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Abstract
Purpose: Survival for patients with extensive-stage small cell lung cancer (ES-SCLC) remains poor. Consolidative thoracic radiation
therapy (cTRT) and upfront immunotherapy with chemotherapy have each incrementally improved patient outcomes, but have not
yet been combined in clinical trials. We sought to characterize outcomes and toxicities after first-line chemotherapy and
immunotherapy followed by cTRT.
Methods and Materials: Patients with ES-SCLC who were treated with first-line chemotherapy and immunotherapy followed by
cTRT were identified at 2 institutions. Patient outcomes including overall survival (OS), progression-free survival, local progression-
free survival, distant progression free-survival, and toxicity were assessed.
Results: Twenty patients were included in our data set treated from 2018 to 2021 with a median follow-up of 12 months. Median OS in
this cohort was 16 months with 6-month OS of 94.7% and 12-month OS of 77.5% (comparable to historical controls). There were also
low rates of toxicity, including 0% grade 3+ toxicity, 0% grade 2 pneumonitis, and 5% grade 2 esophagitis.
Conclusions: Treatment of ES-SCLC with first-line chemoimmunotherapy followed by cTRT appears to be safe and to have outcomes
comparable to published modern clinical trials. Further studies are warranted to determine the therapeutic effect of cTRT after
chemoimmunotherapy.
© 2021 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Nearly two-thirds of patients with small cell lung can-
cer (SCLC) present with extensive stage small cell lung
cancer (ES-SCLC).1,2 Survival for these patients is poor,
and despite advances in both systemic therapy and radia-
tion therapy, overall survival (OS) has improved incre-
mentally to approximately 12 months with the use of
first-line chemoimmunotherapy.3-5
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For patients with ES-SCLC, systemic therapy with a
platinum-based chemotherapy and etoposide is the cor-
nerstone of treatment.1,6 Consolidative thoracic radiation
therapy (cTRT) has been shown to improve OS in selected
patients who respond to initial chemotherapy.7-9 Consoli-
dative radiation therapy to distant sites has also been
shown to delay progression but was not found to improve
OS.10 Prophylactic cranial irradiation (PCI) was initially
shown to improve OS; however, a contradictory trial has
emerged in the setting of routine magnetic resonance
imaging staging and surveillance imaging.1,11-13 More
recently, the phase III IMpower133 trial found that the
addition of atezolizumab to first-line chemotherapy
improved OS for patients with ES-SCLC.3 Similarly, the
phase III CASPIAN trial showed that the addition of dur-
valumab to first-line chemotherapy improved OS for
patients with ES-SCLC.4,14

Notably, cTRT was not permitted in either the
IMpower133 or CASPIAN studies.3,4 Given that cTRT is
well-tolerated and has previously demonstrated a survival
advantage after chemotherapy, it may be reasonable to
consider whether adding this to chemoimmunotherapy
may lead to an even more substantial benefit. To our
knowledge, no data exist regarding the safety and effec-
tiveness of cTRT in patients with ES-SCLC treated with
platinum-based chemotherapy and atezolizumab. We
performed a multi-institutional retrospective analysis to
characterize the outcomes and toxicities after first-line
atezolizumab with chemotherapy followed by cTRT for
patients with ES-SCLC.
Methods and Materials
This retrospective database study was approved by the
institutional review boards of Rhode Island Hospital and
Yale School of Medicine. A total of 20 consecutive patients
with ES-SCLC from 2018 to 2021 were identified. Patients
≥18 years of age with a histologically proven diagnosis of
ES-SCLC who received both first-line combination plati-
num (carboplatin or cisplatin) and etoposide chemother-
apy as well as atezolizumab who were treated with cTRT
were included in our patient cohort. All patients were
restaged with intracranial and extracranial imaging with
either positron emission tomography/computed tomogra-
phy or computed tomography and brain magnetic reso-
nance imaging before initiation of cTRT.
Target delineation and radiation therapy
dosing

Treatment planning technique, target delineation,
planning target volume (PTV) margin expansion, dose
prescription, and fractionation were at the discretion of
the treating radiation oncologist. All patients were treated
with consolidative intent as determined by the treating
radiation oncologist. Both 3-dimensional conformal and
intensity modulated radiation therapy were permitted,
and 4-dimensional planning was used for all patients. All
intrathoracic disease was treated and extrathoracic disease
was treated at the discretion of the treating radiation
oncologist. The biological effect of radiation treatment
among the patients in our cohort was calculated using the
biologically effective dose (BED) equation, which
accounts for total dose and dose per fraction to calculate a
BED.15 BED10 was calculated using the linear quadratic
equation, with alpha/beta set to 10, d equal to the dose
per fraction in Gray units (Gy10), and n equal to the num-
ber of fractions delivered. Treatment planning software
was used to calculate PTV and doses to relevant organs at
risk including the heart, lungs, and esophagus.

BED a=b ¼ dn 1 þ d= a=bð Þð Þ
Statistical analysis

Descriptive statistics were used to characterize the
patient cohort. The Kaplan-Meier method was used to
estimate progression-free survival (PFS), local PFS
(LPFS), distant PFS (DPFS), and OS. Data analysis was
performed using SPSS version 22.
Outcomes

Patient outcome data were analyzed retrospectively in
a deidentified manner. Tumor progression was assessed
using the response evaluation criteria in solid tumors
(RECIST) 1.1 criteria with complete response (CR)
defined as disappearance of all target lesions, partial
response (PR) defined as ≥30% decrease in the sum of the
longest diameter of target lesions, progressive disease
(PD) defined as ≥20% increase of at least 5 mm in the
sum of the longest diameter of the target lesions or
appearance of new lesions, and stable disease defined as
neither CR, PR, nor PD.16 OS was defined as time from
initiation of chemotherapy to death. PFS was defined as
time from initiation of chemotherapy to progression
either within or outside of the cTRT treatment field. LPFS
was defined as time from initiation of chemotherapy to
progression within the cTRT treatment field. DPFS was
defined as time from initiation of chemotherapy to pro-
gression outside of the cTRT treatment field. Toxicities
were graded in accordance with Common Terminology
Criteria for Adverse Events version 5.0.17



Table 1 Baseline characteristics of patients treated with
chemoimmunotherapy followed by cTRT

Age, y (median, IQR) 66 58-74

Gender (n, %)

Male 7 35%

Race (n, %)

White 18 90%

Nonwhite 2 10%

ECOG (n, %)

0 3 15%

1 13 65%

2 4 20%

Brain mets at presentation (n, %) 2 10%

Cycles of chemo (median, range) 4 3-7

Chemo agents (n, %)

Carboplatin/etoposide 18 90%

Cisplatin/etoposide 2 10%

Immunotherapy

Atezolizumab (n, %) 20 100%

Cycle number of chemotherapy when
atezolizumab was started (median,
range)

1 1-3

Time from chemo start to RT in days
(median, IQR)

45.5 35.5-51

PCI (n, %) 0 0%

Distant mets at TRT (n, %) 17 85%

Abbreviations: cTRT = consolidative thoracic radiation therapy;
ECOG = Eastern Cooperative Oncology Group; IQR = interquartile
range; PCI = prophylactic cranial irradiation; RT = radiation ther-
apy; TRT = thoracic radiation therapy.
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Results
Patient demographics and clinical variables

Baseline characteristics for patients with ES-SCLC
treated with chemoimmunotherapy with atezolizumab
followed by cTRT are summarized in Table 1. In total, 20
patients were identified. The median age for patients was
66 (interquartile range [IQR], 58-74). All patients had
Eastern Cooperative Oncology Group (ECOG) perfor-
mance statuses of ≤2, with 15% of patients ECOG 0, 65%
of patients ECOG 1, and 20% of patients ECOG 2. The
median number of chemotherapy cycles and range was 4
(3-7). The chemotherapy agents used were carboplatin
and etoposide in 90% of cases with cisplatin and etoposide
used in 10% of cases. The median time from chemother-
apy completion to initiation of cTRT was 45.5 days (IQR,
35.5-51). cTRT was administered before the start of
maintenance atezolizumab, and atezolizumab was not
administered concurrently. Median follow-up was 12
months. No patients in our cohort were treated with PCI.
Intrathoracic disease was treated in all patients in our
cohort and extrathoracic disease was also treated in 2
patients in our cohort. Patient treatment and clinical out-
comes are listed in Table 2.
Dosimetry

Target volume, planning technique, and dosimetry
data are summarized in Table 3. The median dose was 30
Gy (IQR, 30-30 Gy) and the median fraction number was
10 (IQR, 10-10). A total of 17 (85%) of the patients
received this dose of 30 Gy in 10 fractions, with the
remaining 3 (15%) receiving 54 to 60 Gy in 30 fractions.
The median BED10 was 39 Gy10 (IQR, 39-39 Gy10). Inten-
sity modulated radiation therapy was used in 70% of
patients. Median doses to critical organs at risk included a
median mean heart dose of 4.34 Gy (IQR, 2.1-10.39 Gy),
a median mean esophagus dose of 13.65 Gy (IQR, 9.74-
16.04 Gy), and a median mean lung dose of 7.75 Gy (IQR,
6.82-10.39 Gy). The median lung volume receiving 20 Gy
(V20) was 16.86% (IQR, 12.61%-21.97%). The median
PTV size was 337.89 cc (IQR, 206.93-487.8 cc).
Patient outcomes and toxicity

Based on RECIST criteria, 17 patients (85%) had a PR,
2 patients (10%) had stable disease, and 1 patient (5%)
had PD after systemic treatment. After cTRT, using
RECIST criteria, 1 patient (5%) had a CR, 7 patients
(35%) had a PR, 8 patients (40%) had stable disease, and
2 patients (10%) had PD. At a median follow-up of 12
months, the median OS of our patient cohort was 16
months (95% confidence interval [CI], 12.4-19.7)
(Table 4). The estimated 6-month OS was 94.7% and the
estimated 12-month OS was 77.5% (Fig. 1A). The median
PFS was 6.7 months (95% CI, 5.8-7.5). The estimated 6-
month PFS was 73.9% and the estimated 12-month PFS
was 14.1%. The median LPFS was 11.4 months (95% CI,
8.5-14.2) (Table 4). The estimated 6-month LPFS was
94.7% and the estimated 12-month LPFS was 46.2%
(Fig. 1C). The median DPFS was 6.7 months (95% CI,
5.8-7.5) (Table 4). The estimated 6-month DPFS was
73.9% and the estimated 12-month DPFS was 14.1%
(Fig. 1D). Despite no patients receiving PCI, only 5
patients (20%) failed intracranially and no patients expe-
rienced neurologic death (Table 4). In our cohort, we
observed remarkably low rates of toxicity, including 0%
grade ≥3 toxicities, 0% grade 2 radiation pneumonitis,
and 5% grade 2 esophagitis (Table 4). The 1 case of grade
2 esophagitis occurred in a patient with a mean esophagus



Table 2 Patient characteristics, treatment summary, and clinical outcomes

Number Age Sex Race ECOG
AJCC
TNM 8th

Systemic
therapy
response

cTRT dose and
fractionation

cTRT
response

Time to
local
progression
(months)

Time to
distant
progression
(months) Treatment at progression

Follow-
up time
(mo)

OS
(mo)

1 50 M White 0 T4N3M1c PR 30 Gy in 10 Fx SD - 6.5 Lurbinectedin 12.9 12.9

2 73 F White 0 T1bN3M1c PR 30 Gy in 10 Fx SD 11.2 6.3 WBRT, lurbinectedin 14.8 14.8

3 78 M White 1 T3N3M1c PR 30 Gy in 10 Fx CR - - 18.3 -

4 74 F Hispanic 1 T2aN2M1b PR 30 Gy in 10 Fx SD - 7.6 WBRT, lurbinectedin 7.9 -

5 72 M White 1 T3N3M1c PR 54 Gy in 30 Fx PR 12.2 6.5 Subcarinal RT, irinotecan 16.1 16.1

6 57 M White 1 T4N3M1c PR 30 Gy in 10 Fx SD - 6.6 Docetaxel 11.2 -

7 68 F White 1 T3N3M1c PR 30 Gy in 10 Fx SD 9.2 5.9 Irinotecan 12.8 12.8

8 77 F White 1 T1cN3M1c SD 30 Gy in 10 Fx PR - - 10 10

9 64 F White 1 T4N3M1a PR 60 Gy in 30 Fx SD 18.3 18.3 31.5 31.5

10 78 F White 1 T3NxM1b PR 30 Gy in 10 Fx PD 6.2 6.2 7.1 7.1

11 56 M White 1 T2N3M1c PR 60 Gy in 30 Fx PR - 6.9 Ipilimumab/nivolumab 31 -

12 66 F African
American

1 T4N2M1b PR 30 Gy in 10 Fx PR - 5.6 5.9 5.9

13 62 M White 2 T4N3M1b PR 30 Gy in 10 Fx Not assessed - - 3.4 -

14 55 F White 2 T4N3M1b PD 30 Gy in 10 Fx PR 6.8 3.5 Ipilimumab/nivolumab 8.7 -

15 60 F White 0 T1N1M1b PR 30 Gy in 10 Fx SD - 10 Temozolomide 17.2 17.2

16 74 M White 1 T2N3M1c PR 30 Gy in 10 Fx PD - 7 Topotecan 9.6 9.6

17 58 F White 1 T4N2M1b PR 30 Gy in 10 Fx PR - - Ipilimumab/nivolumab 10.1 -

18 66 F White 2 T4N3M01a PR 30 Gy in 10 Fx Not assessed 9.3 9.3 Ipilimumab/nivolumab 16 16

19 87 F White 1 T4NxM1b PR 30 Gy in 10 Fx SD - 7.7 Paclitaxel 10.2 -

20 55 F White 2 T2aN2M1b SD 30 Gy in 10 Fx PR 13.7 12.4 Topotecan 16.4 16.4

Abbreviations: AJCC = American Joint Committee on Cancer; CR = complete response; cTRT = consolidative thoracic radiation therapy; ECOG = Eastern Cooperative Oncology Group; F = female; M = male;
OS = overall survival; PD = progressive disease; PR = partial response; RT = radiation therapy; SD = stable disease; TNM = tumor, nodes, metastases; WBRT = whole brain radiation therapy.
Patients still living at last clinical follow-up are denoted with a blank cell in the OS column.
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Table 3 Target volumes, treatment planning technique, and dosimetry

Median IQR Range

Dose 30 30-30 30-60

BED10 39 39-39 39-72

PTV size (cc) 337.89 206.93-487.8 71.29-1362.6

IMRT (n, %) 14 (70%)

Mean heart (Gy) 4.34 2.1-10.39 0.58-32.13

Mean esophagus (Gy) 13.65 9.74-16.04 1.6-40.27

Mean lung (Gy) 7.75 6.82-10.39 5.86-24

Lung V20 (%) 16.86% 12.61%-21.97% 3.64%-42.03%

Abbreviations: BED10 = biologically effective dose (a/b = 10); IMRT = intensity modulated radiation therapy; IQR = interquartile range;
PTV = planning target volume.

Table 4 Summarized data of clinical response and toxicity to chemoimmunotherapy and cTRT

Response to systemic therapy (n, %)

PD 1 5.0%

SD 2 10.0%

PR 17 85.0%

CR 0 0.0%

Not assessed 0 0.0%

Local response to TRT (n, %)

PD 2 10.0%

SD 8 40.0%

PR 7 35.0%

CR 1 5.0%

Not assessed 2 10.0%

Progression (n,%) 17 85%

PFS in months (median, IQR) 6.7 5.8-7.5

Local progression (n, %) 10 50.0%

Local PFS in months (median, IQR) 11.4 8.4-14.2

Distant progression (n, %) 17 85.0%

Time to distant progression (median, IQR) 6.7 5.8-7.5

Intracranial progression 5 20%

Neurologic death (n, %) 0 0%

Median FU in months (median, IQR) 12 9.4-16.2

Median OS in months (median, 95% CI) 16.0 12.4-19.7

Toxicity (n, %)

Grade 2 + esophagitis 1 5.00%

Grade 2 + radiation pneumonitis 0 0.00%

Abbreviations: CI = confidence interval; CR = complete response; cTRT = consolidative thoracic radiation therapy; FU = follow up time;
IQR = interquartile range; OS = overall survival; PD = progressive disease; PFS = progression-free survival; PR = partial response; SD = stable disease;
TRT = thoracic radiation therapy.
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Fig. 1 Kaplan-Meier curves showing (A) overall survival, (B) progression-free survival (C) local progression-free survival,
and (D) distant progression-free survival. # = number.
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dose of 14.22 Gy and resolved within 1 month of comple-
tion of cTRT.
Discussion
In this multi-institutional case series of patients with
ES-SCLC treated with chemoimmunotherapy followed by
cTRT, we found a favorable safety profile with very low
rates of toxicity. Our observed median OS of 16 months is
comparable to modern clinical trials, including the
CREST trial (8 months), IMpower133 (12.3 months), and
CASPIAN (12.9 months).3,4,7,14 We also found a median
PFS of 6.7 months with a median LPFS of 11.4 months
and a median DPFS of 6.7 months, which are comparable
to the PFS reported in modern clinical trials, including
the CREST trial (4 months), IMpower133 (5.2 months),
and CASPIAN (5.1 months). To our knowledge, our
investigation is the first case series of patients with ES-
SCLC treated with chemoimmunotherapy with atezolizu-
mab and cTRT.

In our data set, we found that cTRT was well-tolerated
with low rates of toxicity, similar to the results of the
CREST trial, which reported 1.2% grade 3 dyspnea and
1.6% grade 3 esophagitis with cTRT.7 Likewise, a com-
bined analysis of 3 phase I/II trials in which patients with
a variety of malignancies received concurrent immuno-
therapy with either thoracic stereotactic body radiation
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therapy or chemoradiation also found low rates of grade 3
or higher toxicities.18 The KEYNOTE-799 and
DETERRED phase II trials investigating concurrent che-
moradiation with immunotherapy also demonstrated the
safety of thoracic radiation therapy and
immunotherapy.19,20 Additionally, a recent phase I trial of
patients with ES-SCLC treated with cTRT and subsequent
immunotherapy with ipilimumab and nivolumab demon-
strated a toxicity profile consistent with the known toxic-
ity rates of ipilimumab and nivolumab, suggesting that
cTRT did not increase toxicity.21 Our current data suggest
a favorable safety profile of cTRT after chemoimmuno-
therapy with atezolizumab for patients with ES-SCLC.
Given the overall low rate of toxicity, further prospective
studies are warranted to characterize the efficacy of the
addition of cTRT to first-line chemoimmunotherapy with
atezolizumab. The ongoing RAPTOR trial (NRG-LU007)
will provide further data, is currently activated, and is ran-
domizing patients to standard chemotherapy with atezoli-
zumab followed by atezolizumab maintenance versus
atezolizumab maintenance with consolidative radiation
therapy to up to 5 thoracic and/or extrathoracic sites.22

Similarly, the ongoing NRG-LU005 trial is randomizing
patients with limited-stage SCLC to chemoradiation with
or without concurrent atezolizumab.23 Moreover, the
ADRIATIC trial has randomized patients with limited-
stage SCLC to consolidative durvalumab with or without
tremelimumab after chemoradiation.24 These trials will
provide further data as to the safety of the combination of
thoracic radiation therapy and immunotherapy.

This study is limited by the small sample size and ret-
rospective design, which may have selected for patients
with more favorable responses to systemic therapy and
good performance status. Therefore, we are unable to
determine whether our OS, which was comparable but
slightly longer than modern clinical trials, is due to our
patients receiving both immunotherapy and cTRT. We
look forward to the results of phase III trials, including
the RAPTOR (NRG-LU007) trial, which will provide fur-
ther data as to the efficacy of chemoimmunotherapy fol-
lowed by cTRT in patients with ES-SCLC. Lastly, given
the overall poor prognosis of patients with ES-SCLC and
the relatively short follow-up time, we primarily were able
to assess acute and subacute toxicities, and our data may
not be applicable to chronic toxicities of combination
immunotherapy and cTRT for longer-term survivors.
Nevertheless, our data suggest that cTRT after chemoim-
munotherapy with atezolizumab in the management of
ES-SCLC is safe and warrants further study.
Conclusion
In this retrospective, multi-institutional analysis, we
found a favorable safety profile with the use of chemoim-
munotherapy with cTRT in the management of ES-SCLC.
We also found similar patient outcomes compared with
historical controls. This suggests that chemoimmunother-
apy with cTRT may be safe but should be investigated fur-
ther by further studies, including the ongoing RAPTOR
(NRG-LU007) trial.
References

1. Farago AF, Keane FK. Current standards for clinical management of
small cell lung cancer. Transl Lung Cancer Res. 2018;7:69–79.

2. Stahel R, Thatcher N, Fr€uh M, et al. 1st ESMO consensus conference
in lung cancer; Lugano 2010: Small-cell lung cancer. Ann Oncol.
2011;22:1973–1980.
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