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Background: For patients with locally advanced non-small cell lung cancer (NSCLC), the standard
treatment is concurrent or sequential chemotherapy with radiotherapy. Most treatment schedules use
radiotherapy with conventional fractionation; however, the application of hypofractionated radiotherapy
(HYPO-RT) regimens is rising. A meta-analysis was performed to assess the efficacy and safety of
chemotherapy combined with HYPO-RT and indirectly compare with the outcomes from previous studies
employing concomitant conventional radiotherapy (CONV-RT).

Methods: Randomized controlled trials (RCTs) were identified on the electronic database sources
through June 2020. Following the PRISMA guidelines, a meta-analysis was performed to assess if there
were significant differences in the overall mortality (OM), local failure (LF), and disease progression (DP),
comparing HYPO-RT-C vs. sequential chemotherapy followed HYPO-RT (HYPO-RT-S). To establish an
indirect comparison with the current standard treatment, we calculate the risk ratio (RR) of the OM from
RCTs using conventional chemoradiation, concurrent (CONV-RT-C), and sequential (CONV-RT-S), and
compared with HYPO-RT. A P value <0.05 was considered significant.

Results: Two RCTs with a total of 288 patients were included. The RR for the OM, DP and LF at 3 year
comparing HYPO-RT-C vs. HYPO-RT-S were 1.09 (95% CI: 0.96-1.28, P=0.17), 1.06 (95% CI: 0.82-1.23,
P=0.610), and 1.06 (95% CI: 0.86-1.29, P=0.490), respectively. The late grade 3 pneumonitis and esophagitis
had no significant difference between HYPO-RT groups. In the indirect comparison of RCTs using CONV-
RT, the RR for the OM at 3 years was 1.03 (95% CI: 0.96-1.10, P=0.36) with no significant difference for
the HYPO-RT arms 1.09 (95% CI: 0.96-1.28, P=0.17).

Discussion: HYPO-RT given with chemotherapy provides satisfactory OM, LF, and DP in locally advanced
NSCLC with similar rates to the CONV-RT. These findings support HYPO-RT inclusion in future clinical

trials as an experimental arm in addition to the incorporation of new strategies, such as immunotherapy.
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Introduction

Non-small cell lung cancer (NSCLC) is a significant cause
of morbidity and mortality (1). It accounts for 85% cases of
all histological subtypes of lung cancer (2). Most patients
are diagnosed with locally advanced disease when the tumor
is inoperable due to invasion of local structures and/or
lymph node metastases (2).

Chemoradiation (CRT) is considered the standard
treatment for patients with locally advanced NSCLC and
a good clinical condition to support it (3,4). Traditionally,
radiotherapy regimens employ a conventional fractionation
of 1.8-2 Gy/day, with a total dose of 60-64 Gy, combined
with platinum-based chemotherapy. Although a previous
meta-analysis has reported a survival benefit of 5.7%
in terms of overall survival (OS) with concomitant
conventional CRT (CONV-RT-C) compared with
sequential chemotherapy and conventional radiation
(CONV-RT-S), the median survival with CONV-RT-C
remains short, ranging from 14 to 17 months (2-4).

The reduced survival of patients with locally advanced
NSCLC has encouraged several treatment strategies
to improve oncological outcomes (2,5). However, these
strategies have been associated with increased toxicity,
without a clear survival benefit. For instance, in the RTOG
0617, intensification of treatment with dose-escalated
radiotherapy (RT) from 60 to 74 Gy, with or without
adjuvant cetuximab, was associated with a high toxicity rate
without a survival benefit (6). In addition to intensification
of the total radiation dose, researchers have also evaluated
different fractionation schedules, such as hyperfractionated
and accelerated hyperfractionated combined with or
without chemotherapy to improve outcomes (7-10).
Hyperfractionated or accelerated radiotherapy for NSCLC
(with or without chemotherapy) was evaluated in a meta-
analysis (9). The combined outcomes demonstrated an
absolute survival benefit of 2.5% at 5 years compared with
conventional treatment (9). However, hyperfractionation is
associated with a high acute toxicity rate, increases resource
use, and complicates logistics, thereby limiting its broad
use (9,11,12).

Recently, several phase I and II clinical trials have been
designed to combine chemotherapy with hypofractionated
radiotherapy (HYPO-RT) to intensify radiotherapy in a
different way (13-15). These studies have demonstrated that
irradiation delivered within a short period (4 or 5 weeks) and
at a radiation dose of >2.5 Gy per fraction combined with
chemotherapy is feasible and shows encouraging outcomes
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(13-15). The rationale supporting CRT with HYPO-RT
is to limit tumor repopulation and enhance local control
with consequent survival improvement (16,17). Although it
is a commonly used fractionated radiotherapy schedule in
the UK (18) with strong rationale and is supported by the
encouraging outcomes from phase II studies, the fear of
possible severe collateral effects with HYPO-RT combined
with chemotherapy has limited its utilization in clinical
practice worldwide. Moreover, the absence of clinical trials
directly comparing the CONV-RT vs. HYPO-RT has also
contributed to the uncertainty regarding the efficacy and
safety of CRT with hypofractionation (19).

Based on this background information and the
encouraging findings of studies employing hypofractionation
combined with chemotherapy, this meta-analysis was
designed to assess the efficacy and safety of combined
chemotherapy with hypofractionation and indirectly compare
with the outcomes of previous CONV-RT studies.

We present the following article in accordance with the
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-573).

Methods

Electronic searches on PubMed, Embase, Scielo, and
Cochrane for eligible studies published before July 1,
2020. The following keywords or medical terms were
used: (“non-small cell lung carcinoma” or “non-small cell
lung cancer” or “non-small cell lung neoplasms” or “lung
adenocarcinoma” or “lung squamous cell carcinoma”
or “large cell lung cancer”), and (“radiotherapy”
or “hypofractionation” or “hypofractionated” or
“accelerated hypofractionated”). We included only
articles in English. Moreover, reference lists of relevant
studies were manually searched for potentially eligible
articles. The meta-analysis followed PRISMA guidelines
recommendations (20).

Study inclusion

We included clinical trials phase II/III comparing HYPO-
RT-C versus sequential chemotherapy followed HYPO-
RT (HYPO-RT-S) in patients with NSCLC (T'1-3/N0-N2/
MO). Clinical trials phase I or phase II without a comparison
between HYPO-RT-C vs. HYPO-RT-S were excluded.
Retrospective studies, case reports, reviews, or studies
without data were excluded.
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Patients

Studies enrolling patients with inoperable NSCLC stage
T1-4N0-3MO who were randomized to receive HYPO-
RT-S or HYPO-RT-C were included.

Intervention

We included studies that used radiotherapy given to
patients eligible for potential curative RT at presentation;
the treatments should be given sequentially or concurrently.
HYPO-RT-C was considered when chemotherapy was
given on the same days as RT treatment. HYPO-RT-S was
considered when it was given before a course of RT but
not during RT. Any chemotherapy drug combination was
allowed. HYPO-RT was considered as any fractionation
schedule delivering a radiotherapy dose higher than 2.1 Gy.
Any radiotherapy technique such as conformational
radiotherapy, intensity-modulated radiotherapy (IMRT), or
volumetric modulated arc therapy (VMAT) was allowed.

Outcomes

The outcomes for meta-analysis were overall mortality
(OM), disease progression (DP), and local failure (LF). The
late maximal toxicity grade 3—5 pneumonitis and esophagitis
were estimated. We also evaluated the patient’s adherence
to the chemotherapy and radiotherapy protocol.

Data collection and quality assessment

Two reviewers independently selected data using a
standardized method. The following information was
collected: author, year, study design, stage, HYPO-RT dose,
clinical characteristics (sex, age, histology, follow-up), and
clinical outcomes.

Statistical analysis

The meta-analysis of the outcomes was performed using
openmeta software. Relative risk ratio (RR) with 95% CI
was used to analyze dichotomous data. Heterogeneity was
estimated using the I’ index and P-value, with a P-value
lower than 0.05 considered statistically significant. In the
presence of heterogeneity using the fixed effect model,
the random effect model was selected to estimate the
outcomes. To give a view of the outcomes with HYPO-
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RT, we extracted the data of randomized clinical trials with
the same design comparing conventional radiotherapy
combined with concurrent (CONV-RT-C) versus
sequential chemotherapy (CONV-RT-S). We utilized the
data available from the meta-analysis performed by Aupérin
et al. (4). Then, a subgroup analysis was performed, dividing
the studies by HYPO-RT versus CONV-RT. The RR and
95% CI for both interventions were estimated. Data were
extracted from the Kaplan Meier curve of each study using
WebPlotDigitizer employing the “X Step w/interpolation”
setting, and points were extracted along with regular
intervals of 12 months for each curve (21). A representative
survival curve for each arm HYPO-RT-C, HYPO-RT-S,
CONV-RT-C, and CONV-RT-S was built to provide a
better view of the differences among them. A P value <0.05
was considered significant.

Results

We identified in our searches 378 studies reporting the
outcomes of HYPO-RT to locally advanced NSCLC.
After applying the inclusion criteria, 25 studies were
screened, and with full-text analysis, 23 were excluded
from the meta-analysis because they were phase I (n=12),
phase II (n=5), or retrospective studies (n=6) without a
comparison arm (Figure I). Thus, we selected 2 studies,
including 288 patients with locally advanced NSCLC
treated with HYPO-RT-C or HYPO-RT-S reporting
the outcomes with a median follow-up of three years
(22,23). Figure 1 describes the search strategy and the
reasons for the exclusion of some studies. Both studies
were randomized clinical trials (one phase I and another
phase III). The patient’s characteristics were similar
between the studies for age, histological subtype, clinical
performance, and follow-up (Tzble 1). Both trials,
SOCCAR and EORTC, used conformational 3D RT
(22,23). Regarding the total dose, SOCCAR delivered
55 Gy with 2.75 Gy per fraction and EORTC 66 Gy
with 2.75 Gy per fraction. In the SOCCAR trial, the
sequential arm received cisplatin 80 mg/m’ IV on day
1 and vinorelbine 25 mg/m’ IV on day 1 and 8 (q 21)
for 3—4 cycles with RT scheduled to start four weeks
after day 1 of the final cycle of chemotherapy (22). The
EORTC trial employed two courses of Gemcitabine
(1,250 mg/m’ days 1, 8) and Cisplatin (75 mg/m’ day 2)
with a 3 weeks interval (23). In both studies, cisplatin was
given concomitant with HYPO-RT (22,23).
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Figure 1 Flowchart of studies in the meta-analysis. CONV-RT, conventional radiotherapy.

Table 1 Characteristics of studies included in the meta-analysis

SOCCAR (22) EORTC (23)
Variables
HYPO-RT-C HYPO-RT-S HYPO-RT-C HYPO-RT-S
Patients 70 60 80 78
Age (mean) 61 64 62 64
Female (%) 36 33 26 22
Male (%) 64 67 74 78
Clinical stage Ill (%) 100 100 94 93
Histology (%)
Adenocarcinoma 26 28 24 32
Squamous cell carcinoma 69 58 40 40
Radiotherapy (Gy)
Total dose (median) 55 55 66 66
Dose/fraction (median) 2.75 2.75 2.75 2.75
Chemotherapy Cisplatin 20 mg/m” was  Cisplatin 80 mg/m’ IV on Cisplatin (6 mg/m?) Gemcitabine (1,250 mg/m®
given days 1-4 and 16-19.  day 1 and vinorelbine 1-2 hours before each days 1,8) and Cisplatin
Vinorelbine was 15 mg/m® 25 mg/m’ IV on day 1 and fraction (75 mg/m’ day 2)
givendays 1,6, 15and 20 8 (q 21) for 3-4 cycles
Follow-up, mouth (median) 35 35 39 39

HYPO-RT, hypofractionated radiotherapy.
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Overall mortality at 3 years
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Figure 2 Overall mortality at 3 years with HYPO-RT and CONV-RT with sequential (S) or concomitant (C) chemotherapy. HYPO-RT,

hypofractionated radiotherapy; CONV-RT, conventional radiotherapy.
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Figure 3 Kaplan-Meier curves comparing the survival with different radiotherapy and chemotherapy combinations. (A) A representative

Kaplan-Meier curve showing the survival of patients treated by HYPO-RT with sequential (S) and concomitant (C). (B) Kaplan-Meier curve
of patients treated by HYPO-RT-C and CONV-RT-C. (C) Kaplan-Meier curve of patients treated with HYPO-RT-S and CONV-RT-S.
HYPO-RT, hypofractionated radiotherapy; CONV-RT, conventional radiotherapy.

Overall mortality

All the studies reported OM as one of the outcomes.
Altogether, the analyses included 2 trials with 288 patients.
The OM rates at 3 years had no significant difference
comparing HYPO-RT-C arm (107/150=71%) with HYPO-
RT-S arms (109/138=79%). The pooled risk ratio for all
trials was 1.09 with a 95% CI of 0.96 to 1.28, P=0.1. The
test for heterogeneity was not statistically significant with
a P-value of 0.17, which indicates that the pooling of the
data was valid. The overall risk ratio suggests no difference
between HYPO-RT-C and HYPO-RT-S arms regarding
the OM rate with a P-value of 0.17 (Figure 2). The RR of

© Journal of Thoracic Disease. All rights reserved.

trials comparing CONV-RT-C arm (458/523=87.6%) with
CONV-RT-S arms (481/524=92%) for OM at 3 years was
1.03 (95% CI: 0.96-1.10), no indicating significant difference
between CONV-RT and HYPO-RT arms (Figure 2). The
representative Kaplan-Meier curve of the rates for OS
comparing HYPO-RT-C with HYPO-RT-S (Figure 34) was
extracted from each arm of studies. Figure 3B illustrates the
OS with HYPO-RT-C vs. CONV-RT-C and Figure 3C the
OS of HYPO-RT-S vs. CONV-RT-S.

Disease progression

All studies reported DP as an outcome representing a total
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Figure 4 DP and LF at 3 years. (A) DP with HYPO-RT and concomitant CONV-RT with sequential (S) or concomitant (C) chemotherapy.
B) LF with HYPO-RT and CONV-RT with sequential (S) or concomitant (C) chemotherapy. DP, disease progression; LF, local failure;
HYPO-RT, hypofractionated radiotherapy; CONV-RT, conventional radiotherapy.

of 288 patients. The DP was 79% (119/150) and 81%
(112/138) for HYPO-RT-C and HYPO-RT-S, respectively.
The test for heterogeneity was not statistically significant
(P=0.173), allowing the results to be pooled. The RR was
1.06 (95% CI: 0.89-1.268, P=0.49), which suggests that
there was no difference for DP between the HYPO-RT-C
and HYPO-RT-S (Figure 44). The RR of trials comparing
CONV-RT-C arm (91%) with CONV-RT-S arms (92%)
for DP at 3 years was 1.06 (95% CI: 0.89-1.269), no
indicating significant difference between CONV-RT and
HYPO-RT arms (Figure 4A).

Local failure

All studies reported LF as an outcome representing a total
of 288 patients. The LF was 48.7% (73/150) and 52.9%
(73/138) for HYPO-RT-C and HYPO-RT-S, respectively.
The test for heterogeneity was not statistically significant
(P=0.33), allowing the results to be pooled. The RR
was 1.06 (95% CI: 0.89-1.268, P=0.33), suggesting no

© Journal of Thoracic Disease. All rights reserved.

difference for LF between the HYPO-RT-C and HYPO-
RT-S (Figure 4B). The RR of trials comparing CONV-
RT-C arm (40%) with CONV-RT-S arms (41%) for LF
at 3 years was 1.14 (95% CI: 1.04-1.30), no indicating
significant difference between CONV-RT and HYPO-
RT arms (Figure 4B). The rates of mortality, distant
progression, and LF in HYPO-RT and CONV-RT are

summarized in Figure 5.

Adberence and toxicity

There was no difference in the full course of chemotherapy
HYPO-RT-C (84.5%) vs. HYPO-RT-S (87%), RR =1
(95% CI: 0.9-1.1) or radiotherapy HYPO-RT-C (96%) vs.
HYPO-RT-S (87.5%), RR =0.93 (95% CI: 0.8-1.1). Test
for heterogeneity was not significant with a P-value of 0.42
(Figure 6A4). The RR of late grade 3 pneumonitis comparing
HYPO-RT-C (17%) vs. HYPO-RT-S (14%) was 0.87 (95%
CI: 0.5-1.4, P=0.617) and grade 3 esophagitis was HYPO-
RT-C (7%) vs. HYPO-RT-S (6%) with a RR =0.89 (95%
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Figure 5 Overall mortality, distant progression and local failure rates
in the HYPO-RT and CONV-RT arms. HYPO-RT; hypofractionated
radiotherapy; CONV-RT, conventional radiotherapy.
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sequential (S) and concomitant (C) chemotherapy. HYPO-RT, hypofractionated radiotherapy.

CI: 0.3-2.1, P=0.80) (Figure 6B). The grade 3 or higher
pneumonitis and esophagitis rates in HYPO-RT and
CONV-RT is resumed in Figure 7.

Discussion

HYPO-RT has the capability of improving local control
and, consequently, overall survival (17). The high rate of
NSCLC repopulation makes HYPO-RT an alternative
for tackling tumor repopulation utilizing single large daily
fractions in reduced treatment time (16,17). In addition,
HYPO-RT has the advantage of being more convenient and
attractive than CONV-RT to patients. At the same time, it
can be helpful in radiotherapy services with limited capacity
and resources.

© Journal of Thoracic Disease. All rights reserved.

To the best of our knowledge, this is the first meta-
analysis to evaluate the impact of HYPO-RT combined
with chemotherapy in locally advanced NSCLC. Our
data showed that this approach is feasible and safe for
patients, yielding outcomes similar to those of CONV-
RT. The intention was not to directly compare the
treatment outcomes of CONV-RT with HYPO-RT; this
strategy was chosen only to establish a baseline. The rate
of OM at 3 years with CONV-RT and HYPO-RT was
similar, with no difference in the RR between HYPO-RT
(RR =1.09) and CONV-RT (RR =1.03) (Figure 2). The
overall survival rates extracted from the trials using CONV-
RT and HYPO-RT with concomitant or sequential
chemotherapy from the first 3 years show that HYPO-RT
yielded similar outcomes, as demonstrated in Figure 34-3C.
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Our data concurred with those of a recent study involving a
large cohort of patients with locally advanced NSCLC who
were treated with HYPO-RT-C (24). In the study, following
the SOCCAR trial protocol, the authors reported a high
treatment completion rate, low morbidity, and satisfactory
survival (24).

A possible concern with HYPO-RT-C is the risk of
increased toxicity and the consequences of interruptions
or low adherence, leading to reduced survival. In
total, >84.5% and >95% patients received full-dose
chemotherapy and radiotherapy, respectively, without
differences between concomitant and sequential arms.
High adherence is an indirect measure of severe acute
toxicity occurrence. As one of the trials did not provide any
data on acute toxicity, adherence was used as a surrogate
endpoint. However, both studies provided information
on late toxicity (22,23). The estimations of late grade >3
toxicities considered only pneumonitis and esophagitis
because they were the most frequent toxicities observed
in both HYPO-RT arms. The severe pneumonitis and
esophagitis rates were not significantly different between
the HYPO-RT arms and were comparable to those using
CONV-RT. Although an exploratory analysis of the
factors from these studies in relation to the development
of severe toxicity was not possible, the combination of the
HYPO-RT schedule and the number of chemotherapy
drugs seemed to have played a decisive role. A phase I/
IT trial treating 92 patients with HYPO-RT at a dose of
58.8 Gy/21 fractions (2.8 Gy/fraction, 4 weeks) with
2 cycles of CHT (cisplatin 80 mg/m’ on D1 and D22
and vinorelbine 25 mg/m2 on D1, D8, D22, and D29)
and RT on D1 highlighted this point (25). Although an
encouraging median survival of 38 months was achieved, 2
deaths related to treatment toxicity were reported.

Recently, a large retrospective single-institution study
evaluating the role of HYPO-RT (55 Gy/20 fractions)
compared to continuous hyperfractionated accelerated
radiotherapy (CHART, 54 Gy, 36 fractions over 12 days)
was published (26). In this study, with 563 patients, 38%
underwent induction chemotherapy, 57% received HYPO-
RT, and 43% CHART (26). The prescribed radiotherapy
treatment was completed for 99% patients (26). The
median age of the patients was 71 years, and 95% PET
stages were evaluated (26). The overall response rate was
50%, with a disease-free survival of 19 months and an OS
of 22.5 months (26). The OS rate was 48% at 2 years (26).

In addition, Kaster et 4/ analyzed heterogeneous data
from 33 retrospective trials on HYPO-RT and reported a
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moderate relationship between HYPO-RT and BED, OS,
and greater acute esophageal toxicity. The study concluded
some type of hypofractionation and concomitant systemic
therapy should be included in the treatment of stage III
NSCLC to improve outcomes (27).

Based on these and our data, it is possible to recommend
a moderate fraction (2.75 Gy) with a total dose of 55 Gy
combined or sequential to platinum-based chemotherapy
doublets and 66 Gy with the same dose per fraction as
cisplatin alone. A study exploring the relationship between
the tumor volume or its proximity to the organs at risk, such
as the heart and main vessels, and severe toxicity was not
possible. These points were assessed in another prospective
and retrospective study showing that large tumors or those
centrally located in the mediastinum can have a high risk
of developing severe toxicity (28). In contrast, the use of
IMRT, combined with modern imaging for planning such
as PET-CT, with an image guiding system (IGRT) to
deliver the moderated hypofractionation has great potential
to mitigate toxicities and improve the therapeutic index.

The importance of radiation doses has recently gained
attention owing to the incorporation of immunotherapy
in the therapeutic arsenal for NSCLC (29). The PACIFIC
trial was the first randomized trial to show a possible
synergistic effect leading to the benefit of progression-
free survival with the incorporation of durvalumab after
CRT with conventional fractionation (30). The dose per
fraction may play a potential role in boosting anti-tumor
immune responses (29,31-33). The initial results of the
pre-clinical studies showed a profound difference in the
immunological effects of the hypofractionation schedule.
For example, Reits er a/. showed that the expression of
MHC-I and associated tumor peptides were higher with
hypofractionated doses (29). Further, a high dose per
fraction may lead to more significant upregulation of other
stimulatory immune signals, enhancing tumor-specific
CD8+ T-cell infiltration (29). In this scenario, our data
provide an authentic benchmark regarding the efficacy and
toxicity of CRT with HYPO-RT, which is indispensable
before considering the addition of immuno-oncology agents
or DNA damage response inhibitors to concurrent CRT.
Currently, there is only one study registered at clinicaltrials.
gov (NCT03331575) comparing HYPO-RT-C and CONV-
RT-C (34). The findings of the present meta-analysis may
stimulate and support the development of further studies
employing HYPO-RT.

This meta-analysis has some limitations. The study
included only two trials comparing the timing of

7 Thorac Dis 2021;13(11):6272-6282 | https://dx.doi.org/10.21037/jtd-21-573



6280

chemotherapy with HYPO-RT, and a direct comparison
with CONV-RT was not possible. The randomized
controlled trials (RCTs) provided limited data on significant
factors related to the development of late severe toxicity
and, thus, an exploratory analysis was not possible.
However, despite these limitations, this meta-analysis
provides data that strongly support the continuation and
development of studies employing HYPO-RT-C for locally
advanced NSCLC.

Conclusions

HYPO-RT given with chemotherapy provides satisfactory
OM, LF, and DP in locally advanced NSCLC. The
adherence to the full course of chemotherapy and
radiotherapy was high, and the severe pneumonitis and
esophagitis rates with HYPO-RT-C or S were acceptable.
The indirect comparison of HYPO-RT outcomes with
the standard treatment (CONV-RT) for locally advanced
NSCLC suggests that HYPO-RT-C is feasible, convenient
for patients, and further randomized clinical trials should
consider it an experimental arm in the incorporation of new
strategies, such as immunotherapy. These data can also be
useful to design future clinical trials employing HYPO-RT.
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