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Background. Given that immune-related rash was the most frequently reported PD-1 or PD-L1-related skin toxicity, this
systematic review and meta-analysis were conducted to elucidate its incidence risk. Methods. (e meta-analysis was carried out
according to the PRISMA guidelines. (e random effect model was used in the process of all analyses. Skin rash of all grades and
grades 3–5 were calculated and gathered in the final comprehensive analyses. Results. (e study included 86 clinical trials classified
into 15 groups. Compared with chemotherapy, PD-1 or PD-L1 inhibitors significantly strengthened the risk of developing rash
across all grades (OR� 1.66, 95% CI: [1.31, 2.11]; p< 0.0001). (is trend was significantly stronger when the control group was
placebo (OR� 2.62, 95% CI: [1.88, 3.65]; p< 0.00001). Similar results were observed when PD-1 or PD-L1 inhibitors were given
together with chemotherapy (OR� 1.87, 95% CI: [1.59, 2.20]; p< 0.00001), even in patients with grades 3–5. As with other
combination therapies, the risk of developing rash for all grades was enhanced when PD-1 or PD-L1 was given together with
chemotherapy as the second-line option (OR� 2.98, 95% CI: [1.87, 4.75]; p � 0.05). No statistically significant differences could be
found in skin rash between the PD-1 and PD-L1-related subgroups. Conclusion. Whether PD-1 or PD-L1 inhibitors were given
alone or together with others, the risk of developing rash would be enhanced. Furthermore, the risk of developing rash appeared to
be higher when PD-1 or PD-L1 inhibitors together with other antitumor drugs were given as the second-line options. No
statistically significant results of developing rash between PD-1 and PD-L1 subgroups were obtained owing to the participation of
PD-1 or PD-L1 inhibitors.
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1. Introduction

Due to tobacco cessation, advancements in early diagnosis
and treatment, the death rate of various cancers has been
falling year after year in the United States, while the survival
rate has been improving, particularly for non-small-cell lung
cancer (NSCLC) [1]. Among the several therapeutic options
available, cancer immunotherapy is extremely successful in
increasing cancer patients’ survival rates, particularly when
PD-1 or PD-L1 inhibitors are given [2]. On the basis of
research into the mechanisms of immune escape, PD-1 or
PD-L1 inhibitors have reshaped the therapy landscape for
cancer by activating the immune system, while also grad-
ually reporting plenty of treatment-related side effects [3].
Although the association between some adverse events and
PD-1 or PD-L1 inhibitors has been extensively examined
and documented [4–9], many toxicities remain unexplored,
including skin toxicities [3].

Skin toxicities, such as rash, pruritus, vitiligo, palmar-
plantar erythrodysasthesia (PPE), erythema, eczema, urti-
caria, dermatitis, dry skin, and maculopapular rash, were
frequently observed in cancer patients treated with PD-1 or
PD-L1 [3, 10, 11]. Additionally, autoimmune skin toxicities
associated with PD-1 or PD-L1 have been reported to be
significantly more prevalent in patients with NSCLCwho are
in complete or partial remission [10]. (is pattern may also
be observed in other types of tumors [11, 12]. Correlations
between adverse events and clinical benefit are not un-
common [13–15]. However, the correlations between the
risk of developing skin toxicities and PD-1 or PD-L1 in-
hibitors, as well as their effect on patient prognosis, remain
unknown. (erefore, the rash with the highest rate of oc-
currence among PD-1 or PD-L1-related skin toxicities was
chosen for the comprehensive analysis. To begin, subgroup
analysis would be used to assess the difference in rash risk
between the PD-1 and PD-L1 subgroups; second, the effect
of different administration timing on rash would be assessed;
and then, detailed subgroup analysis would be used to
elucidate the source of heterogeneity.

2. Methods

(e design and specific procedures of the meta-analysis were
carried out step-by-step as recommended by the PRISMA
[16].

2.1. Eligibility Screening for All Clinical Trials. Phase III
clinical trials involving PD-1 or PD-L1 inhibitors with
control groups would be preferred. Other clinical trials with
control groups would be placed in an alternate location.
With the exception of hematological malignancies, the types
of solid tumors would not be limited. All data involving rash
would be extracted and recorded in preparation for the
subsequent adequate subgroup analysis. Four authors were
appointed for eligibility screening.

2.2. Formulation and Implementation of Literature Search
Strategy. According to the principle of PICOS (participants,
interventions, comparisons, outcomes, and study design),
the specific strategy of literature search was specified and
implemented by all authors [16]. First, neoplasm was firstly
searched as the MeSH keyword, not limited to specific solid
tumor types. (en, all kinds of PD-1 or PD-L1 inhibitors,
including common names, trade names, and abbreviations,
would be searched as keywords and the search results would
be unioned.

(e publication time of relevant studies would be limited
from July 09, 2013, to September 14, 2021. If one clinical trial
was repeatedly reported several times, only the one with full
detailed data could be selected for the analysis.

2.3. Quality Evaluation and Publication Bias Screening.
(e revised Cochrane Collaboration tool was adopted for
bias risk screening in all selected trials [17], and the Funnel
plot and Egger’s test were used for publication bias as-
sessments [18]. A p value< 0.05 was considered as the ev-
idence for the existence of publication bias.

(e quality screening of all the enrolled clinical trials
were also carried out by the above four authors. (e
screening criteria were listed as the following 5 items: (a)
selection bias, (b) performance bias, (c) detection bias, (d)
attrition bias, and (e) reporting bias [17].

2.4. Screening of Results. (e main outcome measure was
the risk of PD-1 or PD-L1 involving rash across all grades,
while the second was the rash for grades 3–5. (e main
information of all trials would be extracted and sum-
marized in the single table (Table 1). (e main content
included in the table was listed as the following items: the
first author’s name, publication years, trial title, registered
trial number, therapies lines, treatment regimens, par-
ticipants, phase, tumor type, RCT, and the number of rash
events.

2.5. Heterogeneity Screening and Statistical Analyses.
Cochrane’s Q and I2 statistics were used for heterogeneity
screening, as described by Higgins and colleagues [16, 19],
while the Harbord test was used for publication bias eval-
uation [19]. (ree grades of heterogeneity were defined
according to the I2 value:(e two separation thresholds were
25% and 50%, respectively [20]. Using Review Manager 5.3,
odds ratios (OR) and 95% confidence intervals (CI) across all
enrolled clinical trials using the random effect (RE) method
were calculated [21], whereas funnel plots were constructed
using the fixed effect (FE) model. All statistical tests were
two-sided, and p< 0.05 was taken as a statistically significant
result. In the process of analyses, adequate subgroup eval-
uations would be carried out according to the actual
situation.
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3. Results

3.1. Literature Search Results. After a preliminary PubMed
search, 522 studies were retrieved (Figure 1). After criteria
screened, 95 studies involving 86 clinical trials, including
55207 participants, were used for the final comprehensive
analyses [22–25], [26–30], [31–35], [36–40], [41–45],
[46–50], [51–55], [56–60], [61–65], [66–70], [71–75],
[76–80], [81–85], [86–90], [91–95], [96–110], [111–115],
[116, 117]. According to the PICOS guidelines, the detailed
process of literature screening was provided in the form of
PRISMA flow diagram (Figure 1). All types of literature
included in the quality checking were finished by the four
authors independently and finally summarized by the cor-
responding author and then plotted as the (S Figure 1)
[22–25], [26–30], [31–35], [36–40], [41–45], [46–50],
[51–55], [56–60], [61–65], [66–70], [71–75], [76–80],
[81–85], [86–90], [91–95], [96–110], [111–115], [116, 117].

3.2. Basic Information for All Included Clinical Trials.
Basic characteristics of 86 clinical trials included in the study
were extracted and shown in Table 1 [5], [22–25], [26–30],
[31–35], [36–40], [41–45], [46–50], [51–55], [56–60],
[61–65], [66–70], [71–75], [76–80], [81–85], [86–90],
[91–95], [96–110], [111–115], [116, 117]. 6 clinical trials,
including KEYNOTE-021 [27, 28], KEYNOTE-189 [40–42],
CheckMate 227 [47, 48], JAVELIN Renal 101 [51, 52],
KEYNOTE-042 [61, 62], and CheckMate 067 [114–117],
were repeatedly reported multiple times by different re-
porters, and only one with the detailed data could be selected
for the final analyses. Among them, there were 72 Phase III, 8
Phase II, 2 Phase II/III, 1 Phase I/II, 1 Phase I/III, 1 Phase Ib,
and 1 Phase I clinical trials. In 55 clinical trials, PD-1 or PD-
L1 inhibitors were given alone or together with other an-
titumor drugs as the first-line regimens [23, 27, 28, 31],
[36–38, 40–42], [44–48, 50, 53], [55–58], [61–68],
[72, 73, 75], [77–80, 83–86], [88–95], [98–104],
[106, 107, 109, 111, 112], [114–117], while previous therapies
were found in the other 31 clinical trials [22, 24–26, 29, 30,
32–35, 39, 43, 49, 51, 52, 54, 59, 60, 69–71,
74, 76, 81, 82, 87, 96, 97, 105, 108, 110, 113]. Among the
tumor types involved in all enrolled clinical trials, NSCLC
accounted for the highest proportion (n� 22) [22, 24, 26–28,
35–37, 39–43, 47, 48, 53, 58, 59, 61, 62, 68,
74, 75, 92, 93, 98, 113], followed by melanoma (n� 11)
[23, 31, 34, 44, 57, 65, 67, 76, 81, 104, 114–117], urothelial
carcinoma (n� 8) [32, 49, 71, 77, 78, 86, 87, 90], renal cell
carcinoma (n� 7) [25, 51, 52, 55, 56, 89, 91, 102], SCLC
(n� 7) [29, 38, 50, 79, 95, 100, 105], triple-negative breast
cancer (n� 6) [46, 66, 73, 82, 84, 88], and head and neck
squamous cell carcinoma (n� 4) [30, 60, 63, 84].

All enrolled clinical trials were classified into 15 groups
in view of the treatment regimens of all the control groups,
which were listed as follows: Group A (PD-1 or PD-L1
versus Chemotherapy) [22–24, 26, 32, 43, 47, 49, 54, 59, 61,
68, 77, 78, 80, 82, 86, 92, 96], Group B (PD-1 or PD-L1 plus
Chemotherapy versus Chemotherapy) [27, 37, 41, 45, 53, 66,
73, 74, 77, 79, 80, 84, 86, 95, 96, 100, 101, 103, 107, 111, 112],

Group C (Camrelizumab plus Chemotherapy versus Che-
motherapy) [75, 99, 106], Group D (PD-1 or PD-L1 plus
Chemotherapy plus Bevacizumab versus Chemotherapy
plus Bevacizumab) [36, 107], Group E (PD-1 or PD-L1
versus Placebo) [33, 39, 44, 71, 87, 90, 91, 97, 98, 105, 108],
Group F (PD-1 or PD-L1 plus Chemotherapy versus PD-1 or
PD-L1) [63, 77, 80, 96], Group G (PD-1 or PD-L1 plus
CTLA-4 versus PD-1 or PD-L1) [29, 47, 76, 78, 105, 118],
Group H (PD-1 or PD-L1 versus CTLA-4) [34, 67, 117],
Group I (PD-1 or PD-L1 plus CTLA-4 versus Chemo-
therapy) [47, 94], Group J (PD-1 or PD-L1 plus CTLA-4 plus
Chemotherapy versus Chemotherapy) [93, 95], Group K
(PD-1 or PD-L1 plus Bevacizumab versus Sorafenib)
[64, 85], Group L (PD-1 or PD-L1 plus CTLA-4 versus
CTLA-4) [31, 117], Group M (PD-1 or PD-L1 versus
Methotrexate/docetaxel/cetuximab) [30, 60], and Group N
(PD-1 or PD-L1 plus Antineoplastic Drug versus Sunitinib)
[51, 55, 56, 89, 91]. (e others would just be used for the
systematic review [25, 26, 34, 57, 63, 65,
69, 72, 81, 83, 88, 89, 95, 101, 104, 105, 109, 110].Within each
group, the differences between the PD-1 and PD-L1 sub-
groups would be assessed firstly, followed by the treatment
lines.

3.3. Risk of Bias. 86 clinical trials, involving 95 literatures,
were all screened for 5 relevant bias risks, and the results
were shown in the (S Figure 1) [22–25], [26–30], [31–35],
[36–40], [41–45], [46–50], [51–55], [56–60], [61–65],
[66–70], [71–75], [76–80], [81–85], [86–90], [91–95],
[96–110], [111–115], [116, 117]. Data with high bias would
not be adopted for the final meta-analysis (S Figure 1)
[57, 114–116]. (e funnel plots for publication bias as-
sessments were constructed and shown in the corresponding
figures (S Figures 2–6).

3.4. Risk Assessments of Rash for All Grades in Group A (PD-1
or PD-L1 versus Chemotherapy). Reactive cutaneous capil-
lary endothelial proliferation (RCCEP) was the characteristic
rash of camrelizumab, so the clinical trials including cam-
relizumab were evaluated separately [70]. 19 clinical trials in
Group A were summarized and prepared for the final an-
alyses [22–24, 26, 32, 43, 47, 49, 54, 59, 61, 68, 77, 78, 80,
82, 86, 92, 96]. Among all tumor types, NSCLC was the most
common one (n� 10) [22, 24, 26, 43, 47, 59, 61, 68, 92],
followed by UC (n� 5) [32, 49, 77, 78, 86].

(rough analyses, we found that PD-1 or PD-L1 in-
hibitors significantly increased the risk of developing rash
for all grades (OR� 1.66, 95% CI: [1.31, 2.11]; I2 � 57%,
Z� 4.19, p< 0.0001; Figures 2(a)–2(d)). Compared with the
PD-L1 subgroup, the risk of developing rash appeared to be
higher in PD-1 subgroup (OR� 1.92, 95% CI: [1.48, 2.50];
I2 � 46%, Z� 4.86, p � 0.03; Figure 2(a)). Similar trend was
also found when subgroup was divided based on the
treatment lines (OR� 1.82, 95% CI: [1.48, 2.24]; I2 � 0%,
Z� 5.67, p< 0.00001; Figure 2(b)). However, no statistically
significant subgroup differences were found in the above two
subgroups (Chi2 � 2.62, p � 0.11, I2 � 61.8%, Figure 2(a);
Chi2 � 0.46, p � 0.50, I2 � 0%, Figure 2(b)).
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High heterogeneity (I2 � 57%) could be found in the
analysis results (Figures 2(a)–2(d)). After adequate subgroup
analyses, it was found that this high degree of heterogeneity
stemmed mainly from the two clinical trials of NSCLC
(I2 � 76%, Figure 2(c); I2 � 83%, Figure 2(d)) [22, 24]. (e
funnel plots of them are shown in S Figures 2(a)–2(d).

3.5. Risk Assessments of Rash for All Grades inGroup B, Group
C, and Group D. 21 clinical trials in Group B were enrolled
for the final analysis [27, 37, 41, 45, 53, 66, 73, 74,
77, 79, 80, 84, 86, 95, 96, 100, 101, 103, 107, 111, 112]. Among
all enrolled clinical trials, clinical trials involving NSCLC
(n� 5) still accounted for the highest proportion
[27, 37, 41, 53, 74], followed by triple-negative breast cancer
(TNBC) (n� 4) [45, 66, 73, 84], small cell lung cancer
(SCLC) (n� 3) [79, 95, 100], ovarian cancer (OC) (n� 3)
[96, 101, 103], and urothelial carcinoma (UC) (n� 2)
[77, 86].

Compared with chemotherapy in Group B, it was found
that PD-1 or PD-L1 together with chemotherapy signifi-
cantly increased the risk of rash for all grades (OR� 1.87,
95% CI: [1.59, 2.20]; I2 � 53%, Z� 7.50, p< 0.00001;
Figures 3(a)–3(d)), even in each evaluable subgroups
(Figures 3(c) and 3(d)). Similar to the former analysis result
of Group A, the PD-1 subgroup appeared to have a higher
risk of rash (OR� 2.01, 95% CI: [1.63, 2.47]; Figure 3(a)) with
no statistical significant differences
[27, 37, 41, 73, 79, 80, 86, 107, 111, 112], when it was

compared to the PD-L1 subgroup (Chi2 � 0.66, p � 0.42;
Figure 3(a)) [45, 53, 66, 74, 77, 84, 95, 96, 100, 101, 103].
Different from the previous analyses (Figure 2(b)), the in-
cidence risk of rash was higher when PD-1 or PD-L1 to-
gether with chemotherapy was given as the second-line
option (OR� 2.98, 95% CI: [1.87, 4.75]; Chi2 � 3.95,
p � 0.05; Figure 3(b)) [74, 96]. Subgroup analyses indicated
that the incidence risk of rash was different among different
tumor types, especially in UC subgroup (OR� 2.66, 95% CI:
[1.73, 4.09]; I2 � 61%, Z� 4.48, p< 0.00001; Figure 3(c))
[77, 86]. (rough subgroup analyses (Figures 3(c) and 3(d)),
it was found that the high heterogeneity (I2 � 53%) might be
mainly derived from the clinical trial KEYNOTE-361
(Figure 3(d)) [86].

Similar to the analysis result in Group B, the incidence
risk of rash was also significantly increased when camreli-
zumab was given together with chemotherapy (OR� 2.30,
95% CI: [1.54, 3.44]; I2 � 0%, Z� 4.04, p< 0.0001;
Figure 3(e)) [75, 99, 106]. However, when PD-1 or PD-L1
was given with bevacizumab and chemotherapy, no statis-
tically significant analysis result was found (OR� 1.90, 95%
CI: [0.86, 4.20]; I2 � 77%, Z� 1.60, p � 0.11; Figure 3(e)). All
the corresponding funnel lots are shown in S Figures 3(a)–
3(f ).

3.6. Risk Assessments of Rash for All Grades inGroups E and F.
11 clinical trials in Group E were enrolled for the final
analyses [33, 39, 44, 71, 87, 90, 91, 97, 98, 105, 108]. Among
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Figure 1: (e flow diagram of all enrolled clinical trials.
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all clinical trials, clinical trials involving UC (n� 3)
accounted for the highest proportion [71, 87, 90], followed
by NSCLC (n� 2) [39, 98]. In 5 clinical studies
[44, 90, 91, 98, 108], PD-1 or PD-L1 inhibitors were given as
the first-line choice, whereas they were utilized as second-

line or alternative therapeutic choices in the other 6 trials
[33, 39, 71, 87, 97, 105].

Compared with placebo, it was found that PD-1 or PD-
L1 inhibitors significantly increased the risk of developing
rash for all grades (OR� 2.62, 95% CI: [1.88, 3.65]; I2 � 69%,

Study or Subgroup
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Events

Chemotherapy
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Odds Ratio
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Heterogeneity: Tau2 = 0.37; Chi2 = 37.68, df =11 (P < 0.0001); I2 = 71%
Test for overall effect: Z = 2.02 (P = 0.04)

1.66 [1.31, 2.11]100.05884 6228 Total (95% CI)
311545 Total events 

Heterogeneity: Tau2 = 0.16; Chi2 = 46.25, df = 20 (P = 0.0007); I2 = 57%
Test for overall effect: Z = 4.19 (P < 0.0001)
Test for subgroup differences: Chi2 = 0.46, df = 1 (P = 0.50); I2 = 0%

Weber JS, et al.2015 25 268 5 102 3.5 2.00 [0.74, 5.36] 2015
Hellmann, MD, et al.2018C 43 391 29 570 6.5 2.31 [1.41, 3.76] 2018
Mok TSK, et al.2019 46 636 27 615 6.5 1.70 [1.04, 2.77] 2019
Gaisky, MD, et al.2020C 18 354 23 390 5.5 0.85 [0.45, 1.61] 2020
Powles T, et al.2020A 40 302 24 342 6.2 2.02 [1.19, 3.44] 2020
Rowles T, et al.2020B 22 345 12 313 4.9 1.71 [0.83, 3.51] 2020
Shitara K, et al.2020B 16 254 10 244 4.4 1.57 [0.70, 3.54] 2020
Herbst RS, et al.2020 44 286 19 263 6.0 2.33 [1.32, 4.12] 2020
Sezer A, et al.2021 18 355 8 342 4.2 2.23 [0.96, 5.20] 2021

1.82 [1.48, 2.24]47.73181 3191 Subtotal (95% CI) 
157272 Total events 

Heterogeneity: Tau2 = 0.00; Chi2 = 7.73, df = 8 (P = 0.46); I2 = 0%
Test for overall effect: Z = 5.67 (P < 0.00001)

(b)

1.1.1 Nivolumab (PD-l) VS Docetaxel (NSCLC)
Borghaei H, et al.2015 27 287 8 268 4.4 3.38 [1.51, 7.57)
Brahmer J, et al.2015 5 131 8 129 2.9 0.60 [0.19, 1.89]
Wu YL, et al.2019 39 337 4 156 3.3  4.97 [1.74, 14.17]
Subtotal (95% CI) 755 553 10.6 2.24 [0.70, 7.18]

2071 Total events 
Heterogeneity: Tau2 = 0.80; Chi2 = 8.22, df = 2 (P = 0.02); I2 = 76% 
Test for overall effect: Z = 1.36 (P = 0.17)

1.1.2 Pembrolizumab (PD-1) VS Docetaxel (NSCLC)
Herbst RS, et al.2016B 29 339 14 309 5.3 1.97 [1.02, 3.80]
Herbst RS, et al.2016C 44 343 14 309 5.6 3.10 [1.66, 5.78]
Subtotal (95% CI) 682 618 10.9 2.50 [1.59, 3.93]

2873 Total events 
Heterogeneity: Tau2 = 0.00; Chi2 = 0.96, df = 1 (P = 0.33); I2 = 0%
Test for overall effect: Z = 3.98 (P < 0.0001)

1.1.3 Atezolizumab (PD-L1) VS Docetaxel (NSCLC)
Hida T, et al.2018 9 56 13 45 3.6 0.47 [0.18, 1.23]
Subtotal (95% Cl) 56 45 3.6 0.47 [0.18, 1.23]

139Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 1.53 (P = 0.13)

1.1.4 PD-1/PD-L1 VS Chemotherapy (Oesophageal)
Kato K, et al.2019 23 209 31 208 5.9 0.71 [0.40, 1.26]
Subtotal (95% CI) 209 208 5.9 0.71 [0.40, 1.26]

3123 Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 1.18 (P = 0.24)

1.1.5 P D-1 VS Chemotherapy (Melanoma)
Weber JS, et al.2015 25 268 5 102 3.5 2.00 [0.74, 5.36]
Subtotal (95% CI) 268 102 3.5 2.00 [0.74, 5.36]

525 Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 1.37 (P= 0.17)

1.1.6 PD-1 VS Chemotherapy (Gastric Cancer)
Shitara K, et al.2020B 16 254 10 244 4.4 1.57 [0.70, 3.54]
Subtotal (95% CI) 254 244 4.4 1.57 [0.70, 3.54]

1016Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 1.10 (P = 0.27)

1.1.7 PD-1 VS Chemotherapy (TNBC)
Winer EP, et al.2021 6 309 2 292 1.8 2.87 [0.57, 14.34]
Subtotal (95% CI) 309 292 1.8 2.87 [0.57, 14.34]

26Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 1.29 (P = 0.20)

1.1.8 PD-L1 VS Chemotherapy (Ovarian Cancer)
Pujade-Lauraine E, et al.2021 C 9 187 16 177 4.2 0.51 [0.22, 1.18]
Subtotal (95% CI) 187 177 4.2 0.51 [0.22, 1.18]

169Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 1.57 (P = 0.12)

1.1.9 PD-1/PD-L1 VS Chemotherapy (NSCLC)
Hellmann, MD, et al.2018C 43 391 29 570 6.5 2.31 [1.41, 3.76]
Herbst RS, et al.2020 44 286 19 263 6.0 2.33 [1.32, 4.12]
Mok TSK, et al.2019 46 636 27 615 6.5 1.70 [1.04, 2.77]
Sezer A,etal.2021 18 355 8 342 4.2 2.23 [0.96, 5.20]
Subtotal (95% CI) 1668 1790 23.2 2.09 [1.58, 2.76]

83151Total events 
Heterogeneity:Tau2 = 0.00; Chi2 = 1.02, df = 3 (P = 0.80); I2 = 0%
Test for overall effect: Z = 5.17 (P < 0.00001)

1.1.10 PD-1/PD-L1 VS Chemotherapy (UC)
Bellmunt J, et al.2017 29 266 16 255 5.5 1.83 [0.97, 3.45]
Gaisky MD, et al.2020C 18 354 23 390 5.5 0.85 [0.45, 1.61]
Powles T, et al.2018A 13 114 7 112 3.7 1.93 [0.74, 5.04]
Powles T, et al.2018B 40 459 21 443 6.1 1.92 [1.11, 3.31]
Powles T, et al.2020B 22 345 12 313 4.9 1.71 [0.83, 3.51]
Powles T, et al.2021A 40 302 24 342 6.2 2.02 [1.19, 3.44]
Subtotal (95% CI) 1840 1855 31.9 1.66 [1.27, 2.16]

103162 Total events 
Heterogeneity: Tau2 = 0.00; Chi2 = 5.20, df = 5 (P = 0.39); I2 = 4%
Test for overall effect: Z = 3.74 (P = 0.0002)

1.66 [1.31, 2.11]100.058846228 Total (95% CI) 
311545Total events 

Heterogeneity: Tau2 = 0.16; Chi2 = 46.25, df = 20 (P = 0.0007); I2 = 57%
Test for overall effect: Z = 4.19 (P < 0.0001)
Test for subgroup differences: Chi2 = 29.15, df = 9 (P = 0.0006); I2 = 69.1%

0.002 0.1 1 10 500

PD-1/PD-L1 Chemotherapy

Study or Subgroup
PD-1/PD-L1
Events

Chemotherapy
Events Weight (%)

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

(c)

1.1.1 Nivolumab (PD-l) VS Docetaxel (NSCLC)
Borghaei H, et al.2015 27 287 8 268 4.4 3.38 [1.51, 7.57]
Brahmer J, et al.2015 5 131 8 129 2.9 0.60 [0.19, 1.89]
Subtotal (95% CI) 418 397 7.3 1.50 [0.28, 8.11]

1632Total events 
Heterogeneity Tau2 = 1.24; Chi2 = 5.85, df = 1 (P = 0.02); I2 = 83%
Test for overall effect: Z = 0.47 (P = 0.64)

1.1.2 Nivoluinab (PD-1.) VS Docetaxel (NSCLC.)
Wu YL, et al.2019 39 337 4 156 3.3 4.97 [1.74, 14.17]
Subtotal (95% CI) 337 156 3.3 4.97 [1.74, 14.17]

439Total events 
Heterogeneity Not applicable
Test for overall effect: Z = 3.00 (P = 0.003)

1.1.3 Atezolizumab (PD-LI) VS Docetaxel (NSCLC)
Hida T, et al.2018 9 56 13 45 3.6 0.47 [0.18, 1.23]
Subtotal (95% CI) 56 45 3.6 0.47 [0.18, 1.23]

139Total events 
Heterogeneity Not applicable
Test for overall effect: Z = 1.53 (P = 0.13)

1.1.4 P D-1/PD-L1 VS Chemotherapy (Oesophageal)
Kato K, et al.2019 23 209 31 208 5.9 0.71 [0.40, 1.26]
Subtotal (95% CI) 209 208 5.9 0.71 [0.40, 1.26]

3123Total events 
Heterogeneity Not applicable
Test for overall effect: Z = 1.18 (P = 0.24)

1.1.5 P D-1 VS Chemotherapy (Melanoma)
Weber JS, et al.2015 25 268 5 102 3.5 2.00 [0.74, 5.36]
Subtotal (95% CI) 268 102 3.5 2.00 [0.74, 5.36]

525Total events 
Heterogeneity Not applicable
Test for overall effect: Z = 1.37 (P = 0.17)

1.1.6 P D-1 VS Chemotherapy (Gastric Cancer)
Shitara K, et al.2020B 16 254 10 244 4.4 1.57 [0.70, 3.54]
Subtotal (95% CI) 254 244 4.4 1.57 [0.70, 3.54]

1016Total events
Heterogeneity Not applicable
Test for overall effect: Z = 1.10 (P = 0.27)

1.1.7 PD-1 VS Chemotherapy (TNBC)
Winer EP, et al.2021 6 309 2 292 1.8 2.87 [0.57, 14.34]
Subtotal (95% CI) 309 292 1.8 2.87 [0.57, 14.34]

26Total events
Heterogeneity Not applicable
Test for overall effect: Z = 1.29 (P = 0.20)

1.1.8 P D-L1 VS Chemotherapy (Ovarian Cancer)
Pujade-Lauraine E, et al.2021C 9 187 16 177 4.2 0.51 [0.22, 1.18]
Subtotal (95% CI) 187 177 4.2 0.51 [0.22, 1.18]

169Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 1.57 (P = 0.12)

1.1.9 P D-1/PD-L1 VS Chemotherapy (NSCLC)
Hellmann, MD, et al.2018C 43 391 29 570 6.5 2.31 [1.41, 3.76]
Herbst RS, et al.2020 44 286 19 263 6.0 2.33 [1.32, 4.12]
Mok TSK, et al.2019 46 636 27 615 6.5 1.70 [1.04, 2.77]
Sezer A, et al.2021 18 355 8 342 4.2 2.23 [0.96, 5.20]
Subtotal (95% CI) 1668 1790 23.2 2.09 [1.58, 2.76]
Total events 151 83
Heterogeneity Tau2 = 0.00; Chi2 = 1.02, df = 3 (P = 0.80); I2 = 0%
Test for overall effect: Z = 5.17 (P < 0.00001)

1.1.10 PD-1/PD-L1 VS Chemotherapy (UC)
BellmuntJ.et al.2017 29 266 16 255 5.5 1.83 [0.97,3.45]
Gaisky MD.et al.2020C 18 354 23 390 5.5 0.85 [0.45,1.61]
Powles T,et al.2018A 13 114 7 112 3.7 1.93 [0.74,5.04]
Powles T,et al.2018B 40 459 21 443 6.1 1.92 [1.11, 3.31]
Powles T,et al.2020B 22 345 12 313 4.9 1.71 [0.83, 3.51]
Powles T,etal.2021 A 40 302 24 342 6.2 2.02 [1.19, 3.44]
Subtotal (95% CI) 1840 1855 31.9 1.66 [1.27, 2.16]
Total events 162 103
Heterogeneity Tau2 = 0.00; Chi2 = 5.20, df = 5 (P = 0.39); I2 = 4%
Test for overall effect: Z = 3.74 (P = 0.0002)

1.1.11 Pembrolizumab (PD-l) VS Docetaxel (NSCLC)
Herbst RS, et al.2016B 29 339 14 309 5.3 1.97 [1.02, 3.80]
Herbst RS, et al.2016C 44 343 14 309 5.6 3.10 [1.66, 5.78]
Subtotal (95% CI) 682 618 10.9 2.50 [1.59, 3.93]

2873Total events
Heterogeneity: Tau2 = 0.00; Chi2 = 0.96, df = 1 ( P = 0.33); I2 =0%
Test for overall effect: Z = 3.98 (P < 0.0001)

1.66 [1.31, 2.11]100.058846228Total (95% CI)
Total events 545 311
Heterogeneity Tau2 = 0.16; Chi2 = 46.25, df = 20 (P = 0.0007); I2 = 57%
Test for overall effect: Z = 4.19 (P < 0.0001)
Test for subgroup differences: Chi2 = 33.09, df = 10 (P = 0.0003); I2 = 69.8%

Weight (%)Total TotalStudy or Subgroup
PD-1/PD-L1
Events

Chemotherapy
Events

Odds Ratio
M-H. Random. 95% CI

Odds Ratio
M-H, Random, 95% CI

0.002 0.1 1 10 500

PD-1/PD-L1 Chemotherapy

(d)

Figure 2: Forest plots of comparison in Group A (PD-1 or PD-L1 versus Chemotherapy). (a)(e OR of rash for all grades calculated by the
random effect (RE) model: subgroup analyses were performed according to the types of immune checkpoint inhibitors (PD-1 or PD-L1).
(b)(e OR of rash for all grades calculated by the random effect (RE) model: subgroup analyses were performed according to the treatment
lines (first or second line). (c) (e OR of rash for all grades calculated by the random effect (RE) model: subgroup analyses were performed
based on drug name, tumor type, and immune checkpoint type. (d)(eOR of rash for all grades calculated by the random effect (RE)model:
subgroup analyses were performed based on drug name, tumor type, immune checkpoint type, and I2 value.
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Test for overall effect: Z = 6.61 (P < 0.00001) 

Test for overall effect: Z = 4.41 (P< 0.0001)

Test for overall effect: Z = 7.50 (P < 0.00001)
Test for subgroup differences: Chi2= 0.66, df = 1 (P = 0.42); I2 = 0%

Study or Subgroup Events
PD-1/PD-L1+Chemotherapy Chemotherapy

Events Weight (%)
Odds Ratio

Total M-H. Random. 95% CITotal
Odds Ratio

0.02

M-H, Random, 95% CI

0.1 1 10 100

PD-1/PD-L1+Chemotherapy Chemotherapy

2.1.1 PD-1+Chemotherapy VS Chemotherapy
Colombo N, et al.2021B 11 111 6 116 2.0 2.02 [0.72, 5.65]
Gadgeel S, et al.2020 82 405 23 202 5.0 1.98 [1.20, 3.25]
Langer CJ, et al.2O16 16 59 9 62 2.4 2.19 [0.88, 5.45]
Mai HQ, et al.2021 40 146 31 143 4.6 1.36 [0.80, 2.34]
Paz-Ares L, et al.2018 47 278 32 280 5.1 1.58 [0.97, 2.56]
Powles T, et al.2021B 83 349 24 342 5.2 4 13 [2.55, 6.70]
Powles T, et al.2021C 83 349 40 302 5.8 2.04 [1.35, 3.09]
Rudin CM, et al.2020 30 223 13 223 3.6 2.51 [1.27, 4 95]
Schmid P, et al.2020 170 781 59 389 6.8 1.56 [1.12, 2.15]
Shitara K, et al.2020C 27 250 10 244 3.2 2.83 [1.34, 5.99]
Sun JM, et al.2021 29 370 18 370 4.1 1.66 [0.91, 3.05]
Subtotal (95% CI) 3321 2673 47.9 2.01 [1.63, 2.47]
Total events 618 265 

2.1.2 PD-L1+Chemotherapy VS Chemotherapy
Gaisky MD, et al.2020B 57 453 23 390 

Heterogeneity: Tau2 = 0.04; Chi2 = 15.49, df = 10 (P = 0.12); I2 = 35%

4.9 2.30 [1.39, 3.80]
Goldman JW, et al.2021 A 16 265 10 266 2.8 1.64 [0.73, 3.69]
Jotte R, et al.2020 27 334 11 334 3.3 2.58 [1.26, 5.30]
Liu SV, et al.2021 40 198 21 196 4.4 2.11 [1.19, 3.73]
Miles D, et al.2021 141 432 66 217 6.5 1.11 [0.78, 1.58]
Mittendorf EA, et al.2020 46 164 42 167 5.1 1.16 [0.71, 1.89]
Monk BJ, et al.2021A 66 329 25 334 5.1 3.10 [1.90, 5.06]
Moore KN, et al.2021 153 642 99 644 7.3 1.72 [1.30, 2.28]
Pujade-Lauraine E, et al.2021 45 182 16 177 4.0 3.31 [1.79, 6.11]
Schmid P, et al.2018 59 452 54 438 6.0 1.07 [0.72, 1.58]
West H, et al.2019 18 473 7 232 2.5 1.27 [0.52, 3.09]
Subtotal (95% CI) 3924 3395 52.1 1.76 [1.37, 2.25]
Total events 668 374 

6068 100.0 1.87 [1.59, 2.20]
639 

Heterogeneity: Tau2 = 0.10; Chi2 = 27.19, df = 10 (P = 0.002); I2 = 63%

Total (95% CI) 7245 
Total events 1286 
Heterogeneity: Tau2 = 0.07; Chi2 = 45.16, df = 21 (P = 0.002); I2 = 53%

(a)

0.02 0.1 1 10 50
PD-1/PD-L1+Chemotherapy Chemotherapy

Test for overall effect: Z = 6.93 (P < 0.00001)

Test for overall effect: Z = 4.58 (P < 0.00001)

Test for overall effect: Z = 7.50 (P < 0.00001)
Test for subgroup differences: Chi2 = 3.95, df = 1 (P = 0.05); I2 = 74.7%

Study or Subgroup
PD-1/PD-L1+Chemotherapy

Events
Chemotherapy
Events Weight (%)

Odds Ratio
Total M-H. Random. 95% CITotal

Odds Ratio
M-H, Random, 95% CI

2.3.1 PD-1/PD-L1+Chemotherapy VS Chemotherapy (First Line)
Colombo N, et al.2021B 11 111 6 116 2.0 2.02 [0.72, 5.65]
Gadgeel S, et al.2020 82 405 23 202 5.0 1.98 [1.20, 3.25]
Gaisky MD, et al.2020B 57 453 23 390 4.9 2.30 [1.39, 3.80]
Goldman JW, et al.2021A 16 265 10 266 2.8 1.64 [0.73, 3.69]
Langer CJ, et al.2016 16 59 9 62 2.4 2.19 [0.88, 5.45]
Liu SV, et al.2021 40 198 21 196 4.4 2.11 [1.19, 3.73]
Mai HQ, et al.2021 40 146 31 143 4.6 1.36 [0.80, 2.34]
Miles D, et al.2021 141 432 66 217 6.5 1.11 [0.78, 1.58]
Mittendorf EA, et al.2020 46 164 42 167 5.1 1.16 [0.71, 1.89]
Monk BJ, et al.2021A 66 329 25 334 5.1 3.10 [1.90, 5.06]
Moore KN, et al.2021 153 642 99 644 7.3 1.72 [1.30, 2.28]
Paz-Ares L, et al.2018 47 278 32 280 5.1 1.58 [0.97, 2.56]
Powles T, et al.2021B 83 349 24 342 5.2 4 13 [2.55, 6.70]
Powles T, et al.2021C 83 349 40 302 5.8 2.04 [1.35, 3.09]
Rudin CM, et al.2020 30 223 13 223 3.6 2.51 [1.27, 4.95]
Schmid P, et al.2018 59 452 54 438 6.0 1.07 [0.72, 1.58]
Schmid P, et al.2020 170 781 59 389 6.8 1.56 [1.12, 2.15]
Shitara K, et al.2020C 27 250 10 244 3.2 2.83 [1.34, 5.99]
Sun JM,et al.2021 29 370 18 370 4.1 1.66 [0.91, 3.05]
West H, et al.2019 18 473 7 232 2.5 1.27 [0.52, 3.09]
Subtotal (95% CI) 6729 5557 92.6 1.80 [1.53, 2.13]
Total events 1214 612

Jotte R, et al.2020 
2.3.2 PD-1/PD-L1+Chemotherapy VS Chemotherapy (Second or Others)

27 334 11 334 

Heterogeneity: Tau2 = 0.07; Chi2 = 40.02, df = 19 (P = 0.003); I2 = 53%

3.3 2.58 [1.26, 5.30]
Pujade-Lauraine E, et al.2021A 45 182 16 177 4.0 3.31 [1.79, 6.11]
Subtotal (95% CI) 516 511 7.4 2.98 [1.87, 4.75]
Total events 72 27

6068 100.0 1.87 [1.59, 2.20]
639

Heterogeneity: Tau2 = 0.00; Chi2 = 0.26, df = 1 (P = 0.61); I2 = 0%

Total (95% CI) 7245 
Total events 1286 
Heterogeneity: Tau2 = 0.07; Chi2 = 45.16, df = 21 (P = 0.002); I2 = 53%

(b)

0.001 0.1 1 10 100
PD-1/PD-L1+Chemotherapy Chemotherapy

Study or Subgroup
PD-1/PD-L1+Chemotherapy

Events
Chemotherapy
Events Weight (%) Year

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

2.2.1 PD-WD-L1+Chemotherapy VS Cheinotherapy (NSCLC)
Langer CJ, et al.2016 16 59 9 62 2.4
Paz-Ares L, et al.2018 

2.19 [0.88, 5.45] 2016
47 278 32 280 5.1 1.58 [0.97, 2.56] 2018

West H, et al.2019 18 473 7 232 2.5 1.27 [0.52, 3.09] 2019
Jotte R, et al.2020 27 334 11 334 3.3
Gadgeel S,et al.2020 

2.58 [1.26, 5.30] 2020
82 405 23 202 5.0

Subtotal (95% CI) 
1.98 [1.20, 3.25] 2020

1549 1110 18.4 1.84 [1.39, 2.44]
82

Rudin CM, et al.2020 30 223 13 223 3.6 2.51 [1.27, 4.95] 2020
Liu SV,et al.2021 40 

Total events 190 
Heterogeneity: Tau2 = 0.00; Chi2 = 2.13, df = 4 (P = 0.71); I2 = 0%
Test for overall effect: Z = 4.28 (P < 0.0001)

2.2.2 PD-WDL1+Chemotherapy VS Cheinotherapy (SCLC)

198 21 196 4.4 2.11 [1.19, 3.73] 2021
Goldman JW,et al.2021A 16 265 10 266 2.8 1.64 [0.73, 3.69] 2021A
Subtotal (95% CI) 686 685 10.8 2.11 [1.44, 3.10]
Total events 86 44

Schmid P, et al.2018 59 452 54 438 6.0

Heterogeneity: Tau2 = 0.00; Chi2 = 0.62, df = 2 (P = 0.74); I2 = 0%
Test for overall effect: Z = 3.80 (P = 0.0001)

2.2.3 PD-WD-LT+Chemotherapy VS Chemotherapy (TNBC)

Schmid P, et al.2020 
1.07 [0.72, 1.58] 2018

170 781 59 389 6.8 1.56 [1.12, 2.15] 2020
Mittendorf EA, et al.2020 46 164 42 167 5.1 1.16 [0.71, 1.89] 2020
Miles D, et al.2021 141 432 66 217 6.5
Subtotal (95% CI) 

1.11 [0.78, 1.58] 2021
1829 1211 24.5 1.24 [1.03, 1.50|

221

Gaisky MD, et al.2020B 57 453 23 390 4.9 2.30 [1.39, 3.80] 2020
Powles T, et al.2021B 83 

Total events 416 
Heterogeneity: Tau2 = 0.00; Chi2 = 2.89, df = 3 (P = 0.41); I2 = 0%
Test for overall effect: Z = 2.24 (P = 0.03)

2.2.4 PD-1/PD-L1+Chemotherapy VS Cheinotherapy (UC)

349 24 342 5.2 4.13 [2.55, 6.70] 2021B
Powles T, et al.2021C 83 349 40 302 5.8 2.04 [1.35, 3.09] 2021C
Subtotal (95% CI) 1151 1034 16.0 2.66 [1.73, 4.09]

87

2.2.5 PD-1/PD-L1+Chemotherapy VS Chemotherapy (Ovarian Cancer)
Pujade-Lauraine E, et al.2021A 45 182 16 177 4.0

Total events 223 
Heterogeneity: Tau2 = 0.09; Chi2 = 5.08, df = 2 (P = 0.08); I2 = 61%
Test for overall effect: Z = 4.48 (P < 0.00001)

3.31 [1.79, 6.11] 2021
Moore KN, et al.2021 153 642 99 644 7.3 1.72 [1 30, 2.28] 2021
Monk BJ, et al.2021A 66 329 25 334 5.1
Subtotal (95% CI) 

3.10 [1.90, 5.06] 2021A
1153 1155 16.5 2.47 [1.55, 3.94|

Shitara K, et al.2020C 27 250 10 244 3.2 2.83 [1.34, 5.99] 2020
250 

Total events 264 140
Heterogeneity: Tau2 = 0.12; Chi2 = 6.44, df = 2 (P = 0.04); I2 = 69%
Test for overall effect: Z = 3.80 (P = 0.0001)

2.2.6 PD-1+Chemotherapy VS Chemotherapy (Gastric Cancer)

244 3.2 2.83 [1.34, 5.99)
10

2.2.7 PD-1+Chemotherapy VS Chemotherapy (Cervical Cancer)

Subtotal (95% CI) 
Total events 27 
Heterogeneity: Not applicable
Testfor overall effect: Z = 2.73 (P = 0.006)

111 Colombo N, et al.2021B 11 6 116 2.0 2.02 [0.72, 5.65] 2021B
111 116 2.0 2.02 [0.72, 5.65]

6

2.2.8 PD-1+Chemotherapy VS Chemotherapy (Oesophageal)

Subtotal (95% CI) 
Total events 11 
Heterogeneity: Not applicable
Testfor overall effect: Z = 1.33 (P = 0.18)

Sun JM.et al.2021 29 370 18 370 4.1 1.66 [0.91, 3.05] 2021
370 370 4.1 1.66 [0.91, 3.05]

18

2.2.9 PD-1+Chemotherapy VS Chemotherapy (Nasopharyngeal)

Subtotal (95% CI) 
Total events 29 
Heterogeneity: Not applicable
Testfor overall effect: Z = 1.64 (P = 0.10)

146 143 Mai HQ, et al.2021 40 31 4.6 1.36 [0.80, 2.34] 2021
Subtotal (95% CI) 146 143 4.6 1.36 [0.80, 2.34]

6068 100.0 1.87 [1.59, 2.20]

Total events 40 31
Heterogeneity: Not applicable
Test for overall effect: Z = 1.13 (P = 0.26)

Total (95% CI) 7245 
Total events 1286 639
Heterogeneity: Tau2 = 0.07; Chi2 = 45.16, df = 21 (P = 0.002); I2 = 53%
Testfor overall effect: Z = 7.50 (P < 0.00001)
Testfor subgroup differences: Chi2 = 21.26, df = 8 (P = 0.006); I2 = 62.4%

(c)

0.002 0.1 1 10 50
PD-1/PD-L1+Chemotherapy Chemotherapy

Heterogeneity: Tau2 = 0.00; Chi2 = 0.60, df = 2 (P = 0.74); I2 = 0%
Test for overall effect: Z = 3.59 (P = 0.0003)

Heterogeneity: Tau2 = 0.08; Chi2 = 1.48. df = 1 (P = 0.22); I2 = 32%
Test for overall effect: Z = 1.84 (P = 0.07)

Test for overall effect: Z = 2.66 (P = 0.008)

Heterogeneity: Tau2 = 0.00; Chi2 = 0.24, df = 1 (P = 0.62); I2 = 0%
Test for overall effect: Z = 2.79 (P = 0.005)

Heterogeneity: Tau2 = 0.00; Chi2 = 2.89, df = 3 (P = 0.41); l2 = 0%
Test for overall effect: Z = 2.24 (P = 0.03)

Heterogeneity: Tau2 = 0.20; Chi2 = 4.73, df = 1 (P = 0.03); I2 = 79%
Test for overall effect: Z= 3.00 (P = 0.003)

Test for overall effect: Z = 3.23 (P = 0.001)

Test for overall effect: Z = 1.64 (P = 0.10)

Test for overall effect: Z = 1.13 (P = 0.26)

Test for overall effect: Z = 1.33 (P = 0.18)

Test for overall effect: Z = 2.73 (P = 0.006)

Heterogeneity: Tau2 = 0.12; Chi2 = 6.44, df = 2 (P = 0.04); I2 = 69%
Test for overall effect: Z= 3.80 (P = 0.0001)

Test for overall effect: Z= 7.50 (P < 0.00001)
Test for subgroup differences: Chi2 = 20.84, df = 11 (P = 0.04); P = 47.2%

Total Total Weight (%)Study or Subgroup
PD-1/PD-L1+Chemotherapy

Events
Chemotherapy
Events

Odds Ratio
M-H. Random. 95% CI

Odds Ratio
M-H, Random, 95% CI

2.2.1 PD-1+Chemotherapy VS Chemotherapy (NSCLC)
Gadgeel S, et al.2020 82 405 23 202 5.0 1.98 [1.20, 3.25]
Langer CJ, et al.2016 16 59 9 62 2.4 2.19 [0.88, 5.45]
Paz-Ares L, et al.2018 47 278 32 280 5.1 1.58 [0.97, 2.56]
Subtotal (95% CI) 742 544 12.6 1.81 [1.31, 2.50]
Total events 145 64

2.2.2 PD-L1+Chemotherapy VS Chemotherapy (NSCLC)
Jotte R, et al.2020 27 334 11 334 3.3 2.58 [1.26, 5.30]
West H, et al.2019 18 473 7 232 2.5 1.27 [0.52, 3.09]
Subtotal (95% CI) 807 566 5.8 1.90 [0.96, 3.79]
Total events 45 18

2.2.3 PD-1+Chemotherapy VS Chemotherapy (SCLC)
Rudin CM, et al.2020 30 223 13 223 3.6 2.51 [1.27, 4.95]
Subtotal (95% CI) 223 223 3.6 2.51 [1.27, 4.95]
Total events 30 13
Heterogeneity: Not applicable

2.2.4 P D-L1+Chemotherapy VS Chemotherapy (SCLC)
Goldman JW, et al.2021A 16 265 10 266 2.8 1.64 [0.73, 3.69]
Liu SV,et al.2021 40 198 21 196 4.4 2.11[1.19, 3.73]
Subtotal (95% CI) 463 462 7.2 1.94 [1.22, 3.10]
Total events 56 31

2.2.5 P D-1/PD-L1+Chemotherapy VS Chemotherapy (TNBC)
Miles D, et al.2021 141 432 66 217 6.5 1.11 [0.78, 1.58]
Mittendorf EA, et al.2020 46 164 42 167 5.1 1.16 [0.71, 1.89]
Schmid P, et al.2018 59 452 54 438 6.0 1.07 [0.72, 1.58]
Schmid P, et al.2020 170 781 59 389 6.8 1.56 [1.12, 2.15]
Subtotal (95% CI) 1829 1211 24.5 1.24 [1.03, 1.50]
Total events 416 221

2.2.6 PD-1+Chemotherapy VS Chemotherapy (UC)
Powles T, et al.2021B 83 349 24 342 5.2 4.13 [2.55, 6.70]
Povdes T, et al.2021C 83 349 40 302 5.8 2.04 [1.35, 3.09]
Subtotal (95% CI) 698 644 11.0 2.87 [1.44, 5.73]
Total events 166 64

2.2.7 PD-L1+Chemotherapy VS Chemotherapy (UC)
Gaisky MD, et al.2020B 57 453 23 390 4.9 2.30 [1.39, 3.80]
Subtotal (95% CI) 453 390 4.9 2.30 [1.39, 3.80]
Total events 57 23
Heterogeneity: Not applicable

2.2.8 PD-1+Chemotherapy VS Chemotherapy (Oesophageal)
Sun JM, et al.2021 29 370 18 370 4.1 1.66 [0.91, 3.05]

370 370 4.1 1.66 [0.91, 3.05]
29 18

Subtotal (95% CI) 
Total events 
Heterogeneity: Not applicable

2.2.9 PD-1+Chemotherapy VS Chemotherapy (Nasopharyngeal)
Mai HQ, et al.2021 40 146 31 143 4.6 1.36 [0.80, 2.34)

146 143 4.6 1.36 [0.80, 2.34]
40 31

Subtotal (95% CI) 
Total events 
Heterogeneity: Not applicable

2.2.10 PD-1+Chemotherapy VS Chemotherapy (Cervical Cancer)
Colombo N, et al.2021B 11 111 6 116 2.0 2.02 [0.72, 5.65]

111 116 2.0 2.02 [0.72, 5.65]
11 6

Subtotal (95% CI) 
Total events 
Heterogeneity: Not applicable

2.2.11 PD-1+Chemotherapy VS Chemotherapy (Gastric Cancer)
Shitara K, et al.2020C 27 250 10 244 3.2 2.83 [1.34, 5.99]

250 244 3.2 2.83 [1.34, 5.99]
27 10

Subtotal (95% CI) 
Total events 
Heterogeneity: Not applicable

2.2.12 PD-1/PD-L1+Chemotherapy VS Chemotherapy (Ovarian Cancer)
Monk BJ, et al.2021A 66 329 25 334 5.1 3.10 [1.90, 5.06]
Moore KN, et al.2021 153 642 99 644 7.3 1.72 [1.30, 2.28]
Pujade-Lauralne E, et al.2021 A 45 182 16 177 4.0 3.31 [1.79, 6.11]
Subtotal (95% CI) 1153 1155 16.5 2.47 [1.55, 3.94]
Total events 264 140

6068 100.0 1.87 [1.59, 2.20]
639

Total (95% CI) 7245 
Total events 1286 
Heterogeneity: Tau2 = 0.07; Chi2 = 45.16, df = 21 (P = 0.002); I2 = 53%

(d)

Figure 3: Continued.
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Z� 5.71, p< 0.00001; Figures 4(a)–4(d)), especially for UC
(OR� 5.81, 95% CI: [2.78, 12.15]; I2 � 71%, Z� 4.68,
p< 0.00001; Figure 4(d)) [71, 87, 90]. Subgroup comparison
indicated that the risk of developing rash was higher in the
PD-L1 subgroup and first-line subgroup (Figures 4(a)–4(d)),
which no statistical subgroup difference could be found.
Overall heterogeneity in high degree (I2 � 69%) could be
found, which was mainly caused by the clinical trial
CheckMate 274 (I2 � 0%, Figure 4(c); I2 � 71%, Figure 4(d))
[87]. (e corresponding funnel plots are shown in S
Figures 4(a)–4(d).

4 clinical trials in Group F were enrolled for the final
analyses [63, 77, 80, 96]. For PD-1/PD-L1 alone, the risk of
rash was significantly increased when they were given with
chemotherapy (OR� 2.33, 95% CI: [1.15, 4.75]; I2 � 81%,
Z� 2.34, p � 0.02; Figures 4(e) and 4(f)). Furthermore, this
trend was much more pronounced when PD-L1 was
combined with chemotherapy (OR� 4.02, 95% CI: [1.70,
9.53]; I2 � 71%, Z� 3.16, p � 0.002; Figure 4(e)) or pre-
scribed as the second line (OR� 6.50, 95% CI: [3.07, 13.75];
Figure 4(f)). (rough subgroup analysis, it could be indi-
cated that the high degree heterogeneity might be caused by
the clinical trial JAVELIN Ovarian 200 (Figures 4(e) and
4(f)) [96]. (e corresponding funnel plots were constructed
and are shown in S Figures 4(e) and 4(f ).

3.7. #e Incidence Risk of Rash for All Grades in Groups G–N.
6 clinical trials in Group G were used for the final analysis
[29, 47, 76, 78, 105, 118]. In 3 clinical trials [47, 78, 118], PD-
1 or PD-L1 inhibitors were given as the first-line choice,
while they were used as second-line or other treatment
options in the other 3 trials [29, 76, 105]. Compared with the
adoption of PD-1 or PD-L1 inhibitor alone, the combination
regimen (PD-1 or PD-L1 plus CTLA-4) significantly in-
creased the risk of developing rash (OR� 2.39, 95% CI: [1.67,
3.42]; I2 � 54%, Z� 4.79, p< 0.00001; Figures 5(a)–5(c)).
Subgroup analysis suggested that the risk of rash in SCLC
was higher than that in other tumor types (OR� 4.61, 95%
CI: [2.70, 7.88]; I2 � 0%, Z� 5.59, p< 0.00001; Figure 5(b)).
Furthermore, the incidence risk of rash was higher when
PD-1 or PD-L1 together with CTLA-4 was given as the

second-line choice (OR� 4.31, 95% CI: [2.58, 7.20]; I2 � 0%,
Z� 5.59, p< 0.00001; Figure 5(c)). By comprehensively
evaluating the results of various subgroup analyses
(Figures 5(a)–5(c)), we inferred that the high degree of
heterogeneity might be mainly caused by the clinical trial
CheckMate 227 [47]. (e corresponding funnel plots are
shown in S Figures 5(a)–5(c).

3 clinical trials in Group H (PD-1 or PD-L1 versus
CTLA-4) were selected for the final meta-analysis
[34, 67, 117].(e risk of developing rash caused by PD-1 was
found to be significantly lower than that of CTLA-4 only in
the first-line therapy subgroup (OR� 0.51, 95% CI: [0.26,
0.99]; I2 � 87%, Z� 1.99, p � 0.05; Figure 5(e)), whereas the
overall effect was not statistically significant (OR� 0.73, 95%
CI: [0.43, 1.22]; I2 � 86%, Z� 1.20, p � 0.23; Figure 5(d)).
(e subgroup analysis suggested that the high heterogeneity
might be mainly caused by CheckMate 238 and CheckMate
067 [67, 117].(e corresponding funnel plots are shown in S
Figures 5(d) and 5(e).

For chemotherapy alone, PD-1 or PD-L1 together with
CTLA-4 (Group I) [47, 94], or together with chemotherapy
on this basis (Group J) [93, 95], would significantly increase
the risk of developing rash (Figures 5(f ) and 5(g)). However,
the conclusion was still controversial due to few studies
included in those analyses (Figures 5(f ) and 5(g)). (e
corresponding funnel plots are shown in (S Figures 5(f) and
5(g)).

For sorafenib (Group K), the risk of developing rash was
lower (OR� 0.60, 95% CI: [0.41, 0.89]; I2 � 0%, Z� 2.52,
p � 0.01; Figure 5(h)). When PD-1 or PD-L1 was given with
CTLA-4 (Group L), the risk of developing rash was higher
than that of CTLA-4 subgroup (OR� 1.43, 95% CI: [1.06,
1.93]; I2 � 0%, Z� 2.32, p � 0.02; Figure 5(i)). When PD-1
was compared with chemotherapy (Group M), no statistical
significant result was found (OR� 0.87, 95% CI: [0.25, 2.98];
I2 � 78%, Z� 0.23, p � 0.82; Figure 5(j)). (e corresponding
funnel plots are shown in S Figures 5(k)–5(m).

In 5 of the 6 clinical trials of renal cell carcinoma, the
control group was sunitinib [51, 55, 56, 89, 91]. In these 5
clinical trials, we found that PD-1 or PD-L1 increased the
incidence risk of rash regardless of which antitumor drug
was used in combination [51, 55, 56, 89, 91]. However, the

Study or Subgroup
Camrelizumab+Chemotherapy

Events
Chemotherapy
Events Weight (%) Year

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
PD-1/PD-L1+Chemotherapy Chemotherapy

Zhou C, et al.2020 25 205 11 207 29.9 2.47 [1.18, 5.17] 2020
Luo H, et al.2021 16 298 6 297 17.9 2.75 [1.06, 7.13] 2021
Yang Y, et al.2021 46 134 26 129 52.1 2.07 [1.18, 3.62] 2021

2.30 [1.54, 3.44]100.0 633637Total (95% CI) 
4387Total events 

Heterogeneity: Tau2 = 0.00; Chi2 = 0.31, df = 2 (P = 0.86); I2 = 0%
Test for overall effect: Z = 4.04 (P < 0.0001)

(e)

0.01 0.1 1 10 100
PD-1/PD-L1+Bevacizumab+Chemotherapy Bevacizumab+Chemotherapy

Study or Subgroup

PD-1/PD-L1+Bevacizumab
+Chemotherapy

Events

Bevacizumab
+Chemotherapy

Events Weight (%) Year
Odds Ratio

M-H. Random. 95% CITotal Total
Socinski MA, et al.2018 36 196 29 193 50.0 1.27 [0.74, 2.17] 2018
Colombo N, et al.2021A 52 393 20 394 50.0 2.85 [1.67, 4.87] 2021A

1.90 [0.86, 4.20]587 1 00.0589Total (95% CI) 

Total events 88 49
Heterogeneity: Tau2 = 0.25; Chi2 = 4 37, df = 1 (P = 0.04); I2 = 77%

(f )

Figure 3: Forest plots of comparison in combination regimens. (a)(eOR of rash for all grades checked using the random effect (RE)model
in Group B (PD-1 or PD-L1 plus Chemotherapy versus Chemotherapy): subgroup analyses were carried out according to the types of
immune checkpoint inhibitors (PD-1 or PD-L1). (b) (e OR of rash for all grades checked using the random effect (RE) model in Group B
(PD-1 or PD-L1 plus Chemotherapy versus Chemotherapy): subgroup analyses were carried out according to the treatment lines (first or
second line). (c)(e OR of rash for all grades checked using the random effect (RE) model in Group B (PD-1 or PD-L1 plus Chemotherapy
versus Chemotherapy): subgroup analyses were carried out based on tumor type. (d)(eOR of rash for all grades checked using the random
effect (RE) model in Group B (PD-1 or PD-L1 plus Chemotherapy versus Chemotherapy): subgroup analyses were carried out based on
tumor type and immune checkpoint type. (e) (e OR of rash for all-grade checked using the random effect (RE) model in Group C
(Camrelizumab plus Chemotherapy versus Chemotherapy). (f ) (e OR of rash for all-grade checked using the random effect (RE) model in
Group D (PD-1 or PD-L1 plus Chemotherapy plus Bevacizumab versus Chemotherapy plus Bevacizumab).
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Study or Subgroup
PD-1/PD-L1
Events

Placebo
Events Weight (%)

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.002 0.1 1 10 500
PD-1/PD-L1 Placebo

Heterogeneity: Tau2 = 0.00; Chi2 = 5.73. df = 7 (P = 0.57); I2 = 0%
Test for overall effect: Z = 7.84 (P < 0.00001)

Heterogeneity: Tau2 = 0.93; Chi2 = 17.73, df = 2 (P = 0.0001); I2 = 89%
Test for overall effect: Z = 2.65 (P = 0.008)

Total events 587 229
Heterogeneity: Tau2 = 0.19; Chi2 = 32.51. df = 10 (P = 0.0003); I2 = 69%
Test for overall effect: Z = 5.71 (P < 0.00001)
Test for subgroup differences: Chi2 = 1.94, df = 1 (P = 0.16); I2 = 48.3% 

4.1.1 PD-1 VS Placebo
Bajorin DF, et al.2021 53 351 19 348 10.7 3.08 [1.78, 5.32]
Choueiri TK, et al.2021 98 488 53 496 12.8 2.10 [1.46, 3.01]
Eggermont AMM, et al.2018 82 509 54 502 12.7 1.59 [1.10, 2.30]
Fennell DA, et al.2021 1 221 0 111 1.0 1.52 [0.06, 37.54]
Kang YK, et al.2017 19 330 5 161 6.3 1.91 [0.70, 5.20]
Kelly RJ, et al.2021 52 532 10 260 9.1 2.71 [1.35, 5.42]
Owonikoko TK, et al.2021A 17 278 11 279 8.2 1.59 [0.73, 3.45]
Sugawara S, et al.2021 81 273 40 275 12.1 2.48 [1.62, 3.79]
Subtotal (95% CI) 2982 2432 72.9 2.11 [1.75, 2.54]
Total events 403 192

4.1.2 PD-L1 VS Placebo
Antonia SJ, et al.2018 58 475 18 234 10.6 1.67 [0.96, 2.90]
Bellmunt J, et al.2021 86 390 15 397 10.4 7.20 [4.08, 12.72]
Powles, et al.2020 40 344 4 345 6.1 11.22 [3.97, 31.72]
Subtotal (95% CI) 1209 976 27.1 4.90 [1.52, 15.82]
Total events 184 37

Total (95% CI) 4191 3408 100.0 2.62 [1.88, 3.65]

(a)

Study or Subgroup
PD-1/PD-L1
Events

Placebo
Events Weight (%)

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.005 0.1 1 10 200
PD-1/PD-L1 Placebo

Heterogeneity: Tau2 = 0.24; Chi2 = 19.89, df = 4 (P = 0.0005); I2 = 80%
Test for overall effect: Z = 3.67 (P = 0.0002)

Heterogeneity: Tau2 = 0.20; Chi2 = 12.51. df = 5 (P = 0.03); I2 = 60%
Test for overall effect: Z = 4.00 (P < 0.0001)

Total events 587 229
Heterogeneity: Tau2 = 0.19; Chi2 = 32.51, df = 10 (P = 0.0003); I2 = 69%
Test for overall effect: Z = 5.71 (P < 0.00001)
Test for subgroup differences: Chi2 = 0.00, df = 1 (P = 0.98); I2 = 0%

4.2.1 PD-1/PD-L1 VS Placebo (First Line)
Bellmunt J, et al.2021 86 390 15 397 10.4 7.20 [4.08, 12.72]
Choueiri TK, et al.2021 98 488 53 496 12.8 2.10 [1.46, 3.01]
Eggermont AMM, et al.2018 82 509 54 502 12.7 1.59 [1.10, 2.30]
Fennell DA, et al.2021 1 221 0 111 1.0 1.52 [0.06, 37.54]
Sugawara S, et al.2021 81 273 40 275 12.1 2.48 [1.62, 3.79]
Subtotal (95% CI) 1881 1781 49.0 2.64 [1.57, 4.44]
Total events 348 162

4.2.2 PD-1/PD-L1 VS Placebo (Second or Others)
Antonia SJ, et al.2018 58 475 18 234 10.6 1.67 [0.96, 2.90]
Bajorin DF, et al.2021 53 351 19 348 10.7 3.08 [1.78, 5.32]
Kang YK, et al.2017 19 330 5 161 6.3 1.91 [0.70, 5.20]
Kelly RJ, et al.2021 52 532 10 260 9.1 2.71 [1.35, 5.42]
Owonikoko TK, et al.2021 A 17 278 11 279 8.2 1.59 [0.73, 3.45]
Powles, et al.2020 40 344 4 345 6.1 11.22 [3.97, 31.72]
Subtotal (95% CI) 2310 1627 51.0 2.62 [1.63, 4.20]
Total events 239 67

Total (95% CI) 4191 3408 100.0 2.62 [1.88, 3.65]

(b)

Study or Subgroup
PD-1/PD-L1
Events

Placebo
Events Weight (%) Year

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% Cl

0.002 0.1 1 10 500
PD-1/PD-L1 Placebo

4.3.1 PD-1/PD-L1 VS Placebo (UC)
Powles, et al.2020 40 344 4 345 6.1 11.22 [3.97, 31.72] 2020
Bajorin DF, et al.2021 53 351 19 348 10.7 3.08 [1.78, 5.32] 2021
Bellmunt J, et al.2021 86 390 15 397 10.4 7.20 [4.08, 12.72] 2021
Subtotal (95% CI) 1085 1090 27.2 5.81 [2.78, 12.15]
Total events 179 38
Heterogeneity: Tau2 = 0.29; Chi2 = 7.00, df = 2 (P = 0.03); I2 = 71%
Test for overall effect: Z = 4.68 (P < 0.00001)

4.3.2 PD-1 VS Placebo (GC/GEJC)
Kang YK, et al.2017 19 330 5 161 6.3 1.91 [0.70, 5.20] 2017
Kelly RJ, et al.2021 52 532 10 260 9.1 2.71 [1.35, 5.42] 2021
Subtotal (95% CI) 862 421 15.4 2.42 [1.37, 4.28]
Total events 71 15
Heterogeneity: Tau2 = 0.00; Chi2 = 0.32, df = 1 (P = 0.57); I2 = 0%
Test for overall effect: Z= 3.03 (P = 0.002)

4.3.3 PD-1/PD-L1 VS Placebo (NSCLC)
Antonia SJ, et al.2018 58 475 18 234 10.6 1.67 [0.96, 2.90] 2018
Sugawara S, et al.2021 81 273 40 275 12.1 2.48 [1.62, 3.79] 2021
Subtotal (95% CI) 748 509 22.7 2.12 [1.45, 3.10]
Total events 139 58
Heterogeneity: Tau2 = 0.01; Chi2 = 1.24, df = 1 (P = 0.27); I2 = 19%
Test for overall effect: Z = 3.89 (P = 0.0001)

4.3.4 PD-1 VS Placebo (SCLC)
Owonikoko TK, et al.2021A 17 278 11 279 8.2 1.59 [0.73, 3.45] 2021A
Subtotal (95% CI) 278 279 8.2 1.59 [0.73, 3.45]
Total events 17 11
Heterogeneity: Not applicable
Test for overall effect: Z = 1.16 (P = 0.24)

4.3.5 PD-1 VS Placebo (RCC)
Choueiri TK, et al.2021 98 488 53 496 12.8 2.10 [1.46, 3.01] 2021
Subtotal (95% CI) 488 496 12.8 2.10 [1.46, 3.01]
Total events 98 53
Heterogeneity: Not applicable
Test for overall effect: Z = 4.03 (P < 0.0001)

4.3.6 PD-1 VS Placebo (Mesothelioma)
Fennell DA, et al.2021 1 221 0 111 1.0 1.52 [0.06, 37.54] 2021
Subtotal (95% CI) 221 111 1.0 1.52 [0.06, 37.54]
Total events 1 0
Heterogeneity Not applicable
Test for overall effect: Z = 0.25 (P = 0.80)

4.3.7 PD-1 VS Placebo (Melanoma)
Eggermont AMM, et al.2018 82 509 54 502 12.7 1.59 [1.10, 2.30] 2018
Subtotal (95% CI) 509 502 12.7 1.59 [1.10, 2.30]
Total events 82 54
Heterogeneity: Not applicable
Test for overall effect: Z = 2.48 (P = 0.01)

Total (95% CI) 4191 3408 100.0 2.62 [1.88, 3.65]
Total events 587 229
Heterogeneity: Tau2 = 0.19; Chi2 = 32.51. df = 10 (P = 0.0003); I2 = 69%
Test for overall effect: Z = 5.71 (P < 0.00001)
Test for subgroup differences: Chi2 = 10.26, df = 6 (P = 0.11); I2 = 41.5%

(c)

Study or Subgroup
PD-1/PD-L1
Events

Placebo
Events Weight (%) Year

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.002 0.1 1 10 500
PD-1/PD-L1 Placebo

4.3.1 PD-L1 VS Placebo (UC)
Powles, et al.2020 40 344 4 345 6.1 11.22 [3.97, 31.72] 2020
Bellmunt J, et al.2O21 86 390 15 397 10.4 7.20 [4.08, 12.72] 2021
Subtotal (95% CI) 734 742 16.5 7.98 [4.84, 13.14]

Heterogeneity: Tau2 = 0.00; Chi2 = 0.54, df = 1 (P = 0.46); I2 = 0%
Test for overall effect: Z = 8.16 (P < 0.00001)

4.3.2 PD-1 VS Placebo (UC)

Heterogeneity: Not applicable
Test for overall effect: Z= 4.03 (P < 0.0001)

4.3.3 PD-1/PD-L1 VS Placebo (NSCLC)

Heterogeneity: Tau2 = 0.01; Chi2 = 1.24, df = 1 (P = 0.27); I2 = 19%
Test for overall effect: Z = 3.89 (P = 0.0001)

4.3.4 PD-1 VS Placebo (SCLC)

Heterogeneity: Not applicable
Test for overall effect: Z = 1.16 (P = 0.24)

4.3.5 PD-1 VS Placebo (RCC)

Heterogeneity: Not applicable
Test for overall effect: Z = 4.03 (P < 0.0001)

4.3.6 PD-1 VS Placebo (Mesothelioma)

Heterogeneity: Not applicable
Test for overall effect: Z = 0.25 (P = 0.80)

4.3.7 PD-1 VS Placebo (Melanoma)

Heterogeneity: Not applicable
Test for overall effect: Z = 2.48 (P = 0.01)

4.3.8 PD-1 VS Placebo (GCZGEJC)

Heterogeneity: Tau2 = 0.00; Chi2 = 0.32, df = 1 (P = 0.57); I2 = 0%
Test for overall effect: Z = 3.03 (P = 0.002)

Total events 126 19

Bajorin DF, et al.2021 53 351 19 348 10.7 3.08 [1.78, 5.32] 2021
Subtotal (95% CI) 351 348 10.7 3.08 [1.78, 5.32]
Total events 53 19

Antonia SJ, et al.2018 58 475 18 234 10.6 1.67 [0.96, 2.90] 2018
Sugawara S, et al.2O21 81 273 40 275 12.1 2.48 [1.62, 3.79] 2021
Subtotal (95% CI) 748 509 22.7 2.12 [1.45, 3.10]
Total events 139 58

Owonikoko TK, et al.2021 A 17 278 11 279 8.2 1.59 [0.73, 3.45] 2021A
Subtotal (95% CI) 278 279 8.2 1.59 [0.73, 3.45]
Total events 17 11

Choueiri TK, et al.2021 98 488 53 496 12.8 2.10[1.46, 3.01] 2021
Subtotal (95% CI) 488 496 12.8 2.10[1.46, 3.01]
Total events 98 53

Fennell DA, et al.2021 1 221 0 111 1.0 1.52 [0.06, 37.54] 2021
Subtotal (95% CI) 221 111 1.0 1.52 [0.06, 37.54]
Total events 1 0

Eggermont AMM, et al.2018 82 509 54 502 12.7 1.59 [1.10, 2.30] 2018
Subtotal (95% CI) 509 502 12.7 1.59 [1.10, 2.30]
Total events 82 54

Kang YK, et al.2017 19 330 5 161 6.3 1.91 (0.70, 5.20) 2017
Kellv RJ, et al.2021 52 532 10 260 9.1 2.71 [1.35, 5.42] 2021
Subtotal (95% CI) 862 421 15.4 2.42 [1.37, 4.28]
Total events 71 15

Total (95% CI) 4191 3408 100.0 2.62 [1.88, 3.65]
Total events 587 229
Heterogeneity: Tau2 = 0.19; Chi2 = 32.51, df = 10 (P = 0.0003); I2 = 69%
Test for overall effect: Z = 5.71 (P < 0.00001)
Test for subgroup differences: Chi2 = 29.93, df = 7 (P < 0.0001); I2 = 76.6%

(d)

Study or Subgroup
PD-1/PD-L1+Chemotherapy

Events
Chemotherapy
Events Weight (%)

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
PD-1/PD-L1+Chemotherapy PD-1/PD-L1

Heterogeneity: Tau2 = 0.05; Chi2 = 1.55, df = 1 (P = 0.21); I2 = 35%
Test for overall effect: Z = 1.10 (P = 0.27)

Heterogeneity: Tau2 = 0.28; Chi2 = 3.47, df= 1 (P = 0.06); I2 = 71%
Test for overall effect: Z = 3.16 (P = 0.002)

Heterogeneity: Tau2 = 0.42; Chi2 = 16.07, df = 3 (P = 0.001); I2 = 81 %
Test for overall effect: Z= 2.34 (P = 0.02)
Test for subgroup differences: Chi2 = 4.59, df = 1 (P = 0.03); I2 = 78.2%

6.1.1 PD-1+Chemotherapy VS PD-1
Burtness B, et al.2019A 29 276 30 300 26.3 1.06 [0.62, 1.81]
Shitara K, et al.2020A 27 250 16 254 24.6 1.80 [0.95, 3.43]
Subtotal (95% CI) 526 554 50.9 1.34 [0.80, 2.25]
Total events 56 46

6.1.2 PD-L1+Chemotherapy VS PD-L1
Gaisky MD, et al.2020A 57 453 18 354 26.1 2.69 [1.55, 4.65]
Pujade-Lauraine E, et al.2021B 45 182 9 187 23.0 6.50 [3.07, 13.75]
Subtotal (95% CI) 635 541 49.1 4.02 [1.70, 9.53]
Total events 102 27

1095 100.0 2.33 [1.15, 4.75]
73

Total (95% CI) 1161 
Total events 158 

(e)

0.01 0.1 1 10 100
PD-1/PD-L1+Chemotherapy PD-1/PD-L1

Heterogeneity: Tau2 = 0.00; Chi2 = 1.09, df = 2 (P = 0.58); I2 = 0%
Test for overall effect: Z = 5.19 (P < 0.00001)

Heterogeneity: Tau2 = 0.12; Chi2 = 6.70, df = 3 (P = 0.08); I2 = 55%
Test for overall effect: Z = 4.57 (P < 0.00001)
Test for subgroup differences: Chi2 = 5.59, df = 1 (P = 0.02); I2 = 82.1%

Study or Subgroup Events
PD-1/PD-L1+Chemotherapy PD-1/PD-L1

Weight (%) Year
Odds Ratio

M-H. Random. 95% CITotal Events Total
Odds Ratio

M-H, Random, 95% CI
6.2.1 PD-1/PD-L1+Chemothetapy VS PD-1/PD-L1 (First Line)
Burtness B, et al.2019A 57 453 18 354 27.6 2.69 [1.55, 4.65] 2019A
Shitara K, et al.2020A 27 250 16 254 24.1
Gaisky MD, et al.2020A 

1.80 [0.95, 3.43] 2020
57 453 18 354 27.6 2.69 [1.55, 4.65] 2020

Subtotal (95% CI) 1156 962 79.4 2.42 [1.73, 3.37]
52

182 9 187 20.6

Total events 141 

6.50 [3.07, 13.75] 2021
182 187 20.6 6.50 [3.07, 13.75]

9

1149 100.0 2.93 [1.85, 4.64]

6.2.2 PD-Ll+Chemotherapy VS PD-L1 (Second or Others)
Pujade-Lauralne E, et al.2021B 45 
Subtotal (95% CI)
Total events 45 
Heterogeneity: Not applicable

Total (95% CI) 1338 
Total events 186 61

(f )

Figure 4: Forest plots of different comparison groups. (a) (e OR of rash for all grades checked using the random effect (RE) model in
Group E (PD-1 or PD-L1 versus Placebo): subgroup analyses were carried out according to the types of immune checkpoint inhibitors (PD-1
or PD-L1). (b) (e OR of rash for all grades checked using the random effect (RE) model in Group E (PD-1 or PD-L1 versus Placebo):
subgroup analyses were carried out according to the treatment lines (first or second line). (c)(e OR of rash for all grades checked using the
random effect (RE) model in Group E (PD-1 or PD-L1 versus Placebo): subgroup analyses were carried out based on tumor type. (d)(eOR
of rash for all grades checked using the random effect (RE) model in Group E (PD-1 or PD-L1 versus Placebo): subgroup analyses were
carried out based on tumor type and I2 value. (e)(eOR of rash for all grades checked using the random effect (RE)model in Group F (PD-1
or PD-L1 plus Chemotherapy VS PD-1 or PD-L1): subgroup analyses were carried out according to the types of immune checkpoint
inhibitors (PD-1 or PD-L1). (f ) (e OR of rash for all grades checked using the random effect (RE) model in Group F (PD-1 or PD-L1 plus
Chemotherapy versus PD-1 or PD-L1): subgroup analyses were carried out according to the treatment lines (first or second line).

16 Journal of Oncology



Study or Subgroup
PD-1/PD-L1+CTA-4
Events

PD-1/PD-L1
Events Weight (%)

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.002 0.1 1 10 500
PD-1/PD-L1+CTLA-4 PD-1/PD-L1

5.1.1 PD-1+CTLA-4 VS PD-1

145295 Total events 
Heterogeneity: Tau2 = 0.13; Chi2 = 10.33, df = 4 (P = 0.04); I2 = 61 %
Test for overall effect: Z = 3.77 (P = 0.0002)

5.1.2 PD-L1+CTLA-4 VS PD-L1

Antonia SJ, et al.2016 4 54 2 98 3.8 3.84 [0.68, 21.69]
Hellmann, MD, et al.2018A 96 576 43 391 25.6 1.62 [1.10, 2.38]
Larkin J, et al.2015A 126 313 81 313 27.4 1.93 [1.37, 2.71]
Owonikoko TK, et al.2021A 65 278 17 279 19.1 4.70 [2.68, 8.26]
Zimmer L, et al.2020A 4 55 2 56 3.8 2.12 [0.37, 12.06]
Subtotal (95% CI) 1276 1137 79.6 2.38 [1.52, 3.74]

Powles T, et al.2020A 51 340 22 345 20.4 2.59 [1.53, 4.38]
Subtotal (95% CI) 340 345 20.4 2.59 [1.53, 4.38]

2251Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 3.56 (P = 0.0004)

2.39 [1.67, 3.42]100.014821616Total (95%CI)
167346Total events

Heterogeneity: Tau2 = 0.09; Chi2 = 10.79, df = 5 (P = 0.06); I2 = 54%
Test for overall effect: Z = 4.79 (P < 0.00001)
Test for subgroup differences: Chi2 = 0.06, df = 1 (P = 0.81); I2 = 0%

(a)

Study or Subgroup
PD-1/PD-L1+CTLA-4

Events
PD-1/PD-L1
Events Weight (%) Year

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
PD-1/PD-L1 CTLA-4 PD-1/PD-L1

5.3.1 PD-1+CTLA-4 VS PD-I (SCLC)

Heterogeneity: Tau2 = 0.00; Chi2 = 0.05, df = 1 (P = 0.83); I2 = 0%
Test for overall effect: Z = 5.59 (P < 0.00001)

5.3.2 PD-1+CTLA4 VS PD-1 (Melanoma)

Total events 69 19

Total events 130 83
Heterogeneity: Tau2 = 0.00; Chi2 = 0.01, df = 1 (P = 0.92); I2 = 0%
Test for overall effect: Z = 3.89 (P < 0.0001)

5.3.3 PD-1+CTLA-4 VS PD-1 (NSCLC)

Heterogeneity: Not applicable
Test for overall effect: Z = 2.45 (P = 0.01)

5.3.4 PD-L1+CTLA-4 VS PD-L1 (UC)

Total events 96 43

Total events 51 22
Heterogeneity: Not applicable
Test for overall effect: Z = 3.56 (P = 0.0004)

Antonia SJ, et al.2016 4 54 2 98 3.8 3.84 [0.68, 21.69] 2016
Owonikoko TK, et al.2021A 65 278 17 279 19.1 4.70 [(2.68, 8.26] 2021A
Subtotal (95% CI) 332 377 22.9 4.61 [2.70, 7.88]

Larkin J, et al.2015A 126 313 81 313 27.4 1.93 [1.37, 2.71] 2015A
Zimmer L, et al.2020A 4 55 2 56 3.8 2.12 [0.37, 12.06] 2020
Subtotal (95% CI) 368 369 31.2 1.94 [1.39, 2.70]

Hellmann, MD, et al.2018A 96 576 43 391 25.6 1.62 [1.10, 2.38] 2018
Subtotal (95% CI) 576 391 25.6 1.62 [1.10, 2.38]

Powles T, et al.2020A 51 340 22 345 20.4 2.59 [1.53, 4.38] 2020
Subtotal (95% CI) 340 345 20.4 2.59 [1.53, 4.38]

Total (95% CI) 1616 1482 100.0 2.39 [1.67, 3.42]
Total events 346 167
Heterogeneity: Tau2 = 0.09; Chi2 = 10.79, df = 5 (P = 0.06); I2 = 54%
Test for overall effect: Z = 4.79 (P < 0.00001)
Test for subgroup differences: Chi2 = 10.70, df = 3 (P = 0.01); I2 = 72.0%

(b)

Study or Subgroup
PD-1/PD-L1+CTLA-4

Events
PD-1/PD-L1
Events Weight (%)

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.005 0.1 1 10 200
Favours [experimental] Favours [control]

5.2.1 PD-1/PD-L1+CTLA 4 VS PD-1/PD-L1 (First Line)

Heterogeneity: Tau2 = 0.00; Chi2 = 2.01, df = 2 (P = 0.37); I2 = 0%
Test for overall effect: Z = 5.56 (P < 0.00001)

5.2.2 PD-1/PD-L1+CTLA-4 VS PD-1/PD-L1 (Second or Others)

2173Total events
Heterogeneity: Tau2 = 0.00; Chi2 = 0.75, df = 2 (P = 0.69); I2 = 0%
Test for overall effect: Z = 5.59 (P < 0.00001)

Hellmann, MD, et al. 2018A 96 576 43 391 25.6 1.62 [1.10, 2.38]
Larkin J, et al. 2015A 126 313 81 313 27.4 1.93 [1.37, 2.71]
Powles T, et al. 2020A 51 340 22 345 20.4 2.59 [1.53, 4.381
Subtotal (95% CI) 1229 1049 73.4 1.92 [1.52, 2.41]
Total events 273 146

Antonia SJ, et al. 2016 4 54 2 98 3.8 3.84 [0.68, 21.69]
Owonikoko TK, et al. 2021A 65 278 17 279 19.1 4.70 [2.68, 8.26]
Zimmer L, et al. 2020A 4 55 2 56 3.8 2.12 [0.37, 12.06]
Subtotal (95% CI) 387 433 26.6 4.31 [2.58, 7.20]

Total (95% CI) 1616 1482 100.0 2.39 [1.67, 3.42]
Total events 346 167
Heterogeneity: Tau2 = 0.09; Chi2 = 10.79, df = 5 (P = 0.06); I2 = 54%
Test for overall effect: Z = 4.79 (P < 0.00001)
Test for subgroup differences: Chi2 = 7.99, df = 1 (P = 0.005); I2 = 87.5%

(c)

Study or Subgroup
PD-1/PD-L1
Events

CTLA-4
Events Weight (%)

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.005 0.1 1 10 200
PD-1/PD-L1 CTLA-4

7.1.1 PD-1 VS CTLA-4 (Melanoma)

Heterogeneity: Tau2 = 0.24; Chi2 = 20.86, df = 3 (P = 0.0001); I2 = 86%
Test for overall effect: Z = 1.20 (P = 0.23)

Ascierto PA, et al.2020 61 452 136 453 26.2 0.36 [0.26, 0.51]
Larkin J, et al.2015B 81 313 102 311 26.0 0.72 [0.51, 1.01]
Schachter J, et al.2017B 44 278 40 256 23.8 1.02 [0.64, 1.62]
Schachter J, et al.2017C 48 277 40 256 24.0 1.13 [0.72, 1.79]
Subtotal (95% CI) 1320 1276 100.0 0.73 [0.43, 1.22]
Total events 234 318

Total (95% CI) 1320 1276 100.0 0.73 [0.43, 1.22]
Total events 234 318
Heterogeneity: Tau2 = 0.24; Chi2 = 20.86, df = 3 (P = 0.0001); I2 = 86%
Test for overall effect: Z = 1.20 (P = 0.23)
Test for subgroup differences: Not applicable

(d)

Study or Subgroup
PD-1/PD-L1
Events

CTLA-4
Events Weight (%) Year

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.005 0.1 1 10 200
PD-1 CTLA-4

7.2.1 PD-1 VS CTLA-4 (First Line)

Heterogeneity: Tau2 = 0.20; Chi2 = 7.55, df = 1 (P = 0.006); I2 = 87%
Test for overall effect: Z = 1.99 (P = 0.05)

7.2.2 PD-1 VS CTLA-4 (Second or Others)

Heterogeneity: Tau2 = 0.00; Chi2 = 0.11, df = 1 (P = 0.74); I2 = 0%
Test for overall effect: Z = 0.42 (P = 0.67)

Larkin J, et al.2015B 81 313 102 311 26.0 0.72 [0.51, 1.01] 2015B
Ascierto PA, et al.2020 61 452 136 453 26.2 0.36 [0.26, 0.51] 2020
Subtotal (95% CI) 765 764 52.2 0.51 [0.26, 0.99]
Total events 142 238

Schachter J, et al.2017C 48 277 40 256 24.0 1.13 [0.72, 1.79] 2017
Schachter J, et al.2017B 44 278 40 256 23.8 1.02 (0.64, 1.62] 2017
Subtotal (95% CI) 555 512 47.8 1.07 [0.77, 1.49]
Total events 92 80

Total (95% CI) 1320 1276 100.0 0.73 [0.43, 1.22]
Total events 234 318
Heterogeneity: Tau2 = 0.24; Chi2 = 20.86, df = 3 (P = 0.0001); I2 = 86%
Test for overall effect: Z = 1.20 (P = 0.23)
Test for subgroup differences: Chi2 = 3.90, df = 1 (P = 0.05); I2 = 74.4%

(e)

8.1.1 PD-1+CTLA-4 VS Chemotherapy (NSCLC)

Heterogeneity: Not applicable
Test for overall effect: Z = 5.99 (P < 0.00001)

8.1.2 PD-1+CTLA-4 VS Chemotherapy (Mesotheliorna)

Heterogeneity: Not applicable
Test for overall effect: Z = 3.52 (P = 0.0004)

Hellmann MD, et al.2019A 98 576 30 570 67.3 3.69 [2.41, 5.66] 2019A
Subtotal (95% CI) 576 570 67.3 3.69 [2.41, 5.66]
Total events 98 30

Baas P, et al.2021 43 300 15 284 32.7 3.00 [1.63, 5.53] 2021
Subtotal (95% CI) 300 284 32.7 3.00 [1.63, 5.53]
Total events 43 15

Total (95% CI) 876 854 100.0 3.45 [2.43, 4.90]
Total events 141 45
Heterogeneity: Tau2 = 0.00; Chi2 = 0.30, df = 1 (P= 0.59); I2 = 0%
Test for overall effect: Z = 6.93 (P < 0.00001)
Test for subgroup differences: Chi2 = 0.30, df = 1 (P = 0.59); I2 = 0%

Study or Subgroup
PD-1/PD-L1+CTLA-4

Events
Chemotherapy
Events Weight (%) Year

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.05 0.2 1 5 20
PD-1/PD-L1 CTLA-4 Chemotherapy

(f)

Study or Subgroup

PD-1/PD-L1+
CTLA-4+Chemo

Events
Chemotherapy
Events Weight (%) Year

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
PD-1/PD-L1+Chemotherapy Chemotherapy

10.1.1 Nivolumab+Ipilimumab+Chemotherapy VS Chemotherapy

1167Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 5.84 (P < 0.00001)

10.1.2 Durvalumab+tremelimumab+EP VS EP

1036Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 3.76 (P = 0.0002)

5.44 [3.12, 9.49]100.0615624Total (95%CI)

Paz-Ares L, et al.2021 67 358 11 349 53.7 7.07 [3.67, 13.64] 2021
Subtotal (95% CI) 358 349 53.7 7.07 [3.67, 13.64]

Goldman JW, et al.2021B 36 266 10 266 46.3 4.01 [1.94, 8.26] 2021B
Subtotal (95% CI) 266 266 46.3 4.01 [1.94, 8.26]

Total events 103 21
Heterogeneity: Tau2 = 0.04; Chi2 = 1.31, df = 1 (P = 0.25); I2 = 24%
Test for overall effect: Z = 5.96 (P < 0.00001)
Test for subgroup differences: Chi2 = 1.30, df = 1 (P = 0.25); I2 = 23.2%

(g)

Study or Subgroup
PD-1/PD-L1+Bevacizumab

Events
Sorafenib
Events Weight (%) Year

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
PD-1/PD-L1+Bevacizumab Sorafenib

9.1.1 Atezolizumab+Bevacizumab VS Sorafenib

Heterogeneity: Not applicable
Test for overall effect: Z = 1.43 (P = 0.15)

9.1.2 Sintilimab+Bevacizumab VS Sorafenib

Heterogeneity: Not applicable
Test for overall effect: Z = 2.19 (P = 0.03)

Finn RS, et al. 2020 41 329 27 156 55.6 0.68 [0.40, 1.15] 2020
Subtotal (95% CI) 329 156 55.6 0.68 [0.40, 1.15]
Total events 41 27

Ren Z, et al. 2021 26 380 23 185 44.4 0.52 [0.29, 0.93] 2021
Subtotal (95% CI) 380 185 44.4 0.52 [0.29, 0.93]
Total events 26 23

Total (95% CI) 709 341 100.0 0.60 [0.41, 0.89]
Total events 67 50
Heterogeneity: Tau2 = 0.00; Chi2 = 0.46, df = 1 (P = 0.50); I2 = 0%
Test for overall effect: Z = 2.52 (P = 0.01)
Test for subgroup differences: Chi2 = 0.46, df = 1 (P = 0.50); I2 = 0%

(h)

Study or Subgroup
PD-1+CTLA-4
Events

CTLA-4
Events Weight (%) Year

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
PD-1+CTLA-4 CTLA-4

Larkin J, et al. 2015C 126 313 102 311 84.0 1.38 [1.00, 1.92] 2015C
Hodi FS, et al. 2016 40 94 14 46 16.0 1.69 [0.80, 3.58] 2016

Total (95% CI) 407 357 100.0 1.43 [1.06, 1.93]
Total events 166 116
Heterogeneity: Tau2 = 0.00; Chi2 = 0.24, df = 1 (P = 0.62); I2 = 0%
Test for overall effect: Z = 2.32 (P = 0.02)

(i)

Study or Subgroup
PD-1

Events

(methotrexate, docetaxel,
or cetuximab)

Events Weight (%)
Odds Ratio

M-H. Random. 95% CITotal Total Year
Odds Ratio

M-H, Random, 95% CI

0.01 0.1 1 10 100
PD-1 (methotrexate, docetaxel, or ce)

20161.75 [0.63, 4.84]44.5 111 5236 18Ferris RL, et al. 2016 
20190.49 [0.27, 0.89] 55.5234 34 246 19 Cohen EEW, et al. 2019 

0.87 [0.25, 2.98]100.0345482 Total (95% CI) 
Total events 37 39
Heterogeneity: Tau2 = 0.63; Chi2 = 4.47, df = 1 (P = 0.03); I2 = 78%
Test for overall effect: Z = 0.23 (P = 0.82)

(j)

Figure 5: Forest plots of comparison groups (GroupsG-M). (a)(eORof rash for all grades checked using the randomeffect (RE)model inGroupG
(PD-1 or PD-L1 plus CTLA-4 versus PD-1 or PD-L1): subgroup analyses were carried out according to the types of immune checkpoint inhibitors
(PD-1 or PD-L1). (b)(eORof rash for all grades checkedusing the randomeffect (RE)model inGroupG (PD-1 or PD-L1 plusCTLA-4 versus PD-1
or PD-L1): subgroup analyses were carried out based on tumor type. (c)(eOR of rash for all grades checked using the random effect (RE) model in
Group G (PD-1 or PD-L1 plus CTLA-4 versus PD-1 or PD-L1): subgroup analyses were carried out according to the treatment lines (first or second
line). (d)(eORof rash for all grades checked using the random effect (RE)model inGroupH (PD-1 or PD-L1 versus CTLA-4). (e)(e odds ratio of
rash for all grades calculated by the random effect (RE) model in Group H (PD-1 or PD-L1 versus CTLA-4): subgroup analyses were carried out
according to the treatment lines (first or second line). (f)(eORof rash for all-grade checked using the random effect (RE)model inGroup I (PD-1 or
PD-L1 plus CTLA-4 versus Chemotherapy): subgroup analyses were carried out based on tumor type. (g)(eOR of rash for all grades checked using
the random effect (RE) model in Group J (PD-1 or PD-L1 plus CTLA-4 plus Chemotherapy versus Chemotherapy): subgroup analyses were carried
out based on treatment regimens. (h) (e OR of rash for all grades checked using the random effect (RE) model in Group K (PD-1 or PD-L1 plus
Bevacizumab versus Sorafenib): subgroup analyses were carried out according to the types of immune checkpoint inhibitors (PD-1 or PD-L1). (i)(e
odds ratio of rash for all-grade checked using the random effect (RE) model in Group L (PD-1 or PD-L1 plus CTLA-4 versus CTLA-4). (j)(e odds
ratio of rash for all grades checked using the random effect (RE) model in Group M (PD-1 or PD-L1 versus Methotrexate/docetaxel/cetuximab).
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meta-analysis could not be performed due to the lack of
consistency in the experimental groups in these 5 clinical
trials [51, 55, 56, 89, 91]. (e types of combination therapy
regimens involving PD-1 or PD-L1 have been increasingly
used in different tumors [26, 34, 57, 63, 65,
69, 72, 81, 83, 88, 95, 101, 104, 105, 109, 110]. In those
combined treatment regimens, rash has been reported,
which further verified the correlation between PD-1 or PD-
L1 and the incidence of rash [26, 34, 57, 63, 65, 69,
72, 81, 83, 88, 95, 101, 104, 105, 109, 110].

3.8. Risk Assessments of Rash for Grades 3–5. (e risk of
developing rash for grades 3–5 was reported in 18 clinical
trials (Group A) [22–24, 26, 32, 47, 54, 59, 61, 68, 70, 72,
77, 78, 82, 86, 92, 96]. (rough analyses, statistically sig-
nificant result was found only in NSCLC (OR� 2.51, 95% CI:
[1.03, 6.11]; I2 � 0%, Z� 2.02, p � 0.04; Figure 6(a))
[22, 24, 47, 59, 61, 64, 68, 92], while the overall effect across
all tumor types was not statistically different (OR� 1.73, 95%
CI: [0.91, 3.31]; I2 � 0%, Z� 1.66, p � 0.10; Figure 6(a)).

Similar to the risk of rash for all grades in Group B, the
risk of developing rash was significantly higher than that of
the control chemotherapy group [27, 36, 38, 41, 45, 53,
66, 73–75, 79, 80, 84, 86, 96, 101, 103, 107, 111, 112], when
PD-1 or PD-L1 was given together with chemotherapy
(OR� 2.61, 95% CI: [1.67, 4.08]; I2 � 0%, Z� 4.20, p< 0.0001;
Figure 6(b)), especially for ovarian cancer (OR� 4.34, 95%
CI: [1.89, 9.96]; I2 � 0%, Z� 3.46, p � 0.0005; Figure 6(b))
[96, 101, 103]. (e positive result could also be found in
Group C (OR� 3.42, 95% CI: [1.49, 7.85]; I2 � 0%, Z� 2.89,
p � 0.004; Figure 6(c)), Group G (OR� 3.39, 95% CI: [1.54,
7.49]; I2 � 0%, Z� 3.02, p � 0.002; Figure 6(d)), and Group J
(OR� 9.64, 95% CI: [1.22, 76.16]; I2 � 0%, Z� 2.15, p � 0.03;
Figure 6(i)) [39, 44, 47, 77, 78, 81, 90, 91, 93, 95, 98, 105, 117].
However, when PD-1 or PD-L1 plus bevacizumab were
compared with sorafenib, the risk of developing rash was
lower than that of the control group (OR� 0.13, 95% CI:
[0.02, 0.83]; I2 � 0%, Z� 2.16, p � 0.03; Figure 6(h)). In the
other groups, no statistical significant results could be found
(Figures 6(e)–6(g)). All the corresponding funnel plots were
constructed and are shown in S Figures 6(a)–6(i).

4. Discussion

Among several therapeutic options available, cancer im-
munotherapy is extremely successful in increasing tumor
patients’ survival rates, particularly with PD-1/PD-L1 in-
hibitors [2]. Currently, PD-1 or PD-L1 inhibitors are ex-
tensively employed in the treatment of many types of
malignancies, and the combination regimens using PD-1 or
PD-L1 inhibitors are diversified [22–25], [26–30], [31–35],
[36–40], [41–45], [46–50], [51–55], [56–60], [61–65],
[66–70], [71–75], [76–80], [81–85], [86–90], [91–95],
[96–110], [111–115], [116, 117], [118]. As with cetuximab
[119, 120], rash associated with therapeutic benefit was one
of the most frequently reported skin toxicities associated
with PD-1 or PD-L1 inhibitors [13–15]. (e correlation
between rash and PD-1 or PD-L1 inhibitors, on the other

hand, has to be further clarified in detail, particularly in
diverse combination treatment regimens. (erefore, a sys-
tematic review and meta-analysis were conducted with the
guidelines of the PRISMA criteria (Figure 1) [16].

After quality screening (S Figure 1), 86 clinical trials with
complete data were adopted for the final comprehensive
analyses [22–25], [26–30], [31–35], [36–40], [41–45],
[46–50], [51–55], [56–60], [61–65], [66–70], [71–75],
[76–80], [81–85], [86–90], [91–95], [96–110], [111–115],
[116, 117], which avoided the high risk of attrition bias. With
the development of clinical research, PD-1 or PD-L1 in-
hibitors have been increasingly prescribed as the first-line
antitumor options (n� 51) [23, 27, 28], [31, 36–38], [40–42],
[44–48], [50, 53], [55–58], [61–68], [72, 73], [75, 77–80],
[83–86], [88–95], [98–104], [106, 107, 109], [111, 112],
[114–117], especially for PD-1 or PD-L1 combined regimens
[27, 36, 38, 41, 45, 53, 66, 73, 75, 79, 80, 84, 86, 99,
101, 103, 107, 111, 112], which also increase the difficulty of
elucidating the relationship between PD-1 or PD-L1 and the
risk of rash. (erefore, it is necessary for us to conduct this
meta-analysis.

According to the compositions of all the control groups,
all the enrolled clinical trials were firstly classified into
different groups (Groups A-N), and then, analyses were
carried out for each group (Figures 2–6 and S Figures 2–6).
(rough the analyses, it was found that PD-1 or PD-L1
inhibitors raised the risk of developing rash (Figure 2,
Figures 4(a)–4(d), and Figure 6(a)), whether compared with
chemotherapy or placebo alone (Group A and Group E)
[22–24, 26, 32, 33, 39, 43, 44, 47, 49, 54, 59, 61, 68, 71, 77, 78,
80, 82, 86, 87, 90–92, 96–98, 105, 108]. However, this effect
was weaker than CTLA-4 with no statistical significance
(Group H) (Figures 5(d)–5(e) and 6(f )) [34, 67, 117]. In the
combined antitumor treatment regimens containing PD-1
or PD-L1 inhibitors (Group B, Group C, Group D, and
Group L) [27, 31, 36, 37, 41, 45, 53, 66, 73–75, 77, 79,
80, 84, 86, 95, 96, 99–101, 103, 106, 107, 111, 112, 117], it was
also found that the risk of rash was increased due to the
involvement of PD-1 or PD-L1 inhibitors (Figure 3,
Figures 5(a)–5(c), Figure 6(b), S Figure 3, S Figure 5(a)–5(c),
and S Figure 6(b)). Similar trend was also found in other PD-
1 or PD-L1 inhibitor-based combination regimens (Group
F, Group G, Group I, and Group G) (Figures 4(e) and 4(f );
Figures 5(a)–5(c), 5(f), 5(g), 6(d), 6(e), and 6(i); S
Figures 4(e)–4(f ); S Figures 5(a)–5(c), 5(f ), 5(g), 6(d), 6(e),
and 6(i)) [29, 47, 63, 76–78, 80, 93–96, 105, 117]. In the other
clinical trials for which meta-analysis could not be per-
formed, the experimental group of PD-1 or PD-L1 inhibitors
involved also indicated an increased risk of rash
[25, 26, 34, 51, 55–57, 63, 65, 69, 72, 81, 83, 88, 89, 91,
95, 101, 104, 105, 109, 110]. From the above, it could be
concluded that the risk of rash would be increased when PD-
1 or PD-L-1 inhibitors were given alone or together with
other antitumor regimens.

For the lack of head-to-head contrast between PD-1 and
PD-L1 [22–25], [26–30], [31–35], [36–40], [41–45], [46–50],
[51–55], [56–60], [61–65], [66–70], [71–75], [76–80],
[81–85], [86–90], [91–95], [96–110], [111–115], [116, 117],
we tried to investigate the differences between PD-1 and PD-
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Study or Subgroup
PD-1/PD-L1
Events

Chemotherapy
Events Weight (%) Year

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.001 0.1 1 10 1000
PD-1/PD-L1 Chemotherapy

1.6.1 PD-1/PD-L1 VS Chemotherapy (NSCLC)

419 Total events 
Heterogeneity: Tau2 = 0.00; Chi2 = 4.93, df = 9 (P = 0.84); I2 = 0%
Test for overall effect: Z = 2.02 (P = 0.04)

1.6.2 PD-1/PD-L1 VS Chemotherapy (UC)

25Total events 
Heterogeneity: Tau2 = 0.00; Chi2 = 2.76, df = 3 (P = 0.43); I2 = 0%
Test for overall effect: Z = 0.88 (P = 0.38)

1.6.3 PD-1 VS Chemotherapy (oesophageal)

22Total events 
Heterogeneity: Tau2 = 0.00; Chi2 = 0.75, df = 1 (P = 0.39); I2 = 0%
Test for overall effect: Z = 0.07 (P = 0.95)

1.6.4 PD-L1 VS Chetnotherapy (Ovarian Cancer)

30Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 1.33 (P = 0.18)

1.6.5 PD-1 VS Cheinotherapy (Colorectal Cancer)

11Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 0.05 (P = 0.96)

1.6.6 PD-1 VS Chemotherapy (TNBC)

01Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 0.64 (P = 0.52)

1.6.7 PD-1 VS Chemotherapy (Melanoma)

Brahmer J, et al.2015 0 131 2 129 4.5 0.19 [0.01, 4.08] 2015
Borghaei H, et al.2015 1 287 0 268 4.1 2.81 [0.11, 69.31] 2015
Herbst RS, et al.2016B 1 339 0 309 4.1 2.74 [0.11, 67.58] 2016
Herbst RS, et al.2016C 1 343 0 309 4.1 2.71 [0.11, 66.79] 2016
Hellmann, MD,et al.2018C 3 391 0 570 4.8 10.28 [0.53, 199.56] 2018
Mok TSK, et al.2019 3 636 0 615 4.8 6.80 [0.35, 131.94] 2019
Wu YL, et al.2019 3 337 0 156 4.7 3.28 [0.17, 63.79] 2019
Herbst RS, et al.2020 3 286 2 263 13.0 1.38 [0.23, 8.34] 2020
Sezer A, et al.2021 3 355 0 342 4.8 6.80 [0.35, 132.16] 2021
Wu YL, et al.2021 1 128 0 125 4.1 2.95 [0.12, 73.18] 2021
Subtotal (95% CI) 3233 3086 52.8 2.51 [1.03, 6.11]

Bellmunt J, et al.2017 1 266 0 255 4.1 2.89 [0.12, 71.20] 2017
oalsky MD, et al.2020C 2 354 0 390 4.5 5.54 [0.27, 115.77] 2020
Powles T,et al.2020B 2 345 0 313 4.5 4.56 [0.22, 95.42] 2020
Powles T,et al.2021A 0 302 2 342 4.5 0.23 [0.01, 4.71] 2021A
Subtotal (95% CI) 1267 1300 17.7 1.99 [0.43, 9.30]

Kato K, et al.2019 1 209 2 208 7.2 0.50 [0.04, 5.50] 2019
Huang J, et al.2020 1 228 0 220 4.1 2.91 [0.12, 71.76] 2020
Subtotal (95% CI) 437 428 11.3 0.94 [0.14, 6.43]

Pujade-Lauralne E, et al.2021C 0 187 3 177 4.7 0.13 [0.01, 2.59] 2021
Subtotal (95% CI) 187 177 4.7 0.13 [0.01, 2.59]

Andr6 T, et al.2020 1 153 1 143 5.4 0.93 [0.06, 15.08] 2020
Subtotal (95% CI) 153 143 5.4 0.93 [0.06, 15.08]

Winer EP, et al.2021 1 309 0 292 4.1 2.84 [0.12, 70.10] 2021
Subtotal (95% CI) 309 292 4.1 2.84 [0.12, 70.10]

Weber JS, et al.2015 1 268 0 102 4.1 1.15 [0.05, 28.45] 2015
Subtotal (95% CI) 268 102 4.1 1.15 [0.05, 28.45]

01Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 0.09 (P = 0.93)

1.73 [0.91, 3.31]100.0 55285854 Total (95% CI) 
1229 Total events 

Heterogeneity: Tau2 = 0.00; Chi2 = 12.72, df = 19 (P = 0.85); I2 = 0%
Test for overall effect: Z = 1.66 (P = 0.10)
Test for subgroup differences: Chi2 = 4.30, df = 6 (P = 0.64); I2 = 0%

(a)

Study or Subgroup
PD-1/PD-L1+Chemotherapy
Events

Chemotherapy
Events Weight (%) Year

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.002 0.1 1 10 500
PD-1/PD-L1+Chemotherapy Chemotherapy

2.5.1 PD-1/PD-L1+Chemotherapy VS Chemotherapy (NSCLC)

20181 1.17 [0.62, 202.69] 2.43940393 5Socins MMA, et al.2018 

Total events 19 4
Heterogeneity: Tau2 = 0.00; Chi2 = 2.91, df = 5 (P = 0.71); I2 = 0%
Test tor overall effect: Z = 1.59 (P = 0.11)

2.5.2 PD-1/PD-L1+Chemotherapy VS Chemotherapy (SCLC)

07Total events
Heterogeneity: Tau2 = 0.00; Chi2 = 0.01, df = 1 (P = 0.91); I2 = 0%
Test for overall effect: Z = 1.96 (P = 0.05)

2.5.3 PD-1/PD-L1+Chemotherapy VS Chemotherapy (TNBC)

Heterogeneity: Tau2 = 0.00; Chi2 = 1.80, df = 3 (P = 0.61); I2 = 0%
Test for overall effect: Z = 1.10 (P = 0.27)

2.5.4 PD-L1+Chemotherapy VS Chemotherapy (Ovarian Cancer)

Total events 17 8

Total events 30 7
Heterogeneity: Tau2 = 0.00; Chi2 = 0.16, df = 2 (P = 0.92); I2 = 0%
Test for overall effect: Z = 3.46 (P = 0.0005)

2.5.5 PD-1+Chemotherapy VS Chemotherapy (Nasopharyngeal)

35Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0 68 (P = 0.50)

2.5.6 PD-1+Chemotherapy VS Chemotherapy (Gastric Cancer)

01Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 0.66 (P = 0.51)

2.5.7 PD-1+chemotherapy VS Chemotherapy (UC)

25Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 1.08 (P = 0.28)

2.5.8 PD-L1+Chemotherapy VS Chemotherapy (Cervical Cancer)

5.32 [0.25, 112.05]2.2116111Subtotal (95% CI)
02Total events 

Heterogeneity: Not applicable
Test for overall effect: Z = 1.07 (P = 0.28)

2.5.9 PO-1+Chemotherapy VS Chemotherapy (Oesophageal)

Langer CJ, et al.2016 1 59 0 62 1.9 3.21 [0.13, 80.25] 2016

West H, et al.2019 1 473 0 232 1 9 1.48 [0.06, 36.38] 2019
Zhou C, et al.2020 3 205 0 207 2.3 7.17 [0.37, 139.74] 2020
Jotte R, et al.2020 2 334 1 334 3.5 2.01 [0.18, 22.23] 2020
Gadgeel S, et al.2020 7 405 3 202 10.8 1.17 [0.30, 4.56] 2020
Subtotal (95% CI) 1869 1431 22.7 2.14 [0.84, 5.46]

Hom L, et al.2018 4 198 0 196 2.3 9.09 [0.49, 170.02] 2018
Rudin CM, et al.2020 3 223 0 223 2.3 7.10 [0.36, 138.16] 2020
Subtotal (95% CI) 421 419 4.6 8.05 [1.00, 64.72]

Schmid P, et al.2018 2 452 2 438 5.2 0.97 [0.14, 6.91] 2018
Schmid P, et al.2020 7 781 1 389 4.5 3.51 [0.43, 28.62] 2020
Nittendorf EA, et al 2020 4 164 1 167 4.1 4.15 [0.46, 37.53] 2020
Miles D, et al.2021 4 432 2 217 6.9 1.00 [0.18, 5.53] 2021
Subtotal (95% CI) 1829 1211 20.7 1.74 [0.65, 4.64]

Pujade-Lauralne E, et al.2021A 11 182 3 177 11.9 3.73 [1.02, 13.61] 2021
Moore KN, et al.2021 13 642 3 644 12.6 4.42 [1.25, 15.57] 2021
Monk BJ, et al 2021A 6 329 1 334 4.4 6.19 [0.74, 51.66] 2021A
Subtotal (95% CI) 1153 1155 29.0 4.34 [1.89, 9.96]

Mai HO, et al.2021 5 146 3 143 95 1.65 [0.39, 7.06] 2021
Subtotal (95% CI) 146 143 9.5 1.65 [0.39, 7.06]

Shitara K, et al.2020C 1 250 0 244 1.9 2.94 [0.12, 72.52] 2020
Subtotal (95% CI) 250 244 1.9 2.94 [0.12, 72.52]

Powtes T, et al.2020B 5 349 2 342 7.4 2.47 [0.48, 12.82] 2020
Subtotal (95% CI) 349 342 7.4 2.47 [0.48, 12.82]

Colombo N, et al.2021 B 0 111 0 116 2.2 5.32 [0.25, 112.05] 2021B

Sun JM, et al.2021 0 370 1 370 1.9 0.33 [0.01, 8.19] 2021
Subtotal (95% CI) 370 370 1.9 0.33 [0.01, 8.19]

10Total events 
Heterogeneity: Not applicable
Test for overall effect Z= 0.67 (P = 0.50)

2.61 [1.67, 4.08]100.054316498 Total (95% CI) 
Total events 86 23
Heterogeneity Tau2 = 0.00, Chi2 = 10.44, df = 19 (P = 0.94); I2 = 0%
Test for overall effect: Z = 4.20 (P < 0.0001)
Test for subgroup differences: Chi2 = 5.58, df = 8 (P = 0.69); I2 = 0%

(b)

Study or Subgroup
PD-1/PD-L1
Events

Placebo
Events Weight (%)

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.002 0.1 1 10 500
PD-1/PD-L1 Placebo

4.4.1 PD-1/PD-L1 VS Placebo (NSCLC)

114Total events 
Heterogeneity: Tau2 = 0.67; Chi2 = 1.36. df = 1 (P = 0.24); I2 = 26%
Test for overall effect: Z = 1.72 (P = 0.08)

4.4.2 PD-1 VS Placebo (SCLC)

11Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)

4.4.3 PD-1/PD-L1 VS Placebo (UC)

010 Total events 
Heterogeneity: Tau2 = 0.00; Chi2 = 0.64, df = 2 (P = 0.73); I2 = 0%
Test for overall effect: Z = 2.11 (P = 0.04)

4.4.4 PD-1 VS Placebo (Esophageal or Gastroesophageal Junction Cancer)

14Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 0.60 (P = 0.55)

4.4.5 PD-1 VS Placebo (Melanoma)

01Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 0.66 (P = 0.51)

4.4.6 PD-1 VS Placebo(RCC)

Antonia SJ, et al.2018 1 475 0 234 6.7 1.48 [0.06,36.53]
Sugawara S, et al.2021 13 273 1 275 16.6 13.70 [1.78,105.47]
Subtotal (95% CI) 748 509 23.4 6.37 [0.78,52.25]

Owonikoko TK, et al.2021 A 1 278 1 279 9.0 1.00 [0.06. 16.13]
Subtotal (95% CI) 278 279 9.0 1.00 [0.06, 16.13]

Bajorin DF, et al.2021 2 351 0 348 7.5 4.99 [0.24, 104.23]
Bellmunt J, et al.2021 7 390 0 397 8.4 15.55 [0.88, 273.16]
Powles, et al.2020 1 344 0 345 6.7 3.02 [0.12, 74.33]
Subtotal (95% CI) 1085 1090 22.7 6.55 [1.14, 37.63]

Kelly RJ, et al.2021 4 532 1 260 14.4 1.96 [0.22, 17.64]
Subtotal (95% CI) 532 260 14.4 1.96 [0.22, 17.64]

Eggermont AMM, et al.2018 1 509 0 502 6.7 2.96 [0.12, 72.95]
Subtotal (95% CI) 509 502 6.7 2.96 [0.12, 72.95]

Choueirl TK, et al.2021 4 488 2 496 23.9 2.04 [0.37, 11.20]
Subtotal (95% CI) 488 496 23.9 2.04 [0.37, 11.20]

24Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 0.82 (P = 0.41)

3.42 [1.49, 7.85]100.031363640 Total (95% CI) 
534 Total events 

Heterogeneity: Tau2 = 0.00; Chi2 = 4.88, df = 8 (P = 0.77); I2 = 0%
Test for overall effect: Z = 2.89 (P = 0.004)
Test for subgroup differences: Chi2 = 2.19, df = 5 (P = 0.82); I2 = 0%

(c)

Study or Subgroup

PD-1/PD-L1
+CTLA-4
Events

PD-1/PD-L1
Events Weight (%) Year

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.002 0.1 1 10 500
PD-1/PD-L1+CTLA-4 PD-1/PD-L1

5.4.1 Nivolurnab+lpilimumab VS Nivolumab (NSCLC)

39Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 1.07 (P = 0.28)

5.4.2 Nivolumab+lpilimumab VS Nivolumab (SCLC)

15Total events 
Heterogeneity Not applicable
Test for overall effect: Z = 1.48 (P = 0.14)

5.4.3 Durvalumab+tremelimumab VS Durvalumab (UC)

24Total events 
Heterogeneity: Not applicable
Test for overall effect: Z = 0.82 (P = 0.41)

5.4.4 Nivolumab+lpilimumab VS Nivolumab (Melanoma)

Total events 15 2
Heterogeneity: Not applicable
Test for overall effect: Z = 2.72 (P = 0.007)

Hellmann MD, et al.2018A 9 576 3 391 36.4 2.05 [0.55, 7.63] 2018
Subtotal (95% CI) 576 391 36.4 2.05 [0.55, 7.63]

Owonikoko TK, et al.2021A 5 278 1 279 13.5 5.09 [0.59, 43.86] 2021A
Subtotal (95% CI) 278 279 13.5 5.09 [0.59, 43.86]

Powles T, et al.2020A 4 340 2 345 21.6 2.04 [0.37, 11.22] 2020
Subtotal (95% CI) 340 345 21.6 2.04 [0.37, 11.22]

Larkin J, et al.2015A 15 313 2 313 28.5 7.83 [1.77, 34.52] 2015A
Subtotal (95% CI) 313 313 28.5 7.83 [1.77, 34.52]

Total (95% CI) 1507 1328 100.0 3.39 [1.54, 7.49]
Total events 33 8
Heterogeneity Tau2 = 0.00; Chi2 = 2.31, df = 3 (P = 0.51); I2 = 0%
Test for overall effect: Z = 3.02 (P = 0.002)
Test for subgroup differences: Chi2 = 2.26, df = 3 (P = 0.52); I2 = 0%

(d)

Study or Subgroup

PD-1/PD-L1+
Chemotherapy
Events

PD-1/PD-L1
Events

Weight
(%)

Odds Ratio
M-H. Random. 95% CITotal YearTotal

Odds Ratio
M-H, Random, 95% CI

0.001 0.1 1 10 1000
PD-1/PD-L1+Chemotherapy Chemotherapy

6.3.1 PD-L1+Chemotherapy VS PD-L1

Pujade-Lauralne E, et al.2021B 11 182 0 187 25.2 25.15 [1.47, 429.95] 2021
2.04 [0.01, 321.55]48.9 541635 Subtotal (95% CI) 

211Total events 
Heterogeneity: Tau2 = 11.09; Chi2 = 5.93, df = 1 (P = 0.01); I2 = 83%
Test for overall effect: Z = 0.28 (P = 0.78)

6.3.2 PD-1+Chemotherapy VS PD-1

Gaisky MD, et al.2020A 0 453 2 354 23.8 0.16 [0.01, 3.25] 2020

Burtness B, et al.2019A 1 276 2 300 28.4 0.54 [0.05, 6.01] 2019A
Shitara K, et al.2020A 1 250 0 254 22.6 3.06 [0.12, 75.48] 2020

1.01 [0.15, 6.93]51.1554526Subtotal (95% CI) 
22Total events

Heterogeneity: Tau2 = 0.00; Chi2 = 0.72, df = 1 (P = 0.40); I2 = 0%
Test for overall effect: Z = 0.01 (P = 0.99)

1.57 [0.17, 14.67]100.0 10951161Total (95% CI) 
413Total events 

Heterogeneity: Tau2 = 3.08; Chi2 = 7.38, df = 3 (P = 0.06); I2 = 59%
Test for overall effect: Z = 0.39 (P = 0.69)
Test for subgroup differences: Chi2 = 0.06, df = 1 (P = 0.80); I2 = 0%

(e)

Study or Subgroup
PD-1/PD-L1
Events

Placebo
Events Weight (%) Year

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
PD-1/PD-L1 Chemotherapy

Larkin J, et al.2015B 2 313 6 311 79.9 0.33 [0.07, 1.63] 2015B
Ascierto PA, et al.2020 0 452 1 453 20.1 0.33 [0.01, 8.20] 2020

Total (95% CI) 765 764 100.0 0.33 [0.08, 1.38]
Total events 2 7
Heterogeneity: Tau2 = 0.00; Chi2 = 0.00, df = 1 (P = 0.99); I2 = 0%
Test for overall effect: Z = 1.52 (P = 0.13)

(f )

Study or Subgroup
PD-1/PD-L1
Events

Placebo
Events Weight (%) Year

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.001 0.1 1 10 1000
PD-1 (methotrexate, decetaxel, or cet)

Fenis RL, et al.2016 0 236 1 111 42.8 0.16 [0.01, 3.85] 2016
Cohen EEW, et al.2019 1 246 1 234 5 7.2 0.95 [0.06, 15.29) 2019

Total (95% CI) 482 345 100.0 0.44 [0.05, 3.58)
Total events 1 2
Heterogeneity: Tau2 = 0.00; Chi2 = 0.70, df = 1 (P = 0.40); I2 = 0%
Test for overall effect: Z = 0.77 (P = 0.44)

(g)

Study or Subgroup

PD-1/PD-L1
+Bevacizumab
Events

Placebo
Events Weight (%) Year

Odds Ratio
M-H. Random. 95% CITotal Total

Odds Ratio
M-H, Random, 95% CI

0.001 0.1 1 10 1000
PD-1/PD-L1 Chemotherapy

9.2.1 Atezofizuinab+Bevacizuinab VS Sorafenib

Heterogeneity: Not applicable
Test for overall effect: Z = 1.99 (P = 0.05)

9.2.3 Sintilimab+Bevacizumab VS Sorafenib

Heterogeneity: Not applicable
Test for overall effect: Z = 1.16 (P = 0.25)

Finn RS, et al.2020 0 329 4 156 40.3 0.05 [0.00, 0.96] 2020
Subtotal (95% CI) 329 156 40.3 0.05 [0.00, 0.96]
Total events 0 4

Ren Z, et al.2021 1 380 2 185 59.7 0.24 [0.02, 2.68] 2021
Subtotal (95% CI) 380 185 59.7 0.24 [0.02, 2.68]
Total events 1 2

Total (95% CI) 709 341 100.0 0.13 [0.02, 0.83]
Total events 1 6
Heterogeneity: Tau2 = 0.00; Chi2 = 0.67, df = 1 (P = 0.41); I2 = 0%
Test for overall effect: Z = 2.16 (P = 0.03)
Test for subgroup differences: Chi2 = 0.64, df = 1 (P = 0.42); I2 = 0%

(h)

Figure 6: Continued.
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L1 subgroups and indirectly observe the differences of rash
risk. Although the analyses indicated that the risk of rash
differed between PD-1 and PD-L1-related subgroups
(Figures 2(a), 3(a) and 4(a)), no statistically significant re-
sults were found due to the involvement of PD-1 or PD-L1
inhibitors [22–24], [26, 27, 32], [33, 37, 39], [41, 43–45],
[47, 49, 53], [54, 59, 61, 66], [68, 71–74], [77–80], [82, 84, 86],
[87, 90–92], [95–98], [100, 101, 103], [105, 107, 108],
[111, 112]. However, compared with the PD-1 involved
subgroup (Figure 4(e)), the participation of chemotherapy
significantly increased the risk of rash in the PD-L1 sub-
group (p � 0.03) [63, 77, 80, 96].

(e similar strategy was used to elucidate the influence of
PD-1 or PD-L1 involved treatment lines on the risk of
developing rash (Figures 2(b), 3(b), 4(b), 4(f), 5(c), and
5(e)). Subgroup studies revealed an increased risk of rash
when PD-1 or PD-L1 inhibitors were given together with
other antitumor agents as the second-line choice
(Figure 3(b), 4(f), and 5(c)) [27, 29, 37, 41, 45, 47, 53, 63, 66,
73, 74, 76–80, 84, 86, 95, 96, 100, 101, 103, 105,
107, 111, 112, 117]. When PD-1 or PD-L1 inhibitors were
given alone, this incidence trend was only seen in Group H
(Figure 5(e)) [34, 67, 117]. (e reasons leading to the above
results might be related to the combined treatment drugs,
and the specific reasons were still need to be further studied.

(e formation of heterogeneity is inevitable in the course
of detailed examination (Figures 2–6). By conducting ade-
quate subgroup analyses and comparing the results of rash
between all grades and grades 3–5, the clinical trials re-
sponsible for the heterogeneity were identified, and further
analyses revealed that the heterogeneity might be primarily
due to the data themselves (Figure 6), implying that it would
have little effect on the overall analysis results. Additionally,
no noticeable publication bias was detected using funnel
plots (S Figures 2–6). (is further increased the reliability
and rigor of this meta-analysis.

Although the correlation between skin toxicities and
tumor regression had been reported frequently in some
studies [10–12], no such data were found in all the enrolled
clinical trials [22–25], [26–30], [31–35], [36–40], [41–45],
[46–50], [51–55], [56–60], [61–65], [66–70], [71–75],
[76–80], [81–85], [86–90], [91–95], [96–110], [111–115],
[116, 117]. (erefore, to elucidate the correlation between
the rash risk and tumor prognosis, more and more relevant
clinical trials should be put into practice [13–15]. Further-
more, researchers needed to pay more attention to this kind
of data and report it in a timely manner. In clinical work, we
need to use treatment-related rashes cautiously to judge the
treatment response and prognosis of patients.

5. Conclusions

(e risk of developing rash would be enhanced whether PD-
1 or PD-L1 inhibitors were given alone or together with
others. Furthermore, the incidence risk of rash appeared to
be higher when PD-1 or PD-L1 inhibitors together with
other antitumor drugs were given as the second-line choice.
No statistically significant differences in the results of the
rash between the PD-1 and PD-L1 subgroups were found
due to the involvement of PD-1 or PD-L1 inhibitors.
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S Figure 1: a summary table of review authors’ judgements
for each risk of bias item for each study. S Figure 2: funnel
plots of comparison in Group A (PD-1 or PD-L1 versus
Chemotherapy). A: the OR of rash for all-grade checked
using the fixed effect (FE) model: Subgroup analyses were
carried out according to the types of immune checkpoint
inhibitors (PD-1 or PD-L1). B: the OR of rash for all-grade
checked using the fixed effect (FE) model: subgroup

analyses were carried out according to the treatment lines
(first or second line). C: the OR of rash for all grades
checked using the fixed effect (FE) model: Subgroup an-
alyses were carried out based on drug name, tumor type,
and immune checkpoint type. D: the OR of rash for all
grades checked using the fixed effect (FE) model: subgroup
analyses were carried out based on drug name, tumor type,
immune checkpoint type, and I2 value. S Figure 3: funnel
plots of comparison in combination regimens. A: the odds
ratio of rash for all grades checked using the fixed effect
(FE) model in Group B (PD-1 or PD-L1 plus Chemo-
therapy versus Chemotherapy): subgroup analyses were
carried out according to the types of immune checkpoint
inhibitors (PD-1 or PD-L1). B: the odds ratio of rash for all-
grade checked using the fixed effect (FE) model in Group B
(PD-1 or PD-L1 plus Chemotherapy versus Chemother-
apy): subgroup analyses were carried out according to the
treatment lines (first or second line). C: the odds ratio of
rash for all grades checked using the fixed effect (FE) model
in Group B (PD-1 or PD-L1 plus Chemotherapy versus
Chemotherapy): subgroup analyses were carried out based
on tumor type. D: the odds ratio of rash for all grades
checked using the fixed effect (FE) model in Group B (PD-1
or PD-L1 plus Chemotherapy versus Chemotherapy):
subgroup analyses were carried out based on tumor type
and immune checkpoint type. E: the odds ratio of rash for
all grades checked using the fixed effect (FE) model in
Group C (Camrelizumab plus Chemotherapy versus
Chemotherapy). F: the odds ratio of rash for all-grade
checked using the fixed effect (FE) model in Group D (PD-1
or PD-L1 plus Chemotherapy plus Bevacizumab versus
Chemotherapy plus Bevacizumab). S Figure 4: funnel plots
of different comparisons. A: the OR of rash for all-grade
checked using the fixed effect (FE) model in Group E (PD-1
or PD-L1 versus Placebo): subgroup analyses were carried
out according to the types of immune checkpoint inhibitors
(PD-1 or PD-L1). B: the OR of rash for all grades checked
using the fixed effect (FE) model in Group E (PD-1 or PD-
L1 versus Placebo): subgroup analyses were carried out
according to the treatment lines (first or second line). C: the
OR of rash for all grades checked using the fixed effect (FE)
model in Group E (PD-1 or PD-L1 versus Placebo): sub-
group analyses were carried out based on tumor type. D: the
OR of rash for all grades checked using the fixed effect (FE)
model in Group E (PD-1 or PD-L1 versus Placebo): sub-
group analyses were carried out based on tumor type, and I2
value. E: the OR of rash for all grades checked using the
fixed effect (FE) model in Group F (PD-1 or PD-L1 plus
Chemotherapy versus PD-1 or PD-L1): subgroup analyses
were carried out according to the types of immune
checkpoint inhibitors (PD-1 or PD-L1). F: the OR of rash
for all grades checked using the fixed effect (FE) model in
Group F (PD-1 or PD-L1 plus Chemotherapy versus PD-1
or PD-L1): subgroup analyses were carried out according to
the treatment lines (first or second line). S Figure 5: funnel
plots of comparison groups (Groups G-M). A: the OR of
rash for all grades checked using the fixed effect (FE) model
in Group G (PD-1 or PD-L1 plus CTLA-4 versus PD-1 or
PD-L1): subgroup analyses were carried out according to
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the types of immune checkpoint inhibitors (PD-1 or PD-
L1). B: the OR of rash for all grades checked using the fixed
effect (FE) model in Group G (PD-1 OR PD-L1 plus CTLA-
4 versus PD-1 or PD-L1): subgroup analyses were carried
out based on tumor type. C: the OR of rash for all grades
checked using the fixed effect (FE) model in Group G (PD-1
or PD-L1 plus CTLA-4 versus PD-1 or PD-L1): subgroup
analyses were carried out according to the treatment lines
(first or second line). D: the OR of rash for all grades
checked using the fixed effect (FE) model in Group H (PD-1
or PD-L1 versus CTLA-4). E: the OR of rash for all grades
checked using the fixed effect (FE) model in Group H (PD-1
or PD-L1 versus CTLA-4): subgroup analyses were carried
out according to the treatment lines (first or second line). F:
the OR of rash for all grades checked using the fixed effect
(FE) model in Group I (PD-1 or PD-L1 plus CTLA-4 versus
Chemotherapy): subgroup analyses were carried out based
on tumor type. G: the OR of rash for all grades checked
using the fixed effect (FE) model in Group J (PD-1 or PD-
L1 plus CTLA-4 plus Chemotherapy versus Chemother-
apy): subgroup analyses were carried out based on treat-
ment regimens. H: the OR of rash for all grades checked
using the fixed effect (FE) model in Group K (PD-1 or PD-
L1 plus Bevacizumab versus Sorafenib): subgroup analyses
were carried out according to the types of immune
checkpoint inhibitors (PD-1 or PD-L1). I: the OR of rash
for all grades checked using the fixed effect (FE) model in
Group L (PD-1 or PD-L1 plus CTLA-4 versus CTLA-4). J:
the OR of rash for all grades checked using the fixed effect
(FE) model in Group M (PD-1 or PD-L1 versus Metho-
trexate/docetaxel/cetuximab). S Figure 6: funnel plots of
comparison groups for grades 3–5. A: the OR of rash for
grades 3–5 checked using the fixed effect (FE) model in
Group A (PD-1 or PD-L1 versus Chemotherapy): subgroup
analyses were carried out based on tumor types. B: the OR
of rash for grades 3–5 checked using the fixed effect (FE)
model in Group B (PD-1 or PD-L1 plus Chemotherapy
versus Chemotherapy): subgroup analyses were carried out
based on tumor types. C: (e OR of rash for grades 3–5
checked using the fixed effect (FE) model in Group E (PD-1
or PD-L1 versus Placebo): subgroup analyses were carried
out based on tumor types. D: the OR of rash for grades 3–5
checked using the fixed effect (FE) model in Group G (PD-1
or PD-L1 plus CTLA-4 versus PD-1 or PD-L1): subgroup
analyses were carried out based on tumor types. E: the OR
of rash for grades 3–5 checked using the fixed effect (FE)
model in Group F (PD-1 or PD-L1 plus Chemotherapy
versus PD-1 or PD-L1): subgroup analyses were carried out
based on the types of immune checkpoint inhibitors (PD-1
or PD-L1). F: the OR of rash for grades 3–5 checked using
the fixed effect (FE) model in Group H (PD-1 or PD-L1
versus CTLA-4). G: the OR of rash for grades 3–5 checked
using the fixed effect (FE) model in Group M (PD-1 or PD-
L1 versus Methotrexate/docetaxel/cetuximab). H: the OR
of rash for grades 3–5 checked using the fixed effect (FE)
model in Group K (PD-1 or PD-L1 plus Bevacizumab
versus Sorafenib): subgroup analyses were carried out
based on the name of immune checkpoint inhibitors. I: the
OR of rash for grades 3–5 checked using the fixed effect

(FE) model in Group J (PD-1 or PD-L1 plus CTLA-4 plus
Chemotherapy versus Chemotherapy): subgroup analyses
were carried out based on treatment regimens. (Supple-
mentary Materials)

References

[1] R. L. Siegel, K. D. Miller, H. E. Fuchs, and A. Jemal, “Cancer
statistics, 2021,” CA: A Cancer Journal for Clinicians, vol. 71,
no. 1, pp. 7–33, 2021.

[2] J. C. Del Paggio, “Cancer immunotherapy and the value of
cure,” Nature Reviews Clinical Oncology, vol. 15, no. 5,
pp. 268–270, 2018.

[3] L. B. Kennedy and A. K. S. Salama, “A review of cancer
immunotherapy toxicity,” CA: A Cancer Journal for Clini-
cians, vol. 70, no. 2, pp. 86–104, 2020.

[4] Y. Tian, R. Li, Y. Liu et al., “(e risk of immune-related
thyroid dysfunction induced by PD-1/PD-L1 inhibitors in
cancer patients: an updated systematic review and meta-
analysis,” Frontiers in Oncology, vol. 11, Article ID 667650,
2021.

[5] Y. Tian, A. Huang, Y. Yang et al., “Assessment of the clinical
trials safety profile of PD-1/PD-L1 inhibitors among patients
with cancer: an updated systematic review and meta-anal-
ysis,” Frontiers in Oncology, vol. 11, Article ID 662392, 2021.

[6] Y. Tian, A. Gao, Q.Wen et al., “Immune-related neurological
toxicities of PD-1/PD-L1 inhibitors in cancer patients: a
systematic review and meta-analysis,” Frontiers in Immu-
nology, vol. 11, Article ID 595655, 2020.

[7] H. Liu, D. Xu, W. Wang et al., “Systematic assessment of risk
of fever in solid tumor patients treated with PD-1/PD-L1
inhibitors: a systematic review and meta-analysis,” Frontiers
in Oncology, vol. 10, Article ID 570080, 2020.

[8] Y. Tian, Z. Zhang, X. Yang et al., “(e risk ratio of immune-
related colitis, hepatitis, and pancreatitis in patients with
solid tumors caused by PD-1/PD-L1 inhibitors: a systematic
review and meta-analysis,” Frontiers in Oncology, vol. 10,
p. 261, 2020.

[9] Z. Si, S. Zhang, X. Yang et al., “(e association between the
incidence risk of peripheral neuropathy and PD-1/PD-L1
inhibitors in the treatment for solid tumor patients: a sys-
tematic review and meta-analysis,” Frontiers in Oncology,
vol. 9, p. 866, 2019.

[10] F. Berner, D. Bomze, S. Diem et al., “Association of
checkpoint inhibitor-induced toxic effects with shared
cancer and tissue antigens in non-small cell lung cancer,”
JAMA Oncology, vol. 5, no. 7, pp. 1043–1047, 2019.

[11] Z. Khan, F. Di Nucci, A. Kwan et al., “Polygenic risk for skin
autoimmunity impacts immune checkpoint blockade in
bladder cancer,” Proceedings of the National Academy of
Sciences, vol. 117, no. 22, pp. 12288–12294, 2020.

[12] V. Sibaud, “Dermatologic reactions to immune checkpoint
inhibitors,” American Journal of Clinical Dermatology,
vol. 19, no. 3, pp. 345–361, 2018.

[13] X. Yang, J. Lin, D. Wang, L. Zhang, and H. Zhao, “Immune-
related adverse events (irAEs) predict for clinical efficacy:
focusing on organ-specific irAEs and the critical role of
steroids,” Journal of #oracic Oncology, vol. 14, no. 10,
pp. e233–e234, 2019.

[14] J. Remon, N. Reguart, E. Auclin, and B. Besse, “Immune-
related adverse events and outcomes in patients with ad-
vanced non-small cell lung cancer: a predictive marker of
efficacy?” Journal of #oracic Oncology, vol. 14, no. 6,
pp. 963–967, 2019.

22 Journal of Oncology

https://downloads.hindawi.com/journals/jo/2022/4976032.f1.doc
https://downloads.hindawi.com/journals/jo/2022/4976032.f1.doc


[15] N. Pier Vitale, G. R. Pond, S. Abou Alaiwi et al., “Association
of immune-related adverse events (irAEs) with clinical
benefit in patients with metastatic urothelial carcinoma
(mUC) treated with immune-checkpoint inhibitors (ICIs),”
Journal of Clinical Oncology, vol. 37, no. 15, Article ID
e16038, 2019.

[16] M. J. Page, J. E. McKenzie, P. M. Bossuyt et al., “(e PRISMA
2020 statement: an updated guideline for reporting sys-
tematic reviews,” BMJ, vol. 372, no. 71, 2021.
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