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Objectives. Immune checkpoint inhibitors (ICI) combined with radiotherapy (RT) have emerged as a breakthrough therapy in the
treatment of various cancers. -e combination has a strong rationale, but data on their efficacy and safety are still limited. Hence,
we comprehensively searched the database and performed this study to elucidate the clinical manifestations of this combined
strategy. Methods. We performed a meta-analysis of randomized trials that compared ICI plus RT with placebo plus RT or ICI
alone for the treatment of advanced nonsmall-cell lung cancer (NSCLC) and prostate cancer. -e outcomes included overall
survival (OS), progression-free survival (PFS), disease control rate (DCR), and treatment-related adverse events. A fixed-effects or
random-effects model was adopted depending on between-study heterogeneity. Results. -ree trials involving 1584 patients were
included. ICI plus RT was significantly associated with improvement of OS (hazard ratio [HR]� 0.81, 95% confidence interval
[CI]� 0.70–0.94, P � 0.004), PFS (HR� 0.64; 95% CI 0.56–0.72, P< 0.00001), and DCR (relative risk [RR]� 1.38; 95% CI
1.03–1.84, P � 0.03). A significant predictor for PFS with the combination of ICI and RTwas age, as a significant improvement in
PFS (HR� 0.49; 95% CI 0.37–0.64, P< 0.00001) was observed in NSCLC patients aged under 65 years. In safety analyses, patients
receiving ICI plus RT had a significantly higher incidence of dyspnea (RR� 2.43; 95% CI 1.16–5.08, P � 0.02) and pneumonitis of
grade 3 or higher (RR� 2.78; 95% CI 1.32–5.85, P � 0.007). Conclusion. -e combination of ICI and RT was associated with
improved OS, PFS, and DCR. Patients under 65 years will be the dominant beneficiaries. However, the incidence of dyspnea and
pneumonia of grade 3 or higher also increased, which deserves our vigilance.

1. Introduction

Over recent decades, immune checkpoint inhibitors (ICI) are
considered a major advance in the treatment of various ad-
vanced cancers. Targets of ICI therapy include cytotoxic
T lymphocyte antigen-4 (CTLA-4), programmed cell death
protein 1 (PD1), and programmed death-ligand 1 receptor
(PD-L1). However, actually, the majority of patients treated
with ICI do not achieve objective responses, and most neo-
plasm regressions are partial rather than complete [1].With the
recent success of radiotherapy (RT) combined with immu-
notherapy in animal models of various types of cancer, there
has been renewed interest in the combination of ICI with RT
[2–7]. However, it is not clear whether RT can enhance the
effects of ICI in human patients, and the safety of combined

therapy has not been fully confirmed. We performed a sys-
tematic review of the literature and reported the outcomes of
patients with solid neoplasm treated with ICI and RT.

2. Materials and Methods

We conducted this meta-analysis on the basis of the
PRISMA statement [8]. All analyses were conducted based
on previously published studies; thus, no ethical approval
and patient consent are required.

2.1. Search Strategy. Two reviewers independently com-
pleted the search. -ey were searched, with no time re-
strictions, the following databases for relevant English
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language literature: PubMed (MEDLINE), Embase, the
Cochrane Central Register of Controlled Trials (CENTRAL),
US-clinical trials, and China National Knowledge Infra-
structure Database (CNKI). -e following keywords were
used: “Neoplasms,” “Neoplasia,” “Cancer,” “Immunother-
apy,” “Programmed Cell Death 1 Receptor,” “Programmed
Cell Death 1 Ligand 1,” “CTLA-4 Antigen,” “Durvalumab,”
“Pembrolizumab,” “Atezolizumab,” “Nivolumab,” “Trem-
elimumab,” “Ipilimumab,” “Radiotherapy,” “randomized
controlled trial.” -e electronic database search will be
supplemented by a manual search of the reference lists of
included articles.

2.2. Inclusion Criteria. All relevant articles underwent
evaluation for eligibility by two investigators independently.
-e relevant clinical trials were selected carefully based on
the following criteria: (1) population: participants with
histologically confirmed solid tumors; (2) intervention: PD-
1/PD-L1/CTLA-4 Inhibitors combined with RT (or che-
moradiotherapy), RT were applied prior to immunotherapy
or during immunotherapy, and the types of RT include
conventional radiotherapy and stereotactic radiotherapy; (3)
comparison: ICI or RT alone; (4) outcomes: overall survival
(OS), progression-free survival (PFS), clinical efficacy and
treatment safety; (5) study design: randomized controlled
trials (RCTs). -e following exclusion criteria were con-
sidered: insufficient data were available to estimate the
outcomes; the size of each arm was less than ten patients;
animal studies and nonrandomized studies.

2.3. Data Extraction. Literature screening and data extrac-
tion were carried out by two independent reviewers. -e
discrepancy was resolved by discussion between the two of
us. If the two authors could not reach a consensus, another
author made the decision. For each study, the following
details were extracted: the name of the first author, year of
publication, cancer type, treatment arm and control arm,
sample size, dose, the hazard ratio (HR), and 95% confidence
interval (CI) for PFS (defined as the time from randomi-
zation to the first documented disease progression or death),
and OS (defined as the time from randomization to death),
disease control rate (DCR), number of patients who expe-
rienced adverse effects (AEs). We also extracted HR and 95%
CI for PFS of the intention-to-treat population and the
following predefined subgroups: age (<65 vs. ≥65 years), sex
(female vs. male), tumor histology (squamous nonsmall-cell
lung cancer [NSCLC] vs. nonsquamous NSCLC).

2.4. Quality Assessment and Statistical Analysis. Two in-
vestigators used the risk of bias tool (Cochrane Handbook
for Systematic Reviews of Interventions, Version 5.1.0) to
independently assess the quality of the trials. Sequence
generation, allocation concealment, blinding, incomplete
data, selective reporting, and other sources of bias were
assessed. A trial with a high risk of bias for any one or more
key domains was considered as “high risk.” A trial with a low
risk of bias for all key domains was considered as “low risk.”

Otherwise, it was considered as “unclear.” Disagreements
between the two investigators were resolved by discussion
with a third investigator.

2.5. Statistical Analysis. Statistical analysis was performed
using the software Review Manager 5.3 (Cochrane Collab-
oration, Oxford, UK); HR and their 95% CI were used as
summary statistics for OS and PFS in the present meta-
analysis. For dichotomous outcomes, we extracted the
number of events and participants in each treatment arm to
estimate the relative risk (RR). I2 was used to assess het-
erogeneity across studies, with I2 values of 0%, 25%, 50%,
and 75% representing no, low, moderate, and high het-
erogeneity, respectively. According to the Cochrane review
guidelines, if severe heterogeneity was present at I2> 50%,
the random effect models were chosen. Otherwise the fixed
effect models were used. -e possibility of publication bias
was estimated by funnel plots. A P value <0.05 was con-
sidered statistically significant.

3. Results

3.1. Search Results. Figure 1 illustrates the PRISMA flow
chart for study inclusion and exclusion criteria.-e database
search yielded 615 records. After deleting the duplicate
results, a total of 556 records remained for title and abstract
review. Of these, 64 trials were selected for full-text exam-
ination.-ree studies fulfilled the inclusion criteria and were
suitable for the analysis.

3.2. Characteristics of Included Studies. In this meta-analysis,
we included three RCTs involving 908 patients in the ex-
perimental groups and 676 patients in the control groups.
One study evaluated chemoradiotherapy combined with
durvalumab versus chemoradiotherapy with placebo in
patients with NSCLC [9], one study compared RT plus
ipilimumab versus RTwith placebo in patients with prostate
cancer [10], and one study assessed pembrolizumab after RT
versus pembrolizumab alone in NSCLC [11]. -e charac-
teristics of the studies are reported in Table 1.

3.3. Methodological Bias of Included Studies. Among the
three studies, two studies clearly reported the random al-
location methods, and all three studies provided detailed
information concerning allocation concealment, blinding of
participants and personnel, and outcome assessment. Fig-
ure 2 summarizes the methodological quality of the included
trials.

3.4. Statistical Analysis of Efficacy Outcomes

3.4.1. Overall Survival and Progression-Free Survival. -e
combination of ICI with RT vs. placebo with RT or ICI
alone is shown in Figures 3 and 4. -e relative benefit in OS
of receiving ICI and RT was significant (HR � 0.81, 95% CI
0.70–0.94, P � 0.004). -e analysis of PFS showed that the
addition of immunotherapy to RT reduces the risk of
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Figure 1: Flow diagram of included and excluded studies. After successively applying the inclusion and exclusion criteria, 3 RCTs were
included, but no clinical trials with usable data.

Table 1: Characteristics of the 3 studies included in the meta-analysis.

Study RCT
phase Pathology Line Age Male

(%)
Treatment
comparison Case ICI RT

site

Follow-
up of

ICI + RT
(months)

HR (95% CI) for ICI +RT

OS PFS

Antonia
et al. [12] 3 NSCLC 1

<65 y
387≥ 65 y

322
70.1

Receive
chemoradiotherapy

followed by
durvalumab vs.

placebo

473
vs.
236

Dur:
10mg/
kg Q2W

Lung 14.5 0.68
(0.47–0.997)

0.51
(0.41–0.63)

Kwon
et al. [10] 3 Prostate

cancer 2
<70 y

449≥ 70 y
350

100 Receive RT followed by
ipilimumab vs. placebo

399
vs.
400

Ipi:
10mg/
kg Q3W

Bone 9.9 0.85
(0.72–1.00)

0.70
(0.61–0.82)

-eelen
et al. [11] 2 NSCLC 1, 2

<65 y
31≥ 65 y

28
57.6

Pembrolizumab after
radiotherapy vs.

pembrolizumab alone

36
vs.
40

Pem:
200mg/
kg Q3W

Lung 23.6 0.66
(0.37–1.18)

0.71
(0.42–1.18)

Notes: Dur: durvalumab; Ipi: Ipilimumab; Pem: pembrolizumab. HR: hazard ratio; ICI: Immune checkpoint inhibitors; NSCLC: nonsmall-cell lung cancer;
ORR: overall response rate; OS: overall survival; PFS: progression-free survival; Q2W: every 2 weeks; Q3W: every 3 weeks; RCT: randomized controlled trials;
RT: radiotherapy; y: years.
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recurrence and metastasis by 36% in patients with NSCLC
and prostate cancer (HR � 0.64; 95% CI 0.56–0.72,
P< 0.00001).

3.4.2. Disease Control Rate. RR for the DCR was available
for three trials. -e pooled analysis of DCR using the
random-effects model is shown in Figure 5. -ere was
statistical heterogeneity among the studies (I2 � 90%). -e

results showed that RT combined with ICI significantly
increased the DCR (RR� 1.38; 95% CI 1.03–1.84, P � 0.03).

3.4.3. Subgroup Analysis. We performed a subgroup anal-
ysis by grouping NSCLC patients based on whether they
were older than 65 years. A significant improvement was
observed in PFS (HR� 0.49; 95% CI 0.37–0.64, P< 0.00001)
in patients aged under 65 years who received ICI combined

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

25 50 75 1000
(%)

Low risk of bias
Unclear risk of bias
High risk of bias

Figure 2: Risk of bias graph.
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Figure 3: Forest plot for the meta-analysis of HR of OS for ICI+RT in solid tumors. HR: hazard ratio; ICI: Immune checkpoint inhibitors;
OS: overall survival; RT: radiotherapy.
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Figure 4: Forest plot for the meta-analysis of HR of PFS for ICI+RT in solid tumors. HR: hazard ratio; ICI: Immune checkpoint inhibitors;
PFS: progression-free survival; RT: radiotherapy.
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with RT (Figure 6), but no significant difference in PFS was
observed in patients older than 65 years (HR� 0.86; 95% CI
0.65–1.16, P � 0.43) (Figure 7). -ere was no significant
difference in PFS between genders or pathological types of
NSCLC.

3.5. Statistical Analysis of Safety Outcomes

3.5.1. Any Grade Adverse Events and Grade 3–5 Adverse
Events. -e meta-analysis pooled results of any grade AEs
are presented in Figure 8. -e heterogeneity test indicates
that a fixed-effects model can be selected. -ere was
minimal statistical heterogeneity in pruritus (I2 � 40%) and
no heterogeneity in fatigue, cough, dyspnea, nausea, and
pneumonitis (I2 �15%, I2 �18%, I2 � 0, I2 � 20%, I2 � 0,
respectively). -e results indicated that ICI plus RT led to a
higher risk of fatigue (RR� 1.19; 95% CI 1.01–1.41,
P � 0.04), cough (RR � 1.55; 95% CI 1.06–2.27, P � 0.02),
pruritus (RR � 3.65; 95% CI 2.52–5.28, P< 0.00001), and
pneumonitis (RR� 2.66; 95% CI 1.64–4.31, P< 0.00001)
than RT with placebo/ICI alone. Differences were not
statistically significant with respect to dyspnea (RR � 1.37;
95% CI 0.98–1.90, P � 0.06) and nausea (RR� 1.05; 95% CI
0.86–1.29, P � 0.60) between the two groups. -e results of
grade 3–5 AEs are described in Figure 9. More dyspnea
(RR� 2.43; 95% CI 1.16–5.08, P � 0.02) and pneumonitis
(RR� 2.78; 95% CI 1.32–5.85, P � 0.007) might occur in
patients treated with ICI combined with RTcompared with
patients treated with RT with placebo/ICI alone, but the
rates of fatigue, cough, nausea, and pruritus were not
significantly different between the two groups.

4. Discussion

-ere are strong preclinical and clinical reasons for com-
bining ICI with RT in the treatment of tumors. -e aim of
treatment is to achieve local and systemic disease control,
which may lead to improvements in PFS and OS. However,
data on the safety and efficacy of this strategy are still limited.
We have conducted a systematic review of studies to explore
the efficacy and safety of immunotherapy combined with RT
in the treatment of solid tumors. To the best of our
knowledge, this is the first systematic review and meta-

analysis explicitly assessing this topic. However, the publi-
cations in this systematic review mainly report data from
patients with lung cancer and prostate cancer, so these re-
sults cannot be directly translated to patients with other
primary tumors.

-e overarching message of our analysis is the finding
that the combination of ICI with RT is effective. -is is
consistent with the conclusions from several studies that
have examined the combination of ICI and RT. -e phase
III Pacific trial confirmed that the addition of durvalumab
to chemoradiotherapy significantly improves both OS and
PFS in lung cancer patients. -erefore, the standard
treatment for stage III NSCLC now includes consolidative
durvalumab [9, 12]. In a secondary analysis of the KEY-
NOTE-001 phase trial, patients were divided into sub-
groups comparing patients who had previously received RT
and those who had not received RT. PFS and OS with
pembrolizumab were significantly longer in patients who
had previously received RT than in patients who had not
previously received RT [13]. A phase I study conducted by
Kelly et al. explored the efficacy and safety of atezolizumab
plus stereotactic ablative radiation therapy (SBRT) for
medically inoperable patients with early-stage NSCLC. -e
preliminary results showed that the combined treatment
was a feasible option without obvious additional toxicity
[14]. Moreover, the results of phase II prospective trial in
patients with metastatic NSCLC reported that the com-
bination of SBRT with concurrent pembrolizumab led to
increased PFS, with a systemic response rate of 9.52% and a
DCR of 57.14% [15]. At present, the results of many clinical
studies, such as NCT02562625 and NCT02730130, have not
been fully published [16]. -e results of our meta-analysis
may provide guidance for the current clinical work.

In addition, our meta-analysis of elderly subjects
revealed that the risk of recurrence and metastasis was re-
duced by 51% upon the addition of RT to ICI in NSCLC
patients aged under 65 years. -ese results are similar to
those of previous studies of ICI [17, 18]. A previous meta-
analysis explored the differential efficacy of ICI in older
patients compared to young adults. In that analysis, the
patients were divided into younger and older groups using a
cut-off age of 65 years. PFS was not significantly different
between ICI and controls for the older group (HR� 0.77;
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Figure 5: Forest plot for the meta-analysis of RR of DCR for ICI+RT in solid tumors. DCR: disease control rate; ICI: Immune checkpoint
inhibitors; RR: relative risk; RT: radiotherapy.
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95% CI 0.58–1.01, P � 0.06) [17]. -e potential correlation
between old age and primary drug resistance in immuno-
therapy may be related to immunosenescence, which is a
phenomenon of decreased immune function as a result of
age-associated alterations to the immune system [19, 20].
-emajority of cancer morbidity and mortality occur in ≥65
year-olds, but older patients were “strikingly underrepre-
sented” in a set of RCTs [21, 22]. Most elderly patients who
are excluded from RCTs have comorbid conditions, reduced
performance status, organ dysfunction, etc. [23]. -erefore,
combination therapy should be used cautiously in geriatric
patients.

In assessing the benefits of treatment, it is important to
consider the possible side effects of immunotherapy and RT.
In ourmeta-analysis, the incidence of fatigue, cough, pruritus,
and pneumonitis of any cause and grade upon combined
treatment was higher than with any single treatment strategy,
and the incidence of grade 3–5 dyspnea and pneumonitis was
2.43 times and 2.78 times higher, respectively. Overall, AEs
are generally tolerable. Given the risk of pneumonitis, this
combination should continue to be evaluated in clinical trials.
A retrospective study found that the incidence of pneumonitis
was highest after the integration of hypofractionated body RT
into ICI [24]. Barron et al. observed an increase in the risk and
severity of pneumonitis in patients with previous RT and
subsequent treatment with immunotherapy (OR� 6.8; 95%
CI 1.6–28.5, P � 0.009) [25]. In their prospective study of
SBRT with concurrent ICI, Tian et al. reported that con-
current lung SBRTwith ICI is safe, but the risk of pneumonia
should be monitored more closely [26]. Zhang et al. suggested
that the application of ICI before or during thoracic RT

increases the incidence of radiation pneumonia [27]. Cui et al.
showed that the risk of immunotherapy-related pneumonitis
was associated with prior thoracic RT and combination
therapy [25, 28]. -us, clinicians should be aware of the
occurrence of pneumonitis when RTand immunotherapy are
combined.

-e anticancer effect of RT is mainly based on the
disruption of the chemical bonds within the lipid mem-
branes and proteins and, most importantly, between the
bases in DNA [29]. Apart from direct cell killing, RT has a
profound effect on the tumor microenvironment and in-
duces the abscopal effect, which may contribute to triggering
an anticancer immune response [30, 31]. For example, ra-
diation can induce immunogenic cell death (ICD) of cancer
cells. ICD is a way of cell death that releases tumor antigens
and causes immune responses [32]. RT upregulates tumor-
associated antigens, which are expressed on the cell surface
in association with MHC I antigens; therefore, RT can also
induce upregulation of MHC Imolecules, which is the key to
T cell activation [33, 34]. Radiation may alter the profile of
MHC class I related peptides to produce new antigens,
making the immune system more likely to recognize these
cells [3, 35]. Additionally, RT can also cause ICD, activate
dendritic cells, reduce the abundance of regulatory T cells in
tumors, broaden the T cell repertoire, and increase T cell
trafficking [36, 37]. -is radiation property is key to its
synergistic effect with ICI, antibodies targeting T inhibitory
receptors such as CTLA-4 and PD1. Radiation induces
antitumor Tcells, complementing the activity of ICI [38, 39].
Radiation may also activate the antitumor immune response
by triggering the stimulation of the interferon gene
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Figure 6: Forest plot for the subgroup analyses of HR of PFS for ICI+RT in NSCLC patients under 65. HR: hazard ratio; ICI: Immune
checkpoint inhibitors; NSCLC: nonsmall-cell lung cancer; PFS: progression-free survival; RT: radiotherapy.
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Figure 7: Forest plot for the subgroup analyses of HR of PFS for ICI+RT in NSCLC patients older than 65. HR: hazard ratio; ICI: Immune
checkpoint inhibitors; NSCLC: nonsmall-cell lung cancer; PFS: progression-free survival; RT: radiotherapy.
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(STING)-mediated DNA sensing pathway [40, 41]. Hou
et al. demonstrated that the deficiency of noncanonical NF-
κB promotes radiation-induced antitumor immunity by
regulating the STING-mediated type I IFN expression [42].
Furthermore, radiation regulates immune checkpoint

expression. Wu et al. showed that irradiation upregulated
the expression of PD-L1 in tumor cells in in vitro and in vivo
experiments, and its increase was related to the irradiation
dose [43]. Similarly, Dovedi et al. demonstrated that low
doses of fractionated RT led to upregulation of tumor cell
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expression of PD-L1 in multiple syngeneic models [44].
-us, it is highly rational to combine RT with ICI.

However, this meta-analysis has some obvious limi-
tations. First, there were only three trials that met the
eligibility criteria, so the number of included RCTs is low.
-is may be because many related studies are underway.

Second, although our main outcome analysis of immu-
notherapy plus RT treatment is biologically plausible and
sound, significant heterogeneity was observed between the
included studies. -is may be related to the different ICI
and tumor types included in our study. We have minimized
its influence by using the random-effects model. Our
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systematic review still has some strengths: we included all
published RCTs exploring the efficacy and safety of ICI
combined with RT for the treatment of solid tumors and
found that the association of ICI and RT provides a good
DCR among the subjects, and in particular, we showed that
the combination of ICI with RT is significantly better than
RT alone or ICI alone, with a 36% reduced risk of recur-
rence and metastasis and a 19% reduced risk of death, but
the incidence of pneumonia increased significantly.

5. Conclusion

In conclusion, our meta-analysis showed that ICI with RT
significantly improved OS and PFS compared with controls
in patients with NSCLC and prostate cancer. A benefit with
respect to PFS was observed in NSCLC patients aged <65
years treated with combined therapy. However, the inci-
dence of dyspnea and pneumonia of grade 3 or higher also
increased. Additional studies are therefore needed to con-
firm the possible benefits and safety of ICI in combination
with RT in patients with solid tumors.
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