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Abstract 

Purpose The PACIFIC study has demonstrated that the administration of durvalumab following concurrent chemo-
radiotherapy can significantly improve both overall survival and progression-free survival rates in patients with locally 
advanced unresectable non-small cell lung cancer. While the latest NCCN guidelines recommend this combination 
regimen, they do not specify the optimal timing for administering durvalumab after completing radiotherapy. The 
PACIFIC study suggested initiating durvalumab within 42 days of completing radiotherapy, but early administra-
tion of the drug may increase the incidence of pneumonitis. Therefore, we conducted this study to investigate 
whether the time interval between completion of radiotherapy and initiation of durvalumab treatment is associated 
with the risk of pneumonitis (Grade ≥ 3), which is the primary endpoint, as well as progression-free survival, which 
is the secondary endpoint.

Methods A comprehensive search of clinical trials in PubMed and EMBASE was conducted up to March 2023 
to identify clinical trials involving locally advanced unresectable non-small cell lung cancer patients who were treated 
with durvalumab following chemoradiotherapy. Meta-analysis was performed on single-arm studies to estimate 
the incidence of pneumonitis (Grade ≥ 3) and progression-free survival in all studies, as well as in studies that adminis-
tered durvalumab within 42 days after completion of radiotherapy.

Results This meta-analysis consisted of nine studies with a total of 2560 patients. The analysis showed that the inci-
dence of pneumonitis (Grade ≥ 3) was 5.36% [95%CI (0.03, 0.08),  I2 = 18.41%, p = 0.29], while the 1-year progression-free 
survival rate was 57.91% [95%CI (0.53, 0.63),  I2 = 10.57%, p = 0.35]. Furthermore, when the duration between comple-
tion of radiotherapy and initiation of durvalumab treatment was shorter than 42 days, the incidence of pneumonitis 
(Grade ≥ 3) was 4.12% [95%CI (0.02, 0.06),  I2 = 0.00%, p = 0.56], with a 1-year progression-free survival rate of 61.03% 
[95%CI (0.51, 0.71),  I2 = 59.06%, p = 0.09].

Conclusion Overall, based on the available evidence, it appears that there is no significant increase in pneumo-
nitis or decrease in progression-free survival (PFS) when the time interval is less than 42 days and a shorter interval 
between treatment sessions does not necessarily have a detrimental effect on the rate of pneumonitis. We recom-
mend that clinicians carefully evaluate the specific circumstances of each patient to determine the optimal timing 
for initiating immunotherapy.
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Introduction
Overall, lung cancer remains one of the most danger-
ous malignancies in the world and is the leading cause 
of cancer-related death. Non-small cell lung cancer 
(NSCLC), a subtype of lung cancer, accounts for the 
majority of cases, with surgery being the primary treat-
ment for locally advanced NSCLC [1]. However, due 
to factors such as tumor size and overall health status, 
surgery is often not possible. For patients with unre-
sectable locally advanced NSCLC, concurrent chemo-
radiotherapy is standard treatment. Recent clinical 
studies, such as PACIFIC, suggest that immunotherapy 
with programmed cell death-1 (PD-1) receptor or pro-
grammed cell death-ligand 1 (PD-L1) inhibitors fol-
lowing chemoradiotherapy can significantly enhance 
patient outcomes in terms of overall survival (OS) and 
progression-free survival (PFS) [2–5]. This is espe-
cially applicable to patients with inoperable, locally 
advanced NSCLC. In the PACIFIC study, locally 
advanced NSCLC patients who received chemora-
diotherapy and PD-L1 immune checkpoint inhibitor 
durvalumab had significantly longer OS and PFS than 
those treated with chemoradiotherapy alone [6]. The 
latest NCCN guidelines recommend incorporating dur-
valumab into NSCLC management after radiotherapy 
and chemotherapy completion, but there is no consen-
sus on optimum timing for administering durvalumab 
after radiation therapy. As per the PACIFIC study, dur-
valumab treatment initiated up to 42 days after the final 
radiation session, and the greatest benefit is obtained 
when treatment commences between 1- and 14-days 
following radiation [6].

Radiation therapy can provide a robust immunomod-
ulatory effect, creating a supportive immune micro-
environment for anti-tumor immunity. Studies have 
revealed that radiation-induced anti-tumor immunity 
efficacy may depend on dose; higher doses demon-
strate a stronger immune adjuvant effect [7, 8]. Indeed, 
radiation therapy offers several immunomodulatory 
effects such as increasing antigen presentation, releas-
ing chemokines, attracting effector T-cells to the tumor 
microenvironment, and promoting immunogenic cell 
death mediated by lymphocytes [9]. Activation of nega-
tive T-cell regulation pathways like PD-1/PD-L1 axis 
following radiation may contribute to these effects [10]. 
It is crucial to note that radiation therapy can upregu-
late the expression of PD-1 and PD-L1 on immune and 
tumor cells, making its combined use with PD-1/PD-L1 
inhibitors particularly relevant [10–12].

Incorporating a new treatment into standard can-
cer therapy is crucial, but balancing efficacy and safety 
is equally important. Immunotherapy with PD-1/
PD-L1 inhibitors may affect other organ systems, and 
lead to immune-related pneumonitis, which poses the 
most significant potential fatalities among all reported 
adverse events [13–15]. The incidence of all grades 
of immune-related pneumonitis in clinical trial data 
ranges from 2 to 38%, while the incidence of Grade ≥ 3 
immune-related pneumonitis ranges from 0.6 to 2.7% 
[16]. Additionally, based on real-world data, the inci-
dence of immune-related pneumonitis in non-small cell 
lung cancer patients varies from 4.8 to 39.3%. Radiation 
therapy itself can also cause dose and radiation volume-
dependent radiation pneumonitis in some patients 
[17]. In thoracic radiotherapy patients, the incidence of 
Grade 3 or higher radiation pneumonitis is between 1.8 
and 10.0% [18–22]. Recently, a meta-analysis found that 
combining radiotherapy and chemotherapy with PD-1/
PD-L1 inhibitors increases the incidence of Grades 1–2 
immune-related pneumonitis or radiation pneumonitis 
but does not increase Grade ≥ 3 pneumonitis incidence 
[23]. Thus, PD-1/PD-L1 inhibitors offer excellent effi-
cacy and good safety. The PACIFIC study initiated dur-
valumab treatment between 1 and 42 days after the final 
radiation therapy session. The latest NCCN guidelines 
recommend administering durvalumab treatment after 
the completion of radiotherapy and chemotherapy, but 
they do not specify when the therapy should be started 
after the final radiation therapy session. This study aims 
to investigate whether the time interval between the 
final radiation therapy session and durvalumab treat-
ment is associated with the risk of pneumonitis, with 
the primary study endpoint being the incidence of 
Grade ≥ 3 pneumonitis. We believe that assessing the 
risk of pneumonitis alone is insufficient without con-
sidering survival. Hence, our original intention was 
to examine whether the timing of durvalumab treat-
ment after chemoradiotherapy would impact survival, 
including overall survival and progression-free survival. 
However, due to the significant lack of overall survival 
data, we can only consider progression-free survival as 
a secondary endpoint for now.

Immunotherapy-related pneumonitis and radiation 
pneumonitis can be challenging to distinguish clini-
cally. Many studies do not differentiate between the 
two when reporting adverse reactions. In addition to 
these two types of pneumonitis, patients may develop 
other forms of pneumonitis both during treatment and 
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during the follow-up period. Whether it is immune-
related pneumonitis, radiation pneumonitis, or other 
types of pneumonias that occur during treatment, they 
all have a significant impact on the treatment and prog-
nosis of cancer patients. It should be noted that many 
studies do not specifically categorize pneumonitis 
cases. Therefore, this study aims to encompass various 
types of pneumonitis that can occur during treatment. 
This includes immune-related pneumonitis, radia-
tion pneumonitis, and other forms of pneumonitis. 
By including these different types of pneumonitis, the 
study aims to provide a comprehensive assessment of 
the overall burden on cancer patients undergoing treat-
ment. We also evaluate other factors that influence the 
risk of pneumonitis, such as radiation doses and popu-
lations. While many other factors can also impact the 
risk of pneumonitis, given the lack of extensive research 
data, this study still holds significant value and can con-
tribute to optimizing combined treatment strategies.

Methods
Literature search
This systematic review and meta-analysis followed 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines [24–26] 
and has been registered on the PROSPERO database 
(CRD42023423736). A comprehensive search was con-
ducted up to March 2023 in PubMed, Cochrane Library, 
and EMBASE using the algorithm “Non-Small Cell Lung 
cancer,” “Radiotherapy,” “Durvalumab” by Mr. Yang 
and Mrs. Zhong. Any conflicts and uncertainties were 
resolved by Mrs. Wu.

The inclusion criteria for this study were: (1) tumor: 
unresectable locally advanced non-small cell lung cancer; 
(2) treatment: chemoradiotherapy flowed by durvalumab; 
(3) time interval: the time interval between durvalumab 
and chemoradiotherapy was reported; (4) results: the 
incidence of pneumonitis (Grade ≥ 3) was reported.

The exclusion criteria for this study were: (1) tumor: 
other malignancies; (2) tumor progression: local recur-
rence or metastasis before durvalumab; (3) results: data 
could not be extracted, or the incidence of pneumonitis 
was 0%; (4) text: reviews, editorials, dispatches, proto-
cols; (5) version: repeated reports (only the latest data 
was included).

The risk of bias
The assessment of bias risk was performed by Mr. Yang 
and Mrs. Zhong using the Cochrane Risk of Bias tool 
or MINORS. All trials were graded as high risk, unclear 
risk, or low risk. Data extraction was performed by Mr. 
Yang and Mrs. Zhong and validated independently by 
Mrs. Wu.

Statistical analysis
This meta-analysis was conducted using Stata 14. The 
incidence of pneumonitis (Grade ≥ 3) was analyzed 
using binary analysis. The heterogeneity between com-
parisons was estimated using the I-squared statistic.

Results
Characteristics of all trials
 This meta-analysis included a total of 9 studies and 
2560 patients [27–35]. All patients had completed 
chemoradiotherapy prior to receiving durvalumab, and 
no local recurrence or metastasis was present before 
durvalumab administration. Eight of the studies were 
retrospective single-arm trials [28–35], while one was 
a randomized controlled trial [27]. The time interval 
between completion of radiotherapy and durvalumab 
administration was reported in 3 studies to be within 
1–42 days [27, 32, 33]. The time interval was reported 
as 0-157 days [28], 1.8–3.7 months [29], 35–981 days 
[30], 10–84 days [31], ≥ 14 days [34], and 13–103 days 
[35] in the remaining 6 studies. The study conducted by 
Girard et al. was indeed excluded from the analysis due 
to the wide range of interval durations, ranging from 
35 to 981 days [30]. This considerable variation raised 
concerns about whether the 981-day period could still 
be considered as consolidation therapy. To ensure 
the credibility of the results, the decision was made 
to focus on studies with a more consistent and well-
defined duration for consolidation therapy. By doing so, 
the study aimed to improve the reliability and accuracy 
of the findings. Harada conducted a subgroup analysis, 
where the time interval was reported as 10–14 days and 
14–84 days [31]. The number of patients with pneumo-
nitis (Grade ≥ 3) was reported as 3 and 0, respectively. 
Pneumonitis grading was evaluated according to the 
National Cancer Institute Standard Common Termi-
nology for Adverse Events Pneumonia grading criteria. 
Figure 1 shows the flow diagram, and Table 1 summa-
rizes the basic characteristics of all studies.

The risk of bias
The risk of bias in the 8 studies included in the meta-
analysis was assessed by Mr. Yang and Mrs. Zhong. They 
utilized the Cochrane Risk of Bias tool or the Methodo-
logical Index for Non-Randomized Studies (MINORS) 
to evaluate and determine the risk of detection, report-
ing, and attrition bias in each study. The assessment con-
ducted by Mr. Yang and Mrs. Zhong concluded that all 
the included studies demonstrated a low risk of bias in 
these aspects. This rigorous evaluation process enhances 
the reliability and credibility of the meta-analysis results 
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by ensuring that the included studies have minimized 
potential biases in their methodology and reporting.

Outcomes
 A heterogeneity test was conducted on a set of 8 stud-
ies which showed that the  I2 value was 70.46%, indicat-
ing moderate heterogeneity. A sensitivity analysis was 
performed where each study was excluded one-by-one, 
revealing that study Avrillon et  al. was the source of 
the heterogeneity [28]. After removing this study, the  I2 
value dropped significantly, which suggests that there 
was a reduced level of heterogeneity. The incidence 
of pneumonitis (Grade ≥ 3) was 5.36% [95%CI (0.03, 
0.08),  I2 = 18.41%, p = 0.29], as shown in Fig. 2. To evalu-
ate publication bias, a funnel plot and Egger’s test were 
used. The funnel plot, as depicted in Fig. 3, was used to 
assess publication bias in the meta-analysis. Additionally, 

Egger’s test was conducted, and the results indicated no 
significant publication bias, as evidenced by a p-value of 
0.11. This suggests that there was no substantial asym-
metry in the distribution of study effect sizes, indicat-
ing that the likelihood of publication bias influencing 
the results of the meta-analysis is minimal. These find-
ings contribute to the overall validity and robustness of 
the study’s conclusions, as they suggest that the included 
studies were representative and not unduly influenced by 
publication bias. Furthermore, the trim-and-fill method 
demonstrated that there was no bias risk, indicating that 
the results were stable. Among the total of 7 studies that 
were analyzed for 1-year PFS rate, a heterogeneity test 
revealed  I2 = 77.34%, indicating high heterogeneity. Upon 
sensitivity analysis, it was discovered that study Saad 
et  al. was responsible for the heterogeneity [34]. After 
its removal, the  I2 value dropped significantly, which 

Fig. 1 Flow diagram



Page 5 of 12Yang et al. BMC Cancer          (2023) 23:962  

Ta
bl

e 
1 

C
ha

ra
ct

er
is

tic
s 

of
 in

cl
ud

ed
 s

tu
di

es

A
ut

ho
r

Ye
ar

N
at

io
n

St
ud

y 
ty

pe
Pa

tie
nt

s 
(n

)
Tu

m
or

 s
ta

ge
Ra

di
at

io
n 

th
er

ap
y 

te
ch

ni
qu

e

Ra
di

at
io

n 
do

se
 (G

y
Im

m
un

e 
th

er
ap

y
Ti

m
e 

in
te

rv
al

In
ci

de
nc

e 
of

 
pn

eu
m

on
iti

s 
(g

ra
de

 ≥
3)

1-
ye

ar
 P

FS

A
re

s 
et

 a
l.

20
20

M
ul

tic
en

te
r

RC
T 

47
5

III
N

on
e

54
-7

4
D

ur
va

lu
m

ab
1-

42
 d

ay
s

4.
63

%
55

.9
0%

A
vr

ill
on

 e
t a

l.
20

22
Fr

an
ce

Re
tr

os
pe

ct
iv

e 
tr

ia
l

45
4

III
N

on
e

45
-7

4
D

ur
va

lu
m

ab
0-

15
7 

da
ys

1.
32

%
N

on
e

C
hu

 e
t a

l.
20

23
C

hi
na

Re
tr

os
pe

ct
iv

e 
tr

ia
l

31
III

N
on

e
60

-7
0

D
ur

va
lu

m
ab

1.
8-

3.
7 

m
on

th
s

6.
90

%
56

.4
0%

G
ira

rd
 e

t a
l.

20
22

M
ul

tic
en

te
r

Re
tr

os
pe

ct
iv

e 
tr

ia
l

13
99

III
N

on
e

60
-6

6
D

ur
va

lu
m

ab
35

-9
81

 d
ay

s
3.

29
%

62
.2

0%

H
ar

ad
a 

et
 a

l.
20

22
Ja

pa
n

Re
tr

os
pe

ct
iv

e 
tr

ia
l

26
III

IM
RT

60
D

ur
va

lu
m

ab
10

-8
4 

da
ys

11
.5

4%
51

.8
0%

H
ua

ng
 e

t a
l.

20
22

Si
ng

ap
or

e
Re

tr
os

pe
ct

iv
e 

tr
ia

l
39

III
IM

RT
VM

AT
60

-6
6

D
ur

va
lu

m
ab

1-
42

 d
ay

s
7.

69
%

59
.6

0%

M
iu

ra
 e

t a
l.

20
20

Ja
pa

n
Re

tr
os

pe
ct

iv
e 

tr
ia

l
41

III
IG

RT
 

54
/6

0
D

ur
va

lu
m

ab
1-

42
 d

ay
s

2.
44

%
73

.1
7%

Sa
ad

 e
t a

l.
20

22
Is

ra
el

Re
tr

os
pe

ct
iv

e 
tr

ia
l

71
III

IM
RT

VM
AT

56
-6

6
D

ur
va

lu
m

ab
≥

14
 d

ay
s

5.
63

%
83

.1
0%

Ta
ug

ne
r e

t a
l.

20
21

G
er

m
an

y
Re

tr
os

pe
ct

iv
e 

tr
ia

l
26

III
N

on
e

≥
60

D
ur

va
lu

m
ab

13
-1

03
 d

ay
s

15
.3

8%
62

.0
0%



Page 6 of 12Yang et al. BMC Cancer          (2023) 23:962 

Fig. 2 Incidence of pneumonitis (≥grade 3) (overall analysis)

Fig. 3 Funnel plot
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suggests reduced heterogeneity and a 1-year PFS rate of 
57.91% [95%CI (0.53, 0.63),  I2 = 10.57%, p = 0.35].

 A meta-analysis was conducted on 3 studies with time 
intervals ranging from 1 to 42 days, as well as a subgroup 
from Harada et  al. with intervals less than 14 days [27, 
31–33]. The results showed an  I2 value of 67.77%, indi-
cating moderate heterogeneity. A sensitivity analysis 
was performed, and it was found that Harada et al. was 
the source of heterogeneity [31]. Upon exclusion of this 
study, the  I2 = 0.00%, while the incidence of pneumoni-
tis (Grade ≥ 3) was 4.12% [95%CI (0.02, 0.06),  I2 = 0.00%, 
p = 0.56] (Fig.  4) and the 1-year PFS rate was 61.03% 
[95%CI (0.51, 0.71),  I2 = 59.06%, p = 0.09]. Among the 
studies with intervals greater than 42 days were Chu et al. 
and Saad et  al. [29, 34]. For Chu et  al., the incidence of 
grade 3 or higher pneumonitis and the 1-year PFS rate 
were 5.63% and 56.40% respectively. For Saad et  al., the 
incidence of pneumonia (Grade ≥ 3) was 6.90%. Harada 
et al. showed that a shorter interval between radiotherapy 
and Durvalumab treatment resulted in a higher incidence 
of grade 3 or higher pneumonitis when compared to an 
interval greater than 14 days [31]. Unfortunately, since 
the only subgroup in the 9 studies with an interval less 
than 14 days was from study Harada et al., further analy-
sis could not be performed.

 All seven studies included in our study had admin-
istered a radiotherapy dose of 54 Gy or higher. Fur-
thermore, within these seven studies, we additionally 
examined a subset of four studies that specifically admin-
istered a radiotherapy dose of 60 Gy or higher [29, 31, 32, 
35]. This analysis allowed for a comparison between two 
groups based on radiotherapy dosage, specifically study-
ing the potential effects and outcomes associated with 
a higher radiotherapy dose (≥ 60 Gy) compared to the 
overall group of studies that used a dose of ≥ 54 Gy. By 
conducting this subgroup analysis, we aimed to investi-
gate whether the higher radiotherapy dose had any signif-
icant impact on the outcomes of interest. It allows for a 
more nuanced understanding of the relationship between 
radiotherapy dose and pneumonitis. The incidence of 
pneumonitis (Grade ≥ 3) was 9.75% [95%CI (0.05, 0.16), 
 I2 = 0.00%, p = 0.73] (Fig. 5), and the 1-year PFS rate was 
62.05% [95%CI (0.60, 0.65),  I2 = 0.00%, p = 0.68].

 We conducted a meta-analysis to investigate how race 
impacts the risk of pneumonitis (Grade ≥ 3) and analyzed 
5 studies that included Asian [29, 31–34]. Our analysis 
showed a 5.92% [95%CI (0.03, 0.10),  I2 = 0.00%, p = 0.66] 
incidence of pneumonitis (Grade ≥ 3) (Fig. 6). The  I2 for 
the 1-year PFS rate was 74.93%, indicating a high level 
of heterogeneity. We performed sensitivity analysis and 

Fig. 4 Incidence of pneumonitis (≥grade 3) (time interval ≤42days)
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identified that the study conducted by Saad et  al. was 
responsible for the heterogeneity observed [34]. After 
omitting this study, the  I2 value reduced significantly to 
31.26%, indicative of a substantial decrease in heteroge-
neity. The 1-year PFS rate was 60.53% [95%CI (0.50, 0.70), 
 I2 = 31.26%, p = 0.22].

Discussion
The PACIFIC study showed that using durvalumab treat-
ment 1–42 days after chemoradiotherapy significantly 
improved overall survival, progression-free survival, 
and tumor response rates compared to using chemora-
diotherapy alone in patients with unresectable locally 
advanced non-small cell lung cancer [6]. In the latest 
NCCN guidelines, receiving durvalumab treatment after 
chemoradiotherapy has become the standard treatment 
option for these patients, although the guidelines do 
not specify the optimal duration between the last radia-
tion therapy session and durvalumab treatment. As a 
result, there is a new focus of research on the safety of 
using durvalumab treatment between 1 and 42 days after 
completion of radiation therapy. To evaluate the safety 
of this treatment regimen, we conducted a meta-analysis 
that mainly focused on whether the duration between 

completion of radiotherapy and durvalumab treatment 
was related to the risk of grade 3 or higher pneumonitis 
in patients with unresectable locally advanced non-small 
cell lung cancer.

The results of the meta-analysis showed that the inci-
dence of pneumonitis (Grade ≥ 3) was 5.36% [95%CI 
(0.03, 0.08),  I2 = 18.41%, p = 0.29], and the 1-year PFS 
was 57.91% [95%CI (0.53, 0.63),  I2 = 10.57%, p = 0.35]. 
When the time interval between the completion of radio-
therapy and durvalumab treatment was 1–42 days, the 
incidence of pneumonitis (Grade ≥ 3) was 4.12% [95%CI 
(0.02, 0.06),  I2 = 0.00%, p = 0.56], and the 1-year PFS was 
61.03% [95%CI (0.51, 0.71),  I2 = 59.06%, p = 0.09]. The 
Chu et  al. and Saad et  al. studies had intervals longer 
than 42 days. The incidence of pneumonitis (Grade ≥ 3) 
and 1-year PFS were 5.63% and 56.40%, respectively, in 
the Chu et  al. study [29], while the incidence of pneu-
monitis (Grade ≥ 3) was 6.90% in the Saad et  al. study 
[34]. Girard et  al. reported that an interval of less than 
42 days between the completion of radiotherapy and 
durvalumab treatment was associated with higher PFS 
compared to intervals longer than 42 days [30]. Most 
of the included studies in this analysis were single-arm 
retrospective studies, making it difficult to compare the 

Fig. 5 Incidence of pneumonitis (≥grade 3) (radiation dose ≥60Gy)
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results and determine whether there is a statistically sig-
nificant difference in the incidence of pneumonitis and 
PFS between the two different time intervals. However, 
based on these data, it appears that there is no significant 
increase in pneumonitis or decrease in progression-free 
survival (PFS) when the time interval is less than 42 days. 
Subgroup analysis of the PACIFIC trial also suggested 
that time interval less than 14 days may further improve 
OS, and there was no difference in the incidence of pneu-
monitis between patients with time interval less than 
or greater than 14 days [6]. This finding suggests that a 
shorter interval between treatment sessions does not 
appear to have a detrimental effect on these outcomes. 
Studies have shown that lung tissues from patients 
with radiation-induced pneumonitis exhibit significant 
infiltration of lymphocytes [36], while lung tissue and 
bronchoalveolar lavage fluid from patients with typical 
immune-related pneumonitis display increased lympho-
cytes rich in CD8 + T cells [37]. Another similar study 
found that CD4 + T cells dominate in the bronchoalveolar 
lavage fluid of patients with immune-related pneumonitis 
[38]. These findings underscore the cytotoxicity of T cells 
in inducing radiation-induced and immune-related pneu-
monitis. Radiation therapy can induce damage to tumor 

cell DNA and other cellular components, leading to 
clearance of damaged tumor cells by antigen-presenting 
cells and increased activation of T cells [39]. Most tumor-
specific tumor-infiltrating lymphocytes express T cell 
receptors that were not identified before immunotherapy, 
suggesting that these tumor-infiltrating lymphocytes are 
newly recruited after treatment [40]. Both radiation ther-
apy and immunotherapy recruit lymphocytes, which may 
be significant causes of radiation-induced and immune-
related pneumonitis. Thus, we suggest that patients 
receive durvalumab treatment within 1–42 days after the 
completion of radiotherapy, with particular attention to 
patients receiving durvalumab treatment within 1–14 
days after the completion of radiotherapy, and to remain 
vigilant for possible pneumonitis.

The incidence of pneumonitis may be related to dif-
ferent radiation therapy techniques and plans. None-
theless, we evaluated the impact of radiation dose on 
the incidence of grade ≥ 3 pneumonitis and found that 
among the four studies with a radiation dose of ≥ 60 
Gy, the incidence of grade 3 pneumonitis was 9.75% 
[95%CI (0.05, 0.16),  I2 = 0.00%, p = 0.73]. Additionally, the 
1-year progression-free survival (PFS) rate was 62.05% 
[95%CI (0.60, 0.65),  I2 = 0.00%, p = 0.68].It appears that 

Fig. 6 Incidence of pneumonitis (≥grade 3) (Asian)
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the incidence of grade ≥ 3 pneumonitis significantly 
increased in studies with a radiation dose of ≥ 60 Gy. 
However, subdividing studies based solely on the radia-
tion dose allowed may not be sufficient to accurately 
assess the impact of the dose on pneumonitis rates. It is 
important to note that including patients from studies 
with minimum doses of 54 or 60 Gy does not provide a 
comprehensive quantification of the actual received dose.
Therefore, while our analysis suggests an association 
between a radiation dose of ≥ 60 Gy and higher incidence 
of grade ≥ 3 pneumonitis, it is crucial to consider other 
factors, such as the actual received dose and individual 
patient characteristics, when assessing the impact of 
radiation dose on pneumonitis rates. Additionally, new 
technologies, such as respiratory motion management 
and image-guided radiation therapy, have the potential 
to further reduce the risk of pneumonitis. The lung vol-
ume receiving a dose of 20 Gy (V20) and the lung vol-
ume receiving a dose of 40 Gy (V40) [30, 41] may also 
be linked to the incidence of pneumonitis. However, due 
to the lack of relevant data, we cannot further assess the 
impact of radiation therapy dose, techniques, V20, and 
V40 on the incidence of pneumonitis. Indeed, conducting 
further research that includes more precise and compre-
hensive measurements of radiotherapy would be highly 
beneficial in gaining a more nuanced understanding of 
the relationship between radiation therapy and pneu-
monitis. By capturing detailed data on various aspects 
of radiotherapy, such as fractionation schedules, treat-
ment techniques, target volumes, and dose distribution, 
researchers can better assess the impact of these factors 
on pneumonitis incidence and severity. A more compre-
hensive approach to data collection and analysis would 
enable the identification of potential dose-response rela-
tionships, the exploration of optimal dose thresholds for 
minimizing pneumonitis risk, and the development of 
tailored treatment strategies for patients. Additionally, 
by considering individual patient characteristics, such 
as pre-existing lung conditions or genetic susceptibility, 
future studies can provide a more personalized assess-
ment of the risk associated with radiotherapy-induced 
pneumonitis. Ultimately, advancing our understand-
ing of the intricacies between radiotherapy parameters 
and pneumonitis outcomes can contribute to improved 
treatment planning, individualized patient care, and the 
optimization of radiotherapy protocols to minimize the 
risk of pneumonitis while maximizing treatment efficacy. 
This study analyzed how different races impact the risk 
of pneumonitis (Grade ≥ 3). Five of the included studies 
focused on Asian populations, revealing a 5.92% [95%CI 
(0.03, 0.10),  I2 = 0.00%, p = 0.66] incidence of pneumonitis 
(Grade ≥ 3) and a 60.53% [95%CI (0.50, 0.70),  I2 = 31.26%, 
p = 0.22] 1-year PFS rate. This suggests that Asians may 

have a higher risk of pneumonitis (Grade ≥ 3) but may 
also benefit more from PFS. However, the study’s conclu-
sion should be approached with caution due to the pres-
ence of unaccounted-for influencing factors.

Furthermore, factors such as age, sex, physical fitness 
score, smoking status, histopathological manifestations, 
lung dose-volume index, and PD-L1 expression level may 
also impact the incidence of pneumonitis. For example, 
the PACIFIC study found that Asian patients with non-
squamous tumors and poor physical fitness scores were 
more likely to develop pneumonitis [5]. Additionally, cur-
rent smokers may have a lower risk of pneumonitis [42]. 
Nonetheless, the influence of these factors on the risk of 
pneumonitis cannot be fully evaluated due to a lack of 
data.

Limitations
This study has several limitations: (1) The meta-analysis 
included seven studies with small sample sizes, which 
may have influenced the statistical results. (2) Due to 
the absence of randomized controlled trials with varying 
time intervals, it is not possible to conduct a direct com-
parison of the effects of different time intervals on the 
incidence of pneumonitis. (3) Six studies analyzed were 
retrospective, which may affect the reliability of the data. 
(4) Although we intended to conduct a subgroup analysis 
on aspects such as radiotherapy technology, radiotherapy 
plan, and PD-L1 status, the current data do not support 
such analysis.

Conclusion
Overall, based on the available evidence, it appears 
that there is no significant increase in pneumonitis or 
decrease in progression-free survival (PFS) when the 
time interval is less than 42 days and a shorter interval 
between treatment sessions does not necessarily have a 
detrimental effect on the rate of pneumonitis. However, 
it is important to note that this conclusion is based on 
the current data and may be subject to limitations and 
variability among studies. We strongly recommend that 
clinicians carefully evaluate the specific circumstances 
of each patient to determine the optimal timing for ini-
tiating immunotherapy. Developing an individualized 
treatment plan that considers various factors such as 
the patient’s overall health, disease stage, specific can-
cer type, and treatment goals is crucial. For patients who 
have started immunotherapy earlier, close monitoring 
is essential. Regular and thorough observation of these 
patients can help identify any potential adverse reactions 
or treatment-related complications, allowing for timely 
intervention and management.
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