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Background: The combined use of radiotherapy (RT) and immune checkpoint inhibitors (ICIs) is
a promising strategy in the treatment of cancer patients. We sought to comprehensively summarize
the characteristics of oncological trials investigating the synergistic effect of RT and ICIs registered at
Clinical Trials.gov.

Methods: In this cross-sectional study, oncological trials investigating the synergistic effect of RT and
IClIs registered at ClinicalTrials.gov from database inception to November 30, 2021 were retrieved. The
characteristics of the included trials were assessed.

Results: Overall, 403 registered trials were identified for analysis. Of these trials, 393 (97.5%) were
interventional trials and 10 (2.5%) were observational trials. The top 3 most-studied conditions were
gastrointestinal cancer (25.8%), head and neck cancer (18.6%), and non-small cell lung cancer (NSCLC)
(17.9%). Approximately, 60.0% of the trials comprised <50 participants and 22.6% of the trials comprised
>100 participants. More than half of the registered trials were prospective phase 2 trials (54.3%). In relation
to trial location, 39.7% of the trials were conducted in the United States, which was the most common
registered area, followed by China (33.7%) and Europe (19.4%). In relation to the radiation fractionation,
the conventional fractionation size of 1.8-2.0 Gy was comparable to the ultra-hypofractionation size of
>5 Gy (46.4% vs. 32.8%), and the most commonly used ultra-hypofractionation regimen was 24 Gy/3 Fx
(24%), followed by 25 Gy/5 Fx (11%) and 30 Gy/5 Fx (11%). Additionally, the most commonly used ICI in
the registered trials was pembrolizumab (20.1%), followed by durvalumab (11.4%) and nivolumab (9.2%).
Among all the registered trials, only 4% of the trials had been completed, but 61.5% of the completed trials
had reported their results on Clinical Trials.gov. The conventional fractionation trials were more likely to be
phase 3 trials, located in China, and performed in patients with head and neck cancer or gynecological cancer
(all P values <0.05), while the ultra-hypofractionation trials were more likely to be phase 1 trials, stopped
early, located in the United States, and performed in patients with lung cancer (all P values <0.05).
Conclusions: The number of prospective trials investigating the synergistic effect of RT and ICIs
registered at Clinical Trials.gov has increased significantly over the past decade. The ultra-hypofractionation
size of the registered trials varies, but the 24 Gy/3 Fx regimen is commonly used. The clinical results of
registered trials examining the synergistic effect of RT in combination with ICIs, specifically in terms of

ultra-hypofractionation, remain limited.
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Introduction

Radiotherapy (RT) is one of the main components in the
treatment of cancer and is an effective option for treating
unresectable disease and reducing locoregional recurrence
after surgery (1). Traditionally, the predominant antitumor
mechanism of RT has been attributed to DNA damage
induced by RT, followed by tumor cell apoptosis, necrosis,
mitotic catastrophe, and autophagy. However, RT is also a
promising immunological adjuvant and a complex modifier
of the tumor microenvironment (1).

Several studies have suggested that the immune system
plays an important role in the therapeutic effects of
radiation by promoting tumor cell death in the radiation
field (2,3). For example, in preclinical cancer models, the
stimulation of granulocyte-macrophage colony formation
after irradiation has been shown to promote the migration
of myeloid-derived suppressor cells (MDSCs) into
circulation and through inflamed tissues (4,5). MDSCs can
differentiate into mature granulocytes and macrophages
due to radiation-induced immune activation (6). Therefore,
RT might enhance the antitumor efficacy of immune

Highlight box

Key findings

* Prospective oncological trials investigating the synergistic effect of
RT and IClIs registered at Clinical Trials.gov had been significantly
increased, but most of these trials were small sample size, non-
randomized trials and were uncompleted. The fraction size of
ultra-hypofractionation size used also varied.

What is known and what is new?

* The characteristics and trends of oncological trials assessing
efficacy of RT for cancer patients had been previously investigated.

* This study focused on trials investigating synergistic effect of RT
and IClIs, and found the trend of these trials significantly increased,
but still lack of high-quality clinical evidence.

What is the implication, and what should change now?

* High-quality randomized controlled trials examining the
synergistic effect of RT in combination with ICIs, specifically in
terms of ultra-hypofractionation, were still urgently need.
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checkpoint inhibitor (ICI) by activating T cells through
regulating the functions of MDSCs. In addition to the
potential synergism in terms of local control, the systemic
effects of immune activation mediated by RT, known as “the
abscopal effect”, has aroused great interest (7). Mole (8) first
described this phenomenon in 1952, which he defined as
the tumor regression of lesions distant from the irradiated
site. The RT-induced abscopal effect may be mediated by
the activation of the immune system. Unfortunately, this
phenomenon is rarely observed in clinical settings, which
might be due to the RT-induced immune suppression of the
host and tumor microenvironment (2,9).

The immune response is a complex phenomenon that
reflects a balance of the results between the activator and
inhibitor pathways that regulate the activity of tumor-
infiltrating lymphocytes (TILs). Among them, the
programmed death-1 (PD-1)/programmed cell death ligand 1
(PD-L1) pathway is a major checkpoint pathway for immune
responses and is a commonly observed mechanism of immune
escape used by tumor cells (10,11). As a result, the blockade
of PD-1 or PD-L1 could be a potentially effective antitumor
option. Indeed, a class of agents that are able to inhibit
immune checkpoints, such as anti-cytotoxic T-lymphocyte-
associated protein 4 (anti-CTLA-4; ipilimumab), anti-
PD-1 (nivolumab), and anti-PD-L1 (pembrolizumab), have
been approved for cancer treatment in melanoma (12),
breast cancer (13), and lung cancer (14-17), and are being
explored in many other tumor types (18-20). To improve the
therapeutic ratios of ICIs or RT alone, the combined use of
RT and ICIs for the treatment of cancer has been extensively
explored (21-23). The mechanism for the synergistic effect
is the interaction between RT and ICIs in radiation field
cooperation (24). In general, RT induces tumor cell death
to implicate the immune system, and checkpoint blockade
immunotherapy increases radio-sensitization and improves
local tumor control (21).

Since Postow et al. (25) first reported the abscopal
effect in a patient with melanoma treated with ipilimumab
and RT, many cases of the abscopal effect in solid tumors
treated with combined therapy have been observed, which

suggests that RT and ICIs might have a synergistic effect (7).
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Since the publication of the PACIFIC trial, concurrent
chemo-RT followed by durvalumab maintenance therapy
has been the standard treatment for locally advanced non-
small cell lung cancer (NSCLC) due to its robust and
sustained overall survival and durable proregression-free
survival benefits (26). However, the radiation fractionation
size used in published studies significantly varies from
conventionally fractionated RT to ultra-hypofractionated
RT (27,28); thus, it is unknown which doses per fraction
obtain a greater antitumoral immune response. Recently,
several oncological trials investigating the synergistic
effect of RT and ICIs have been performed (29). A better
understanding of the current features of related clinical
trials is important to improving the designs of clinical trials
and identifying neglected areas of research. In the present
study, we comprehensively summarized the characteristics
of oncological trials investigating the synergistic effect of
RT and ICIs registered at Clinical Trials.gov, specifically in
terms of radiation fractionation size.

Methods
Search and selection of relevant registered tvials

In this cross-sectional study, oncological trials investigating
the synergistic effect of RT and ICIs registered at
Clinical Trials.gov from database inception to November 30,
2021 were retrieved. To identify the relevant trials, we used
the following search terms: “cancer”, “tumor”, “carcinoma”,
“radiotherapy”, “SBRT”, “SABR”, and “immune checkpoint
inhibitors”. All the available results were downloaded as
XML files. Subsequently, all the data were imported into
a Microsoft Excel sheet to facilitate further data selection,
classification, and management. We excluded duplicated
trials, trials that did not involve RT, trials that assessed
an immune-cytokine/vaccine, and trials that investigated
brachytherapy. Our two investigators (LYC and WXQ) also
excluded clinical trials that did not involve cancer patients
by reviewing the “condition”, “brief title”, and “official title”
of the trials. The present study was performed according to
the provisions of the Declaration of Helsinki (as revised in
2013). This cross-sectional analysis of the trials registered
at ClinicalTrials.gov was not considered human-subject
research. No administrative permission was needed to assess
the data. Individual consent was not required for this study.

Data extraction

All the data sets were downloaded in the “all available

© Translational Cancer Research. All rights reserved.

Chen et al. A study of trials examining RT and ICls in oncology

columns” and “comma-separated values” formats and
analyzed. The data related to the following variables were
independently extracted by two investigators (LYC and
WXQ): national clinical trial (NCT) number, sample
size, gender, study design, specific ICI drug, RT type,
study location, center, funding source, start date, and
trial status. If an industry was listed as the lead funder,
the trial was classified as being funded by that industry. If
the National Institutes of Health (NIH) was listed as the
lead funder, the trial was considered NIH-funded (30,31).
According to the recommendations of the American
Society for Radiation Oncology (ASTRO), the American
Society of Clinical Oncology (ASCO), and the American
Urological Association (AUA) evidence-based guidelines,
we further classified the RT types into the following
three groups according to the radiation fractionation size:
conventionally fractionated (1.8-2.0 Gy per fraction),
moderately hypofractionated (2.4-3.4 Gy per fraction), and
ultra-hypofractionated (5 Gy or more per fraction) (32).
A fractionation size between 3.4 and 5 Gy was defined as
moderately hypofractionated in the present study.

Statistical analysis

The number (percentage) of the categorical variables and
the median (interquartile range) of the continuous variables
were calculated. The y’ test was used to compare the
categorical variables. All the statistical tests were performed
using NCSS 11 Statistical Software (2016; https://www.ncss.
com/software/ncss/; NCSS, LLC., Kaysville, UT, USA),
and a two-sided P value <0.05 was considered statistically
significant.

Results
Distribution of the relevant clinical trials

By November 30, 2021, a total of 713 registered clinical
trials were retrieved from the Clinicaltrials.gov database. Of
them, 153 trials were duplicates, 20 trials assessed PD-L1
expression after radiation, 95 trials investigated the efficacy
of ICIs alone, 14 trials assessed the association between RT
and immunomodulation, 5 trials assessed the toxicities of
PD-1/PD-L1 inhibitors, 21 trials investigated an immune-
cytokine/vaccine, and 2 trials did not involve external beam
radiation. Ultimately, a total of 403 trials were deemed
eligible for inclusion in the analysis, including 393 (97.5%)
interventional trials and 10 (2.5%) observational trials
(Figure I). The distribution of the eligible trials by year
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Potentially relevant trials identified
from ClinicalTrials.gov (n=713)

Excluded (n=310)

e Duplications (n=153)

e Evaluated PD-L1 expression after
radiotherapy alone (n=20)

¢ Assessed PD-1/PD-L1 inhibitors alone (n=95)

* Assessed association between radiotherapy
and immunomodulation (n=14)

* Assessed toxicities of PD-1/PD-L1 inhibitors
(n=5)

¢ Investigated immunocytokine/vaccine in
cancer (n=21)

¢ No external beam radiation (n=2)

Y

A

Eligible trials for analysis (n=403)

Figure 1 Flowchart of included trials. PD-L1, programmed cell
death ligand 1; PD-1, programmed death-1.
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Figure 2 Distribution of eligible clinical trials according to the

registered year.

according to the time of registration is summarized in
Figure 2. Overall, the number of registered clinical trials has
increased over the years, from 8 trials in 2014 to 71 trials in
2021 (Figure 2).

General characteristics of the registered clinical trials

Overall, 206 (51.1%) studies were in the process of
recruiting, 68 trials (16.9%) had not yet begun the
process of recruiting, 54 trials (13.4%) were active and no
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Distribution according to phase of trials

Missing

Phase 3

Phase 1
Phase 2/3

Phase 1/2

Phase 2

Figure 3 Distribution of the phases of the registered trials.

longer recruiting, and 26 (6.5%) studies had already been
completed. A possible explanation for the low proportion
of completed studies was that as most of these trials
(72.5%) had been performed in the last 4 years, and thus
the majority of these trials were still ongoing. Among the
completed 26 trials, 16 (61.5%) had reported their results
on ClinicalTrials.gov, which was significantly higher than
the number of trials on other diseases, such as diabetes, that
had reported their results (31,33). The most abundant type
of study (more than half of the registered studies; 54.8%)
was phase 2 trials, followed by phase 1 trials (17.9%) and
phase 1-2 trials (13.2%, Figure 3).

RT is combined with ICIs to modify the tumor
microenvironment to initiate the immune system. Thus, the
schedule of RT and immunotherapy may play an important
role in generating the immune response. Several trials
have shown that concomitant RT and ICIs achieve better
survival outcomes when compared to ICIs alone in different
types of tumors (34-36). Consistent with these results,
333 registered trials (82.6%) investigated the synergistic
effect of the concurrent combination of RT and ICIs, and
70 trials assessed the synergistic effect of the sequential
combination of RT and ICIs. The majority of trials (74.4%)
irradiated the primary tumor site. In relation to the patient
population, the majority of registered trials (95.3 %) focused
on nonmetastatic or oligometastatic disease, and only 19
trials included polymetastatic cohort patients. In relation
to the radiation site, 2 of the included trials required all the
metastases be irradiated, 4 trials required 1 metastatic site
be irradiated, and 97 trials required more than 1 metastatic
site be irradiated. The baseline characteristics of the trials
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Table 1 Baseline characteristics of the included trials are listed in Tuble 1.
Parameters Number Percentage
Study type

Design characteristics of the registered trials

Interventional 393 97.5 . . L .
Table 2 lists the design characteristics of the registered
Observational 10 25 trials. Most of the registered trials (59.6%) were small-scale
Phase studies, comprising <50 participants; however, some of the
Phase 1 72 17.9 trials had an anticipated enrollment of >100 participants
Phase -2 53 132 (22.(.3%). The median number of participant.s per trial was
43 (interquartile range, 24-92). A substantial proportion
Phase 2 219 54.3 . . . o
of the registered studies were nonrandomized (68.7%), but
Phase 2-3 8 2.0 some were randomized (28.8%).
Phase 3 35 8.7 The top 3 most-studied conditions were gastrointestinal
Missing 16 4.0 cancer (25.8%), head and neck cancer (18.6%), and
Sex NSCLC (17.9%). A total of 7 registered trials sought to
investigate the efficacy and toxicities of RT and IClIs in
Female 24 6.0 . . . .
treating patients with brain metastases. Among these,
Male 4 1.0 4 trials comprised NSCLC patients with brain metastases,
Both 375 93.0 1 trial comprised melanoma patients with brain metastases,
Overall status and the remaining 2 trials comprised patients with brain
Not yet recruiting 68 169 metastases .from a p(?lymetast'atlc population. .

N In relation to trial location, 39.7% of the trials were
Recruiting 206 5141 conducted in the United States, which was the most
Active, not recruiting 54 13.4 common registered area, followed by China (33.7%) and
Completed 26 6.5 Europe (19.4%). In relation to radiation fractionation size,
Terminated 13 3.2 the use of the conventional fractionation size of 1.8-2.0 Gy

in the registered trials was comparable to the ultra-
Suspended 5 1.2 . . .
hypofractionation size of >5 Gy (46.4% wvs. 32.8%). The
Withdrawn 16 4.0 most commonly used ultra-hypofractionation regimen
Unknown status 15 3.7 among the included studies was 24 Gy/3 Fx (24%),
Study results followed by 25 Gy/5 Fx (11%), and 30 Gy/5 Fx (11%;
Results available 16 40 Figure 4). Deta'1led tcrlal 1nf0rmat%0n ab?ut the specific
ultra-hypofractionation regimens is provided in Table 3.
No results available 387 96.0

Additionally, the most commonly used ICI in the registered
Sequencing of AT and ICl trials was pembrolizumab (20.1%), followed by durvalumab
Concomitant 333 82.6 (11.4%) and nivolumab (9.2%; Figure 5). Among all the
Sequential 70 17.4 registered trials, 4% had received NIH or other federal
funding, 6.9% had received industry funding, and 89.1%

had received other sources of funding.

Radiation site

All metastases RT 2 0.5
One metastatic site RT 4 1.0
) ) Comparison of the characteristics between conventional
Multiple sites RT, but not all 97 241 R . . .
fractionation and ultra-bypofractionation
Primary tumor RT 300 74.4

The differences in the characteristics between the conventional
Included cohort

fractionation RT trials and ultra-hypofractionation trials are

Polymetastatic 19 a7 presented in 7ible 4. The study type, funding source, and
Oligometastatic/nonmetastatic 384 95.3 reporting of the study results were comparable between
RT, radiotherapy; ICI, immune checkpoint inhibitor. the conventional fractionation RT trials and ultra-
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Table 2 Trial design of the included trials Table 2 (continued)

Parameters Number Percentage Parameters Number Percentage

Type of ICI Genitourinary cancer 23 5.7
Pembrolizumab 81 201 Gynecological cancer 17 4.2
Nivolumab 37 9.2 Lymphoma 14 3.5
Avelumab 14 3.5 Melanoma 11 27
Atezolizumab 25 6.2 Others® 42 10.4
Durvalumab 46 114 Region
Ipilimumab 1 0.2 China 136 33.7
Camrelizumab 31 7.7 Other Asia 10 25
Sintilimab 16 4.0 United States 160 39.7
Toripalimab 33 8.2 Europe 78 19.4
Tislelizumab 7 1.7 Canada 8 2.0
PD-1/CTLA-4 combination 28 6.9 Austria 8 20
ICls (not specified or novel agents) 84 20.8 Missing 3 0.7

Type of RT Funding source
Ultra-hypofractionation (SBRT/SABR) 132 32.8 NIH 16 4.0
Conventional fractionation 187 46.4 Industry o8 6.9
Moderate fractionation 16 4.0 Other 359 89.1
Unknown 68 16.9 #

, including multiple solid tumors. ICIl, immune checkpoint
Enroliment inhibitor; PD-1, programmed death-1; CTLA-4, cytotoxic
T-lymphocyte-associated protein 4; RT, radiotherapy; SBRT,

0-30 149 37.0 stereotactic body radiotherapy; SABR, stereotactic ablative
31-50 91 226 radiotherapy; GBM, glioblastoma; NSCLC, non-small cell lung
cancer; SCLC, small cell lung cancer; NIH, National Institutes of
51-100 72 17.9 H
ealth.
>100 91 22.6
Allocation
hypofractionation RT trials (P=0.68, P=0.36, and P=0.72,
Randomized 116 28.8 . . .
respectively). In relation to the phases, the conventional
Nonrandomized 277 68.7 fractionation RT trials were more likely to be phase 3
Observation 10 25 trials than were the ultra-hypofractionation RT trials
Conditions [25 of 184 (13.3%) vs. 5 of 132 (3.8%), P=0.008] and less
likely to be phase 1 trials [21 of 187 (11.2%) vs. 27 of 132
Head and neck cancer 75 18.6 i .
(20.5%), P=0.052]. In relation to recruitment status, the
Breast cancer 14 3.5 conventional fractionation RT trials were more likely to be
GBM 13 3.2 ongoing than were the ultra-hypofractionation trials [169
NSCLC 79 17.9 of 187 (90.4%) vs. 96 of 132 (72.7%)], but the difference
SCLG 12 3.0 was not 'stat1st1ca¥ly significant (P=0.20). In terl.ns of the
proportion of trials that stopped early, the difference
Skin cancer 6 1.5 . . . .
between the conventional fractionation RT trials and the
Gastrointestinal cancer 104 25.8 ultra-hypofractionation trials was statistically significant [7
Table 2 (continued) of 187 (3.7%) ws. 15 of 132 (11.4%), P=0.014]. In addition,
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Ultra-hypofractionation regimen (SBRT, SABR)

Others

15-20 Gy in one fraction

24 Gy/4 Fx, 6 Gy per fx

50 Gy/5 Fx, 10 Gy per fx

33 Gy/5 Fx, 6.6 Gy per fx

8 Gy in one fraction

50 Gy/10 Fx, 5 Gy per fx

30 Gy/3 Fx, 10 Gy per fx

18 Gy/3 Fx, 6 Gy per fx

24 Gy/3 Fx, 8 Gy per fx

25 Gy/5 Fx, 5 Gy per fx

30 Gy/5 Fx, 6 Gy per fx

27 Gy/3 Fx, 9 Gy per fx

Figure 4 Distribution of the ultra-hypofractionation regimens studied in the registered trials. SBRT, stereotactic body radiotherapy; SABR,

stereotactic ablative radiotherapy; Gy, gray; Fx, fraction.

the proportion of “completed” trials was significantly lower
among the conventional fractionation RT trials than among
the ultra-hypofractionation trials [6 of 187 (3.2%) vs. 13 of
132 (9.8%), P=0.021].

In relation to disease conditions, a higher proportion
of conventional fractionation RT trials than ultra-
hypofractionation trials were conducted for head and neck
cancer patients (35.8% vs. 8.3%, P<0.001) and gynecological
cancer patients (7.5% vs. 1.5%, P=0.02), while a lower
proportion of conventional fractionation RT trials than
ultra-hypofractionation trials were conducted for lung
cancer patents (12.8% wvs. 31.1%, P<0.001). In terms of the
scale of enrollment, the proportion of trials with a sample
size of >100 in the conventional fractionation RT trials was
higher than that in the ultra-hypofractionation trials [57
of 187 (30.5%) ws. 18 of 132 (13.6%), P=0.05]. In relation
to the trial location, conventional fractionation RT trials
were more likely to be performed in China than were ultra-
hypofractionation RT trials [89 of 187 (47.6%) vs. 24 of 132
(18.2%), P=0.0001], while ultra-hypofractionation trials
were more likely to be conducted in the United States than
were conventional fractionation RT trials [54 of 187 (28.9%)

© Translational Cancer Research. All rights reserved.

vs. 66 of 132 (50.0%), P=0.01]. In relation to the specific
ICIs, the proportion of the most commonly used ICls,
including pembrolizumab, nivolumab, and durvalumab, was
comparable between the conventional fractionation trials and
ultra-hypofractionation trials (P=0.14, P=0.21, and P=0.37,
respectively).

Discussion

To the best of our knowledge, this is the first study to
comprehensively assess the characteristics of registered
oncological trials investigating the synergistic effect of RT
and ICIs registered at ClinicalTrials.gov. Our study extends
the understandings of the current status of registered trials
investigating the synergistic effect of RT and ICIs, and
our findings could help to improve the future designs of
relevant clinical trials.

In the present study, a total of 403 trials were deemed
eligible for inclusion in the analysis, including 393 (97.5%)
interventional trials and 10 (2.5%) observational trials.
We found that the number of registered trials increased
significantly from 8 trials in 2014 to 71 trials in 2021, which

Transl Cancer Res 2023;12(3):558-571 | https://dx.doi.org/10.21037/tcr-22-1151
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Table 3 Summary of SBRT regimen in the included trials

565

Ultra-hypofractionation regimen Number of used trials NCT trial number

24 Gy/3 Fx, 8 Gy per fraction 18

NCT04690855, NCT04245514, NCT03087864, NCT04683679, NCT02866747,

NCT02298946, NCT05111197, NCT04936841, NCT03224871, NCT03477864,
NCT04878107, NCT03844763, NCT03610711, NCT03474497, NCT04889066,
NCT04938609, NCT02821182, NCT04042506

25 Gy/5 Fx, 5 Gy per fraction 8 NCT04245514, NCT03875573, NCT03503630, NCT02311361, NCT04518280,
NCT05024097, NCT04231552, NCT04558684

30 Gy/5 Fx, 6 Gy per fraction 8 NCT03275597, NCT03150836, NCT02407171, NCT03988647, NCT04648319,
NCT02968940, NCT03743662, NCT04167657

27 Gy/3 Fx, 9 Gy per fraction 6 NCT04421352, NCT04683679, NCT03988647, NCT04830267, NCT04889066,
NCT03915678

18 Gy/3 Fx, 6 Gy per fraction 4 NCT03317158, NCT03774732, NCT03220854, NCT03644823

30 Gy/3 Fx, 10 Gy per fraction 4 NCT04648319, NCT03115801, NCT03469713, NCT04042506

50 Gy/10 Fx, 5 Gy per fraction 3 NCT04255836, NCT04913480, NCT03050554

8 Gy in 1 fraction 3 NCT02311361, NCT03844763, NCT02677155

33 Gy/5 Fx, 6.6 Gy per fraction 2 NCT03161379, NCT03767582

50 Gy/5 Fx, 10 Gy per fraction 2 NCT03275597, NCT03158883

24 Gy/4 Fx, 6 Gy per fraction 2 NCT03262454, NCT03283943

15-20 in 1 fraction 2 NCT02978404, NCT02303366

13 Gy/2 Fx, 6.5 Gy per fraction 1 NCT04748419

20 Gy/2 Fx, 10 Gy per fraction 1 NCT04748419

15 Gy/3 Fx, 5 Gy per fraction 1 NCT04421352

21 Gy/3 Fx, 7 Gy per fraction 1 NCT03507699

28.5 Gy/3 Fx, 9.5 Gy per fraction 1 NCT02843165

45 Gy/3 Fx, 15 Gy per fraction 1 NCT02992912

42 Gy/3 Fx, 14 Gy per fraction 1 NCT05024318

36 Gy/3 Fx, 12 Gy per fraction 1 NCT03386357

54 Gy/3 Fx, 18 Gy per fraction 1 NCT03383302

48 Gy/4 Fx, 12 Gy per fraction 1 NCT03050554

32 Gy/4 Fx, 8 Gy per fraction 1 NCT04098432

35-45 Gy/5 Fx, 7-9 Gy per fraction 1 NCT03539198

SBRT, stereotactic body radiotherapy; NCT, national clinical trial; Gy, gray; Fx, fraction.

suggests that investigations of the synergistic effect of RT
and IClIs in solid tumors have aroused great interest among
oncologists over recent years. Overall, 206 (51.1%) of the
included studies were in the process of recruiting. After the
completion of trials, it is very important that trial results be
reported. However, while 26 trials had been completed, only
16 (61.5%) trials had reported their results at Clinical Trials.

© Translational Cancer Research. All rights reserved.

gov; however, this figure is still significantly higher than
that reported in other areas, such as diabetes (24%) (33) and
artificial intelligence (6.85%) (37).

Most of the registered trials (59.6%) were small-scale
studies, comprising <50 participants, with a median number
of 43 participants per trial. In addition, more than half of
the registered studies (54.8%) were phase 2 trials, followed
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Figure 5 Distribution of the common ICIs studied in the registered trials. ¥, PD-1; *, CTLA-4; &, PD-L1. ICI, immune checkpoint
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inhibitor; PD-1, programmed death-1; CTLA-4, cytotoxic T-lymphocyte-associated protein 4.

Table 4 Comparison of the characteristics between conventional and ultra-hypofractionation

100

Parameters Conventional, n (%) Ultra-hypofractionation, n (%) P value
Study type

Interventional 183 (97.9) 130 (98.5) 0.96

Observational 4(2.1) 2(1.5) 0.69
Phase

Phase 1 21 (11.2) 27 (20.5) 0.05

Phase 1-2 24 (12.8) 22 (16.7) 0.41

Phase 2 102 (54.5) 73 (55.3) 0.94

Phase 2-3 6 (3.2) 2 (1.5) 0.35

Phase 3 25 (13.3) 5(3.8) 0.008
Sex

Female 16 (8.6) 6 (4.5) 0.19

Male 2(1.1) 2(1.5) 0.73

Both 169 (90.4) 124 (93.9) 0.81
Overall status

Ongoing® 169 (90.4) 96 (72.7) 0.20

Stopped early” 7 (3.7) 15 (11.4) 0.014

Completed 6 (3.2 13 (9.8) 0.021

Unknown 5(2.7) 8 (6.1) 0.08
Study results

Has result 7 (3.7) 6 (4.5) 0.73

No results available 180 (96.3) 126 (95.5) 0.96

Table 4 (continued)
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Table 4 (continued)

Parameters Conventional, n (%) Ultra-hypofractionation, n (%) P value

Type of ICI
Pembrolizumab 29 (15.5) 31 (28.5) 0.14
Nivolumab 13 (7.0 15 (11.4) 0.21
Atezolizumab 11 (5.9) 10 (7.5) 0.57
Durvalumab 21(11.2) 20 (15.2) 0.37
Camrelizumab 19 (10.1) 6 (4.5) 0.09
Sintilimab 12 (6.4) 2(1.5) 0.04
Toripalimab 27 (14.4) 2 (1.5 0.0002
PD-1/CTLA-4 combination 9(4.8) 10 (7.6) 0.052
Others 36 (19.3) 36 (27.3) 0.07

Enroliment
0-50 100 (53.5) 90 (68.2) 0.06
51-100 30 (16.0) 24 (18.2) 0.67
>100 57 (30.5) 18 (13.6) 0.005

Conditions
Head and neck cancer 67 (35.8) 11 (8.3) <0.001
Lung cancer 24 (12.8) 41 (31.1) 0.001
Gastrointestinal cancer 61 (32.6) 27 (20.5) 0.07
Gynecological cancer 14 (7.5) 2(1.5) 0.021
Others 27 (14.4) 51(38.6) <0.001

Region
China 89 (47.6) 24 (18.2) <0.001
United States 54 (28.9) 66 (50.0) 0.01
Europe 33(17.6) 30 (22.7) 0.36
Other 8 (4.3) 11(8.3) 0.16

Funding source

NIH 8(4.3) 5(3.8) 0.83
Industry 16 (8.6) 6 (4.5) 0.19
Other 163 (87.2) 121 (91.7) 0.76

?, this status includes trials that were “not yet recruiting”, “recruiting”, “enrolling by invitation”, “active, not recruiting”, or “suspended” in
the database; °, this status includes trials that were “terminated” or “withdrawn” in the database. ICI, immune checkpoint inhibitor; PD-1,
programmed death-1; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; NIH, National Institutes of Health.

by phase 1 (17.9%), and phase 1-2 trials (13.2%). Small for cancer.

trials might be appropriate to investigate the optimal Our findings also suggest that trials investigating the
radiation dose and fractionation in combination with ICIs, synergistic effect of RT and immunotherapy, especially in
but they cannot be used establish a new standard treatment terms of ultra-hypofractionation, remain in the early stage;
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thus, more high-quality evidence needs to be gathered.
Consistent with previous studies (38,39), the proportion
of RT trials sponsored by the NIH or industry is low. In
our study, 4% of the studies had received NIH or other
federal funding, 6.9% had received industry funding, and
89.1% had received other sources of funding. Thus, there
is a critical need to improve the proportion of RT trials
sponsored by the NIH or industry by fostering closer
collaborations among oncologists, industry leaders, funding
agencies, and other concerned parties.

The radiation fractionation size varied significantly across
the reported trials. Thus, we comprehensively summarized
the radiation fractionation size used in the registered
trials. Our results showed that the use of a conventional
fractionation size of 1.8-2.0 Gy was comparable to the
ultra-hypofractionation size >5 Gy in the registered trials
(46.4% vs. 32.8%). Additionally, the most commonly used
ultra-hypofractionation regimen was 24 Gy/3 Fx (24%),
followed by 25 Gy/5 Fx (11%) and 30 Gy/5 Fx (11%).
Compared to the conventional fraction size, higher doses
per fraction are associated with an increased release of
inflammatory molecules, which could initiate and enhance
the immune response. Poleszczuk er al. (40) developed a
novel mathematical model and demonstrated that doses
between 10 and 13 Gy appear to maximize the effects of
stereotactic body RT (SBRT) and systemic immunotherapy.
However, the optimal fractionation size for ultra-
hypofractionation radiation has not yet been determined.
Additionally, we also investigated the commonly used ICls
in the registered trials and found that the most commonly
used ICI in registered trials was pembrolizumab (20.1%),
followed by durvalumab (11.4%) and nivolumab (9.2%).
This finding was not surprising, as these 3 ICIs have been
proven to be effective in multiple solid tumors.

Subsequently, we also compared the differences in the
characteristics between the conventional fractionation
and ultra-hypofractionation radiation trials. We found
that the conventional fractionation trials were more likely
to be phase 3 trials, located in China, and performed in
patients with head and neck cancer or gynecological cancer
(all P values <0.05). Conversely, ultra-hypofractionation
trials were more likely to be phase 1 trials, stopped early,
located in the United States, and performed in lung cancer
patients (all P values <0.05). Our observations are consistent
with those from clinical oncology settings. For example,
concurrent chemo-RT (conventional fractionation)
followed by durvalumab maintenance treatment has become
the standard care for unresected stage III NSCLC (41,42).

© Translational Cancer Research. All rights reserved.
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The optimal ultra-hypofractionation size, irradiation dose,
target lesions, sequencing of RT and ICIs have not yet been
determined; however, ultra-hypofractionation RT appears
to be the ideal partner for immunotherapy.

According to our findings, research interest in the
synergistic effect of the combination strategy of RT and
ICIs has increased as has the number of prospective trials.
However, much remains unknown about radiation doses
and fractionation, the irradiated volume, the timing of RT,
and specific ICIs, all of which could affect the efficiency
of ICI-RT combination therapy. Consistent with our
findings, under current combination strategies, RT should
be administered concurrently with ICIs, or RT should be
followed by ICI administration; however, more trials need
to be conducted to investigate the concurrent therapy of
RT and ICIs. More recently, Tubin ez a/. (43) found that
that the SBRT of partially radiated tumors combined with
ICI administration produced very positive results, with
bystander and abscopal response rates of 96 and 52%,
respectively. Thus, for patients with large volume tumors,
prospective trials should be designed to investigate the
immune responses of patients to partial radiation with
stereotactic ablative RT (SABR) as compared to tumor
radiation concurrent with ICIs.

Research on the combined use of ICIs with RT should
also examine whether administering RT to all or multiple
metastases is more effective than administering RT to
a single site. Due to the heterogeneity within different
metastatic lesions, there is a strong biological rationale for
irradiating all or multiple metastases (2). Indeed, the SABR-
COMET trial showed that administering SABR to all
metastatic lesions was superior to palliative standard of care
treatments alone among patients with a controlled primary
tumor and 1-5 oligometastatic lesions (44). However, it is
not yet known whether comprehensive RT combined with
ICIs would be effective among patients who do not respond
to first-line or second-line treatments. The synergistic
effect of comprehensive RT and ICIs in polymetastatic
populations also remains unknown. Thus, trials examining
the comprehensive irradiation of all possible lesions in
combination with ICIs need to be designed and conducted.

This study had several limitations. First, the Clinical Trials.
gov website does not include records of all the clinical
trials that have been conducted. Investigators may
use other worldwide registries to register their trials.
However, ClinicalTrials.gov contains records of >70%
of all clinical trials in the International Clinical Trials
Registry of the World Health Organization. Second, the
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data of the registered trials in the database are reported
by researchers, and the National Library of Medicine
(NLM) could not verify the validity of the trial information
registered at ClinicalTrials.gov. Indeed, recent research
has confirmed that registry recruitment status information
at ClinicalTrials.gov is often outdated or wrong (45).
However, it should be noted that we performed a search
for the relevant publications in the PubMed database to
confirm whether or not each study had been completed.

Conclusions

The number of prospective trials investigating the
synergistic effect of RT and ICIs registered at Clinical Trials.
gov has increased significantly over the past decade.
The ultra-hypofractionation size varied in the registered
trials, but a regimen of 24 Gy/3 Fx was commonly used.
Conventional fractionation trials were more likely to be
phase 3 trials, located in China, and performed in patients
with head and neck cancer and gynecological cancer, while
ultra-hypofractionation trials were more likely to be phase
1 trials, stopped early, located in the United States, and
performed patients with lung cancer. Clinical results from
registered trials about the synergistic effect of RT with ICIs,
specifically in terms of ultra-hypofractionation, remain
limited.
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