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Abstract

Background: Ipilimumab and Nivolumab, targeting the molecules CTLA-4, PD-1, respectively,have shown efficacy
against several types of cancer. Despite these results, only a small percentage of patients maintains a long-lasting
effect. Even Ipilimumab, in combination with nivolumab, has demonstrated a significant clinical benefit in multiple
tumor types. However, no trial has been designed with the primary endpoint to compare the efficacy of nivolumab
plus ipilimumab combined, compared to nivolumab alone. Hence, the added value of ipilimumab in the combina-
tion has not clearly been established yet. The aim of this study was to demonstrate the superiority of the combination
strategy compared to the single agent therapy.

Materials and methods: We performed a meta-analysis of Phase I-II-ll Clinical Trials, published from 2010 up to
2020, in which the combination of ipilimumab plus nivolumab was compared to nivolumab alone. We extracted ORR,
OS and PFS HR on the basis of treatment from the subgroup analysis of each trial.

Results: A total of 7 trials were included in the present meta-analysis. Overall, 1313 patients were treated with the
nivolumab plus ipilimumab combination compared to 1110 patients treated with nivolumabalone. All trials reported
the Objective response rate(ORR), no heterogeneity was found among studies and the pooled Odds Ratio was highly
in favor of the nivolumab plus ipilimumab combination with respect to nivolumab alone (1.683; 95% Cl: 1.407-2.012;
P<0.0001). Three studies were considered for Progression free survival (PFS) analysis, and the pooled Hazard Ratio
favored the combination of nivolumab plus ipilimumab with respect to nivolumab alone (0.807; 95% Cl: 0.719-0.907;
P<0.0001). The Overall survival(OS) endpoint was considered only in 2 trials, and the pooled HR favored, also in this
case, the combination of nivolumab plus ipilimumab with respect to nivolumab alone (0.87; 95% Cl: 0.763-0.997;
P=0.045).

Conclusions: The combination of ipilimumab plus nivolumab seems to be superior to nivolumab alone in cancer
patients, regardless of histology.
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Background

Tumour-agnostic therapies target specific gene mutations
or molecular features regardless of tumour site of ori-
gin [1]. By integrating this definition, if we consider the
immune system as the selective target of immunotherapy,
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an agnostic evaluation (i.e., transversal between the dif-
ferent cancer types) can be made between the associa-
tions of two different immunotherapies with respect to
the results obtained with only one of these.

Cancer immunotherapies that target the immunosup-
pressive checkpoint receptors cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4) or programmed death
1 (PD-1) and its ligand, programmed death 1 ligand
(PD-L1), have changed the landscape of cancer treat-
ment [2]. Ipilimumab therapy first showed a survival
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advantage in melanoma patients, when compared to a
gpl00 vaccine or chemotherapy [3]. Nivolumab, target-
ing PD-1, prolonged overall survival in multiple tumor
types including melanoma, non-small cell lung cancer
(NSCLC), renal cell carcinoma (RCC), head and neck
carcinoma and Hodgkin’s lymphoma. Despite this
unprecedented efficacy, many patients fail to respond,
presenting primary resistance, and more concerning,
some patients who demonstrate encouraging initial
responses to immunotherapy, can acquire resistance
over time. It has been proposed that mechanisms pro-
moting either primary or acquired resistance are largely
conserved, and that they must affect either tumor
immunogenicity, antigen presentation and generation
of effector T-cells, the encounter of antigen and PD-L1
by tumor-specific T-cells, the activity and efficacy of
tumor-specific immune responses or the induction of
immunological memory [4]. Considering the elucidated
mechanisms of resistance to anti-PD-1, it is reasonable
to believe that a more accurate selection of patients and
a combination of therapies might yield a greater benefit
by enhancing anti-tumor activity. Indeed, Ipilimumab
in combination with nivolumab has demonstrated sig-
nificant clinical benefit in multiple tumor types. From
an immunological point of view, it is still unclear
whether the enhanced efficacy of the combination of
anti—-PD-1 and anti-CTLA-4 therapy is mediated by
an additive effect of the cellular and molecular mech-
anisms of the respective therapies or, alternatively,
through different and distinct mechanisms of each
therapy alone [4]. However, until now, no trial has been
designed with the primary end point being the compar-
ison of the efficacy of nivolumab plus ipilimumab ver-
sus nivolumab alone and the added value of ipilimumab
in the combination.The aim of this analysis is to dem-
onstrate that the addition of ipilimumab to nivolumab
results in improved efficacy among multiple solid
tumors.

Table 1 List of clinical trials included in the analysis
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Patients and methods

Literature search and inclusion criteria

We identified all randomized trials evaluating the com-
bination of ipilimumab plus nivolumab in different
tumor types. Published studies were searched in MED-
LINE, EMBASE, BIOSIS and DRUGU and abstracts
were looked-up in ASCO and ESMO archives, indepen-
dently. The following search terms were used: combina-
tion immunotherapy, checkpoint inhibitors combination,
ipilimumab AND nivolumab.

In all the studies included in the analysis (Table 1), the
Objective Response Rate (ORR) was reported; some of
these also reported risk reduction (HR) in Progression
Free Survival (PFS) and Overall Survival (OS).

In studies with multiple treatment arms, we only con-
sidered those including patients treated with either
nivolumab alone or in combination with ipilimumab.

Data extraction
Abstract evaluation and data extraction were performed
by two reviewers, independently (S.M. and D.G.). In the
cases of disagreement, a third reviewer provided sup-
port. When the data for the same trial was reported in
different papers, the manuscript with the longer patient
follow-up was included in this meta-analysis.

Response rate was never the primary endpoint of these
studies and ORR was calculated deriving data from the
published paper.

Statistical analysis

Odds ratios (ORs) and their 95% Cls were calculated for
ORR as dichotomous outcomes. Hazard ratios (HRs)
were summarized, and their corresponding standard
errors were derived to analyze PFS and OS. The inverse
variance algorithm and the Mantel-Haenszel algorithm
were used. The presence/absence of heterogeneity was
evaluated by calculating the Q statistic, a correspond-
ent P<0.05 indicated presence of heterogeneity between

Study Phase Histology Masking No. patients Treatment arms

CA209-067 [8] 3 Melanoma Double-blind 945 Nivolumab + Ipilimumab vs Nivolumab vs
Ipilimumab*

CA209-227 [10] 3 Nonsmall cell lung cancer (NSCLC) ~ Open-label 1189 Nivolumab + Ipilimumab vs chemotherapy vs
Nivolumab*

IFCT-1501 MAPS2 [11] 2 Mesothelioma Open-label 108 Nivolumab + Ipilimumab vs nivolumab

Alliance A091401 [12] 2 Sarcoma Open-label 85 Nivolumab + Ipilimumab vs nivolumab*

CA209-032[13] 1/2 Small cell lung cancer (SCLC) Open-label 196 Nivolumab + Ipilimumab and Nivolumab**

CA209-032 [14] 1/2 Gastric Open-label 108 Nivolumab + Ipilimumab and Nivolumab**

CA209-032 [15] 1/2 Bladder Open-label 196 Nivolumab + Ipilimumab vs nivolumab

*Nivo 3 mg+IPI'1 mg. **Nivo 1 mg+IPI 3 mg
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Table 2 List of clinical trials included in the ORR analysis Comprehensive Meta-Analysis software was used for
Study No. patients ORR the analy51s.
CA209-067 n+i=314 n+i=583%  Results
n=316 n=44.6% . . . .
A total of 7 trials were included in the analysis; treatment
CA209-227 n+i=396 n+i=359%
N 396 N 2750 phase, tumor types and treatment arms are reported
IFCT-1501 MAPS2 Ni54 ntiz278% in Table 1. Overall, this meta-analysis includes 1313
n=54 n=185% patients treated with the nivolumab plus ipilimumab
Alliance A091401 n+i=38 n+i=158%  combination and 1110 patients treated with nivolumab
n=38 n=>53% alone. All trials reported ORR (Table 2), the Q statistic
CA209-032 (GastricCancer) ni=49" n+@:24§% (P=0.94) suggested absence of heterogeneity among
2:'5552 2:'{;&2 o studies and the pooled Odds Ratio, based on the fixed-
CA209-032 (BladderCancen) Ni=19 i 34% effeét model, (Fig. ?) was highly f.avorlng the corr}blnatlon
n=78 n=24% of nivolumab plus ipilimumab with respect to nivolumab
CA209-032 (SCLC) n+i=147 n+i=21% alone (OR=1.683; 95% CI: 1.407-2.012; P <0.0001). The
n=95 n=12% superiority of combination compared to monotherapy is
*Nivo 3 mg+IPI 1 mg. **Nivo 1 mg+IPI 3 mg independent from the schedule of treatment, in particu-

lar in 4 studies the schedule was NIVO1/IPI 3 (Fig. 2)
while in 5 studies was NIVO3/IPI 1 (Fig. 3). Three stud-

studies. A fixed-effect model and a random-effect model ies were considered for PFS analysis (Table 3), also here

were used according to the significance of the Q test.

Study name Outcome Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit 2-Value p-Value
CHECKMATE 067 ORR 1,734 1,265 2377 3,419 0,001 -
CHECKMATE 227 PDL1  ORR 1472 1,089 1990 2515 0,012 —H
IFCT-1501 ORR 1,692 0,682 4,199 1,135 0,257
A091401 ORR 3,375 0,636 17,922 1,428 0.153 %
CA209032_SCLC ORR 2141 1,064 4311 2132 0,033 s
CA209302_GASTRIC * ORR 0,619 0,170 2,248 -0,729 0,466
CA209032_BLADDER * ORR 1,068 0,548 2,083 0,194 0,846 — ]
CA209032_GASTRIC ** ORR 2,409 0,866 6,702 1,685 0.092
CA209032_BLADDER ** ORR 1,781 0,920 3,445 1.714 0,087 i
1599 1335 1915 5103 0,000 <&
0,1 0,2 0,5 1 2 5 10
Favours Nivo Favours Nivo+lpi
Fig. 1 Global ORR Analysis. Figure shows ORR analysis in selected trials. ORR was highly favoring the combination of nivolumab plus ipilimumab
with respect to nivolumab alone (OR=1.683; 95% Cl: 1.407-2.012; P<0.0001). Fixed effect model—Heterogeneity not significant (P =0.62). *Nivo
3mg+IPI'T mg. **Nivo 1 mg+IPI 3 mg

Study name Outcome Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit  Z-Value p-Value
CHECKMATE 067 ORR 1.734 1.265 2377 3.419 0.001
CA209032_SCLC ORR 2141 1064 4311 2132 0033
CA209032_GASTRIC ** ORR 2.409 0.866 6.702 1.685 0.092
CA209032_BLADDER ** ORR 1781 0920 3445 1714 0087
1.827 1416 2.359 4629 0.000
01 0.2 0.5 1 2 5 10
Favours Nivo Favours Nivo+lpi
Fig. 2 ORR analysis for NIVO1/IPI3. Figure shows the ORR analysis in selected trials in which NIVO1/IPI13 schedule was administered. Fixed effect
model—Heterogeneity not significant (P=0.89). NIVO1/IPI3: nivolumab 1 mg/kg and ipilimumab 3 mg/kg
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Study name Qutcome Statistics for each study Odds ratio and 95% Cl
Odds Lower Upper
ratio limit limit Z-Value p-Value
CHECKMATE 227 PDL1 ORR 1.472 1,089 1.990 2,515 0,012 -l
IFCT-1501 ORR 1692 0682 4,199 1,135 0.257
A091401 ORR 3.375 0,636 17,922 1,428 0,153 g
CA209302_GASTRIC * ORR 0,619 0,170 2,248 -0,729 0,466
CA209032_BLADDER * ORR 1,068 0548 2083 0.194 0.846
1.400 1,085 1.806 2.591 0.010 <P
0,1 0,2 0,5 1 2 5 10
Favours Nivo Favours Nivo+lpi
Fig. 3 ORR analysis for NIVO3/IPI1. Figure shows ORR analysis for selected trial in which was administered NIVO3/IPI1 schedule. Fixed effect
model—Heterogeneity not significant (P=0.48). NIVO3/IPI1: nivolumab 3 mg/kg and ipilimumab 1 mg/kg

Table 3 List of clinical trials included for PFS analysis

Study No. patients Median PFS HR
(months)
CA209-067 n+i=314 n+i=115 HR0.79
n=316 n=6.93
CA209-227 (PFSTMB n+i=101 1yr HR0.75
High) n=102 n+i=42%
n=29%%
CA209-227 (PFS n+i=39 n+i=>5.1 HR 0.83
PD-L1>1%) n=2396 n=42

too, the Q statistic showed a P value equal to 0.85 and
the pooled Hazard Ratio (Fig. 4) favored the combination
of nivolumab plus ipilimumab with respect to nivolumab
alone (HR=0.807; 95% CI: 0.719-0.907; P<0.0001). The
OS endpoint was considered only for 2 trials (Table 4) for
which results were in the same direction and the pooled

Discussion

The number of cancer patients who benefit from immu-
notherapy has increased due to a better understand-
ing of the immune response to cancer along with recent
advances in biomarker development. In particular, an
interesting component of immunotherapy is the long-
lasting tumor responses observed, with some patients
achieving disease control for many years. Nevertheless,
not all patients benefit from immunotherapy, and efforts
should focus on improving the efficacy of immunother-
apy through the use of both combination or sequential
approaches and predictive biomarkers of response and
resistance [16]. The goal of combination approaches, tar-
geting several steps of the cancer-immunity cycle, is to

Table 4 List of clinical trials included for OS analysis

Study No. patients Median OS HR
HR (Fig. 5) also favored the combination of nivolumab (months)
plus ipilimumab with respect to nivolumab alone
(HR=0.87; 95% CI: 0.763-0.997; P=0.045). CA209-067 11, 2] Nt = HR0.83
The combination resulted in hig.her incidence of G3-G4 CA200-227 [4] n;zg% nli:ﬁﬂ HR 079
toxicities as shown in Fig. 6, Additional file 1: Figures S1 (05 pp-L1> 1%) n=39% n=157
and S2.
Study name Qutcome  Statistics for each study Hazard ratio and 95% €I
Hazard LowerUpper
ratio limit limit Z-Valuep-Value
CHECKMATE 067 PFS 0,790 0,645 0,968 -2,279 0,023 4
CHECKMATE 227_TMB PFS 0,750 0,528 1,066 -1,605 0,108
CHECKMATE 227_PDL1PFS 0,830 0,710 0,970 -2,341 0,019
0,807 0,719 0,907 -3,594 0,000 ¢
01 02 05 1 2 5 10
Favours Nivo+lpi Favours Nivo
Fig.4 PFS Analysis. Figure shows the PFS analysis on selected trials. Pooled Hazard Ratio favored the combination of nivolumab plus ipilimumab
with respect to nivolumab alone (HR=0.807; 95% Cl: 0.719-0.907; P < 0.0001). Fixed effect model—Heterogeneity not significant (P=0.85)
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Study name Outcome  Statistics for each study Hazard ratio and 95% CI
Hazard LowerUpper
ratio limit limit Z-Valuep-Value
CHECKMATE 067 (O] 0.830 0,669 1,029 -1,698 0,089
CHECKMATE 227_PDL1 OS 0,900 0,759 1,068 -1,207 0,227
0,872 0,763 0,997 -2,002 0,045
0102 05 1 2 5 10

Favours Nivo+lpi Favours Nivo

Fig.5 OS Analysis. Figure shows the OS analysis on selected trials. The pooled HR favored the combination of nivolumab plus ipilimumab with
respect to nivolumab alone (HR=0.87; 95% Cl: 0.763-0.997; P=0.045). Fixed effect model—Heterogeneity not significant (P=0.56)

Study name Outcome Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit 2-Value p-Value
CHECKMATE 067 G3_G4 5,017 3,541 7.109 9.071 0,000
IFCT-1501 G3_G4 2,133 0.861 5,286 1,637 0,102
A091401 G3_G4 2,167 0.504 9.311 1,039 0.299
CA209032_SCLC G3_G4 4,042 2,143 7.626 4313 0,000
CA209302_GASTRIC * G3_G4 1,805 0.723 4,509 1,265 0.206
CA209032_BLADDER * G3_G4 1206 0,629 2313 0,565 0,572
CA209032_GASTRIC ** G3_G4 4335 1,795 10,468 3,260 0,001
CA209032_BLADDER ** G3_G4 1,745 0,909 3,350 1,672 0,094
2,603 1,666 4,067 4202 0,000

1 mg+ipilimumab 3 mg

Fig. 6 Global G3/G4 toxicity analysis. Figure shows the G3/G4 toxicity analysis for all the selected trials. Nivolumab monotherapy was favored
compared to the combination. Random effect model—Significant heterogeneity (P=0.003). *Nivolumab 3 mg + ipilimumab 1 mg **Nivolumab

01 0,2 0,5 1 2 5 10

Favours Nivo+Ipi Favours Nivo

expand the spectrum of patients who could respond to
cancer immunotherapy (increased number of respond-
ing patients in tumors that are sensitive to single agent
therapy and the identification of new sensitive tumor
types that do not respond to monotherapy alone) and to
improve the quality of clinical responses (i.e., time span
of response, PFS and OS) beyond what can be achieved
with monotherapy alone [17]. The aim of such antitumor
strategies will be to raise the tail on the survival curve
by increasing the number of long term survivors, while
managing any additive or synergistic toxicities that may
arise with immunotherapy combination. In our analy-
sis, we found that combination therapy was superior to
monotherapy. This may have several explanations: (1) the
efficacy of monotherapy is limited by low response rates,
with only a small proportion of patients responding to
treatment; (2) combining anti-CTLA-4 and anti-PD-1
therapies may activate the antitumor immune response
synergistically, thus increasing response rates; (3) com-
bining anti-CTLA-4 and anti-PD-1 therapies significantly
increases the ratios of both CD8 + /regulatory T cells and
CD4 + effector/regulatory T cells within the tumor, so

that CD8+and CD4+T cells continue to survive, pro-
liferate and carry out effector functions in the tumor;
(4) combining anti-CTLA-4 and anti-PD-1 therapies
induces the accumulation of active T cells that express
CTLA-4 and PD-1 and would otherwise be energized;
and (5) combining anti-CTLA-4 and anti-PD-1 thera-
pies increases the production of inflammatory cytokines
(such as IFN-y and TNF-a) in the tumor itself and in its
draining lymph nodes.

The scientific rationale of the combination is linked
to the evidence that each immunotherapy checkpoint
blockade leads to a distinct and non-overlapping sig-
nature of changes in T cells and the immune com-
partment. In particular, several investigators have
demonstrated that PD-1 blockade mainly leads to
changes in genes implicated in cytolysis and NK cell
function, differently from CTLA-4 blockade that
induces a proliferative signature in a subset of memory
T cells. This activity of ipilimumab on the memory cell
compartment may be responsible for the prolonged
responses observed in patients treated with this drug.
Indeed, although objective antitumor response rates
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were low (~10%), approximately 20% of patients had a
long-lasting response up to 10 years and this sustained
benefit may represent the potential of anti-CTLA4
immunotherapy in raising the tail of the survival curve.
This effect on immunologic memory can be further
demonstrated by the observation that less than 4 doses
of ipilimumab can be sufficient to induce the long-term
effect on the survival curve.

In intermediate/poor risk metastatic renal cell carci-
noma, first-line therapy withthe combination ipilimumab
plus nivolumab showed that 60% of patients were alive at
30 months, with a 42% ORR and 11% CR. In untreated
advanced melanoma nivolumab plus ipilimumab versus
nivolumabalone results in higher 5-yr OS [(52% versus
46%) with HR of 0.83 (95% CI, 0.67—1.03)], and PFS [37%
versus, 31% with HR 0.79 (95% CI, 0.64—0.96)]. These dif-
ferences were consistent across many clinically relevant
subgroups, including BRAF-mutant patients and poor
prognostic subgroups, such as patients with elevated
LDH levels and M1c disease. First-line therapy for non-
small-cell lung cancer using combination nivolumab
plus ipilimumab in patients with a PD-L1 expression
level of 1% or more, shows a median overall survival of
17.1 months and 15.7 months with nivolumab alone [HR
0.90 (0.76—1.07)] and a 2 year overall survival rate of 40.0
and 36%, respectively. The median duration of response
was 23.2 months with nivolumab plus ipilimumab and
15.5 months with nivolumab. Overall survival benefit was
also observed in patients with a PD-L1 expression level
of less than 1%, with a median duration of 17.2 months
(95% CI, 12.8-22.0) with nivolumab plus ipilimumab.
Preliminary but very encouraging results derive from the
combination of ipilimumab plus nivolumab in melanoma
patients treated in the neoadjuvant setting, achieving
78% of pathological response [18].

In this analysis, we confirmed, in a larger population
with several cancer subtypes, the results of Yang and
colleagues [19]. In particular we demonstrate that the
addition of ipilimumab to nivolumab increases ORR to
approximately 68% (range 8—95) and reduces the risk of
progression and death of about 20% (range 10-28) and
13% (range 1-24), respectively, regardless of tumor type.

Additional evidences of the improved outcome by add-
ing ipilimumab to nivolumab (“boost” cycles) in meta-
static RCC patients, with early significant progressive
disease (PD) at week 8 or stable disease (SD) or PD at
week 16 during nivolumab induction, has been reported
in the Titan trial [20]. Of the 207 patients enrolled in the
study, 64.3% (133/207) received at least one “boost” cycle.
Overall 29.8% (14/47) of RCC patients in first line treat-
ment and 38.6% (22/57) of patients in second line treat-
ment with SD/PD after nivolumab monotherapy had
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improvement in best overall response (BOR) with the
“boost” cycles, respectively.

From a safety point of view, no new signals have been
observed with the combination compared to mono-
therapy and, despite the higher level of immune relate
adverse events (irAE) observed with the combina-
tion therapy, it is worth noting that: (1) patients who
were required to come off treatment due to irAE had
an overall benefit when compared to the entire popula-
tion and (2) toxicity of the combination appears to be
as manageable as single agent immunotherapy and it
has been demonstrated that the need to treat irAE with
corticosteroids does not impact on outcome.

However, the added benefit of each additional drug
must be properly evaluated against the added toxici-
ties, even if no new signals have been observed with the
combination compared to the monotherapy.

Conclusion

The “agnostic evaluation” of the ipilimumab plus
nivolumab combination suggests the “agnostic efficacy”
of the combination, compared to mono-immunother-
apy, in the population selected for immunotherapy
treatment, regardless of tumor type.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/512967-020-02588-2.

Additional file 1: Figure S1. G3/G4 toxicity analysis for NIVO14IPI3
schedule. Figure S2. G3/G4 toxicity analysis for NIVO3+IPI1 schedule.
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