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Backgrounds
Immune checkpoint inhibitors (ICIs) block the 
inhibitory signals suppressing T cell activation 
generated by tumor. Recent use of ICIs has dras-
tically improved the survival of cancer patients. 
Ipilimumab, a monoclonal antibody targeting the 
cytotoxic T-lymphocyte-associated antigen-4 

(CTLA-4) protein receptor that inactivates T-cell 
recognition and proliferation against cancer cells, 
was approved for the treatment of melanoma in 
2011 by the U.S. Food and Drug Administration.1,2 
Nivolumab, which is another type of ICI that 
enhances T cells to attack tumor cells by inhibit-
ing programmed death-ligand 1 (PD-L1) from 
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Abstract
Background: No meta-analysis has assessed the pooled frequencies of adverse events (AEs) 
induced by concomitant nivolumab plus ipilimumab regimen for anticancer-medications-naïve 
malignancies. Furthermore, no meta-analysis has compared detailed safety profiles between 
four doses of nivolumab 3 mg/kg plus ipilimumab 1 mg/kg every 3 weeks (N3I1) and four 
doses of nivolumab 1 mg/kg plus ipilimumab 3 mg/kg every 3 weeks (N1I3). Objectives of this 
study was estimating AE frequencies, and comparison of AE frequencies between N3I1 and 
N1I3 regimens.
Methods: Four major electronic databases were searched; both interventional and 
observational studies were included. All primary cancer types were permitted. Patients should 
not have been previously treated with any anti-cancer medications. The frequency of AEs was 
pooled using a random-model meta-analysis using the generic inverse variance method. 
Protocol registration: UMIN000044090.
Results: Forty articles representing 48 populations with 4,677 patients were included in 
the study. The pooled frequencies for key indicators were as follows: any AE, 81.3% (95% 
confidence interval (CI) 77.5-85.1); grade 3 or higher AE, 40.6% (95% CI: 35.7–45.5); serious 
AE, 32.7% (95% CI: 22.4–43.1); AE leading to discontinuation, 28.3% (95% CI: 23.7–32.8); and 
treatment-related death, 0.7% (95% CI: 0.4–1.1). AEs with the highest incidence were fatigue 
(27.9%, 95% CI: 22.6–33.3), followed by diarrhea (26.0%, 95% CI: 21.5–30.5), pruritus (24.6%, 
95% CI: 20.3–28.8), rash (24.0% 95% CI: 19.3–28.7), and elevated aspartate aminotransferase 
(21.2%, 95% CI: 14.9–27.5). Subgroup analyses demonstrated that N3I1, compared to N1I3, 
less frequently induced any AE (N1I3 95.7%, N3I1 84.5%, p = 0.003), grade 3 or higher AE (N1I3 
64.3%, N3I1 35.7%, p < 0.001), and serious AE (N1I3 61.4%, N3I1 47.8%, p = 0.004).
Conclusions: Approximately 40% of patients had grade 3 or higher AE. The N3I1 regimen was 
substantiated to trigger fewer any AEs, high grade AEs, and serious AE than the N1I3 regimen.
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binding to programmed cell death protein-1 (PD-1), 
was subsequently developed in adjunct to ipili-
mumab and has been approved for many types of 
major malignancies.1 ICIs were first used in the 
form of a single-agent regimen; however, trials 
suggested possible advantages of combined ICI 
regimens over single-agent regimens.1 Among 
these, the nivolumab-ipilimumab combination is 
one of the most commonly used regimens. 
Frontline setting phase III trials revealed pro-
longed survival of patients with treatment-naïve 
malignant pleural mesothelioma,3 renal cell carci-
noma,4 non-small cell lung cancer,5 and mela-
noma6 who were treated with this particular 
combination regimen. In addition, this combina-
tion regimen has also been explored for recurrent 
cancers7,8 and in perioperative settings.9,10

The combination of nivolumab and ipilimumab is 
known to be highly effective in treating some can-
cers, but there are significant concerns about its 
safety profile.11 A few systematic reviews and 
meta-analyses have evaluated the safety profile of 
the nivolumab plus ipilimumab regimen.12–15 
However, these reviews did not focus on the first-
line setting and included sequential regimens. 
Thus, no meta-analysis has assessed the pooled 
frequencies of AEs induced by concomitant 
nivolumab plus ipilimumab regimens for chemo-
naïve ICI-naïve cancers. Furthermore, no meta-
analysis has compared the safety profiles among 
various nivolumab plus ipilimumab regimens. 
Currently, the most common dual ICI regimen is 
four courses of nivolumab 1 mg/kg plus ipili-
mumab 3 mg/kg every 3 weeks (N1I3 q3w x4). 
However, another regimen, four courses of 
nivolumab 3 mg/kg plus ipilimumab 1 mg/kg 
every 3 weeks (N3I1 q3w x4), has been reported 
to cause fewer grade 3 or higher AEs in a phase III 
trial.16 Another randomized phase II melanoma 
study, OpACIN-neo, suggested that N3I1 q3w 
x2 might induce less grade 3 or higher AE than 
N1I3 q3w x2.9 Since the nivolumab plus ipili-
mumab combination regimen is becoming the 
standard of care for various malignancies, clini-
cians need to know the AE profile in detail. 
However, no systematic review has evaluated 
organ-specific AEs triggered by the combination 
of nivolumab and ipilimumab combination. The 
current systematic review and meta-analysis 
aimed to clarify per-person frequencies of AEs 
due to nivolumab plus ipilimumab used in 
patients without previous anticancer-medication 
treatment.

Methods

Protocol registration
The protocol of this systematic review, in compli-
ance with Meta-analyses Of Observational 
Studies in Epidemiology guidelines (Supplemental 
material Table 1), was registered in the University 
Hospital Medical Information Network (UMIN) 
Center website (ID: UMIN000044090).17,18

Study search
The electronical database search formula for 
PubMed, Web of Science Core Collection, 
Cochrane Advanced Search, and EMBASE are pre-
sented elsewhere (Supplemental material Text 1). 
We searched these databases on April 27, 2021. 
Additional manual searches were independently 
conducted by two review authors (K.S. and 
N.H.).

Potentially included research articles were screened 
and fully checked (K.S. and N.H.). A third author 
was involved in the discussion when the two 
authors could not resolve the disagreement.

Publication type and trial design
We allowed both interventional and observational 
studies. However, case reports were excluded. 
Only articles written in English were considered 
eligible. Both full articles and conference abstracts 
were permitted.

Patients
All primary cancer types were permitted because 
it does not largely affect the safety profile, as long 
as the same regimen was selected. Patients should 
not have been previously treated with anti-cancer 
medications such as cytotoxic drugs, molecular 
targeted therapy, or ICIs. No restrictions were set 
for performance status or age. Patients who 
underwent transplantation were excluded from 
the study.

Treatment
Concurrent nivolumab plus ipilimumab combi-
nation therapy, regardless of dosing and schedul-
ing, was the main treatment concern. Concomitant 
administration of cytotoxic agents, molecular-
targeted medications, and other ICIs was prohib-
ited in our analysis. Consequent administration 
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of nivolumab and ipilimumab, such as three 
cycles of nivolumab followed by three cycles of 
ipilimumab, was not accepted. The dose, sched-
uling, and total number of administrations of the 
nivolumab plus ipilimumab regimen were not 
questioned. Treatment with radiotherapy was not 
allowed in our analysis. Adjuvant and neoadju-
vant perioperative therapies were accepted.

Quality assessment
The Newcastle-Ottawa Quality Assessment 
Scale for cohort studies was used for quality 
assessment.19

Outcomes
Pooled binomial frequencies of key AE indicators 
(any AE, grade 3 or higher AE, serious AE, AE 
leading to discontinuation, and treatment-related 
death) were pooled. In addition, 22 specific AEs, 
such as alanine aminotransferase elevation and 
diarrhea were reported.

Data extraction
Key study characteristics such as author name, 
publication year, country of origin, study name, 
and number of patients were extracted by two 
review authors (K.S. and N.H.). If one study 
assessed two or more of nivolumab plus ipili-
mumab regimens provided AE profile for each 
regimen, then these regimens were counted in 
different populations. If necessary, author groups 
were contacted via e-mail for detailed data.

Subgroup analysis
Subgroup analyses focusing on N1I3 q3w x4 and 
N3I1 q3w x4 were performed. Maintenance 
treatment after the four doses of these treatments 
were ignored for the subgroup analysis.

Statistics
The frequency of each AE was pooled using a 
random-model meta-analysis utilizing the generic 
inverse variance method (RevMan ver 5.4. 
Cochrane Collaboration, London, UK). Standard 
error was calculated using Agrestia’s method.20 
Subgroup differences were expressed using the p 
value for heterogeneity based on the RevMan 
random-model analysis, with a significance 
threshold of p < 0.05. Heterogeneity was assessed 
using I2 statistics.

Results

Study selection process
An electronic search using four major databases 
detected 1,478 articles, and manual searching 
identified four additional articles (Figure 1). After 
duplication removal (n = 662), screening of title 
and abstracts (n = 402) and full text (n = 378), 40 
eligible articles representing 48 populations were 
finally regarded as eligible for quantitative analy-
sis (Figure 1, Supplemental material Table 2).

Study characteristics
Of the 40 reports, 22 were full articles, 17 were 
conference abstracts, and one was a letter article. 
More than half of the articles were from the 
United States (n = 22); the rest were from the 
Netherlands (n = 5), Japan (n = 4), France 
(n = 2), Spain (n = 2), and other countries (n = 5) 
(Table 1). The eligible articles included five phase 
I studies, one phase Ib/II study, thirteen phase II 
studies, four phase III studies, two phase IIIb/IV 
studies, and one phase IV study, and eleven retro-
spective reports, whereas some did not describe 
study phase (Table 1). Melanoma was the most 
frequently studied (n = 19), followed by renal cell 
carcinoma (n = 9), non-small cell lung cancer 
(n = 8), colorectal cancer (n = 1), hepatocellular 
carcinoma (n = 1), malignant pleural mesotheli-
oma (n = 1), oral cavity carcinoma, and soft tissue 
sarcomas (n = 1). The majority of studies (n = 28) 
evaluated first-line nivolumab plus ipilimumab, 
whereas five studies were for adjuvant therapy, six 
were for neoadjuvant treatment, and another 
reported AE from neoadjuvant and adjuvant ther-
apies collectively. The article-level median score 
of the Newcastle-Ottawa quality assessment scale 
was 4 ranging from 3 to 6. The total number of 
patients analyzed patients was 4,677 (Table 1).

Since data of two nivolumab plus ipilimumab reg-
imens were obtained from five articles and another 
article independently presenting data of four arms, 
we eventually analyzed 48 independent popula-
tions (Table 1, Figure 1). The population sized 
ranged from 9 to 576, with a median of 46.

Key adverse event indicators
Random-model meta-analysis using data of 
4,224 patients from 35 populations suggested 
that the pooled frequency of any AE was 81.3% 
(95% confidence interval (CI): 77.5–85.1) 
(Table 2, Supplemental material Figure 1). The 
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pooled frequency of grade 3 or higher AE in 38 
populations (n = 4,044) was 40.6% (95% CI: 
35.7–45.5) (Table 2, Supplemental material 
Figure 2). Analysis of 11 populations with 1,740 
cancer patients showed an estimated frequency 
of serious AEs of 32.7% (95% CI: 22.4–43.1) 
(Table 2, Supplemental material Figure 3). 
Discontinuation due to AE was deemed to occur 
in 28.3% (95% CI: 23.7–32.8) of patients who 
were treated with nivolumab plus ipilimumab 
(33 populations, 4146 patients) (Table 2, 

Supplemental material Figure 4). Our meta-
analysis of 4,272 patients from 38 populations 
suggested that the nivolumab plus ipilimumab 
regimen caused treatment-related death in 0.7% 
(95% CI: 0.4–1.1) of patients in the nivolumab 
plus ipilimumab arm (Table 2, Supplemental 
material Figure 5).

Sensitivity analyses focusing RCT were presented 
in Supplemental material Table 3. According to 
this sensitivity analysis, frequency of any AE 

Figure 1. The Preferred Reporting Items for Systematic Reviews and Meta- analyses flow chart.
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Table 2. Estimated incidence of adverse events.

N n Incidence (95% CI)

Key adverse event indicators

 Any AE 35 4,224 81.3 (77.5–85.1)

 Grade 3 or higher AE 38 4,044 40.6 (35.7–45.5)

 Serious AE 11 1,740 32.7 (22.4–43.1)

 AE leading to discontinuation 33 4,146 28.3 (23.7–32.8)

Treatment-related death 38 4,272 0.7 (0.4–1.1)

Gastrointestinal

 Aspartate aminotransferase 14 1,659 21.2 (14.9–27.5)

 Alanine aminotransferase 14 1,659 18.1 (13.1–23.2)

 Amylase 11 1,033 9.4 (6.2–12.7)

 Lipase 15 2,457 11.9 (8.7–15.2)

 Diarrhea 23 3,594 26.0 (21.5–30.5)

 Colitis 16 2,053 8.2 (5.5–10.8)

 Decreased appetite 15 2,792 12.1 (10.3–14.0)

 Nausea 22 3,547 15.1 (12.1–18.1)

 Vomiting 15 2,527 8.6 (5.9–11.4)

Dermatological

 Rash 21 3,242 24.0 (19.3–28.7)

 Maculopapular rash 12 1,877 12.4 (8.8–16.0)

 Vitiligo 7 944 7.1 (5.3–8.8)

 Pruritus 18 2,832 24.6 (20.3–28.8)

Hormonal

 Hypothyroidism 20 3,190 13.1 (11.2–15.1)

 Hyperthyroidism 15 1,701 11.0 (7.7–14.4)

 Adrenal insufficiency 12 1,091 4.8 (2.8–6.7)

 Hypopituitarism 6 335 9.5 (5.7–13.2)

Other adverse events

 Fatigue 23 3,555 27.9 (22.6–33.3)

 Pyrexia 17 1,282 14.8 (10.7–18.9)

 Headache 11 1,035 13.5 (9.9–17.1)

 Arthralgia 12 830 9.6 (6.5–12.7)

 Pneumonitis 13 1,386 6.5 (5.1–7.9)

Incidence (95% CI), pooled incidence using random-model meta-analysis and its 95% CI. AE, adverse event; CI, confidence 
interval; N, number of populations; n, number of patients.
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Figure 2. Forest plots to compare N1I3 and N3I1 regimens for key adverse event indicators. (a) Any adverse event, (b) grade 3 or 
higher adverse event, (c) serious adverse event, (d) adverse event leading to discontinuation, and (e) treatment-related death.
AE, adverse event; IV, generic inverse variance; N1I3 q3w x4, four doses of nivolumab 1 mg/kg plus ipilimumab 3 mg/kg every 3 weeks; N3I1 q3w x4, 
four doses of nivolumab 3 mg/kg plus ipilimumab 1 mg/kg every 3 weeks; 95% CI, 95% confidence interval.
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(91.4%) was higher than estimated by the main 
analysis above. For the other key indicators, 95% 
CI from both analyses overlapped.

Specific adverse events
Fatigue had the AE with the highest pooled inci-
dence of 27.9% (95% CI: 22.6–33.3) (Table 2). 
Gastrointestinal AEs, including diarrhea (26.0%, 
95% CI: 21.5–30.5) and aspartate aminotrans-
ferase elevation (21.2%, 95% CI: 14.9–27.5) 
were also observed in more than 20% of patients. 
Nearly a quarter of the evaluated patients experi-
enced pruritus (24.6%, 95% CI: 20.3–28.8) and 
rash (24.0% 95% CI: 19.3–28.7). Among hormo-
nal AEs, hypothyroidism (13.1%, 95% CI: 11.2–
15.1) was the most frequently observed, followed 
by hyperthyroidism (11.0%, 95% CI: 7.7–14.4), 
and hypopituitarism (9.5%, 95% CI: 5.7–13.2) 
(Table 2).

Safety comparison of N1I3 q3w x4  
and N3I1 q3w x4
Subgroup analyses demonstrated that N3I1 q3w 
x4 regimen, compared to N1I3 q3w x4 regimen, 
less frequently induced any AE (N1I3, 8 popula-
tions, 826 cases, estimated 95.7%, 95% CI: 93.9–
97.5; N3I1, 3 populations, 779 cases, estimated 
84.5% 95% CI: 74.8–94.2; p = 0.003) (Figures 2 
and 3). Furthermore, grade 3 or higher AEs (N1I3, 
9 populations, 836 cases, estimated 64.3%, 95% 
CI: 55.7–72.9; N3I1, 4 populations, 800 cases, 
estimated 35.7%, 95% CI: 25.8–45.6; p < 0.001) 
and serious AEs (N1I3, 3 populations, 285 cases, 
estimated 61.4% 95% CI: 55.8–67.0; N3I1, 1 
population, 180 cases, estimated 47.8% 95% CI: 
40.6–55.1; p = 0.004) were less common among 
patients who were treated with the N3I1 q3w x4 
regimen (Figures 2 and 3). No difference was 
observed in AE leading to discontinuation (N1I3, 
12 populations, 1,040 cases; 4 populations, 799 
cases; p = 0.96) or treatment-related death (N1I3, 
8 populations, 870 cases; N3I1, 5 populations, 
852 cases; p = 0.07) (Figures 2 and 3).

According to the two RCTs that directly com-
pared N3I1 and N1I3, any AE, grade 3 or higher 
AE, serious AE were less frequently observed in 
N3I1 arm (Supplemental material Figure 6). 
Among the 22 specific AEs, no AE was frequent 
in N3I1 populations, whereas seven AEs were 
more frequent in N1I3 populations: alanine ami-
notransferase (p < 0.001), aspirate aminotrans-
ferase (p < 0.001), diarrhea (p = 0.004), colitis 

(p = 0.005), maculopapular rash (p = 0.01), 
pyrexia (p < 0.001), and headache (p = 0.01) 
(Figure 3, Supplemental material Table 4).

Discussion
This is the first comprehensive systematic review 
focused on chemo-naïve ICI-naïve patients with 
malignancies to clarify the safety profile of the 
combined nivolumab plus ipilimumab regimen. 
More than 80% of patients experienced any AE 

Figure 3. Comparison of adverse event between N1I3 and N3I1 regimens.
An error bar indicates 95% confidence interval. N1I3 q3w x4, four doses of nivolumab 
1 mg/kg plus ipilimumab 3 mg/kg every 3 weeks; N3I1 q3w x4, four doses of 
nivolumab 3 mg/kg plus ipilimumab 1 mg/kg every 3 weeks; NA, not available.
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and approximately 40% of patients experienced 
grade 3 or higher AEs (Table 2). Nearly 30% of 
patients were forced to quit the regimen due to 
AEs. However, treatment-related death occurred 
in 0.7% of the cases (Table 2). Because AEs are 
inevitable for medical cancer treatment and the 
combination therapy enhances toxicity,12,14,15 we 
believe that our data provide useful information 
for physicians, pharmacists, and patients who 
should be aware of the risk-benefit balance when 
considering the combined nivolumab plus ipili-
mumab treatment.

Some published systematic reviews assessed the 
AE caused by the combined nivolumab plus ipili-
mumab regimen.12–15 The first meta-analysis for 
this topic was written by Zhou et  al.14 in 2019. 
They analyzed the data of 2,946 patients from 
four studies and showed that the dual combina-
tion treatment increased immune-related AEs 
and higher-grade immune-related AEs.14 Another 
systematic review by Almutairi et al.12 compared 
immune-related AsE caused by ICI monothera-
pies (nivolumab or ipilimumab) and ICI combi-
nation therapies. They also alerted clinicians 
about increased risks of AEs due to the combina-
tion therapies.12 Furthermore, Liu et  al.15 con-
ducted a network meta-analysis comparing 
numerous kinds of treatments joining chemother-
apies, ICIs, molecular-targeted medicines, and 
radiotherapy. Results revealed that, compared to 
ICI monotherapy, ICI combination therapy trig-
gered more grade 3 or higher AEs.15 Therefore, 
these three systematic reviews have consistently 
mentioned that combined ICI regimen is gener-
ally more toxic than single ICI therapy; thus, 
identifying dual ICI regimen with less AEs was 
needed. Chen et al.13 reported a systematic review 
and meta-analysis incorporating two studies for 
treatment-naïve cases and six studies for previ-
ously treated cases to compare N1I3 and N3I1 
regimens. Their study revealed that the N3I1 
regimen caused less grade 3 or higher AEs than 
the N1I3 regimen; however, their analysis con-
cluded that both regimens led to similar risks for 
all-grade AEs. A comprehensive meta-analysis 
with a larger number of studies is still needed to 
clarify this discrepancy.

Since the standard dosing of nivolumab plus ipili-
mumab has not yet been established, one of our 
primary interests was to compare two popular 
regimens: N1I3 q3w x4 and N3I1 q3w x4. This 
systematic review clarified that the N3I1 q3w x4 
regimen induced fewer AEs than the N1I3 q3w 

x4 regimen. Along with safety profile, efficacy is 
another main concern when comparing the two 
regimens. CheckMate 511 revealed almost com-
patible progression-free survival (hazard 
ratio = 1.06), overall survival (hazard ratio = 1.09), 
and objective response rate among the two first-
line regimens for advanced melanoma.16 The 
OpACIN-neo study also showed compatible radi-
ological and pathological response rates between 
two doses of the regimens as a neo-adjuvant treat-
ment for melanoma.9 Khushalani et  al.21 per-
formed a trial concerning adjuvant therapy for 
resected melanoma Results revealed that the 
relapse rate and activity were similar for the two 
regimens. So far, the majority of researchers have 
selected the N1I3 regimen (Table 1); however, 
the N3I1 regimen seems to be the safer option 
(Figures 2 and 3).9,16,21 In 2013, Wolchok et al. 
reported a phase I study determining the best 
dose for nivolumab and ipilimumab combination. 
In this study, N1I3 q3w x4 (any AE, 100%; 
grades 3–4 AE, 65%; objective response rate, 
53%; aggregate clinical activity rate, 65%) 
resulted in similar efficacy and trend toward 
poorer treatment-related safety profile than N3I1 
q3w x4 (any AE, 81%, grades 3–4 AE 44%; 
objective response rate, 40%; aggregate clinical 
activity rate, 73%).22 For melanoma patients, 
N1I3 regimen and N3I1 regimen indicated simi-
lar efficacy. Therefore, future phase III trial were 
warranted to address the relative efficacy for 
numerous cancers. In any case, a less toxic N3I1 
regimen could be a reasonable option for patients 
with poor performance status and as well as for 
the elderly.

In addition to melanoma, the nivolumab plus ipil-
imumab combination is considered as the first-
choice regimen for advanced non-small-cell lung 
cancer, renal cell carcinoma, and malignant pleu-
ral mesothelioma based on the CheckMate tri-
als.3–5 The Open-label CheckMate 227 phase III 
trial assigned patients with non-small-cell lung 
cancer to the nivolumab plus ipilimumab combi-
nation and standard chemotherapies. Patients in 
the ICI combination arm had longer overall sur-
vival (hazard ratio, 0.79; 95% CI: 0.65–0.96).5 
Furthermore, the CheckMate 214 trial compared 
the first-line N3I1 q3w x4 regimen and sunitinib 
for advanced renal cell carcinoma. In this phase 
III study, the dual ICI therapy led to improved 
response rate and overall survival.4 According to 
the CheckMate 743 phase III trial with 605 rand-
omized malignant pleural mesothelioma cases, 
combined nivolumab-ipilimumab therapy resulted 
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in longer survival than the standard chemother-
apy.3 Therefore, nivolumab plus ipilimumab com-
bination will be the first choice for a wider variation 
of carcinomas, where detailed AE data from this 
treatment becomes more useful.

One serious limitation of our study is that our 
regimen comparison was not based on a meta-
analysis of direct comparison based on rand-
omized controlled trials. Nonetheless, we believe 
that the N3I1 regimen is safer because of our 
straightforward analytical method and sufficient 
sample size, 4,677 (Table 1). Furthermore, our 
data did not conflict with those of the previous 
RCTs. CheckMate 511 was a phase III/IV mela-
noma trial assessing whether the N3I1 regimen 
was superior to the N1I3 regimen regarding 
grades 3–5 AE in the front-line setting.16 Both the 
CheckMate 511 trial, which randomized 360 
patients with advanced melanoma, and our analy-
sis with nearly 5,000 cases similarly demonstrated 
that the N3I1 regimen was less toxic regarding 
grade 3 or higher AE (Figures 2 and 3).16 In addi-
tion, OpACIN-neo was a phase II RCT that 
treated 20 patients with each of the N1I3 and 
N3I1 regimens and compared the incidence of 
grades 3–4 AEs as the primary endpoint.9 
Although the OpACIN-neo trial failed to detect 
significantly different AE incidences, it suggested 
a potential difference in grades 3–4 AE incidence: 
40% in the N1I3 arm and 20% in the N3I1 arm.9 
Meta-analyses of direct comparison data from 
two RCTs supported our main finding 
(Supplemental material Figure 6). Another limi-
tation of our study included the heterogeneous 
cancer types and the study designs of the original 
studies. However, this may extend the external 
validity of our data.

In conclusion, this exhaustive systematic review 
summarized the AEs caused by the combined 
nivolumab plus ipilimumab regimen for antineo-
plastic-drug naïve patients, incorporating 4,677 
patients from 48 populations. Our data showed the 
incidence of any AE (81.3%), grade 3 or higher 
AEs (40.6%), serious AEs (32.7%), AEs leading to 
discontinuation (28.3%), treatment-related death 
(0.7%), and 22 specific adverse events. In addi-
tion, the N3I1 q3w x4 regimen was substantiated 
to trigger fewer AEs, high-grade AEs, and serious 
AEs than the N1I3 q3w x4 regimen.
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