
Contents lists available at ScienceDirect

International Immunopharmacology

journal homepage: www.elsevier.com/locate/intimp

A large scale meta analysis identifies common adverse events with
checkpoint inhibitors vs chemotherapy in melanoma patients
Ruyi Zhanga, Xuehui Lia, Zhiyu Youa, Li Jianga, Yaguang Wengb, Qiong Shib, Lin Duc,
Shujuan Yand,⁎

a Department of Clinical Laboratory, First Affiliated Hospital of Guizhou University of Traditional Chinese Medicine, Guiyang 550001, China
b Key Laboratory of Diagnostic Medicine Designated by the Chinese Ministry of Education, Chongqing Medical University, Chongqing 400016, China
c Department of Clinical Laboratory, The People's Hospital of Xingyi, Xingyi 562400, China
dDepartment of Clinical Laboratory, Guizhou Provincial People's Hospital, The Affiliated Hospital of Guizhou University, Guiyang, Guizhou Province 550000, China

A R T I C L E I N F O

Keywords:
Melanoma
Immunotherapy
Checkpoint inhibitor
Adverse effect

A B S T R A C T

Background: A meta-analysis was performed to assess the risk of common adverse events in melanoma patients
treated with checkpoint inhibitors.
Methods: Eligible studies were downloaded from PubMed, Embase, and Cochrane databases based on an es-
tablished strategy. Review manager version 5.3 was used to analyze data.
Results: After exclusion of ineligible studies, six studies were finally included in the meta-analysis, which
comprised of 2136 patients in intervention group and 1773 patients in control group. There was a difference in
low grade risk of pruritus (OR 5.63, 95% CI 2.92–10.85, P < 0.00001), diarrhea/colitis (OR 1.51, 95% CI
1.09–2.09, P=0.01), but not fatigue (low grade, OR 0.96, 95% CI 0.72–1.29, P=0.80; high grade, OR 0.72,
95% CI 0.23–2.24, P=0.57) and some high grade risk between the intervention group and control group.
Subgroups analysis revealed that low grade risk of pruritus (OR 8.17, 95% CI 4.29–15.55, P < 0.00001) and
high grade risk of pruritus (OR 7.08, 95% CI 1.25–40.09, P=0.03) were significantly different between patients
treated with chemotherapy and those treated with checkpoint inhibitors. But fatigue and diarrhea/colitis were
not different between the two groups.
Conclusion: Checkpoint inhibitors are associated with a higher risk in some side effects than chemotherapy in
melanoma patients. Therefore, strategies that reduce the risk of adverse events in patients taking checkpoint
inhibitors should be developed.

1. Introduction

Malignant melanoma is a skin disease that originates from mela-
nocytes [1]. The most common type is cutaneous malignant melanoma.
Recent decades have witnessed an increase in the incidence of malig-
nant melanoma cases, with an estimated 232,100 (1.7%) new cases
diagnosed annually globally, with about 55,500 (0.7%) cases of deaths
[2]. The data collected by the Surveillance Epidemiology and End Re-
sults from the National Cancer Institute indicated that the incidence of
malignant melanoma is steadily increasing among white people, as
reflected by a 60% increase in the last 3 decades [3]. Therefore, ma-
lignant melanoma has become one of the major public health issues and
an important topic in cancer research [4].

There are many therapeutic approaches for melanoma. Classic sys-
temic treatments of metastasized malignant melanoma include

alkylating drugs, such as DTIC (dacarbazine), TMZ (temozolomide) as
monotherapy or combination with platinum compounds, like cisplatin,
carboplatin or other alkylating agents, like fotemustine, melphalan
[5,6]. Clinical use of monotherapy, has been particularly successful in
improving patient conditions [7]. However, the response rates (RRs)
and median overall survival rate (OS) for melanoma patients are 5–12%
and<1–8months, respectively [8,9]. And therapeutic regimen where
chemotherapy and interferon (IFN) are combined have been developed,
but the effect is not satisfactory. In the past decade, mutation-based
drugs have been designed, BRAF inhibitor (vemurafenib, dabrafenib,
encorafenib) and MEK inhibitor (trametinib, cobimetinib, binimetinib)
have been approved to treat melanoma [10,11]. The main limitation of
these inhibitors is their relatively short median response time, because
most patients will develop drug resistance within 6months.

In 2013, “Cancer immunotherapy” was ranked among the top ten
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breakthroughs in Science. In 2014, Food and Drug Administration (FDA)
approved two checkpoint (or immunotherapy) drugs, pembrolizumab
(keytruda, Merck & Co. Inc.) and nivolumab (opdivo, Bristol-Myers
Squibb company) to treat melanoma [12,13]. Since then, melanoma
therapy has undergone enormous changes. Another checkpoint drug,
ipilimumab (yervoy, Bristol-Myers Squibb company) was also approved
by FDA [14]. These drugs sensitizes the immune system to recognize
and remember melanoma cells. Clinical studies have shown that the
response of patients to immunotherapy treatment is durable, and is
sustained even after completion of treatment [15].

In China, it is believed that a drug has one-third poison. This implies
that each drug, is associated with some level of toxicity or side effects.
When the melanoma patients treated with drugs, they had to face the
risk of adverse drug reaction. The major side effects of chemotherapy
are fatigue, hair loss, easy bruising and bleeding, nausea and vomiting.
The common adverse effects of DTIC are nausea and vomiting, bone
marrow suppression with a nadir of platelets and leukocytes within
3–4 weeks [16]. Apart from the common side effects, like fatigue,
nausea and vomiting or itching, checkpoint drugs are also associated
with unique inflammatory adverse effects (AEs) knows as immune re-
lated adverse events (irAEs) [17,18]. Indeed, checkpoint drugs have
drawn much attention in the last few years. It is therefore important to
analyze the adverse effects of checkpoint drugs to understand their risks
and benefits. In this study, common adverse effects associated with
checkpoint drugs and chemotherapy drugs were investigated through a
systematic review and meta-analysis.

2. Materials and methods

This systematic review and meta-analysis conformed to the guide-
lines of the Cochrane handbook for systematic reviews of interventions
and PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analysis).

2.1. Data sources and search strategy

Three electronic databases, PubMed (Medline), Embase and
Cochrane Central Register of Controlled Trials were searched (up to
October 31, 2018) using vocabulary and text words with synonymous
meaning. Titles and abstracts were used to formulate the search stra-
tegies. Independent concepts in the search terms were linked with
“AND” logical term, immunotherapy drugs, melanoma or clinical trials.
A complete search strategy is shown in the Supplementary materials.
The search results were compiled using EndNote software. Automatic
checks were performed to eliminate duplicates.

Two investigators (L.J and X.H.L) reviewed the title and abstract of
the initial studies retrieved. The full text of each study which matched
the inclusion criteria was read by three people (Q.S, Y.G.W and S.J.Y) to
further assess eligibility. Disagreements were resolved through discus-
sions and consensus.

2.2. Selection criteria

Studies that met the following criteria were included: (1) Random
assignment of participants for treatment with single agent PD-1 (pro-
grammed cell death-1)/CTLA-4 (cytotoxic T lymphocyte associated
antigen 4) inhibitors or placebo/chemotherapy; (2) phases II-III clinical
trials for patients with melanoma; (3) Reporting of sample size and
event rate or events for any grade adverse effects. Common adverse
effects and other clinically relevant symptoms that assess drug safety in
clinical trial, as recommended by the National Cancer Institute's
Symptom Management and Health Related Quality of Life Steering
Committee were reported. Papers were excluded if they were retro-
spective studies or not written in English. If data from the same clinical
trial was reported in different publications, only the most recent or
most comprehensive report was included.

2.3. Data extraction

Two investigators (L.D and R.Y.Z) independently performed data
extraction. This included: (1) Basic study characteristics; title of
manuscript, primary author's name, year of publication, phase of clin-
ical trial, masking, ClinicalTrials.gov number. (2) Patient character-
istics; occurrence of any grade (grades 1–5), low grade (1–2), and high
grade (3–5) side effects. (fatigue, pruritus, diarrhea, colitis, nausea,
rash, vomiting, decrease appetite, hypothyroidism, constipation, neu-
tropenia). Adverse effects were recorded according to the CTCAE
(common terminology criteria for adverse events). (3) Study design;
treatment arms, and name, class and dose of drug, and schedule.
Differences were resolved by consensus.

The quality of studies was evaluated using the Cochrane evaluation
handbook of randomized controlled trials bias tool. Six dimensionality
parameters, random sequence generation (selection bias), allocation
concealment (selection bias), blinding of outcome assessment (detec-
tion bias), incomplete outcome data (attrition bias), selective report
(reporting bias), and other bias were assessed. Each parameter was
categorized as: low risk of bias (+), high-risk of bias (−), or unclear
(± ).

2.4. Data analysis

Review manager version 5.3 (Copenhagen, Denmark) and EXCEL
was used for statistical analysis. Two investigators independently as-
sessed the quality of included studies. Intervention group represent
patients who were treated with checkpoint inhibitors, control group
represent patients who were treated with chemotherapy or placebo.
Overall event rates were calculated by dividing the number of patients
across trials with a definite adverse event by the total number of pa-
tients at risk. The total number of adverse events were calculated to
determine whether a meta-analysis was feasible. The 95% confidence
intervals and the odds ratio (OR) were calculated for adverse event
rates (low grade or high grade) in the intervention group and compared
with control group on account of the reported number of events and
sample size. The Cochran Q test and I2 statistics were used to measure
heterogeneity across trials for each outcome. If I2 values are< 30%,
30%–59%, 60%–75%, and>75%, they were considered to be low,
moderate, substantial, and significant heterogeneity, respectively. If
significant heterogeneity was not observed, a fixed effects model was
performed to calculate OR and 95% confidence interval. When sig-
nificant heterogeneity was observed, OR and 95% confidence interval
were calculated using the random effects model. Intervention arms
were separately compared to the control arm if there were more than
one intervention arms in a study. If necessary, subgroup analysis was
conducted by segregating control group (divided into chemotherapy
group or placebo group).

3. Results

The search strategy yielded a total of 6893 records from PubMed,
Embase and Cochrane databases, among which 6 articles which met our
inclusion criteria were included in the meta-analysis, Fig. 1.

3.1. Study characteristics

The effectiveness and adverse effects were evaluated in the inter-
vention group (population ranging from 178 to 509) and control group
(population ranging from 179 to 505), Table 1. Of six studies, five
studies were phase III clinical trials, whereas one was a phase II clinical
trial. Two types of checkpoint inhibitors (PD-1/CLTA-4) were tested in
the clinical trials. Four studies used PD-1 inhibitors (Nivolumab, Per-
brolizumab, Nivolumab) and two studies used CLTA-4 inhibitors (Ipi-
limumab, Tremelimumab) as the interventions (total 2136 patients).
Four studies and two studies used chemotherapy and placebo as the
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control groups (total 1944 patients), respectively. There were two arms
in one study by Ribas, the first arm was 2mg/kg Perbrolizumab, the
second arm was 10mg/kg Perbrolizumab. Three studies reported un-
resectable melanoma patients, two studies required that melanoma
patients be in stage III, and two studies recruited patients with un-
resectable or metastatic melanoma who had failed treatment with
BRAF/MEK inhibitor. To detect differences within the group, subgroups
were set up for the adverse effects of fatigue, pruritus and diarrhea/
colitis. The risk of bias is shown in the Supplementary materials (Sup
Fig. 1).

3.2. The risk of fatigue

There was no significant difference between intervention group and
control group in the risk of grades 1–2 fatigue (OR 0.96, 95% CI
0.72–1.29, P=0.80) and grades 3–5 (OR 0.72, 95% CI 0.23–2.24,
P=0.57). Similarly, when the chemotherapy subgroup was set up, no
significant difference was observed between the intervention group and
chemotherapy group in grades 1–2 grades or 3–5 fatigue (Fig. 2).

3.3. The risk of pruritus

Fig. 3 shows that patients treated with checkpoint inhibitors had

Fig. 1. Study flow diagram.

Table 1
Characteristics of all included studies.

First Author (year) Clinical Trial
Information

Phase PD-1/PD-L1/
CTLA-4

Study Arms NO. of
Patients

Population

Eggermont (2015) NCT00636168 III CLTA-4 Ipilimumab 475 Stage III cutaneous melanoma
Placebo 476

Weber (2015) NCT01721746 III PD-1 Nivolumab 272 Unresectable or metastatic melanoma, and progressed
after ipilimumab or BRAF inhibitorChemotherapy 133

Ribas (2015) NCT01704287 II PD-1 Perbrolizumab 2 mg/kg 180 Unresectable or metastatic melanoma, and progressed
after ipilimumab or BRAF/MEK inhibitorPerbrolizumab 10 mg/kg 181

Chemotherapy 179
Ribas (2013) NCT00257205 III CLTA-4 Tremelimumab 328 Unresectable stage IIIc or IV melanoma

Chemotherapy 327
Robert (2014) NCT01721772 III PD-1 Nivolumab 210 Previously untreated patients who had metastatic

melanoma without a BRAF mutationDacarbazine 208
Eggermont (2018) NCT02362594 III PD-1 Perbrolizumab 514 Resected Stage III Melanoma

Placebo 505
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significantly different levels of pruritus when compared with control
group in low grade (OR 5.63, 95% CI 2.92–10.85, P < 0.00001). But
there was no significant difference between patients treated with
checkpoint inhibitors and control group patients in high grade pruritus
(OR 2.72, 95% CI 0.74–9.95, P=0.13). Further subgroup analysis for
chemotherapy revealed that the I2 value of low grades (89% vs 66%)
and high grades (34% vs 0) was decreased than before subdivision. This
implies that the level of heterogeneity was reduced after subgroup
analysis. Pruritus displayed obvious differences between intervention
group and chemotherapy group with regard to low grades (OR 8.17,
95% CI 4.29–15.55, P < 0.00001) and high grades (OR 7.08, 95% CI
1.25–40.09, P=0.03).

3.4. The risk of diarrhea/colitis

The intervention group had higher risk of grades (1–2) diarrhea/
colitis compared to the control group (OR 1.51, 95% CI 1.09–2.09,
P=0.01). As for grades (3–5), diarrhea, and colitis, there was no sig-
nificant difference between intervention group and control group (OR

2.28, 95% CI 0.74–7.06, P=0.15). In the subgroup analysis for che-
motherapy, the difference in low grade (OR 1.39, 95% CI 0.86–2.27,
P=0.19) and high grade (OR 1.03, 95% CI 0.13–8.02, P=0.98) and
diarrhea/colitis between intervention group and chemotherapy group
disappeared (Fig. 4).

3.5. Summary of adverse effects

The 6 studies reported a total of 2136 patients in intervention group
among whom 1428 patients (66.85%) had adverse effects, whereas
1431 patients (73.611%) had adverse effects among 1944 patients in
the control group. There was no significant difference between inter-
vention group and control group in terms of total adverse effects of
either low grade (OR 0.89, 95% CI 0.56–1.42, P=0.62) or high grade
(OR 0.97, 95% CI 0.46–2.04, P=0.93). As individual adverse effects,
patients had high risk suffer from low grade adverse effect of rash (OR
3.26, 95% CI 1.93–5.52, P < 0.00001), hypothyroidism (OR 7.14, 95%
CI 4.42–11.55, P < 0.00001) in the intervention group. However,
patients had high risk suffered from low grade adverse effect of nausea

Fig. 2. Forest plot of meta-analysis for fatigue. (A) Checkpoint group vs control group. (B) Checkpoint group vs chemotherapy group.
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(OR 0.45, 95% CI 0.21–0.95, P=0.04), vomiting (OR 0.37, 95% CI
0.15–0.91, P=0.03), constipation (OR 0.42, 95% CI 0.25–0.71,
P=0.001), and neutropenia (OR 0.08, 95% CI 0.03–0.23,
P < 0.00001) in the control group (Table 2).

There was no statistical difference between intervention group and
control group in high grade adverse effects, except decrease appetite
(OR 7.00, 95% CI 1.86–26.37, P=0.004), hypothyroidism (OR 13.52,
95% CI 3.22–56.80, P=0.0004) and neutropenia (OR 0.03, 95% CI
0.01–0.10, P < 0.00001) had statistically significant difference.

4. Discussion

Malignance melanoma is associated with poor prognosis [19]. This
is due to the lack of efficient therapeutic options. In the past decades,
several novel pharmacological agents such as BRAF/MEK inhibitors and
checkpoint inhibitors have been approved by FDA [20].

In particular, the development of checkpoint inhibitors has re-
volutionized the treatment of advanced melanoma. The three main

checkpoint inhibitors approved by FDA are: ipilimumab (Yervoy®,
CTLA-4 inhibitor) [21], pembrolizumab (Keytruda®, PD-1 inhibitor)
[22] and nivolumab (Opdivo®, PD-1 inhibitor) [13,23]. The clinical
trials of tremelimumab, a CTLA-4 inhibitor, are in progress, and it is
expected to be clinically applied as an anti-tumor drug. Previously, it
was reported that tremelimumab failed to treat melanoma in phase III
clinical trial based on preliminary analysis [24]. However, within a
year, it was noted that the survival curves of intervention group and
control group were different. Researchers have raised doubts as to
whether the conventional response evaluation criteria for solid tumors
(RECIST) is effective for evaluating the effect of immunotherapy. This
led to the utilization of the immune related response criteria (irRC) in
subsequent immunotherapy trials (ipilimumab) [25]. Based on the
findings that there was no severe side effect in the subsequent clinical
trials of tremelimumab, this drug was included in this meta-analysis.

To improve their efficacy, several attempts have been made to de-
velop new treatment strategy, some drugs were attempted or applied to
combined with checkpoint drugs [26–28]. As a result, the risk and

Fig. 3. Forest plot of meta-analysis for pruritus. (A) Checkpoint group vs control group. (B) Checkpoint group vs chemotherapy group.
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frequency of side effect events increased. One of study by Robert
showed that a raised in liver function values is an important adverse
effect was observed more frequently than expected with the combina-
tion therapy. Yet, some drugs used in combination with checkpoint
inhibitor have similar side effects of checkpoint inhibitor. Therefore, it
is necessary to explore unique adverse effects produced by checkpoint
inhibitors or identify which drug is causing the adverse effect in com-
bination therapy. In this study, we investigated adverse effects to
monotherapy, hoped that provided some reference for analyzing the
side effects of combination therapy. The results showed that the total
side effects produced by the use of checkpoint inhibitors or (che-
motherapy/placebo) in melanoma patients did not differ significantly
between these treatments. This implies that the safety profile of
checkpoint inhibitors is equivalent to that of chemotherapy. Three of
most important common adverse effects (fatigue, pruritus, diarrhea/
colitis) were investigated in detail by establishing subgroup analyses.

The most common therapy-related side events of any grade reported
in the pivotal clinical trials is fatigue. Our analysis revealed that there

was no difference in fatigue (low grade or high grade) between
checkpoint inhibitors group and control group. A previous study which
compared adverse effects between aiti-PD-1 and anti-PD-L1 obtained a
similar result [29]. To alleviate the symptom, it's should be optimized
from sleep disfunction, comorbidities and nutritional deficiency, and
physical exercise, pharmacotherapy and psychotherapy may be helpful.
However, if grade IV fatigue happened, treatment with checkpoint in-
hibitors should be suspended.

Pruritus is one of the commonly diagnosed dermatological adverse
effect, bothering 15–33% melanoma patients [30]. Compared with
control group, melanoma patients treated with checkpoint inhibitors
had a higher risk that suffered from low grade pruritus (OR 5.63, 95%
CI 2.92–10.85, P < 0.00001). However, when chemotherapy subgroup
analysis was performed, a significant difference was observed between
intervention group and chemotherapy group in low grade (OR 8.17,
95% CI 4.29–15.55, P < 0.00001) and high grade (OR 7.08, 95% CI
1.25–40.09, P=0.03) pruritus. These data implied that occurrence of
low grade and high grade pruritus should be monitored in melanoma

Fig. 4. Forest plot of meta-analysis for diarrhea/colitis. (A) Checkpoint group vs control group. (B) Checkpoint group vs chemotherapy group.
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patients taking checkpoint inhibitors. However, therapy-related prur-
itus can be especially annoying, but it is generally amenable to treat-
ment, usually do not require dosage reduction or even suspended of
treatment. All observed patients had suffered from low or moderate
grade pruritus are successfully managed with topical steroids such as
mometasone furoate cream and anti-histamines.

Diarrhea/colitis was found to be one of the irAEs [31]. In a previous
study [32], it was found that the use of PD-1/PD-L1 inhibitors and
chemotherapy for advanced solid cancer produced diarrhea/colitis to
the same extent. Another study showed that the use of pembrolizumab
increased the risk of all-grade colitis in non-small-cell lung cancer pa-
tients, but not in melanoma patients. In this study, patients treated with
checkpoint inhibitors were more likely to suffer from low grade diar-
rhea/colitis (OR 1.51, 95% CI 1.09–2.09, P=0.01), but not high grade
diarrhea/colitis compared with control group. In line with published
reports, this meta-analysis reveals that the risk of diarrhea/colitis in
patients treated with chemotherapy and those receiving checkpoint
inhibitors is generally similar but patients taking certain checkpoint
inhibitors medications should be monitored. Low grade diarrhea/colitis
can initially be treated solely on the basis of symptoms, for instance
with electrolyte and loperamide replacement. If persistence or pro-
gression of diarrhea/colitis, discriminating other cause like alimentary
infection should be ruled out by fecal examination. When the high
grade diarrhea/colitis occurred, the treatment should be stop and high-
dose corticosteroid therapy initiated. Base on the regimen, symptoms
were usually notable improvement after seven to ten days. In order to
ensure complete healing, it is advised that slowly taper the corticos-
teroid dose over a period of at least one month.

Nevertheless, this study has the following limitations. As was
showed in the Results section, there was high heterogeneity among the
studies included in this meta-analyses. Attempts were made to reduce
heterogeneity by setting up subgroup analyses. Although this reduced
heterogeneity to some extent, in some cases, the level of heterogeneity
was increased. Thus, further research is required to re-examine the

adverse effects which had high heterogeneity. In addition, we included
tremelimumab in this study although it is not approved by FDA. This
might have introduced bias in the results. Thirdly, diarrhea and colitis
were combined in the meta-analysis, because one of the studies in-
cluded coalesced diarrhea and colitis data and the data from that study
could not be ignored. Finally, the population were pooled from studies
that patients previously treated with different therapeutic regimen or at
different disease stage, it may lead to miss differences in adverse event
rates. Given the variation in therapeutic regimen and disease stage,
subgroup analyses to investigate these factors were not easy to perform.
However, when sufficient data are available, subgroup analysis should
be performed for the above factors.

In summary, this study identified some high risk adverse events in
melanoma patients taking checkpoint inhibitors. Therefore, strategies
that reduce the risk of adverse events in patients taking checkpoint
inhibitors should be developed.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.intimp.2019.105691.
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