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Abstract
Background  Patients with rheumatologic preexisting autoimmune disease (PAD) have not been enrolled in clinical 
trials of immune checkpoint inhibitors (ICIs). Therefore, the risks and benefits of ICI therapy in such patients are 
unclear. Herein, we investigated the safety and efficacy of ICIs in rheumatologic PAD patients through a meta-analysis.

Methods  The PubMed, Cochrane Library, Embase and Web of Science databases were searched for additional 
studies. We analyzed the following data through Stata software: incidence of total irAEs (TirAEs), rate of flares, 
incidence of new on-set irAEs, rate of discontinuation, objective response rate (ORR) and disease control rate (DCR).

Results  We identified 23 articles including 643 patients with rheumatologic PAD. The pooled incidences of TirAEs, 
flares and new-onset irAEs were 64% (95% CI 55%-72%), 41% (95% CI 31%-50%), and 33% (95% CI 28%-38%), 
respectively. In terms of severity, the incidences were 7% (95% CI 2%-14%) for Grade 3–4 flares and 12% (95% 
CI 9%-15%) for Grade 3–4 new-onset irAEs. Patients with RA had a greater risk of flares than patients with other 
rheumatologic PADs did (RR = 1.35, 95% CI 1.03–1.77). The ORR and DCR were 30% and 44%, respectively. Baseline 
anti-rheumatic treatment was not significantly associated with the frequency of flares (RR = 1.05, 95% CI 0.63–1.77) or 
the ORR (RR = 0.45, 95% CI 0.12–1.69).

Conclusions  Patients with rheumatologic PAD, particularly those with RA, are susceptible to relapse of their 
rheumatologic disease following ICI therapy. ICIs are also effective for treating rheumatologic PAD patients.

Prospective register of systematic reviews (PROSPERO)  number CRD 42,023,439,702.
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Introduction
In recent years, immune checkpoint inhibitors (ICIs) tar-
geting checkpoints such as cytotoxic T-lymphocyte-asso-
ciated-4 (CTLA-4), programmed cell death 1 (PD-1), and 
programmed death-ligand 1 (PD-L1) have been found 
to be essential components in the treatment of a wide 
range of cancers [1–3]. The binding of PD-1 to its ligand 
PD-L1 and the binding of CTLA-4 to its ligand CD80/
CD86 downregulate T-cell activation, leading to immune 
escape of tumor cells [4]. ICIs can boost the activation of 
T cells by blocking the engagement of the above recep-
tors and ligands [5]. Although the survival benefit of ICIs 
is well recognized, they also result in immune-related 
adverse events (irAEs) [6], especially in patients with pre-
existing autoimmune diseases (PADs).

Rheumatologic PAD is a common PAD associated with 
cancer. Compared with the general population, patients 
with rheumatologic PADs, such as rheumatoid arthritis 
(RA) [7], systemic sclerosis [8] and Sjogren’s syndrome 
[9], have an increased risk of specific cancers. It is worth 
noting that some patients suffer from both rheumatologic 
PAD and cancer. A study by Khan et al. included 210,509 
lung cancer patients, of which 9.4% also had rheumato-
logic PAD [10]. Studies have reported that the PD-1 path-
way and CTLA-4 pathway may play potential roles in the 
occurrence and development of rheumatologic PAD [11–
13]. These findings suggested that ICIs may theoretically 
increase the risk of rheumatologic PAD flares. For this 
reason, patients with rheumatologic PAD have largely 
been excluded from clinical trials. At present, available 
evidence regarding the exact incidence of disease flares, 
new-onset irAEs or cancer treatment outcomes in this 
population remains scarce. Considering the increasing 
dependence on ICIs for the treatment of tumors and the 
high proportion of cancer patients with rheumatologic 
PAD, it is especially essential to explore the influence of 
rheumatologic PAD on ICI treatment outcomes.

Hitherto, there has been increasing interest in the eligi-
bility of receiving ICIs in patients with PAD, and several 
meta-analyses have assessed the safety and effectiveness 
of ICIs in patients with cancer and PAD [14–16]. How-
ever, these studies focused on a wide variety of autoim-
mune diseases, and none of them separately reported the 
incidence of rheumatic disease flares, new-onset irAEs 
or ICI efficacy in cancer patients with preexisting auto-
immune rheumatic diseases. Although multiple stud-
ies have reported the efficacy and safety of using ICIs in 
these patients, a definite conclusion has not been reached 
according to the results of each single study [17–39]. 
Based on the above background, our study aimed (i) to 
summarize the incidence of rheumatologic PAD flares, 
the incidence of new-onset irAEs, and the rate of discon-
tinuation; (ii) to investigate the objective response rate 
(ORR) or disease control rate (DCR); and (iii) to explore 

the impact of baseline anti-rheumatic treatment on the 
efficacy and safety of ICI treatment in patients with rheu-
matologic PAD and cancer.

Methods
This systematic review was reported in accordance with 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines. The study has 
been registered in the International Prospective Regis-
ter of Systematic Reviews (PROSPERO), number CRD 
42,023,439,702.

Search strategy
We searched the PubMed, Embase, Cochrane Library, 
and Web of Science databases from database inception 
to June 1, 2023. Two researchers (CHX and LX) inde-
pendently searched available studies by a combination 
of four themes, namely, neoplasm, immune checkpoint 
inhibitors, autoimmune rheumatic diseases, and preex-
isting diseases. The detailed search strategy is provided in 
Supplementary Table 1. We also manually searched the 
references of each relevant article to identify additional 
relevant studies.

Selection criteria
The inclusion criteria were as follows: (1) P: patients were 
limited to those with cancer and rheumatologic PAD; (2) 
I: patients who received ICIs; (3) O: studies reporting the 
safety or efficacy of ICIs in patients with rheumatologic 
PAD; and (4) S: prospective or retrospective studies. The 
exclusion criteria for patients were as follows: (1) studies 
in which relevant data could not be obtained; (2) review 
articles, case reports, conference abstracts, comments, 
meta-analyses, or letters; and (3) duplicate studies. If 
multiple publications reporting the same population 
were found, the article with the most updated or compre-
hensive irAE information was selected.

Data extraction and quality assessment
Two researchers (CHX and LX) extracted the follow-
ing data from the included studies: (1) Basic informa-
tion: author, publication year, region, sample size, type 
of cancer and type of ICI, and rheumatologic disease 
subtype; (2) Outcome: number of irAEs, discontinuation 
and response, including complete response (CR), partial 
response (PR) and stable disease (SD) (ORR = CR + PR, 
DCR = CR + PR + SD). Considering the classification, 
irAEs included three categories: flares, new-onset irAEs 
and total irAEs (TirAEs). The flares of PAD were defined 
as worsening or exacerbation of PAD after ICIs ther-
apy, the new-onset irAEs was newly developed irAEs 
that did not have a clear causal relationship with PAD, 
and the TirAEs was flares, new-onset irAEs or both. 
All irAEs including flares, new-onset irAEs and TirAEs 
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were graded according to the Common Toxicity Crite-
ria for Adverse Events (CTCAE) in all original literature. 
We assessed the quality of the studies through two tools 
based on the study design. First, the Newcastle–Ottawa 
Scale (NOS) was used for cohort and case‒control stud-
ies [40]. While the scores of the included studies were 
0–3, 4–6, and 7–9, these studies were considered to be 
of low, medium, and high quality, respectively. Second, 
the Joanna Briggs Institute (JBI) checklist was applied for 
case series [41]. The quality evaluation of the case series 
consisted of 10 items. Each item requires a response of 
yes, no, unclear, or not applicable. Any disagreements 
were resolved by discussion.

Statistical analysis
We combined the pooled incidence rate with the 95% 
CI for flares, new-onset irAEs, and TirAEs and the 
pooled response rate with the 95% CI among ICI-treated 
patients with rheumatic diseases. The heterogeneity was 
tested using the I2 statistic. A meta-analysis was car-
ried out using a random-effects model if heterogeneity 
existed. We further identified the sources of heterogene-
ity by meta-regression and subgroup analyses based on 
region, type of cancer, type of ICI and rheumatologic dis-
ease subtype. In addition, publication bias was assessed 
using Begg’s and Egger’s tests. All the data were analyzed 
with Stata 14.0 (Stata Corp.). A P value < 0.05 indicated 
statistical significance.

Results
Selection of studies and characteristics of the included 
studies
According to the search strategy, we identified 14,635 
records. After deleting duplicate records and ineligible 
articles such as case reports, reviews, letters, and ani-
mal studies, the full texts of the remaining 134 studies 
were screened. Of these, 111 studies were inappropriate 
because they did not meet the inclusion criteria. Finally, 
23 articles [17–39] comprising a total of 653 patients 
were included in the analysis (Fig. 1). Concerning regions, 
five of the studies were from multiple nations, nine from 
North America, nine from Europe, and the remaining 
two from Australia. Of these, 13 studies investigated 
melanoma, two studies focused on urological cancer, one 
study evaluated non-small cell lung cancer (NSCLC), and 
the remaining studies were mixed. The types of ICIs used 
included anti-PD-1/PD-L1, anti-CTLA-4 and mixed ICIs. 
In terms of the types of rheumatologic diseases, most 
studies analyzed various rheumatologic diseases; three 
studies included RA patients only, and one study focused 
on systemic sclerosis. The median follow-up time ranged 
from 4.7 to 27 months. The main features of the 23 
included studies are described in Table 1, and additional 
information is summarized in Supplementary Table 2. 

The NOS scores of the four cohort studies ranged from 6 
to 9, indicating that the cohort studies were medium- to 
high-quality studies (Supplementary Table 3). Seven out 
of 19 case series met all the criteria of the JBI, suggesting 
that the above seven studies were of good quality (Sup-
plementary Table 4).

The safety of ICIs in treating rheumatologic PAD
The incidence of TirAEs
As illustrated in Fig.  2, a total of 13 studies [19, 21–25, 
27, 28, 30, 32, 34, 37, 38] reported that 163 out of 264 
patients with rheumatologic PAD experienced TirAEs. 
The incidence of TirAEs ranged from 37.5 to 100%, with 
a crude incidence of 61%. According to a random effects 
model, the summary results showed that the pooled inci-
dence of TirAEs was 64% (95% CI 55%-72%, I2 = 40.61%). 
Sometimes, the same patient may experience both flares 
and new-onset irAEs with different grades of adverse 
reactions, making it impossible to grade the TirAEs. 
Therefore, we did not analyze the incidence of Grade 1–2 
or Grade 3–4 TirAEs.

To further investigate the impact of region and type of 
ICI on the results, subgroup analyses were carried out. 
According to our subgroup analyses based on the type of 
ICI, there was no significant difference in the incidence 
of TirAEs between the subgroups. However, in the sub-
group analysis by region, we found that the incidence 
of TirAEs in the Australian population was significantly 
greater than that in the other regions (P = 0.014); the inci-
dence of TirAEs was 57% (95% CI 46%-68%) in North 
America, 59% (95% CI 46%-70%) in Europe, 67% (95% CI 
52%-81%) in the multinational group, and 93% (95% CI 
75%-100%) in Australia. (Supplementary Fig. 1).

Flares of rheumatologic diseases
A total of 22 studies with 426 participants reported flares 
of rheumatologic disease [17–38]. Due to the high het-
erogeneity (I2 = 68.63%, P = 0.00), a random effects model 
was used for the data analysis, and the combined rate 
of flares was 41% (95% CI 31%-50%) (Fig.  3A). Consid-
ering the surprisingly high incidence of flares from the 
two Australian studies, we performed an analysis after 
removing the two studies, and the incidence of flares 
was 37% (95% CI 20%-46%). Compared with the results 
before the deletion of the two studies, the incidence of 
flares decreased by approximately 4% (Fig. 3B). In terms 
of severity, the incidence of Grade 1–2 flares was 25% 
(95% CI 14%-38%) (Supplementary Fig. 2A), and the inci-
dence of Grade 3–4 flares was 7% (95% CI 2%-14%) (Sup-
plementary Fig. 2B).

We conducted subgroup analyses stratified by region 
and type of ICI to determine the underlying hetero-
geneity. The results of subgroup analysis based on the 
type of ICI suggested that the incidence of flares in the 
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anti-CTLA-4 therapy group (55% [95% CI 36%-74%) was 
greater than that in the anti-PD-1/PD-L1 therapy group 
(31% [95% CI 16%-45%]). The rate of flares differed sig-
nificantly among the different ICIs (P = 0.046). The results 
of the subgroup analysis based on region suggested that 
the incidence of flares was 34% (95% CI 20%-49%) in 
Europe, 35% (95% CI 22%-49%) in North America, 50% 
(95% CI 38%-61%) in the multination group, and 80% 
(95% CI 59%-96%) in Australia, with a significant differ-
ence among the four groups (P = 0.003). In the Australian 
subgroup, patients were more prone to having underlying 
rheumatologic disease. The results of subgroup analyses 
are shown in Supplementary Fig. 3. However, the above 

subgroups were not significant influencing factors of het-
erogeneity, which was substantially high (I2 > 50%) in all 
analyses.

Additionally, meta-regression analysis was carried out 
to investigate the potential source of heterogeneity. The 
results indicated that the regions (P = 0.035) were signifi-
cantly different and that there was a trend toward sig-
nificant differences among the study designs (P = 0.175), 
which indicates that regions and study designs may affect 
heterogeneity. The detailed data are shown in Supple-
mentary Table 5.

Fig. 1  Diagram of the study selection process
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The incidence of new-onset irAEs
New-onset irAEs were identified in 14 studies [18, 21–25, 
28, 30–32, 34–37] with 299 participants. The incidence 
of new-onset irAEs ranged from 22.2 to 58.8%, and the 
pooled incidence of new-onset irAEs was 33% (95% CI 
28%-38%, I2 = 0) (Fig.  4). In terms of severity, the inci-
dence of Grade 1–2 new-onset irAEs was 19% (95% CI 
13%-26%), and the incidence of Grade 3–4 new-onset 
irAEs was 12% (95% CI 9%-15%). The results are dis-
played in Supplementary Fig.  2C-D. Furthermore, we 
conducted subgroup analyses based on region and type 
of ICI, and no significant differences were observed (Sup-
plementary Fig. 4A-B).

Discontinuation due to flares/new onset irAEs
As shown in Figs.  5 and 11 studies [21, 22, 25–28, 30, 
34, 35, 37, 38] with 201 participants reported the dis-
continuation rate of immunotherapy because of flares 
or new-onset irAEs. The range of discontinuation rates 
was 0–62.5%. The incidence of discontinuation was 24% 
(95% CI 14%-35%) according to a random effects model 
(I2 = 56.62%, P = 0.01).

Clinical efficacy
Among the reported events, 132 participants from nine 
studies [18, 22, 24, 25, 27, 30, 34–36] reported ORR 

data. The ORR ranged from 0 to 50%, and the summary 
ORR was 30% (95% CI 15%-46%) according to a random 
effects model (I2 = 67.63%, P = 0.00) (Fig. 6A). Nine stud-
ies [18, 22, 23, 25, 27, 30, 34–36] presented data on DCR. 
The pooled result was 44% (95% CI 24%-66%) based on 
a random effects model due to significant heterogeneity 
(I2 = 81.71%, P = 0.00) (Fig.  6B). We further investigated 
whether flares had an impact on ORR. We combined the 
data on the association between flares and ORR from 
five studies, and the results indicated that the occurrence 
of flares did not correlate with ORR (RR = 1.10, 95% CI 
0.52–2.30) (Supplementary Fig. 5).

The impact of baseline anti-rheumatic therapy treatment
We analyzed 6 studies [17, 22–25, 30] reporting the fre-
quency of flares with and without anti-rheumatic therapy 
at the start of ICI treatment. Patients who were exposed 
to anti-rheumatic drugs had a similar risk of flares 
to those who were not (RR = 1.05, 95% CI 0.63–1.77) 
(Fig.  7A). We obtained similar findings regarding the 
association between anti-rheumatic agents and the inci-
dence of new-onset irAEs (RR = 0.81, 95% CI 0.29–2.25) 
based on 4 studies [22–25, 30] (Fig.  7B). Additionally, 
the use of anti-rheumatic treatment at the start of ICI 
therapy was also not associated with the ORR (RR = 0.45, 

Table 1  The main characteristics of the studies included in the meta-analysis
Author and year Pa-

tients 
(n)

TirAEs
(%)

Flare,
n(%)

G1-2,
n(%)

G3-4,
n(%)

New onset 
irAEs n(%)

G1-2,
n(%)

G3-4,
n(%)

Discont-
inuation,
n(%)

ORR
(%)

DCR
(%)

Bhatlapenumarthi-2020 [17] 24 NA 5(20.8%) NA NA NA NA NA NA NA NA
Brown-2021 [18] 11 NA 7(63.6%) 5(45.5%) 2(18.2%) 5(45.5%) NA NA NA 45.5% 54.5%
Cortellini-2019 [19] 10 5(50%) 1(10.0%) 1(10.0%) 0 4(40.0%) 4(40.0%) 0 NA NA NA
Danlos-2018 [20] 7 NA 1(14.3%) NA NA NA NA NA NA NA NA
Efuni-2021 [21] 22 16(72.7%) 12(54.5%) NA NA 7(31.8%) 5(22.7%) 2(9.1%) 9(40.9%) NA NA
Gutzmer-2017 [22] 9 7(77.8%) 5(55.6%) 3(33.3%) 2(22.2%) 2(22.2%) 2(22.2%) 0 0 44.4% 44.4%
Hoa-2021 [23] 19 12(63.2%) 8(42.1%) 8(42.1%) 0 7(36.8%) 4(21.0%) 3(15.8%) NA NA 42.1%
Johnson-2016 [24] 10 7(70.0%) 5(50.0%) NA NA 3(30.0%) 0 3(30.0%) NA 30.0% NA
Kähler-2017 [25] 14 7(50.0%) 6(42.9%) NA NA 4(28.6%) 2(14.3%) 2(14.3%) 1(7.1%) 0 0
Kaur-2019 [26] 5 NA 1(20.0%) NA NA NA NA NA 0 NA NA
Lee-2016 [27] 8 8(100.0%) 6(75.0%) 4(50.0%) 2(25.0%) NA NA 4(50.0%) 5(62.5%) 50.0% 87.5%
Leonardi-2018 [28] 25 12(48.0%) 10(40.0%) 7(28.0%) 2(8.0%) 6(24.0%) 4(16.0%) 2(8.0%) 6(24.0%) NA NA
Loriot-2020 [29] 7 NA 1(14.3%) 0 1(14.3%) NA NA NA NA NA NA
Lusa-2022 [30] 45 27(60.0%) 13(28.9%) 13(28.9%) 0 20(44.4%) NA 8(17.8%) 16(35.6%) 13.3% 17.8%
Machado-2023 [31] 58 NA 15(25.9%) NA NA 14(24.1%) NA NA NA NA NA
Martinez Chanza-2020 [32] 35 23(65.7%) 18(51.4%) NA NA 13(37.1%) NA NA NA NA NA
Menzies-2016 [33] 27 NA 14(51.9%) NA NA NA NA NA NA NA NA
Mitchell-2018 [34] 12 10(83.3%) 10(83.3%) 8(66.7%) 2(16.7%) 3(25.0%) 1(8.3%) 2(16.7%) 3(25.0%) 50.0% 66.7%
Mooradian-2019 [35] 6 NA 6(100%) NA NA 2(33.3%) NA NA 2(33.3%) 33.3% 66.7%
Panhaleux-2020 [36] 17 NA 4(23.5%) 0 4(23.5%) 10(58.8%) 9(52.9%) 1(5.9%) NA 41.2% 58.8%
Richter-2017 [37] 16 6(37.5%) 1(6.25%) 1(6.2%) 0 5(31.3%) 1(6.25%) 4(25.0%) 6(37.5%) NA NA
Tison-2019 [38] 39 23(58.9%) 19(48.7%) 13(40.6%) 3(9.4%) NA NA NA 6(15.3%) NA NA
Van der Kooij-2021 [39] 227 NA NA NA NA NA NA 29(12.8%) NA NA NA
Abbreviations: TirAEs, flare, new onset irAEs or both; G1-2, Grade 1 or 2; G3–4, Grade 3 or 4; ORR, objective response rate; DCR, disease control rate; NA, not available
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Fig. 3  (A) The pooled incidence rate of any-grade flares; (B) The pooled incidence rate of any-grade flares after excluding the studies from Australia

 

Fig. 2  The pooled incidence rate of any-grade TirAEs
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95% CI 0.12–1.69) or DCR (RR = 0.94, 95% CI 0.43–2.07) 
(Fig. 7C-D).

Comparison between RA and other rheumatologic PADs
RA is the most common subtype of rheumatic disease, 
and the number of patients with other single rheumatic 
disease types (such as polymyalgia rheumatica, systemic 
sclerosis, and Sjogren’s syndrome) extracted from the 
included studies was low. As a result, we compared the 
risk of flares between RA and other various autoimmune 
rheumatologic diseases. A total of 63 out of 134 (47.0%) 
RA patients had a flare, and 66 out of 170 (38.8%) other 
autoimmune rheumatologic disease patients developed 
a flare. The pooled data suggested that patients with RA 
had a statistically significant greater risk of flares than 
patients with other rheumatologic PADs did (RR = 1.35, 
95% CI 1.03–1.77) (Fig. 8A).

We compared the incidence of new-onset irAEs 
between patients with RA and patients with other auto-
immune rheumatologic diseases. Sixteen out of 60 

(26.7%) RA patients experienced new-onset irAEs, and 
35 out of 90 (38.8%) other autoimmune rheumatologic 
disease patients experienced new-onset irAEs. Com-
pared to patients with other autoimmune rheumatologic 
diseases, patients with RA had a similar risk of new-onset 
irAEs (RR = 0.62, 95% CI 0.37–1.03) (Fig. 8B).

With respect to the ORR and DCR for different rheu-
matologic diseases, there was also no significant dif-
ference between RA patients and other rheumatologic 
PAD patients (RR = 1.07, 95% CI = 0.30–3.89 for ORR; 
RR = 0.56, 95% CI = 0.22–1.42 for DCR) (Fig. 8C and D).

Publication bias and sensitivity analysis
No obvious publication bias was observed through fun-
nel plots or Begg’s or Egger’s tests (supplementary Fig. 6), 
indicating the robustness of our study. The sensitivity 
analyses revealed that no single study could significantly 
influence our results, which are illustrated in Supplemen-
tary Fig. 7.

Fig. 4  The pooled incidence rate of any-grade new onset irAEs
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Discussion
PD1/PD-L1 and CTLA-4 are the fundamentals of 
immune regulation [42]. Although ICIs, including anti-
bodies against PD-1/PD-L and CTLA-4, have yielded 
satisfying outcomes in terms of patient survival, they can 

also disrupt self-tolerance and lead to unique irAEs [43, 
44]. With the widespread application of ICIs in patients 
with advanced malignant tumors, irAEs caused by 
ICIs have been adequately discussed in a series of clini-
cal trials [45, 46]. Translational studies have shown that 

Fig. 6  Pooled effect estimates for ICI-treated patients with rheumatologic PAD: (A) ORR; (B) DCR. ORR: objective response rate; DCR: disease control rate

 

Fig. 5  The pooled incidence rate of discontinuation due to flares or new onset irAEs
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Fig. 8  Relative risk in patients with RA compared to those with other autoimmune rheumatologic diseases: (A) flare; (B) new-onset irAEs; (C) ORR; (D) 
DCR. ORR: objective response rate; DCR: disease control rate

 

Fig. 7  Relative risk in patients with rheumatologic PAD receiving anti-rheumatic treatment at the start of ICI therapy compared with those not receiving 
treatment: (A) flare; (B) new-onset irAEs; (C) ORR; (D) DCR. ORR: objective response rate; DCR: disease control rate
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multiple pathways, such as cytokine, autoreactive T-cell 
and autoantibody pathways, may affect the develop-
ment of irAEs [42]. However, the safety and efficacy of 
ICIs in patients with rheumatologic PAD are unknown, 
as these patients have largely been excluded from clini-
cal trials because of the increased risk of flares. Given the 
negligible number of rheumatologic PAD patients who 
may benefit from ICI therapy, an accurate determination 
of the risk-benefit ratio of ICIs in rheumatologic PAD 
patients is crucial. To our knowledge, our meta-analysis 
is the first study to investigate this issue. In this meta-
analysis, we conducted a meta-analysis of 23 studies to 
investigate the impact of rheumatologic PAD on TirAEs, 
flares, new-onset irAEs and treatment efficacy in patients 
treated with ICIs. Overall, in this meta-analysis, the 
pooled incidence of TirAEs was 64% (95% CI 55%-72%). 
In addition, the incidence of TirAEs was 77% in the anti-
CTLA-4 therapy group and 58% in the anti-PD-1/PD-L1 
therapy group.

Immune cells in the system affected by PAD are gen-
erally abnormally activated, and this system is prone to 
adverse reactions when patients receive drugs to manip-
ulate the immune environment. In contrast, when the 
immune cells of other systems unrelated to PAD are in 
a normal status, the frequency of irAEs is similar to that 
in the normal population. A recent study from Cai et al. 
[47] indicated that PAD patients tended to experience 
irAEs in the same system involved in PAD, whereas the 
incidence of irAEs concerning other systems that were 
not affected by PAD was similar to the incidence of irAEs 
in the non-PAD group. In this meta-analysis, we also 
reached a similar conclusion: the incidence of flares (41%) 
was greater than the incidence of new-onset irAEs (33%). 
The incidences were 7% (95% CI 2%-14%) for Grade 3–4 
flares and 12% (95% CI 9%-15%) for Grade 3–4 new-
onset irAEs. In addition, 24% of patients discontinued 
ICIs because of rheumatologic PAD flares or new-onset 
irAEs. Notably, permanent discontinuation of ICIs may 
be required because of severe irAEs. Rheumatologic PAD 
patients require close monitoring for irAEs.

Several previous studies [48, 49] have shown that irAEs 
caused by ICIs are associated with improved treatment 
outcomes in cancer patients. Thus, some researchers 
speculate that PAD patients may benefit more from ICIs 
due to their tendency toward immune activation. In this 
meta analysis, the pooled ORR was 30% and DCR was 
44% in rheumatologic PAD patients. Additionally, our 
results showed that flares of potential rheumatologic 
PAD did not have an association with the ORR (RR = 1.14, 
95% CI 0.62–2.08). It is necessary to interpret the results 
with caution due to selection bias. Patients with a good 
prognosis may not be treated with ICIs in order to avoid 
flares of PAD, while patients with a poor prognosis have 
no choice but to receive ICIs. Due to the heterogeneity 

of tumor type and tumor stage, we did not further clas-
sify the patients into subgroups based on these factors. 
More prospective studies focused on specific tumor type 
are required.

A meta-analysis of Xie et al. involving diverse PAD 
patients revealed that the pooled incidence of flares was 
35% (95% CI 29–41%), and compared with other sys-
temic PAD patients, rheumatologic PAD patients had an 
increased risk of flares; however, these two groups were 
not significantly different [15]. In the present study, the 
pooled rate of underlying rheumatologic disorder relapse 
(41%) was greater than that in the previous meta-analysis. 
A meta-analysis involving 123 patients also revealed that 
RA flares were the most common [16]. Previous stud-
ies have verified that the expression of PD-1 and PD-L1 
is significantly elevated in both early and established RA 
and that the expression of PD-1 is correlated with the 
severity of synovial inflammation [50, 51]. In addition, 
the expression and function of CTLA-4 have been con-
firmed to be likely related to the pathogenesis of RA [52]. 
Similarly, the PD-1/PD-L1 and CTLA-4 pathways also 
play roles in the pathophysiology of other rheumatologic 
PADs, such as myositis, SLE and Sjögren syndrome [53, 
54]. A possible explanation for the greater rate of flares in 
RA patients was that RA had a stronger connection with 
the PD-1/PD-L1 and CTLA-4 pathways than other PADs. 
Another possible explanation was the difference in the 
use of anti-rheumatic drugs between RA and other rheu-
matic diseases. Rheumatologists commonly use metho-
trexate, biologics, and JAK inhibitors for RA, which are 
typically discontinued when patients are diagnosed with 
cancers. However, for other rheumatic diseases, glu-
cocorticoids still play a central role. When patients are 
diagnosed with cancers, glucocorticoids are often con-
tinued because they cannot be abruptly discontinued. 
In this meta-analysis, further exploration of relapses 
between RA and other subtypes revealed that the rate of 
flares in RA patients was statistically significant higher 
than patients with other rheumatologic diseases. Due to 
the significant heterogeneity in diagnosis of flares iden-
tified by different clinicians, the higher rate of flares in 
the RA population needed to be further confirmed based 
on individual level data. Interestingly, the rate of new-
onset irAEs in RA patients was not greater than that in 
other rheumatologic PAD patients, which was exactly the 
opposite of the rate of flares. The contradictory effects of 
ICIs on flares and new-onset irAEs suggest that there are 
different mechanisms that lead to the occurrence of flares 
and new-onset irAEs.

We further conducted subgroup analyses to investi-
gate whether region and ICI type had an impact on the 
safety of ICIs. We found that regional factors may influ-
ence drug safety assessments. The incidence of TirAEs 
and flares in the Australian population was significantly 
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greater than that in other regions. Patients from dif-
ferent regions may have various ethnic backgrounds, 
disparate treatment standards, different geographic envi-
ronments, and CTLA-4 gene polymorphisms [53]. These 
factors may lead to differences in clinical outcomes. In 
addition, after removing the two Australian studies, the 
pooled results were only slightly lower than before. The 
small sample size and low weight of the Australian stud-
ies could explain this phenomenon. In the subgroup 
analysis of new-onset irAEs stratified by region, only one 
study was included in Australia, so no significant results 
were obtained. With knowledge of this difference, fur-
ther race-conscious research is urgently needed to con-
firm the association between geographical region and the 
safety of ICIs.

Regarding the types of ICIs, flares occurred more 
often in the anti-CTLA-4 therapy group than in the 
anti-PD-1/PD-L1 therapy group. We also found a 
similar trend in the subgroup analysis of the TirAEs. 
These findings was consistent with the conclusion that 
the risk of any grade of irAEs was greater in the anti-
CTLA-4 therapy group than in the anti-PD-1/PD-L1 
therapy group in the general cancer population [55]. 
However, another meta-analysis conducted by Abdel-
Wahab et al. reached the contradictory conclusion that 
the rate of flares in patients receiving anti-PD-1 ther-
apy was greater than that in patients receiving anti-
CTLA-4 therapy [16]. This disparate result may be due 
to the difference in the types of autoimmune diseases 
between our meta-analysis and previous meta-anal-
ysis and the small sample size of the previous study. 
Another potential confounding factor for these results 
was the imbalance in terms of the number of patients 
receiving different ICI regimens in this meta-analysis. 
There were 11 studies that included 159 patients who 
received anti-PD-1/PD-L1 therapy, while there were 
only 3 studies that included 32 patients who received 
anti-CTLA-4 therapy. The number of patients receiv-
ing anti-PD-1/PD-L1 monotherapy was significantly 
greater than that receiving anti-CTLA-4 monotherapy. 
The fact that treatment regimens were not balanced 
in rheumatologic PAD patients may have affected the 
results.

Horvat et al. reported that the use of corticosteroids for 
the treatment of irAEs in cancer patients was not associ-
ated with the efficacy of ICIs [56]. In this meta-analysis, 
we examined the association between the use of base-
line anti-rheumatic therapy for rheumatic disease and 
patient outcomes. The results suggested that the inci-
dence of flares, incidence of new-onset irAEs and ORR 
in patients with baseline anti-rheumatic therapy at the 
start of treatment were similar to those in patients with-
out anti-rheumatic therapy, in line with prior studies 
focused on patients with diverse PADs [28, 30]. However, 

Arbor et al. [57] reported that the use of baseline cortico-
steroids had a negative influence on the efficacy of ICIs. 
The underlying mechanism may be that baseline corti-
costeroid treatment weakened the proliferative burst of 
CD8-positive T cells required in response to ICIs. The 
impact of anti-rheumatic therapy on irAEs and outcomes 
may be different for patients receiving different types 
of anti-rheumatic therapy for their rheumatologic dis-
eases. However, because the anti-rheumatic therapy regi-
mens used in each study were not uniform and included 
hydroxychloroquine, methotrexate, prednisone, azathio-
prine, etanercept, and sulfasalazine, we did not stratify 
patients according to the type of anti-rheumatic therapy. 
This phenomenon needs to be further studied in future 
research. Notably, due to retrospective nature of the 
most included studies, there was inherent selection bias 
in evaluating the impact of baseline anti-rheumatic treat-
ment. Patients with higher risk of flares or active rheuma-
tologic PAD were more likely to require anti-rheumatic 
therapy.

There are also several factors that may affect the safety 
and effectiveness of ICIs in rheumatologic PAD patients. 
First, patients who have clinically active disease or more 
severe disease at the time of ICI therapy may have a 
greater rate of flares [18, 28]. However, only two articles 
have reported whether rheumatologic PAD patients have 
active symptoms, making comparisons of associations 
between different activities at baseline and outcomes 
difficult. Second, the incidence of irAEs may be affected 
by treatment strategies. A previous meta-analysis sug-
gested that ICIs combined with chemotherapy reduce 
the incidence of irAEs in advanced NSCLC patients com-
pared with that of ICI monotherapy, possibly due to the 
immunosuppressive effect of chemotherapy. Bone mar-
row suppression by chemotherapy may limit immune 
system overactivation [58]. There was no detailed expla-
nation of whether systemic chemotherapy was admin-
istered prior to ICI therapy or during ICI therapy in the 
included studies. Therefore, subgroup analysis based on 
treatment strategies could not be carried out. In addition, 
due to a lack of data, the impacts of sex, stage, line of 
ICI treatment, presence of PAD-related autoantibodies, 
ICIs type, drug dose, underlying disease type, underlying 
disease activity, comfort of treating physicians, patient 
preference and timing of cancer diagnosis on outcomes 
were not assessed. Discussing the association between 
these potential influencing factors and irAEs will be the 
research area of future studies.

To date, our study is the first meta-analysis to eval-
uate the safety and efficacy of ICIs in patients with 
rheumatologic PAD and fill gaps in knowledge. Unlike 
previous studies, this study specifically focused on 
individuals with rheumatologic PAD rather than indi-
viduals with various immune diseases. Our study can 
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reduce heterogeneity caused by PADs in different sys-
tems. Immune-mediated endocrine dysfunction, such 
as thyroid dysfunction, is one of the most common 
irAEs and does not hinder further treatment with ICIs 
[59]. If the PAD included the endocrine PAD patient 
subtypes, there was a confounding effect on the results 
[60]. In addition, we further discussed the impact of 
risk factors such as region, type of ICI, and rheumato-
logic disease subtype on the safety and effectiveness of 
ICIs and provided a reference for clinical physicians to 
identify high-risk populations.

However, there are certain limitations to the present 
study. First, almost all the included studies were single-
arm observational studies, and patient information was 
obtained from the patients’ medical records. In such 
studies, incomplete reports may lead to an underesti-
mation of the incidence of irAEs. Second, the largest 
confounding factor was not addressed in the included 
studies. There are no unified standards in terms of 
patients with PAD who were offered ICIs. Compared to 
patients with active disease requiring immunosuppres-
sants and with better prognosis cancers, clinicians prefer 
to use ICIs in patients who are inactive and not receiving 
immunosuppressive therapy and who have a worse prog-
nosis. Most included patients had quiescent disease and 
inactive symptoms in some studies, while patients with 
more severe rheumatic disease were under-represented, 
resulting in selection bias in this meta-analysis. Third, 
there was another large confounding by indication bias in 
our meta-analysis. Some authors of the included studies 
were rheumatologists, and for patients with less severe 
disease who were not referred for rheumatologic assess-
ment and were managed by the oncology team, such 
patients may not be included. Only patients with symp-
toms significant enough to be referred for the assistance 
of rheumatologists were reported by rheumatologists. 
Finally, the final sample size was relatively small, although 
all studies reporting the safety and effectiveness of ICIs 
for the treatment of rheumatologic PAD were included, 
which may limit the generalizability of our results. More 
large-scale prospective studies are necessary to improve 
the level of evidence.

Conclusions
Patients with rheumatologic PAD, particularly those 
with RA, appear susceptible to relapses of their under-
lying disease following ICI therapy. However, ICIs were 
efficacious for cancer patients with rheumatologic PAD. 
The frequency of flares significantly differed according 
to the type of ICI and region. Rheumatologic PAD is not 
an absolute contraindication for ICIs. Physicians should 
carefully assess the individual risk of each patient based 
on the type, activity, and severity of PAD. Close monitor-
ing and timely management by a multidisciplinary team 

are paramount for patients with an elevated risk of PAD 
flares. Further large-scale prospective studies adjusting 
for various confounding factors are essential to validate 
these results and identify predictive markers for irAEs 
and efficacy in rheumatologic PAD patients.
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