OncoTargets and Therapy

3

Dove

ORIGINAL RESEARCH

The efficacy and safety of nivolumab in the
treatment of advanced melanoma: a meta-analysis

of clinical trials

Conghui Jin

Xunlei Zhang

Kuiling Zhao

Jun Xu

Min Zhao

Xiaohong Xu

Department of Medical Oncology,

Nantong Tumor Hospital, Nantong,
People’s Republic of China

Correspondence: Xiaohong Xu
Nantong Tumor Hospital,

30 Tongyang North Road, Pingchao,
Tongzhou District, Nantong, Jiangsu,
People’s Republic of China

Email xhx 107 @hotmail.com

This article was published in the following Dove Press journal:
OncoTargets and Therapy

16 March 2016

Number of times this article has been viewed

Background: Nivolumab has become a therapeutic regimen for the treatment of patients with
advanced melanoma. The goal of this study was to assess the efficacy and safety of nivolumab
in patients with advanced melanoma.

Methods: A systematic search from January 2008 to August 2015 with “nivolumab” and
“advanced melanoma” as search terms was performed for possible clinical trials. According to
the hazard ratio and the 95% confidence interval (CI) for progression-free survival (PFS), rates
of objective response, complete response, partial response, rates of toxic effects, and the efficacy
and safety of nivolumab were assessed. Using the software Review Manager (version 5.3) a
meta-analysis was performed.

Results: There were four trials with 1,910 patients included. Based on the four trials, the pooled hazard
ratio of PFS was 0.53 (95% CI, 0.43-0.66; P<<0.001). The pooled risk ratio for the objective response
rate, complete response, and partial response was 2.98% (95% CI, 2.38%—3.73%; P<<0.001), 3.71%
(95% CI, 2.67%—5.14%; P<<0.001), and 2.51% (95% CI, 2.12%-2.99%; P<<0.001), respectively.
Nivolumab plus ipilimumab therapy significantly increased the risk of grade 3/4 rash and fatigue.
Conclusion: Nivolumab-based therapy prolonged PFS in treatment of advanced melanoma,
with less adverse effects. Nivolumab appears to be a favorable treatment option as a novel,
targeted anticancer agent, for patients with advanced melanoma.
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Background
In 2014, an estimated 76,100 patients were diagnosed with, and approximately
9,710 patients died of melanoma in the United States.! Globally, the incidence of
melanoma is estimated to be increasing by 3%—7% annually.?> However, these figures
may represent a substantial underestimate, because many in situ cases and superficial
melanomas treated in outpatient settings may go unreported. Many different treatment
regimens are available for patients with stage III in-transit metastases. According to
National Comprehensive Cancer Network guidelines for melanoma, for patients with
stage 11 melanoma, treatment regimen options include: clinical trial, observation, or
IFN-o..! But there is no consensus on the optimal approach. If available, enrollment
in a clinical trial may be the preferred choice. The therapeutic treatment options for
advanced melanoma are rapidly changing with the recent development of novel agents
that have demonstrated better efficacy than traditional chemotherapy.®’

During the past decade, the oncogenic drivers of cancer, the inhibitory and stimula-
tory pathways involved in immune responses, and evasion of immune surveillance by
tumor cells have become better understood. Therefore, more targeted therapies are now
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under development.®'2 Novel therapeutic strategies, including
targeted immunotherapies, represent major advances in the
systemic treatment of cancers, such as for advanced mela-
noma. It has been shown that molecularly targeted therapies
are efficacious for the treatment of certain cancers, such as
for typically advanced melanoma and non-small-cell lung
carcinoma. These molecularly targeted therapies include
proto-oncogene BRAF and MEK inhibitors, antibodies that
inhibit CTLA-4, and PD-1. Both BRAF and MEK inhibitors
show a good response rate, but the median response duration
is less than 1 year.!*"7 It has been shown that ipilimumab,
which inhibits CTLA-4, improves the survival rate to 2 years,
compared with a vaccine control, among patients with
advanced melanoma, whether previously treated or not.'®!°
However, ipilimumab does have the potential for serious
autoimmune toxicity.*

Nivolumab is a human IgG, PD-1 immune checkpoint
inhibitor antibody that disrupts T-cell activation and pro-
liferation.?! Melanomas express high levels of PD-1. PD-1
binds with PD-L1(B7-H1) and PD-L2(B7-DC), expresses on
antigen-presenting cells and human cancers, and delivers a
negative signal to lymphocytes.”? B7-H1 expression confers
immune resistance and interrupts PD-1 in murine tumor
models. It is also highly upregulated in human tumors, where
it inhibits local anti-tumor T-cell responses.”® Therefore,
B7-H1 blockade is a strategy for cancer immunotherapy.
There have been many trials evaluating the efficacy of treat-
ment of advanced melanoma with nivolumab.?*?” Therefore,
this study systematically combined data from published
clinical trials to assess the efficacy and safety of nivolumab
in the treatment of advanced melanoma, using the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines.?

Materials and methods

Data collection

The aim of this meta-analysis was to assess the efficacy and
safety of nivolumab in the treatment of advanced melanoma.
The data were searched to identify clinical trials from
Embase, PubMed (MEDLINE), and Cochrane Library, from
January 2008 to August 2015 with “nivolumab” and “advanced
melanoma” as search terms. Data were searched only in full
texts which were available as original publications, and no
meeting abstracts were selected. If necessary, we contacted
the corresponding authors for further information.

Study selection
In this analysis, trials which met the following criteria were
chosen: 1) articles with randomized controlled trials (RCTs)

investigating the efficacy of nivolumab in the treatment of
advanced melanoma; 2) RCTs having available data. Addi-
tionally, the nivolumab or nivolumab-based (nivolumab plus
ipilimumab) therapy should be contained in the research
group; 3) the data of progression-free survival (PFS) or over-
all survival (OS), objective response rate (ORR), complete
response (CR), partial response (PR), stable disease, and
adverse effects of nivolumab were reported; 4) there was
at least one of the two endpoints (PFS, OS) reported; and,
5) the full text was available.

Quality assessment

The quality of selected clinical trials was evaluated according
to the criteria presented in the Cochrane Handbook for Sys-
tematic Reviews of Interventions (version 5.1; chapter 8),%
and appraised sequence generation, personnel and outcome
assessors, allocation concealment, blinding of partici-
pants, addressing incomplete outcome data, and ensuring
the absence of selective reporting and other sources of bias
were included.

Data extraction and presentation

Study identifications (the first author and year of publication),
patient details (age, sex, treatment comparison, and drug
delivery mode), the number of patients in each trial, hazard
ratio (HR) and their 95% confidence intervals (Cls) for PFS
or OS, rates of objective response, and adverse events (AEs)
were included. We contacted the corresponding authors for
additional data if HRs were not directly reported, or if that
was not possible, we extracted additional data from survival
curves.

Statistical analysis

The PFS and OS were considered to be primary outcomes of
this meta-analysis. Pooled HRs were calculated for PFS and
OS. The risk ratio (RR) was used as the effect size of the ORR,
CR, PR and AEs. Using the Q statistic to assess the presence
of statistical heterogeneity, the I* statistic was assessed for
the magnitude of heterogeneity. Fixed-effect models were
used in all analyses unless heterogeneity existed (P<<0.1 or
P>50%). Data were considered to be significant if P-values
were less than 0.05, and all reported P-values were two-sided.
The Cochrane Collaboration’s Software Review Manager
(version 5.3) was used to perform all statistical calculations.

Results

Patient characteristics
A total of 83 studies were searched from the published reports,
and 51 were excluded after reviewing each publication.
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For the remaining 32 which met our criteria, including RCTs,
single-arm studies, study protocols, or conference abstracts,
26 reports were excluded because they were abstracts with
unavailable data or were ongoing studies. Finally, in the
present meta-analysis, there were a total of 1,910 patients
included in four RCTs?*?’ selected. Figure 1 shows the article
selection process, and the characteristics of the four articles
selected and quality assessment of RCTs are summarized in
Tables 1 and 2.

Efficacy

PFS

As nivolumab is a newly approved drug, only one report
presented OS in the four RCTs, thus, the efficacy of niv-
olumab was investigated with PFS and ORR in the treatment
of melanoma.

All studies provided data on PFS. The combined HR for
PFS was 0.55 (95% CI, 0.50-0.61; P<<0.001). But there was
mid-range heterogeneity among the trials (P=0.01; I =69%).
Therefore, a randomized effects model was undertaken.
The results indicated there were significant differences in
HRs (HR =0.53, 95% CI, 0.43-0.66; P<<0.001; P-value of
heterogeneity =0.01, ’=69%, Figure 2A), which indicated a
47% reduction in the risk of disease progression in patients
treated with nivolumab or a nivolumab-based method.

The studies were divided into different therapeutic
regimens, including the nivolumab plus ipilimumab trials,
and the nivolumab trials, to identify the efficacy of nivolumab
treatment in specific therapeutic regimens. For the total popu-
lation, nivolumab was an effective treatment for melanoma.
The efficacy of nivolumab was tested in each subgroup
(nivolumab plus ipilimumab subgroup and the nivolumab
subgroup); and nivolumab was still found to be an effective
treatment in both subgroups (Figure 2B).

ORR

All trials presented the information on ORR, and three studies
provided the data for CR and PR. CR was defined as disap-
pearance of all target lesions, and PR was defined as at least a
30% decrease in the sum of the diameter of the target lesions,
taking as a reference the baseline sum diameter, according
to the Response Evaluation Criteria in Solid Tumors.’® The
aggregate RR for ORR (Figure 3A), CR (Figure 3B), and PR
(Figure 3C) was 2.98% (95% CI, 2.38%—3.73%; P<<0.001),
3.71% (95% CI, 2.67%—5.14%; P<<0.001), and 2.51% (95%
CI, 2.12%-2.99%; P<<0.001), respectively.

AEs

All studies provided data on multiple AEs after nivolumab
treatment. Regarding grade 3/4 and all grade AEs, all four

69 from Embase
11 from PubMed
3 from Cochrane Library

83 reports identified (published in English)

v

A 4

51 reports excluded (duplicates, case report,
not randomized controlled trial, not relevant
outcome, other tumor reports, reviews)

32 reports met the inclusion criteria
4 randomized controlled trials

3 single-arm trials

25 conference abstracts

A4

A 4

28 reports excluded (study protocol, not
original publications, conference abstracts
and single-arm with no data available)

4 reports identified
(randomized controlled trials)

Figure | Chart of study identification, rejection, and selection in the meta-analysis.
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Table | The patients’ characteristics of four clinical trials included

Reference (year) Group Patients Median age Sex Metastasis LDH > ULN History of brain
(N) (years) (F; n) stage Mlc (n) (n) metastases (n)
Postow et al** (2015)  BRAF wild-type
Nivolumab + ipilimumab 72 66 24 34 I5 4
Ipilimumab 37 69 14 16 7 0
All
Nivolumab + ipilimumab 95 64 32 44 24 4
Ipilimumab 47 67 I5 21 I 0
Larkin et al** (2015)  Nivolumab 316 59 114 184 112 8
Nivolumab + ipilimumab 314 59 108 181 14 I
Ipilimumab 315 6l 13 183 115 15
Robert et al* (2015)  Nivolumab 210 64 89 128 79 7
Dacarbazine 208 66 83 127 74 8
Weber et al” (2015)  Nivolumab 272 59 96 202 139 53
Dacarbazine + paclitaxel 133 62 48 102 46 18

Abbreviations: F, female; LDH, lactate dehydrogenase; ULN, upper limits of normal.

studies reported data of fatigue, diarrhea, pruritus, nausea,
and vomiting. Data of rashes were not available in one study.
There was serious heterogeneity in analysis of four trials;
therefore we divided these into two subgroups, the nivolumab
plus ipilimumab subgroup versus the ipilimumab,’*?¢ and
nivolumab subgroup versus the dacarbazine or dacarbazine-
based therapy subgroup.?>?’ Results of grade 3/4 and all grade
AEs are presented in Table 3.

Discussion

The efficacy and safety of nivolumab in the treatment of
advanced melanoma were assessed in this meta-analysis.
The aggregated HR of PFS and RR of ORR showed that
nivolumab treatment had a generally prolonged PFS and
improved response rate, which strongly indicated the effec-
tiveness of nivolumab or nivolumab-based therapy regimens
in patients with advanced melanoma.

The National Comprehensive Cancer Network guide-
lines for melanoma state that therapy for advanced mela-
noma is still under study.’! Targeted drugs for melanoma
treatment, including ipilimumab, a preferred drug for
advanced melanoma (category 1), have the potential for
significant immune-mediated complications. Ipilimumab
should be used with extreme caution due to its serious
underlying autoimmune effects. However, evidence is

limited and no consensus is available on the optimal
approach for advanced melanoma treatment. Enrollment
in a clinical trial, if available, is the preferred choice.
Recently, the PD-1 inhibitor, nivolumab has gained atten-
tion, and Phase 3 trials were done to evaluate its efficacy
and safety. However, because nivolumab is a newly devel-
oped drug, there has only been a single trial providing OS
that showed extended survival.

In our study, two trials indicated that nivolumab plus
ipilimumab versus ipilimumab, in advanced melanoma
treatment, had aggregated HR of PFS, indicating the com-
bined therapy was more effective than the single ipilimumab
therapy. While the other two trials combined the nivolumab
versus dacarbazine or dacarbazine-based therapy, the results
were still significantly improved.

The presented trials analyzed grade 3/4 side effects, and
significant differences were found for fatigue. However,
some differences were due to server heterogeneity, therefore
we divided the results into two subgroups. In the combined
nivolumab group we found significant differences in rash
and fatigue in grade 3/4, but no significant differences in the
single-nivolumab group. In the single-nivolumab group, no
significant differences in grade 3/4 were shown; however,
pruritus, vomiting, and nausea had significant differences in
all grades. More pruritus was noted in the single-nivolumab

Table 2 The quality assessment of four randomized controlled trials included

Reference Patients Adequate sequence Allocation Blinding Incomplete outcome Free of selective Free of
(N) generation concealment data addressed reporting other bias*

Postow et al® 142 Yes Yes Yes Yes Yes Yes

Larkin etal®* 945 Yes Yes Yes Yes Yes Yes

Robert etal® 418 Yes Yes Yes Yes Yes Yes

Weber etal” 405 Yes Yes Yes Yes Yes Yes

Note: *Other bias refers to selective bias and measurement bias.
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Table 3 The toxic effects of nivolumab in advanced melanoma

Adverse events

Nivolumab + ipilimumab vs ipilimumab

Nivolumab vs dacarbazine

Pooled RR and 95% CI P-value Pooled RR and 95% CI P-value
Grade 3 and 4
Diarrhea 1.38 (0.85-2.26) 0.19 0.70 (0.09-5.41) 0.73
Rash 2.70 (1.11-6.57) 0.03 NA* NA*
Pruritus 4.27 (0.75-24.35) 0.10 2.99 (0.12-73.71) 0.50
Fatigue 451 (1.44-14.15) 0.0l 0.23 (0.05-1.01) 0.05
Vomiting 5.41 (1.03-28.34) 0.05 0.45 (0.08-2.46) 0.36
Nausea 2.30 (0.65-8.15) 0.20 None” None?
All grades
Diarrhea 1.32 (1.10-1.59) 0.003 0.68 (0.31-1.50) 0.35
Rash 1.28 (1.05-1.56) 0.0l NA* NA*
Pruritus 0.99 (0.81-1.21) 0.93 4.96 (1.47-16.72) 0.0l
Fatigue 2.30 (0.33-15.83) 0.40 5.69 (0.05-636.7) 0.47
Vomiting 1.91 (1.25-2.92) 0.003 0.27 (0.17-0.43) 0.000

Notes: NA*: not provided; none”: there were no patients with nausea.
Abbreviations: RR, risk ratio; Cl, confidence interval.

group, but less vomiting and nausea was noted than in the
dacarbazine or dacarbazine-based therapy group. Therefore,
the reported side effects associated with nivolumab were
mostly mild to moderate.

Whether combined nivolumab treatment is more
efficacious than single nivolumab remains unknown. One
trial® that divided treatments into three groups, the nivolumab
plus ipilimumab, nivolumab, and ipilimumab therapy groups,
showed that combined therapy prolonged the median PFS
more than single nivolumab therapy, but the PD-1 positive
group showed the same efficacy. However for adverse effects,
the combined therapy presented more adverse effects such as
rash and fatigue, than the single therapy. It has been reported
that single ipilimumab treatment induced immune-related
adverse events (irAEs), including dermatitis, hepatitis, colitis,
and endocrinopathies, such as adrenalitis, thyroiditis, and
hypophysitis.?>*234 Treatment guidelines were reported to
help physicians manage ipilimumab irAEs, which could have
contributed to the decrease of grade 3/4 AEs and drug-related
deaths.*® However, nivolumab plus ipilimumab therapy
might increase the occurrence rate of irAEs. Further trials
are necessary to determine whether the combined therapy is
more efficacious than single therapy.

Because no aggregated HR for OS is available, we cannot
evaluate an accurate estimate of time of OS. Additional sub-
group population studies are therefore necessary to analyze
the efficacy and safety of nivolumab.

Conclusion

In conclusion, nivolumab provides a statistically sig-
nificant and clinically relevant extension of life in patients
with advanced melanoma. Toxicity analyses suggest that

nivolumab side effects are mostly mild to moderate. Further
randomized, blinded, placebo-controlled trials are required
to compare the efficacy and safety of nivolumab with other
treatments used for advanced melanoma.
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