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Concurrent chemoradiotherapy versus
radiotherapy alone after induction
chemoimmunotherapy for stage Il NSCLC
patients who did not undergo surgery:

a single institution retrospective study
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Abstract

Background With remarkable success and few side effects, induction chemoimmunotherapy has been used to
improve the prognosis of patients with resectable or potentially resectable non-small cell lung cancer (NSCLC), even
in stage |ll disease. However, for patients who are medically inoperable, unresectable or refuse surgery after induction
chemoimmunotherapy, it is unclear whether patients should be treated with concurrent chemoradiotherapy (cCRT)
or radiotherapy (RT) alone considering patient safety and tolerability. This study aimed to determine whether cCRT is
safe and superior to RT alone after chemoimmunotherapy for stage Il NSCLC.

Methods Patients diagnosed with stage Ill NSCLC who received chemoimmunotherapy followed by cCRT/RT
alone without surgery at Tianjin Cancer Hospital between November 2018 to December 2021 were retrospectively
collected. Patients were divided into two groups: induction chemoimmunotherapy followed by cCRT (cCRT cohort)
or RT alone (RT alone cohort). Kaplan-Meier method was used to estimate survival. Univariate and multivariate Cox
regression models were adopted to estimate risk factors for PFS.

Results Sixty-five patients were included, with 44 (67.7%) received RT alone and 21 (32.3%) received cCRT.
Patients in the cCRT group had significantly prolonged PFS (HR=0.155, p=0.004), LPFS (HR=0.225, p=0.029) and
DMFS (HR=0.028, p=0.006) than those in the RT alone group. Albeit nonsignificant, a trend toward improved OS
(HR=0.030, p=0.069) was also observed in the cCRT group. The multivariate analysis further confirmed that cCRT
(HR=0.141, p=0.008) was the independent factor for promoting a favorable PFS. Treatment-related adverse events
were similar between groups (p >0.05). Patients with consolidation immunotherapy exhibited a trend of improved
PFS (HR=0.398, p=0.274) and numerically better OS (HR=0.018, p=0.209) compared with those without.
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Conclusions For patients with unresectable stage Il NSCLC, cCRT following chemoimmunotherapy appears to
be safe and may prolong survival compared with radiotherapy alone. Further investigations on the combination of

chemoimmunotherapy and CRT are warranted.

Keywords Non-small cell lung cancer, Concurrent chemoradiotherapy, Immunotherapy

Background
Non-small cell lung cancer (NSCLC) constitutes more
than 80% of all lung cancers, and approximately one
third of which are diagnosed with locally advanced unre-
sectable disease [1, 2]. According to the primary tumor
extension and nodal involvement, stage III NSCLC was
divided into two subgroups: potentially resectable and
unresectable disease [3]. For patients with unresectable
stage III, the standard of care is concurrent chemora-
diotherapy (cCRT) followed by consolidation immuno-
therapy with PD-L1 inhibitor durvalumab based on the
practicing-changing results of the PACIFIC trial [4]. For
patients with resectable stage III NSCLC, both adjuvant
and neoadjuvant chemotherapy had a limited survival
benefit [5, 6]. Until recent years, robust evidence has
shown that combining immunotherapy and surgery could
provide tremendous potential benefits [7—10]. With the
remarkable success and few side effects, the use of immu-
notherapy is likely to be extended to earlier stages of the
disease, including potentially resectable stage III [8—10].
Currently, neoadjuvant chemoimmunotherapy
accounts for the majority of neoadjuvant immunotherapy
clinical trials and generally reports an improved patho-
logical response compared with neoadjuvant immuno-
therapy alone, thereby improving prognosis [8—14]. The
CheckMate-816 trial, which enrolled patients with stage
IB to IIIA resectable NSCLC, was the first phase 3 clini-
cal trial to demonstrate a survival benefit of induction
chemoimmunotherapy [8]. While for patients who are
medically inoperable, unresectable or refuse surgery after
induction chemoimmunotherapy, chemoradiotherapy
(CRT) is the backbone of radical treatment and appears
to be the first choice. However, there is still lacking evi-
dence to guide whether patients should receive cCRT
or radiotherapy (RT) alone, taking into account patient
safety and tolerability. Previous studies have shown that
the combination of radiotherapy (RT) with immuno-
therapy increases the incidence of pneumonitis, as well
as radiation recall pneumonitis [15-17]. Additionally,
radiotherapy concurrent with chemotherapy significantly
increased the incidence of acute toxicity than radiother-
apy (RT) alone [18-20]. However, the safety of cCRT fol-
lowing induction chemoimmunotherapy is still unclear.
Herein, to determine whether cCRT is safe and superior
to RT alone after induction chemoimmunotherapy in
stage III NSCLC patients who did not undergo surgery,
we performed this retrospective study.

Methods

Population

Patients with unresectable or potentially resectable stage
III NSCLC who received chemoimmunotherapy followed
by cCRT/RT alone without surgery at Tianjin Cancer
Hospital from November 2018 to December 2021 were
retrospectively collected. Patients with history of any
cancer-specific treatment, received concurrent immu-
notherapy, induction immunotherapy alone or received
immunotherapy as part of a clinical trial were excluded.
Patients were divided into 2 groups according to the
CRT modality they received: (1) cCRT group: induction
chemoimmunotherapy followed by cCRT; (2) RT alone
group: induction chemoimmunotherapy followed by RT
alone. The CRT modality for patients was determined
according to local practice based on performance status,
patient tolerance, cycles of induction chemoimmuno-
therapy, etc.

Baseline demographic, clinical, and pathologic data
were abstracted from patients’ electronic health records.
NSCLC histology was classified according to WHO crite-
ria [21]. Disease staging was based on the eighth edition
of the American Joint Committee on Cancer and Inter-
national Union Against Cancer TNM stage classification
for lung cancer [22]. The age-adjusted Charlson comor-
bidity index (ACCI) was used to assess the comorbidities
between groups [23]. The cut-off point was determined
by the median score.

This study conformed to the provisions of the Decla-
ration of Helsinki (as revised in 2013). The institutional
review board of Tianjin Medical University Cancer Insti-
tute and Hospital gave ethical approval for this study.

Drug treatment

All patients were treated with immunotherapy using
ICIs, such as sintilimab, pembrolizumab, durvalumab,
camrelizumab, tislelizumab or nivolumab. These six
kinds of PD-1/PD-L1 inhibitors have been approved for
the treatment of NSCLC, and have shown encourag-
ing efficacy in NSCLC patients [24]. The chemotherapy
regimen for patients was determined according to local
practice based on the performance status, corresponding
pathological type of the tumor, etc., including platinum-
based doublet chemotherapy, mono-chemotherapy.

Study outcomes
The clinical outcomes assessed in this study were PES,
LPES, DMES and OS. Progression-free survival (PES) was
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calculated from the date of beginning induction treat-
ment to the date of progression, death from any cause,
or last follow-up, whichever came first. Local progres-
sion-free survival (LPFS) was calculated from the date of
beginning induction treatment to the date of local pro-
gression or death by any cause. Distant metastasis-free
survival (DMFS) was defined as the time from induction
treatment to distant metastasis or death by any cause.
Overall survival (OS) was defined as the time from the
date of beginning induction treatment to the date of
death from any cause, or last follow-up. The response
after induction treatment including complete response
(CR), partial response (PR), stable disease (SD) and pro-
gressive disease (PD) were assessed. Treatment-related
adverse events (TRAEs) owing to treatment were classi-
fied according to the Common Terminology Criteria for
Adverse Events version 5.0 (CTCAE 5.0).

Table 1 The baseline demographic and clinical characteristics of
patients

Characteristic RT alone (n=44) cCRT (n=21)

n % n % p
Age
<65 26 59.1 16 76.2 0.178
>65 18 409 5 238
Sex
Male 39 88.6 18 85.7 1.000
Female 5 114 3 14.3
WHO histology
Squamous 30 68.2 14 66.7 0.364
Non-squamous 12 27.3 4 19.0
NOS 2 45 3 14.3
Stage
A 16 364 10 47.6 0.623
1B 24 54.5 10 47.6
e 4 9.1 1 4.8
Radiation dose
<54 Gy 3 6.8 1 4.8 1.000
>54 Gy 41 932 20 95.2
Smoking history
Never smoked 7 15.9 4 19.0 1.000
Former or current 37 84.1 17 81.0
ECOG
0 3 6.8 1 4.8 0.891
1 38 86.4 19 90.5
2 3 6.8 1 48
Consolidation ICl
No 34 773 16 76.2 1.000
Yes 10 22.7 5 238
ACCI
<2 23 523 11 524 0.993
>2 21 477 10 47.6
Response
PR+CR 29 659 I 524 0.294

SD+PD 15 341 10 476
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Statistical analysis

Patient characteristics were evaluated between treatment
groups using Fisher’s exact test for categorical variables.
Kaplan-Meier survival curves were generated to estimate
survival across treatment groups, and the log-rank test
was used for subgroup comparisons. When a p-value of
<0.15 was obtained from the univariate analysis, the fac-
tor was selected for multivariate Cox regression analy-
ses. In the subgroup analysis, propensity-matched (PSM)
analysis was performed. Statistical significance was
declared when a p-value of <0.05. All statistical analyses
were performed using SPSS, version 25.0 (SPSS, Chicago,
USA).

Results

Baseline characteristics

A total of 65 consecutive patients were included, with 44
(67.7%) in the RT alone group and 21 (32.3%) in the cCRT
group, respectively. Baseline characteristics are presented
in Table 1. The median age was 62 years (range 27-77),
and most patients were male, never smoked and Eastern
Cooperative Oncology Group (ECOG) performance sta-
tus 1. The WHO histology was predominantly squamous
carcinoma, and most patients had stage IIIA or IIIB.
Five patients with lung adenocarcinoma had unknown
driver gene status, the rest were all driver gene wild-type.
Adverse events of any grade (34.1% in the RT alone group
vs. 28.6% in the cCRT group, p=0.656) and grade 3/4
(9.1% in the RT alone group vs. 4.8% in the cCRT group,
p=0.909) after induction chemoimmunotherapy were
similar between groups. The baseline characteristics of
patients in the two treatment groups were well balanced.

Treatment

All patients received induction chemoimmunotherapy,
with a median of 4 cycles of immunotherapy (rang 1-9)
and chemotherapy (rang 2-8), respectively. 31 (47.7%)
patients were treated with sintilimab, 15 (23.1%) with
pembrolizumab, 1 (1.5%) with durvalumab, 9 (13.8%)
with camrelizumab, 6 (9.2%) with tislelizumab, 3 (4.6%)
with nivolumab. Sixty patients remained unresect-
able and 5 patients refused surgery after induction che-
moimmunotherapy, including 3 in the cCRT group and
2 in the RT alone group. A total of 44 patients in the RT
alone cohort received a median of 4 cycles of induction
immunotherapy (range 1-9) and induction chemother-
apy (range 2—8). While in the cCRT cohort, 21 patients
received a median of 3 cycles of induction immuno-
therapy (range 1-4) and induction chemotherapy (range
2-7). In addition, 15 patients further received consoli-
dation immunotherapy, including 10 patients (22.7%) in
the RT alone group and 5 patients (23.8%) in the cCRT

group.
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Among the 21 patients who received cCRT, most
patients (16 of 21, 76.2%) received platinum-based dou-
blet chemotherapy, while the rest were all received
monochemotherapy, including 3 (14.3%) patients with
weekly albumin-bound paclitaxel, and one each with
weekly nedaplatin and pemetrexed alone.

Survival analysis

In the entire cohort, the median follow-up time was 14.8
months (range 5.5-41.8 months) after treatment initia-
tion. Median PFS was 23.9 months, and OS data were
immature at date cutoff. A total of 26 patients (40.0%)
experienced progression, including 24 (54.5%) patients
in the RT alone group and 2 (9.5%) patients in the cCRT
group. Of these patients, 10 patients had local relapse
only, including 2 in the cCRT group and 8 in the RT
alone group, 7 had distant metastasis, and 9 had both and
distant relapse. While 9 patients had died at the time of
analysis, all of them were in the RT alone group.

Median PFS was 18.5 months in the RT alone group vs.
not reached (NR) in the cCRT group, with a 1-year PFS
rate of 71.2% vs. 92.9% and a 2-year PFS rate of 40.7%
vs. 74.3% (HR=0.155, p=0.004, Fig. 1A). Median LPFS
was 30.2 months in the RT alone group vs. NR in the
cCRT group, with a 1-year LPFES rate of 76.0% vs. 92.9%
and a 2-year LPFS rate of 56.2% vs. 74.3% (HR=0.225,
p=0.029, Fig. 1B). Median DMFS and OS were imma-
ture in both treatment groups, with a 2-year DMES rate
of 52.7% for the RT alone group compared with 100.0%

100

.L_u_u_u—l_ A

—— cCRT

Progression-free survival(%)

0 T T T
0 12 24 36

Survival months

100
—— cCRT

80 —— RT alone
60

40

20

0 12 24 36 48
Survival months

Distant metastasis-free survival(%)

—— RT alone

Page 4 of 8

for the cCRT group (HR=0.028, p=0.006, Fig. 1C), and a
2-year OS rate of 77.3% for the RT alone group compared
with 100.0% for the cCRT group (HR=0.030, p=0.069,
Fig. 1D).

Multivariate analysis for PFS

For the whole population, we further explored the risk
factors affecting PFS. The multivariate Cox regression
analysis revealed that cCRT (HR=0.141, p=0.008) and
elder (HR=0.357, p=0.039) were the independent factors
for promoting a favorable PFS (Table 2).

Treatment-related adverse events

Twenty patients (69.0%) in the RT alone group and 8
patients (53.3%) in the cCRT group developed any grade
of pneumonitis, respectively. Grade 3 or higher pneu-
monitis occurred in 2 (6.9%) and 0 (0.0%) patients in the
RT alone and cCRT groups, respectively. In addition, 1
patient of each had concurrent fungal pneumonia and
grade 2 dermatitis in the RT alone group, and 2 patients
developed peripheral neurotoxicity in the cCRT group.
The remaining documented TRAEs are shown in Table 3.

Subgroup analysis

A total of 15 patients further received consolidation
immunotherapy. Median PFS was 19.0 months for
patients with consolidation immunotherapy compared
with 24.8 months for those without, with a 2-year PFS
rate of 43.9% vs. 50.1% (HR=0.888, p=0.799, Fig. S1A
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Fig. 1 PFS (A), LPFS (B), DMFS (C) and OS (D) between the two treatment groups
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Table 2 Univariate and multivariate Cox regression analyses for PFS
Factor Univariate Multivariate
HR 95% ClI p HR 95% ClI p
Age
<65 1.000 (reference) 1.000 (reference)
>65 0.409 0.154,1.089 0.073 0357 0.134,0951 0.039
Sex
Male 1.000 (reference)
Female 0.508 0.119,2.159 0.359
WHO histology
Squamous 1.000 (reference)
Non-squamous 0.726 0.303,1.739 0472
NOS 0.000 0.000 0.979
Stage
A 1.000 (reference)
1B 0.964 0.416,2.233 0.932
e 2341 0.628,8.732 0.205
Radiation dose
<54 Gy 1.000 (reference)
>54 Gy 0.591 0.172,2.031 0.403
Smoking history
Never smoked 1.000 (reference)
Former or current 1.372 0.462,4.078 0.569
ECOG
0 1.000 (reference)
1 2155 0.286,16.260 0457
2 0.000 0.000 0.980
Consolidation ICl
No 1.000 (reference)
Yes 0.888 0.355,2.219 0.799
ACCI
<2 1.000 (reference)
>2 0.710 0.325,1.553 0392
Response
PR+CR 1.000 (reference)
SD+PD 1.176 0.533,2.598 0.688
Treatment
RT alone 1.000 (reference) 1.000 (reference)
cCRT 0.155 0.037,0.659 0.012 0.141 0.033,0.600 0.008

Table 3 TRAEs between the two treatment groups

TRAE RT alone cCRT
n % n % p

Pneumonitis 31 72.1 14 63.6 0.485
G3/4 pneumonitis 5 116 0 0.0 0.241
Esophagitis 7 16.3 2 9.1 0.679
G3/4 esophagitis 0 0.0 0 0.0 NA
Hematologic toxicity 28 65.1 17 773 0315
G3/4 hematologic toxicity 6 14.0 8 364 0.078

in the supplementary material). Median OS was NR in
either group, the 2-year OS rate was 85.7% for patients
with consolidation immunotherapy compared with 82.2%
for those without (HR=0.994, p=0.994, Fig. S1B). After
PSM (Table S1 in the Supplementary material), median

PFS was NR for patients with consolidation immuno-
therapy compared with 30.2 months for patients without,
with a 2-year PFS rate of 59.3% vs. 64.8% (HR=0.398,
p=0.274, Fig. 2A). Median OS was still NR in either
group, the 2-year OS rate was 100.0% for patients with
consolidation immunotherapy compared with 87.5% for
those without (HR=0.018, p=0.209, Fig. 2B).

Discussion

Although cCRT followed by consolidation immunother-
apy is the current standard of care for patients with unre-
sectable stage III NSCLC, with the gradual application of
immunotherapy in the neoadjuvant setting, an increas-
ing number of patients who are medically inoperable,
unresectable or refuse surgery after receiving induction
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Fig. 2 PFS (A) and OS (B) between patients with and without consolidation immunotherapy after PSM

chemoimmunotherapy are switching to CRT. However,
the choice of cCRT or RT alone remains unclear. In this
study, we confirmed the safety and efficacy of cCRT
after chemoimmunotherapy for patients with stage III
NSCLC. To our knowledge, this is the first study on the
choice of cCRT vs. RT alone after induction chemoim-
munotherapy for patients with stage III NSCLC.

More recently, due to the higher rate of pathologi-
cal response and even the ability to improve prognosis,
induction chemoimmunotherapy has become a hot topic
in clinical research. However, for patients who are medi-
cally inoperable, unresectable or refuse surgery after
receiving chemoimmunotherapy, CRT appears to be the
first choice. Nevertheless, there is still no relevant study
on which modality of CRT to choose. Before the era of
immunotherapy, cCRT demonstrated superiority to
sequential treatment in patients with stage III disease in
terms of OS and reduced risk of locoregional progres-
sion, but at the cost of increased acute toxicity [18—20].
While in the immunotherapy era, given that patients have
already received several cycles of chemoimmunotherapy,
data is still lacking to support whether subsequent cCRT
is safe, tolerable and still provides survival benefits. Our
result showed that patients who received cCRT after
induction chemoimmunotherapy had prolonged sur-
vival without significantly increasing the incidence of
TRAEs, except that hematological toxicity seemed more
common. Besides, the multivariate analysis further con-
firmed that cCRT was the independent factor for a pro-
longed PFS, suggesting the importance of cCRT even in
the immunotherapy era. Notably, our study showed that
elder was an independent factor favoring PFS, which is
inconsistent with previous studies [25, 26]. This may be
related to the fact that most of elderly patients in this
study had earlier TNM staging (IIIA: 52.2% of 265 years
vs. 33.3% of <65 years).

Currently, whether consolidation immunotherapy
combined with induction immunotherapy could provide
further survival benefits is still unclear. Although the
AFT-16 trial, which administered single-agent immuno-
therapy before and after CRT, and the KEYNOTE-799

trial, which used chemoimmunotherapy before CRT fol-
lowed by ICI during and after CRT, showed high ORRs
and prolonged survival, both were single-arm stud-
ies [27-29]. Our study demonstrated that patients with
induction and consolidation immunotherapy exhibited a
trend of improved PFS and numerically better OS com-
pared with induction immunotherapy alone, which is
similar to the results of Wang et al. (median PFS 23.8
months vs. 21.9 months, 2-year OS 85.8% vs. 64.2%) [30].
Taken together, these findings indicate that the combi-
nation of induction and consolidation immunotherapy
appears to be more beneficial to patients, which requires
prospective clinical trials to further confirm.

There are some limitations in our study. First, this is
a retrospective study conducted at a single institution,
which may limit the generalizability of these results. In
addition, due to the relatively shorter follow-up time
and relatively small sample size, the OS outcome was
immature which limit we further exploring the exact
role of different CRT modality on prognosis. Moreover,
PD-L1 expression and driver-gene mutation status were
detected only in part of patients, which may lead to
analysis bias. Meanwhile, although previous study [31]
showed that there is no significant difference in the effi-
cacy of different ICIs, the identical ICI agent should be
used to analyze its exact impact on prognosis to avoid
biased results as much as possible in future studies. Cer-
tainly, prospective and longer follow-up trials are needed
to draw definitive conclusions. Despite these limitations,
this is the first study to compare the efficacy and safety of
cCRT and radiotherapy alone for patients with stage III
NSCLC after receiving induction chemoimmunotherapy
to our knowledge, and we believe that this study could
suggest a new direction for research or provide some
clinical references.

Conclusions

In conclusion, for patients with unresectable stage III
NSCLC, cCRT following chemoimmunotherapy appears
to be safe and may prolong survival compared with
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radiotherapy alone. Further investigations on the combi-
nation of chemoimmunotherapy and CRT are warranted.

Abbreviations

NSCLC  Non-small cell lung cancer

cCRT Concurrent chemoradiotherapy
RT Radiotherapy

ACCI Age-adjusted Charlson comorbidity index
PFS Progression-free survival

LPFS Local progression-free survival
DMFS Distant metastasis-free survival
oS Overall survival

CR Complete response

PR Partial response

SD Stable disease

PD Progressive disease

NR Not reached

ICls Immune checkpoint inhibitors
TRAEs  Treatment-related adverse events
PSM Propensity-matched analysis

HRs Hazard ratios
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