respec-
tively; the out-of-field recurrence risk at 1-year was not significantly
different (8.3% vs. 28.8%; HR, 0.40 [95% CI, 0.13-1.16]; P = 0.080).
Despite the small irradiation volume, only one patient in each group
experienced out-of-field relapse alone, with the interval from diagnosis
to relapse being 24.5 months versus 4.6 months between the consolida-
tion and non-consolidation RT groups, (HR, 0.33 [95% CI, 0.02-5.75];
P =0.430). Fig. 4 and Supplementary Table 3 summarized the cumula-
tive risk and the characteristics of recurrence in the two groups.

The first site of distant metastasis was presented in the Supplemen-
tary Table 4, where the highest risk site of the first metastasis was the
brain (41.9%), followed by the liver (14.3%). Adding consolidation RT
could not alter the pattern of the first metastasis in ES-SCLC.

Within the consolidation RT group, 74/96 (77.1%) patients received
high doses (> 50 Gy). All patients completed RT as planned without
treatment interruptions. After RT, 18/96 (18.8%) patients developed
radiation pneumonitis. Eight out of 96 (8.3%) had grade 3 or greater
toxicity. Acute radiation esophagitis was recorded in 23/96 (24.0%) pa-
tients, with 3/96 (3.1%) cases being above grade 3. Grade 3 or greater
hematological toxicities were observed in 12/96 (12.5%) patients
(Table 2). No grade 5 toxicities were observed.

4. Discussion

The benefit of consolidation RT in ES-SCLC is primarily seen in
patients who responded to systemic therapy and achieved control of
metastatic lesions. Pre-chemotherapy target volume is commonly con-
sidered for consolidation RT. In our center, we adopted a small-field
approach, targeting only the post-chemotherapy residual lesions. In this
study with long-term follow-up, we showed that our approach could
confer a survival benefit for ES-SCLC patients, especially for those with-
out liver metastases at diagnosis. Treatment-related toxicities are mod-
erate, and there is no significant increase in marginal or out-of-field
recurrence.

Jeremic et al first demonstrated that consolidation RT can signifi-
cantly improve OS and relapse-free survival rates in ES-SCLC patients
who achieved CR of metastatic lesions after induction chemotherapy.'®
Subsequently, the prospective CREST study showed that although con-
solidation RT did not improve 1-year OS (the study’s primary end-point),
it significantly improved 2-year OS from 3% to 13%. The authors re-
ported that consolidation RT predominantly reduced intrathoracic re-
currences.'®> Consistent with previous studies, our study confirmed that
consolidation RT improved PFS in ES-SCLC. Although consolidation RT
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Table 1
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Clinical characteristics of ES-SCLC patients (n = 152) in the two groups.

Variables

Consolidation RT group (n = 96)

Non-Consolidation RT group (n =56) P

Sex, No. (%)

Male 86 (89.6)

Female 10 (10.4)
Age, years (%)

<65 67 (69.8)

> 65 29 (30.2)
Smoking, No. (%)

No 23 (24.0)

Yes 73 (76.0)
ECOG PS, No. (%)

0-1 83 (86.5)

>1 13 (13.5)
Staging PET-CT, No. (%)

Yes 22 (22.9)

No 74 (77.1)
Staging MRI liver performed, No. (%)

Yes 5(5.2)

No 91 (94.8)
Synchronous liver metastases, No. (%)

No 82 (85.4)

Yes 14 (14.6)
Tumor site, No. (%)

Left 48 (50.0)

Right 48 (50.0)
T-stage, No. (%)

T1/2 24 (25.0)

T3/4 67 (69.8)

Unknown 5(5.2)
N-stage, No. (%)

NO/1 11 (11.5)

N2 43 (44.8)

N3 41 (42.7)

Unknown 1 (1.0)
Response to chemotherapy, No. (%)

SD 10 (10.4)

PR 81 (84.4)

CR 5(5.2)
Systemic therapy regimen, No. (%)

ChT 86 (89.6)

ChT+ImT 10 (10.4)
PCI, No. (%)

Yes 19 (19.8)

No 77 (80.2)

0.694
49 (87.5)
7 (12.5)

0.356
35 (62.5)
21 (37.5)

0.530
16 (28.6)
40 (71.4)

0.396
51 (91.1)
5(8.9)

0.089
20 (35.7)
36 (64.3)

0.950*
2(3.6)
54 (96.4)

0.003
36 (64.3)
20 (35.7)

0.671
26 (46.4)
30 (53.6)

0.433
9 (16.1)
44 (78.6)
3(5.3)

0.073"
2 (3.6)
19 (33.9)
33 (58.9)
2(3.6)

0.997
6 (10.7)
47 (83.9)
3(5.4)

0.191
46 (82.1)
10 (17.9)

0.145
6 (10.7)
50 (89.3)

Abbreviations: ChT, chemotherapy; CR, complete response; ECOG PS, Eastern Cooperative Oncology Group perfor-
mance status; ES-SCLC, extensive-stage small cell lung cancer; ImT, immunotherapy; PCI, prophylactic cranial irradia-
tion; PR, partial response; RT, radiotherapy; SD, stable disease.

a By the chi-square test with continuous correction.
b Fisher’s exact test.

Table 2
Administration and toxicities of consolidation RT group (n = 96).

Variables Patients, No. (%)

Total dose, Gy

> 50 74 (77.1)
<50 22 (22.9)
CTCAE acute toxicities
Radiation pneumonitis (any grade) 18 (18.8)
Grade (> 3) 8(8.3)
Radiation esophagitis (any grade) 23 (24.0)
Grade (> 3) 3(3.1)
Myelosuppression (any grade) 48 (50.0)
Grade (> 3) 12 (12.5)
Any toxicity 5(5.2)

Abbreviations: CTCAE, Common Terminology Criteria for Adverse
Events; Gy, gray; RT, radiotherapy.

was not associated with favorable OS in the whole cohort, in a sub-
group analysis, we found that it produced additional survival benefit
in patients without synchronous liver metastases. Liver metastasis is a
detrimental factor for prognosis.'”>? ES-SCLC with synchronous liver
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metastases are at a high risk of dissemination, which may counteract
the improved local control from consolidation RT, leading to difficulties
in OS and PFS prolongation.

The target volume of consolidation RT in ES-SCLC has not been well
defined. In the study by Jeremic et al, consolidation RT included all post-
chemotherapy residual lesions, and the ipsilateral hilum and all medi-
astinal regions.!” However, the CREST study mandated irradiation of
residual post-chemotherapy lesions, as well as the ipsilateral hilar and
mediastinal lymph nodes involved at baseline, regardless of their re-
sponses to chemotherapy. Different from them, we only treated with
the residual disease after chemotherapy. We found that small-field RT
reduced recurrence within the irradiated field, and did not result in an
increasing relapse at the margins of targets or out-of-field regions, indi-
cating that our method is adequate.

Studies showed that PCI could reduce the occurrence of brain metas-
tases and prolong PFS in ES-SCLC,'">? which is consistent with our ob-
servation. We believe that the beneficiary population of PCI should be
those who respond well after systemic therapy.?' Therefore, we did not
perform PCI to all patients as in the CREST study. Meanwhile, for pa-
tients who received consolidation RT, intracranial metastasis was still
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ES-SCLC without synchronous liver metastases
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Fig. 3. PFS (A) and OS (B) in ES-SCLC patients without synchronous liver metastases treated with and without consolidation RT. PFS (C) and OS (D) in ES-SCLC
patients with synchronous liver metastases treated with and without consolidation RT. ES-SCLC, extensive-stage small cell lung cancer; OS, overall survival; PFS,

progression-free survival; RT, radiotherapy.
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Fig. 4. Cumulative risk of recurrence in ES-SCLC patients treated with (A) and without (B) consolidation RT. ES-SCLC, extensive-stage small cell lung cancer; RT,

radiotherapy.

the highest risk location of dissemination, with the cumulative failure
rate exceeding 50%, highlighting PCI should be actively considered for
ES-SCLC with well-controlled extracranial lesions.?!%2

Currently, the optimal dose of consolidation RT for ES-SCLC is still
uncertain. Although Slotman et al concluded that a dose of 30 Gy in
10 fractions or 40 Gy in 15 fractions would provide the best balance
between survival and side effects, we assume that higher doses may
ensure better control of lesions. Therefore, we adopted a more flex-
ible approach, i.e., higher doses for patients with smaller treatment
volumes.
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In the present study, we performed detailed evaluation of all
treatment-related toxicities. Although 50 Gy in 25 fractions was the
most common dose in our cohort, the radiotherapy-related toxicities was
modest, which might be attributed to a small irradiation volume.

Our study has several limitations. First, this was a retrospective
study, and the dose of consolidation RT was not uniform. Second, about
13% of patients received chemotherapy and immunotherapy, and al-
though we did not observe any grade 3-5 treatment toxicities in this co-
hort, the results have to be interpreted with caution as the number of pa-
tients was small; we cannot be certain of similar survival benefit in this
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era of chemo-immunotherapy in larger cohorts. Previously published
series have shown a possible synergy between immunotherapy and RT,
with RT apparently promoting release of neoplastic antigens and acti-
vating immunogenicity and thereby improving treatment efficacy.?32°
The ongoing prospective phase II study of low-dose RT combined with
immunotherapy in ES-SCLC (ClinicalTrials.gov number NCT04462276)
may clarify the value of RT in the context of immunotherapy.

5. Conclusions

Small-field consolidation RT in ES-SCLC patients with post-
chemotherapy residual lesions is safe and results in good local control.
It may improve survival in the absence of synchronous liver metastases.

Declaration of competing interest
The authors declare that they have no conflict of interests.
Ethics statement

This study was conducted in compliance with the principles of the
Declaration of Helsinki and approved by the Clinical Research Ethical
Committee of Zhongda Hospital (approval number: 2020ZDSYLLO018-
P01) with waiver of the need for informed consent.

Consent for publication

The patients whose medical images are presented in this manuscript
provided consent for publication of their medical images for the
manuscript. Only de-identified data and images are used in this research
article.

Acknowledgements

This work was supported by the Health Commission of Hubei
Province Scientific Research Project (grant number: WJ2021F108). We
thank Dr. Chua Lee Kiang Melvin from National Cancer Centre Singa-
porefor the advice on the study.

Author contributions

Y.Y., Y.C, C.Y. and J.Y. designed the study, wrote and revised this
manuscript. C.J., B.Y. and R.L. collected the data, provided suggestions
for revisions and reviewed the manuscript.

Supplementary materials

Supplementary materials associated with this article can be found,
in the online version, at doi:10.1016/j.jncc.2023.07.003.

References

1. Ganti AKP, Loo BW, Bassetti M, et al. Small cell lung cancer, Version 2.2022, NCCN
Clinical practice guidelines in oncology. J Natl Compr Canc Netw. 2021;19(12):1441-
1464. doi:10.6004/jncen.2021.0058.

2. Siegel RL, Miller KD, Fuchs HE, et al. Cancer Statistics, 2021. CA Cancer J Clin.
2021;71:7-33. doi:10.3322/caac.21654.

3. Govindan R, Page N, Morgensztern D, et al. Changing epidemiology of small-cell
lung cancer in the United States over the last 30 years: analysis of the surveil-
lance, epidemiologic, and end results database. J Clin Oncol. 2006;24:4539-4544.
doi:10.1200/JC0O.2005.04.4859.

166

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Journal of the National Cancer Center 3 (2023) 161-166

. Noda K, Nishiwaki Y, Kawahara M, et al. Japan Clinical Oncology Group. Irinotecan

plus cisplatin compared with etoposide plus cisplatin for extensive small-cell lung
cancer. N Engl J Med. 2002;346:85-91. doi:10.1056/NEJMo0a003034.

. Lara Jr PN, Natale R, Crowley J, et al. Phase III trial of irinotecan/cisplatin com-

pared with etoposide/cisplatin in extensive-stage small-cell lung cancer: clinical and
pharmacogenomic results from SWOG S0124. J Clin Oncol. 2009;27:2530-2535.
doi:10.1200/JC0.2008.20.1061.

. Hanna N, Bunn Jr PA, Langer C, et al. Randomized phase III trial comparing

irinotecan/cisplatin with etoposide/cisplatin in patients with previously untreated
extensive-stage disease small-cell lung cancer. J Clin Oncol. 2006;24:2038-2043.
doi:10.1200/JC0.2005.04.8595.

. Hermes A, Bergman B, Bremnes R, et al. Irinotecan plus carboplatin versus oral etopo-

side plus carboplatin in extensive small-cell lung cancer: a randomized phase III trial.
J Clin Oncol. 2008;26:4261-4267. doi:10.1200/JC0.2007.15.7545.

. Paz-Ares L, Dvorkin M, Chen Y, et al. Durvalumab plus platinum-etoposide ver-

sus platinum-etoposide in first-line treatment of extensive-stage small-cell lung
cancer (CASPIAN): a randomised, controlled, open-label, phase 3 trial. Lancet.
2019;394:1929-1939. doi:10.1016/50140-6736(19)32222-6.

. Horn L, Mansfield AS, Szczesna A, et al. IMpower133 Study Group. First-line ate-

zolizumab plus chemotherapy in extensive-stage small-cell lung cancer. N Engl J Med.
2018;379:2220-2229. doi:10.1056/NEJMoal809064.

Goldman JW, Dvorkin M, Chen Y, et al. Durvalumab, with or without tremeli-
mumab, plus platinum-etoposide versus platinum-etoposide alone in first-line treat-
ment of extensive-stage small-cell lung cancer (CASPIAN): updated results from
a randomised, controlled, open-label, phase 3 trial. Lancet Oncol. 2021;22:51-65.
doi:10.1016,/51470-2045(20)30539-8.

Slotman B, Faivre-Finn C, Kramer G, et al. Prophylactic cranial irradiation in ex-
tensive small-cell lung cancer. N Engl J Med. 2007;357:664-672. doi:10.1056/NEJ-
Moa071780.

Takahashi T, Yamanaka T, Seto T, et al. Prophylactic cranial irradiation ver-
sus observation in patients with extensive-disease small-cell lung cancer: a mul-
ticentre, randomised, open-label, phase 3 trial. Lancet Oncol. 2017;18:663-671.
doi:10.1016/51470-2045(17)30230-9.

Simone 2nd CB, Bogart JA, Cabrera AR, et al. Radiation therapy for small cell lung
cancer: an ASTRO clinical practice guideline. Pract Radiat Oncol. 2020;10:158-173.
d0i:10.1016/j.prro.2020.02.009.

Slotman BJ, van Tinteren H, Praag JO, et al. Use of thoracic radiotherapy for ex-
tensive stage small-cell lung cancer: a phase 3 randomised controlled trial. Lancet.
2015;385:36-42. doi:10.1016/50140-6736(14)61085-0.

Yee D, Butts C, Reiman A, et al. Clinical trial of post-chemotherapy consolidation
thoracic radiotherapy for extensive-stage small cell lung cancer. Radiother Oncol.
2012;102:234-238. doi:10.1016/j.radonc.2011.08.042.

Jeremic B, Shibamoto Y, Nikolic N, et al. Role of radiation therapy in the combined-
modality treatment of patients with extensive disease small-cell lung cancer: a ran-
domized study. J Clin Oncol. 1999;17:2092-2099. doi:10.1200/JC0.1999.17.7.2092.
Slotman BJ, Faivre-Finn C, van Tinteren H, et al. Which patients with ES-
SCLC are most likely to benefit from more aggressive radiotherapy: a sec-
ondary analysis of the Phase III CREST trial. Lung Cancer. 2017;108:150-153.
doi:10.1016/j.lungcan.2017.03.007.

Cai H, Wang H, Li Z, et al. The prognostic analysis of different metastatic patterns in
extensive-stage small-cell lung cancer patients: a large population-based study. Future
Oncol. 2018;14:1397-1407. doi:10.2217/fon-2017-0706.

Xie D, Marks R, Zhang M, et al. Nomograms predict overall survival for patients with
small-cell lung cancer incorporating pretreatment peripheral blood markers. J Thorac
Oncol. 2015;10:1213-1220. doi:10.1097/JT0.0000000000000585.

Lee S, Shim HS, Ahn BC, et al. Efficacy and safety of atezolizumab, in combina-
tion with etoposide and carboplatin regimen, in the first-line treatment of extensive-
stage small-cell lung cancer: a single-center experience. Cancer Immunol Immunother.
2021;1:1093-1101. doi:10.1007/500262-021-03052-w.

Bang A, Kendal WS, Laurie SA, et al. Prophylactic cranial irradiation in extensive
stage small cell lung cancer: outcomes at a comprehensive cancer centre. Int J Radiat
Oncol Biol Phys. 2018;101:1133-1140. doi:10.1016/j.ijrobp.2018.04.058.

Yu J, Ouyang W, Yang Y, et al. Prophylactic cranial irradiation for extensive-stage
small cell lung cancer: analysis based on active brain MRI surveillance. Clin Transl
Radiat Oncol. 2020;25:16-21. doi:10.1016/j.ctro.2020.09.005.

Formenti SC, Demaria S. Combining radiotherapy and cancer immunotherapy: a
paradigm shift. J Natl Cancer Inst. 2013;105:256-265. doi:10.1093/jnci/djs629.

Ko EC, Raben D, Formenti SC. The integration of radiotherapy with immunotherapy
for the treatment of non-small cell lung cancer. Clin Cancer Res. 2018;24:5792-5806.
doi:10.1158/1078-0432.CCR-17-3620.

Theelen WS, de Jong MC, Baas P. Synergizing systemic responses by combin-
ing immunotherapy with radiotherapy in metastatic non-small cell lung can-
cer: The potential of the abscopal effect. Lung Cancer. 2020;142:106-113.
doi:10.1016/j.lungcan.2020.02.015.


https://doi.org/10.1016/j.jncc.2023.07.003
https://doi.org/10.6004/jnccn.2021.0058
https://doi.org/10.3322/caac.21654
https://doi.org/10.1200/JCO.2005.04.4859
https://doi.org/10.1056/NEJMoa003034
https://doi.org/10.1200/JCO.2008.20.1061
https://doi.org/10.1200/JCO.2005.04.8595
https://doi.org/10.1200/JCO.2007.15.7545
https://doi.org/10.1016/S0140-6736(19)32222-6
https://doi.org/10.1056/NEJMoa1809064
https://doi.org/10.1016/S1470-2045(20)30539-8
https://doi.org/10.1056/NEJMoa071780
https://doi.org/10.1016/S1470-2045(17)30230-9
https://doi.org/10.1016/j.prro.2020.02.009
https://doi.org/10.1016/S0140-6736(14)61085-0
https://doi.org/10.1016/j.radonc.2011.08.042
https://doi.org/10.1200/JCO.1999.17.7.2092
https://doi.org/10.1016/j.lungcan.2017.03.007
https://doi.org/10.2217/fon-2017-0706
https://doi.org/10.1097/JTO.0000000000000585
https://doi.org/10.1007/s00262-021-03052-w
https://doi.org/10.1016/j.ijrobp.2018.04.058
https://doi.org/10.1016/j.ctro.2020.09.005
https://doi.org/10.1093/jnci/djs629
https://doi.org/10.1158/1078-0432.CCR-17-3620
https://doi.org/10.1016/j.lungcan.2020.02.015

	Feasibility and long-term outcomes of post-chemotherapy-based consolidation radiotherapy in extensive stage small-cell lung cancer
	1 Introduction
	2 Materials and methods
	2.1 Study cohort
	2.2 Treatment
	2.3 Study endpoints
	2.4 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusions
	Declaration of competing interest
	Ethics statement
	Consent for publication
	Acknowledgements
	Author contributions
	Supplementary materials
	References


