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A B S T R A C T

Purpose: To investigate the predictive value of RECIST response within 3, 6, or 12 months on long-term survival,
and explore differences between nivolumab+ipilimumab and nivolumab monotherapy, we analyzed pooled 5-
year data of 935 responder and non-responder patients at various time points after treatment initiation in
CheckMate 069, 066, and 067 studies.
Patients and methods: Treatment-naive advanced melanoma patients received nivolumab+ipilimumab or nivo-
lumab monotherapy. To decrease immortal time bias, 3-, 6-, or 12-month overall survival (OS) and progression-
free survival (PFS) landmark analyses were performed. Association between characteristics and response was
evaluated by univariate and multivariate analyses.
Results: Response rates at any time were 58 % (239/409) for nivolumab+ipilimumab and 44 % (230/526) for
nivolumab monotherapy. In 12-month landmark analyses, 5-year OS rates for responders versus non-responders
were 82 % versus 40 % with nivolumab+ipilimumab (HR=0.23 [95 % CI, 0.15–0.35]) and 76 % versus 32 %
with nivolumab monotherapy (HR=0.22 [95 % CI, 0.16–0.31]). PFS rates were 83 % versus 32 % and 69 %
versus 46 %, respectively. Similar strong associations between response at 3 and 6 months and 5-year OS and PFS
were also observed with more than 70 % of the responses observed in the first 3 months. Response rates
correlated with baseline LDH and PD-L1 status by multivariate analysis but the association between response and
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long-term survival was maintained in landmark analyses even among patients with high LDH and low PD-L1
expression.
Conclusion: Clinical response evaluated in the first months of therapy is a strong predictor of long-term survival,
even in patients with poor prognostic biomarkers.

1. Introduction

Immune checkpoint inhibitors (ICIs) targeting programmed cell
death protein 1 (PD-1) such as nivolumab and cytotoxic T-lymphocy-
te–associated antigen 4 (CTLA-4), ipilimumab, have significantly
improved long-term outcomes for patients with melanoma. Nivolumab
is approved as monotherapy or in combination with ipilimumab globally
for the treatment of advanced melanoma [1–7].

Currently, no established robust baseline biomarkers predict the
long-term survival of patients treated with ICIs, although complete
response (CR), partial response (PR) and complete metabolic response
(both RECIST CR or PR) were shown to be associated with survival
benefit [8–10]. When assessing the predictive value of an event such as
response, which occurs after inclusion in a study, it is crucial to address
the inherent immortality bias and utilize an appropriate statistical
methodology. As such, using landmark analyses and pooled 5-year data
from the CheckMate 066, 069, and 067 studies (N = 935), we investi-
gated survival data based on RECIST v1.1 response within 3–12 months
of treatment with ICI monotherapy or combination to help clinicians
with both treatment decisions and discussions of expected prognosis
with patients after treatment initiation.

2. Materials and methods

2.1. Individual study designs and patients

For this post hoc analysis, data were pooled for patients with pre-
viously untreated, advanced melanoma treated with nivolu-
mab+ipilimumab or nivolumab alone in CheckMate 066
(NCT01721772; refs. [1,11], CheckMate 069 (NCT01927419; refs. [2,
3]), and CheckMate 067 (NCT01844505; refs. [4,6]). Eligibility criteria,
study designs, and safety assessments, along with trial compliance in-
formation, have all been described previously [1,2,4].

2.2. Pooled analysis assessments

Efficacy and safety data were pooled for the three studies, comparing
responders and non-responders. Responders were patients with
investigator-assessed unconfirmed CR or PR per RECIST v1.1. Landmark
survival analyses investigated responders in time periods of 3, 6, and 12
months. Analyses based on response at any time were also performed on
the total ITT patient population (Fig 1).

Outcomes for overall and progression-free survival (OS and PFS)
were conducted using 3-, 6-, or 12-month landmark analyses (Fig 1) to
reduce the time guarantee bias associated with the analysis of time-to-
event endpoints by on-treatment factors [12]; melanoma-specific sur-
vival was not analyzed at this time. The time points served a dual pur-
pose in these landmark analyses. First, patients who discontinued the
study or had an event within 3, 6, or 12 months of treatment were
excluded in that respective analysis population. For OS, patients who
died in the landmark interval were excluded, and for PFS, patients who
progressed or died were excluded. Secondly, patients in the resulting
landmark population were separated into those who either did or did not
demonstrate a response in the respective landmark timeframe (i.e., 3, 6,
or 12 months) and were then followed for survival to investigate the
relationship between response and long-term OS and PFS rates. There-
fore, for each analysis, the population was unique for that landmark
timeframe and survival endpoint.

Naive analyses were those in which the total population without any
landmark division was divided into responder and non-responder (pa-
tients with stable disease [SD], a PR, or not evaluable [NE]) groups.
These analyses included overall objective response, baseline character-
istics, subsequent therapy use, patient disposition, and univariate and
multivariate analyses (Fig 1).

2.3. Statistical analysis

For the survival analyses, Kaplan-Meier estimates of OS and PFS with

Fig. 1. Disposition of patients with a response treated with nivolumab+ipilimumab or nivolumab alone included in the pooled analysis. CR, complete response;
NIVO, nivolumab; NIVO+IPI, nivolumab+ipilimumab; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable
disease; UTD, unable to determine.
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two-sided 95 % confidence intervals (CIs) were calculated using the
Brookmeyer and Crowley method. Descriptive hazard ratios (HRs) and
CIs comparing responders to non-responders were estimated using an
unstratified Cox proportional hazards model.

The calculation of 95 % CIs for objective response rates (ORRs) was
based on the Clopper and Pearson method. Baseline characteristics of
responders and non-responders were compared using the chi-square test
for categorical variables and two-sample t-test for continuous variables.
The association of clinically relevant baseline characteristics with
response was assessed using univariate and multivariate analyses per
treatment group. Baseline characteristics included age, sex, Eastern
Cooperative Oncology Group performance status (ECOG PS), region,
disease characteristics (e.g., metastasis [M]-stage and history, lesion
sites and size), programmed death ligand 1 [PD-L1] expression, BRAF
mutation status, and lactate dehydrogenase [LDH] level). Factors asso-
ciated with response in the univariate analysis (P ≤ 0.1) were subse-
quently included in a Cox proportional hazards multivariate analysis. All
analyses were conducted using SAS software (v9.3 or higher; SAS
Institute, Cary, NC).

2.4. Data availability

Bristol Myers Squibb policy on data sharing may be found at https://
www.bms.com/researchers-and-partners/clinical-trials-and-research/
disclosure-commitment.html.

3. Results

3.1. Patients

A total of 409 patients randomized to nivolumab+ipilimumab (239
responders and 170 non-responders) and 526 patients to nivolumab
alone (230 responders and 296 non-responders) were included in this
analysis (Fig 1). Minimum follow-up was 60 months in each study.
Pooled median follow-up for patients treated with nivolu-
mab+ipilimumab or nivolumab alone was 62.8 and 63.0 months,
respectively, for responders, and 10.5 and 12.8 months for non-
responders.

3.2. Overall response assessments

In the response assessment at any time in the total population, the
ORR was 58 % for nivolumab+ipilimumab and 44 % for nivolumab
alone (Supplementary Table S1). In the nivolumab+ipilimumab group,
96 patients (23 %) had a CR among all patients throughout the study and
79 patients (40 %) had a CR among patients alive at 5 years, meaning
79/96 (82 %) of all patients with a CR at any time were alive at 5 years.
Similarly, in the nivolumab group, 102 patients (19 %) had a CR among
all patients throughout the study and 91 patients (44 %) had a CR among
patients alive at 5 years, meaning 91/102 (89 %) of all patients with a
CR at any time were alive at 5 years. Proportions of patients alive at 5
years in categories of PR, SD, and PD are shown in Supplementary
Table S1. Median duration of response was not reached for either
treatment group.

In the total population, subsequent systemic therapy was received by
57/239 (24 %) of responders and 81/170 (48 %) of non-responders
treated with nivolumab+ipilimumab, and by 59/230 (26 %) of re-
sponders and 193/296 (65 %) of non-responders treated with nivolu-
mab alone (Supplementary Table S2). Among responders versus non-
responders, 67 % versus 12 % treated with nivolumab+ipilimumab
and 64 % versus 10 % treated with nivolumab alone had not received
any subsequent systemic therapy at 5 years, excluding patients who died
and never received subsequent therapy.

3.3. Survival analyses

The 12-month landmark OS analysis included 296/409 (72 %) of
nivolumab+ipilimumab-treated patients and 374/526 (71 %)
nivolumab-treated patients (i.e., patients who had not died in the first 12
months). This population was divided into patients with a response
within 12 months (responders) and all other patients (non-responders).
For the nivolumab+ipilimumab group, 221/296 (75 %) patients were
responders, representing 92 % of responses at any time for this arm of
treatment, and 75/296 (25 %) were non-responders; for the nivolumab
group, 218/374 (58 %) patients were responders (95 % of responses at
any time) and 156/374 (42 %) were non-responders (Fig 1). Five-year
OS rates with nivolumab+ipilimumab were 82 % for responders and
40 % for non-responders (HR = 0.23 [95 % CI, 0.15–0.35]); with
nivolumab alone, rates were 76 % and 32 %, respectively (HR = 0.22
[95 % CI, 0.16–0.31]) (Fig 2A and B).

There were 179/409 (44 %) nivolumab+ipilimumab-treated pa-
tients and 197/526 (37 %) nivolumab-treated patients available for the
12-month landmark PFS analysis (i.e., patients who had not progressed
or died in the first 12 months; Fig 1). Of this patient population, 159/179
(89 %) of nivolumab+ipilimumab-treated patients had a response in the
first 12 months and 20/179 (11 %) were non-responders; for the nivo-
lumab group, it was 170/197 (86 %) for responders and 27/197 (14 %)
for non-responders. Five-year PFS rates with nivolumab+ipilimumab
were 83 % in responders and 32 % in non-responders (HR = 0.18 [95 %
CI, 0.09–0.35]); with nivolumab monotherapy, rates were 69 % and
46 %, respectively (HR = 0.37 [95 % CI, 0.20–0.69]) (Fig 2C and D).

Landmark survival analyses were repeated with 3- and 6-month time
points for both OS and PFS (Fig 3). HR values show a strong survival
benefit for responders versus non-responders for both the 6-month OS
landmark (nivolumab+ipilimumab HR = 0.24 [95 % CI, 0.17–0.35] and
nivolumab monotherapy HR = 0.22 [95 % CI, 0.16–0.30]) and the 3-
month OS landmark (nivolumab+ipilimumab HR = 0.26 [95 % CI,
0.18–0.37] and nivolumab monotherapy HR = 0.25 [95 % CI,
0.18–0.34]) (Fig 3A–D). Responses in the OS analysis achieved within 6
months represented 89 % of responses at any time for the combination
arm and 93 % for monotherapy; responses achieved within the 3-month
landmark represented respectively 74 % and 73 % of responses at any
time, respectively. Similar to OS, responder versus non-responder 6-
month PFS landmark HRs were 0.38 (95 % CI, 0.24–0.61) for nivolu-
mab+ipilimumab and 0.44 (95 % CI, 0.29–0.69) for nivolumab alone; 3-
month PFS landmark HRs were 0.36 (95 % CI, 0.25–0.51) and 0.49
(95 % CI, 0.35–0.69), respectively (Fig 3E–H).

Similar survival analyses with all three landmark times (3, 6, and 12
months) were conducted for patients according to RECIST v1.1 response
category (patients categorized as NE were not included; patient numbers
are shown in Supplementary Table S3). Of patients available for the OS
analyses in the 12-month time period, 18 % had a CR and 58 % had a PR
within the first 12 months in the nivolumab+ipilimumab arm, and 13 %
had a CR and 46 % had a PR in the nivolumab arm (Supplementary
Table S3). Five-year OS rates for patients with a CR in the first 12 months
were 85 % with nivolumab+ipilimumab and 86 % with nivolumab
alone. Five-year OS rates for those with a PR in the first 12 months were
81 % and 74 %, respectively (Fig 4A and B). Among the nivolu-
mab+ipilimumab and nivolumab groups, respectively, with PR in the
first 12 months, 40/168 (24 %) and 51/169 (30 %) demonstrated a CR
afterward. In patients available for the PFS analysis (Supplementary
Table S3), the 5-year PFS rate for patients with a CR in the first 12
months was 84 % with nivolumab+ipilimumab and 82 % with nivolu-
mab alone. The 5-year PFS rate for those with a PR in the first 12 months
was 82 % and 64 %, respectively (Fig 4C and D). Results in patients at
the 3- and 6-month landmarks (Supplementary Table S3) showed similar
survival results for both OS (Supplementary Fig. S1A-D) and PFS (Sup-
plementary Fig. S1E-H). Among patients treated with nivolu-
mab+ipilimumab who were alive and had SD at 3 months, 33/87 (38 %)
went on to have a PR and 13/87 (15 %) went on to have a CR; for

C. Robert et al. European Journal of Cancer 214 (2025) 115119 

3 



nivolumab treatment, it was 30/90 (33 %) and 16/90 (18 %), respec-
tively. Patient number analyses for patients with an SD at 3 or 6 months
and either alive at 3 or 6 months or alive and not progressed at 3 or 6 can
be found in Supplementary Table S4.

3.4. Responder characteristics

Baseline characteristics of responders and non-responders in the total
population were similar between the two treatment groups, with the
exception that patients with a BRAFmutation had a higher likelihood of
response when treated with the combination (34 %) versus nivolumab
only (16 %; Table 1).

By univariate analysis in the total population, normal LDH level, M0/
M1A/M1B stage, PD-L1 status (≥ 1 % and 5 %), and smaller tumor
burden (i.e., sum of target lesion reference diameter) were significantly
associated with higher response rates in both treatment groups (Sup-
plementary Table S5). For PD-L1 association, the difference based on
response rate (≥ 5 % vs. < 5 %) was greater in the nivolumab-only
group than in the combination group. ECOG PS 0 and male gender
were significantly associated with a higher response rate only for the

nivolumab-only group, while a smaller number of lesion sites was
significantly associated with a higher response rate only for the nivo-
lumab+ipilimumab group. No significant association with response rate
were observed within subgroups based on age, history of brain metas-
tases, or BRAF status in either treatment group.

Results from the univariate analysis were used to perform a multi-
variate analysis for each treatment separately in the total population.
According to this analysis, baseline normal LDH expression and PD-L1
expression > 1 % were associated with response in both treatment
groups; male gender was specific for the nivolumab group (Table 2).

We explored the relationship of baseline LDH and PD-L1 expression
levels, response, and survival using 6-month OS and PFS landmark an-
alyses as described above. HR analysis of responder versus non-
responder for each treatment shows that regardless of LDH expression,
patients have better survival if they have a response within 6 months
(Supplementary Fig. S2 [OS] and Supplementary Fig. S3 [PFS]),
although for PFS, there was no response benefit for either treatment at
LDH expression levels > upper limit of normal (ULN). In addition, pa-
tients with a response within 6 months had better survival (OS and PFS),
regardless of PD-L1 expression levels (Supplementary Fig. S4 and
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Fig. 2. Kaplan-Meier 12-month landmark plots of (A and B) OS and (C and D) PFS in pooled patients treated with nivolumab+ipilimumab or nivolumab alone who
either did or did not demonstrate a response in the first 12 months of treatment. Survival rates at 4 and 5 years with respective 95 % CIs are shown, along with HRs
for responder versus non-responder. A. Nivolumab+ipilimumab OS 12 months. B. Nivolumab OS 12 months. C. Nivolumab+ipilimumab PFS 12 months. D. Nivo-
lumab PFS 12 months. CI, confidence interval; HR, hazard ratio; NR, not reached; OS, overall survival; PFS, progression-free survival.
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Supplementary Fig. S5).

4. Discussion

Our results show that responses achieved within the first year of
treatment with nivolumab+ipilimumab or nivolumab alone are strongly
associated with long-term survival even in patients with poor baseline
prognostic characteristics. These long-term survival data provide in-
formation for the practicing clinician to counsel patients about the ex-
pected prognosis after a response is observed early during the treatment
course. This is relevant for most patients who respond to immuno-
therapy because more than 70 % and 89 % of responses were observed
during the first 3 and 6 months, respectively, for both treatment arms.
For this study, we used landmark analyses to decrease the immortal time
bias generated when an analysis that is timed from enrollment or
randomization is compared across groups defined by an event that oc-
curs during follow-up [12] and, simultaneously, evaluated responders at
the same time points used for the landmark analyses.

In the landmark analyses, patients with a CR within 12 months of
treatment with nivolumab+ipilimumab or nivolumab alone had high,

and similar, 5-year OS rates (85 % and 86 %, respectively) and PFS rates
(84 % and 82 %, respectively). Patients with a PR within 12 months of
nivolumab+ipilimumab treatment appeared to have better 5-year out-
comes than those who received nivolumab alone for both OS (81 % vs.
74 %) and PFS (82 % vs. 64 %). The apparent benefit of combination
therapy versus nivolumab monotherapy appears to continue with a
response within 3 or 6 months, specifically in terms of PFS. This suggests
that the overall numeric improvement in PFS and OS with nivolu-
mab+ipilimumab over nivolumab monotherapy is mostly due to pa-
tients with PR. Anti-CTLA-4 has been indicated to have a role in T-cell
memory and as an indirect modulator of tumor immunogenicity
[13–15]. One possibility is that some patients treated with nivolu-
mab+ipilimumab with a PR may in fact have a CR with persisting
tumor-free radiographic lesions due to fibrotic reactions and remnant
immune cells. Such a scenario might be more frequent with the com-
bination than with nivolumab monotherapy and explain why patients
with a PR and a CR have similar long-term outcomes with combination
therapy, but not with nivolumab monotherapy. One possible limitation
for this portion of the study is the lack of melanoma-specific survival
data. However, recently published 10-year follow-up data from
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Fig. 3. A–D, Kaplan-Meier 6-month (A-B) and 3-month (C-D) landmark OS plots in pooled patients treated with nivolumab+ipilimumab (A and C) or nivolumab
alone (B and D) who either did or did not demonstrate a response in the landmark period. E–H, Kaplan-Meier 6-month (E-F) and 3-month (G-H) landmark PFS plots
in pooled patients treated with nivolumab+ipilimumab (E and G) or nivolumab alone (F and H) who either did or did not demonstrate a response in the landmark
period. Survival rates at 4 and 5 years with respective 95 % CIs are shown, along with HRs for responder versus non-responder. CI, confidence interval; HR, hazard
ratio; NR, not reached; OS, overall survival; PFS, progression-free survival.
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CheckMate 067, the trial in which most of the patients in this study were
enrolled, includes melanoma-specific survival analyses [16].

Characteristics associated with response in our multivariate analysis
for nivolumab+ipilimumab-treated patients were baseline LDH status
and PD-L1 expression and for nivolumab-treated patients were gender
(male), baseline LDH status, and PD-L1 expression. Our analysis adds to
a recent study identifying baseline clinical parameters that could guide
patient discussions about prognosis, and possibly help treatment selec-
tion between anti-PD-1 plus ipilimumab versus anti-PD-1 monotherapy
[17]. Importantly, follow-up survival analyses from the current analysis
show that patients with a response within the first year and as early as 3
or 6 months after treatment initiation (i.e., at the first and the second
evaluation, respectively), show high survival despite poor prognostic
baseline characteristics (OS HR for response at 3 and 6 months are
approximately 0.25 for both treatment regimens). Indeed, baseline
characteristics may be linked to treatment response, but their predictive
accuracy is often insufficient to confidently guide therapeutic
decision-making. We show here that response predicts survival and that
achieving an objective response to treatment may override poor prog-
nostic factors at baseline, changing baseline prognostic expectations for
certain patients. These results could be a foundation on which future
investigations of tissue- and blood-based markers could add additional
information for increased prediction value. However, tumor PD-L1

expression and blood LDH were available for the current analysis.

5. Conclusion

In summary, results from this pooled analysis show that objective
response to ICI treatment achieved in the first year is associated with
long-term survival, including in patients with poor baseline prognostic
markers for survival. Differences were observed between nivolu-
mab+ipilimumab and nivolumab monotherapy treatment: while CR has
the same predictive value for each regimen, the association of PR with
longer OS is stronger for nivolumab+ipilimumab than for nivolumab
alone. This analysis provides information that will help clinicians
counsel patients about long-term prognostic expectations based on
response outcomes occurring within the first 3 to 12 months of
treatment.
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Fig. 4. Kaplan-Meier 12-month landmark plots of OS (A–B) or PFS (C–D) in pooled patients treated with nivolumab+ipilimumab (A and C) or nivolumab alone (B
and D) by best overall response in the first 12 months of treatment. Survival rates at 4 and 5 years with respective 95 % CIs are shown. CI, confidence interval; CR,
complete response; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease.
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Table 1
Baseline characteristics of respondersa and non-responders treated with nivolumab+ipilimumab or nivolumab alone. Abbreviations: CR, complete response; ECOG,
Eastern Cooperative Oncology; LDH, lactate dehydrogenase; PD, progressive disease; PD-L1, programmed death ligand 1; PR, partial response; SD, stable disease; ULN,
upper limit of normal. aAssessed per investigator using RECIST v1.1 criteria. Responders’ category consists of patients with a CR or PR. Non-responders’ category
consists of patients with SD, PD, or a nonevaluable response bPatients with unknown baseline characteristics were excluded from P value calculations. cDefined as the
sum of the longest dimension of all measurable target lesions.

Nivolumab+ipilimumab (N = 409) Nivolumab (N = 526)

Responders (n =

239)
Non-responders (n =

170)
P value Responders (n =

230)
Non-responders (n =

296)
P value

Median age, years (range) 62.0 (18 − 87) 63.0 (23 − 88) 0.743 62.5 (25 − 89) 61.0 (18 − 90) 0.269
Male, No. (%) 166 (69) 103 (61) 0.062 158 (69) 165 (56) 0.002
ECOG performance status, No. (%) ​ ​ 0.349 ​ ​ 0.014

0 185 (77) 124 (73) ​ 181 (79) 204 (69) ​
≥ 1 54 (23) 45 (26) ​ 49 (21) 91 (31) ​
Unknownb 0 1 (1) ​ 0 1 (< 1) ​

Baseline LDH level, No. (%) ​ ​ < 0.0001 ​ ​ < 0.0001
≤ ULN 176 (74) 93 (55) ​ 163 (71) 154 (52) ​
> ULN to < 2 × ULN 48 (20) 47 (28) ​ 51 (22) 82 (28) ​
≥ 2 × ULN 14 (6) 29 (17) ​ 10 (4) 48 (16) ​
Unknownb 1 (< 1) 1 (1) ​ 6 (3) 12 (4) ​

M stage, No. (%) ​ ​ 0.008 ​ ​ 0.020
M0/M1A/M1B 118 (49) 61 (36) ​ 107 (47) 108 (36) ​
M1C 121 (51) 108 (64) ​ 123 (53) 188 (64) ​
Unknownb 0 1 (1) ​ 0 0 ​

M stage, No. (%) ​ ​ 0.015 ​ ​ 0.107
M0 10 (4) 9 (5) ​ 18 (8) 17 (6) ​
M1A 46 (19) 16 (9) ​ 32 (14) 38 (13) ​
M1B 62 (26) 36 (21) ​ 57 (25) 53 (18) ​
M1C 121 (51) 108 (64) ​ 123 (53) 188 (64) ​
Unknownb 0 1 (1) ​ 0 0 ​

History of brain metastasis, No. (%) ​ ​ 0.237 ​ ​ 0.947
Yes 11 (5) 4 (2) ​ 6 (3) 8 (3) ​
No 228 (95) 165 (97) ​ 224 (97) 288 (97) ​
Unknownb 0 1 (1) ​ 0 0 ​

BRAF status, No. (%) ​ ​ 0.083 ​ ​ 0.183
Mutant 81 (34) 44 (26) ​ 37 (16) 61 (21) ​
Wild-type 158 (66) 126 (74) ​ 191 (83) 232 (78) ​
Unknownb 0 0 ​ 2 (1) 3 (1) ​

PD-L1 status, n/n (%) ​ ​ 0.031 ​ ​ 0.0004
Known value 211/239 (88) 147/170 (86) ​ 217/230 (94) 257/296 (87) ​
≥ 5 % 63/211 (30) 29/147 (20) ​ 81/217 (37) 58/257 (23) ​
< 5 % 148/211 (70) 118/147 (80) ​ 136/217 (63) 199/257 (77) ​
Unknown value 28/239 (12) 23/170 (14) ​ 13/230 (6) 39/296 (13) ​

Number of lesion sites, No. (%) ​ ​ 0.019 ​ ​ 0.261
1 86 (36) 42 (25) ​ 65 (28) 65 (22) ​
2 − 3 120 (50) 91 (54) ​ 128 (56) 175 (59) ​
> 3 33 (14) 37 (22) ​ 37 (16) 54 (18) ​
Unknownb 0 0 ​ 0 2 (1) ​

Median target lesion sumc of reference diameter,
cm (range)

4.6 (1.0 − 37.2) 7.2 (1.0 − 25.7) < 0.0001 4.6 (1.0 − 37.3) 6.1 (1.0 − 38.4) 0.004

C. Robert et al. European Journal of Cancer 214 (2025) 115119 

8 



and has participated on a data safety or advisory board for
Bristol Myers Squibb, Merck Sharp & Dohme, and Pierre Fabre. J.-J.
Grob received consulting fees from Bristol Myers Squibb and Novartis;
and participated on advisory boards for Amgen, Bristol Myers Squibb,
Merck Sharp & Dohme, Novartis, Philogen, Pierre Fabre, Roche, and
Sanofi. J.R. Hyngstrom disclosed institutional trial support from
Amgen, Bristol Myers Squibb, Iovance, Lyell, Merck, Natera, Philogen,
Regeneron, Skyline, and Takara. J. Wagstaff has no conflicts to disclose.
J. Chesney disclosed medical writing support and article processing and
charges from Bristol Myers Squibb for the current manuscript.
M.O. Butler received consulting fees from Adaptimmune,
Bristol Myers Squibb, GlaxoSmithKline, Immunocore, Ideaya Bio, Instil
Bio, IOVANCE, LaRoche Possey, Medison, Merck, Novartis, Pfizer,
Regeneron, Sanofi, and Sun Pharma; grants from Merck, Novartis, and
Takara Bio; honoraria from Bristol Myers Squibb, Merck, Novartis,
Pfizer, and Sanofi; and participated on safety review committees for
Adaptimmune and GlaxoSmithKline. O. Bechter disclosed medical
writing support from Bristol Myers Squibb for the current manuscript. I.
Márquez-Rodas received consulting fees from Amgen, Astra Zeneca,
BiolineRx, Bristol Myers Squibb, Celgene, GlaxoSmithKline, Highlight
Therapeutics, Immunocore, Merck Serono, Merck Sharp & Dohme,
Novartis, Pierre Fabre, Regeneron, Roche, Sanofi, and Sun Pharma;
received travel fees from Amgen, Bristol Myers Squibb, GlaxoSmithK-
line, Highlight Therapeutics, Merck Sharp & Dohme, Novartis, Pierre
Fabre, Roche, and Sun Pharma; and discloses a leadership or fiduciary
role for Spanish Melanoma Group. A.C. Pavlick received consulting fees
and honoraria from Bristol Myers Squibb, Merck, and Replimune. P.
Durani disclosed employment and stock or stock options with
Bristol Myers Squibb. M. Pe Benito disclosed employment and stock or
stock options with Bristol Myers Squibb. P. Wang disclosed employment
and stock or stock options with Bristol Myers Squibb. M.A. Postow
received support for the current manuscript from Bristol Myers Squibb,
grants from Bristol Myers Squibb, Infinity, Merck, Novartis, and RGenix,
consulting fees from Bristol Myers Squibb, Chugai, Eisai, Merck,
Nektar, Novartis, Pfizer, and Replimune; travel support from
Bristol Myers Squibb and Pfizer; and also participated in a data safety
monitoring or advisory board for Bristol Myers Squibb and Pfizer. P.A.
Ascierto received consulting fees from Bayer, Bio-Al Health,
Bristol Myers Squibb, Italfarmaco, Lunaphore, Merck Serono, Merck
Sharp & Dohme, Nektar, Novartis, Pfizer Medicenna, Philogen, Pierre-

Fabre, Replimmune, Roche-Genentech, Sandoz, Sanofi, Sun Pharma,
and ValoTx; participated on a safety monitoring or advisory board for
AstraZeneca, Boehringer-Ingelheim, Bristol Myers Squibb, Daiichi San-
kyo, Eisai, Erasca, Italfarmaco, iTeos, Lunaphore, Merck Serono, Merck
Sharp & Dohme, Nektar, Nouscom, Novartis, Oncosec, Pfizer Medi-
cenna, Philogen, Pierre-Fabre, Regeneron, Replimmune, Roche-
Genentech, Sandoz, Sanofi, Seagen, Sun Pharma, and ValoTx; received
grants from Bristol Myers Squibb, Pfizer, Roche-Genentech, and Sanofi;
and received travel fees from Bio-Al Health, Merck Sharp & Dohme,
Pfizer, and Replimmune.

Acknowledgments

The authors thank the patients and investigators who participated in
the CheckMate 069, 066 and 067 trials. They acknowledge Ono Phar-
maceutical Company, Ltd. (Osaka, Japan) for contributions to nivolu-
mab development and Dako, an Agilent Technologies, Inc. company
(Santa Clara, CA) for collaborative development of the PD-L1 immu-
nohistochemistry 28–8 pharmDx assay. The authors thank Wim van
Dijck from Bristol Myers Squibb for statistical contributions for the
study, as well as Sandra Re and Jasmine Rizzo from Bristol Myers Squibb
for medical oversight. Professional medical writing and editorial assis-
tance were provided by Melissa Kirk, PhD, and Michele Salernitano at
Ashfield MedComms, an Inizio Company, funded by Bristol Myers
Squibb. M. Postow acknowledges support from the NIH/NCI Cancer
Center Support Grant P30 CA008748. J. Wagstaff acknowledges grant
support MSK P30 CA008748. J. Larkin acknowledges grant support from
the National Institute for Health Research Royal Marsden-Institute of
Cancer Research Biomedical Research Centre.

This work was supported by Bristol Myers Squibb (Princeton, NJ).

Funding

Bristol Myers Squibb.

Appendix A. Supporting information

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.ejca.2024.115119.

References

[1] Robert C, Long GV, Brady B, Dutriaux C, Maio M, Mortier L, et al. Nivolumab in
previously untreated melanoma without BRAF mutation. N Engl J Med 2015;372:
320–30.

[2] Postow MA, Chesney J, Pavlick AC, Robert C, Grossmann K, McDermott D, et al.
Nivolumab and ipilimumab versus ipilimumab in untreated melanoma. N Engl J
Med 2015;372:2006–17.

[3] Hodi FS, Chesney J, Pavlick AC, Robert C, Grossmann KF, McDermott DF, et al.
Combined nivolumab and ipilimumab versus ipilimumab alone in patients with
advanced melanoma: 2-year overall survival outcomes in a multicenter,
randomized, controlled, phase 2 trial. Lancet Oncol 2016;17:1558–68.

[4] Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD, et al.
Combined nivolumab and ipilimumab or monotherapy in untreated melanoma.
N Engl J Med 2015;373:23–34.

[5] Wolchok JD, Chiarion-Sileni V, Gonzalez R, Rutkowski P, Grob J-J, Cowey L, et al.
Overall survival with combined nivolumab and ipilimumab in advanced
melanoma. N Engl J Med 2017;377:1345–56.

[6] Larkin J, Chiarion-Sileni V, Gonzalez R, Grob J-J, Rutkowski P, Lao CD, et al. Five-
year survival with combined nivolumab and ipilimumab in advanced melanoma.
N Engl J Med 2019;381:1535–46.

[7] Wolchok JD, Chiarion-Sileni V, Gonzalez R, Grob J-J, Rutkowski P, Lao CD, et al.
Long-term outcomes with nivolumab plus ipilimumab or nivolumab alone versus
ipilimumab in patients with advanced melanoma. J Clin Oncol 2022;40:127–37.

[8] Robert C, Ribas A, Hamid O, Daud A, Wolchok JD, Joshua AM, et al. Durable
complete response after discontinuation of pembrolizumab in patients with
metastatic melanoma. J Clin Oncol 2018;36:1668–74.

[9] Anagnostou V, Yarchoan M, Hansen AR, Wang H, Verde F, Sharon E, et al.
Immuno-oncology trial endpoints: capturing clinically meaningful activity. Clin
Cancer Res 2017;23:4959–69.

[10] Dimitriou F, Lo SN, Tan AC, Emmett L, Kapoor R, et al. FDG-PET to predict long-
term outcome from anti-PD-1 therapy in metastatic melanoma. Ann Oncol 2022;
33:99–106.

Table 2
Multivariate analysisa.

Odds ratio (95% CI) P value

Nivolumab+ipilimumab (n ¼ 409)
Baseline LDH status ​ 0.023
> ULN - < 2× ULN vs. ≤ ULN 0.64 (0.38–1.08)
≥ 2× ULN vs. ≤ ULN 0.37 (0.17–0.81)

M stage at study entry ​ 0.082
M1A vs. M0 2.93 (0.88–9.75)
M1B vs. M0 1.47 (0.48–4.48)
M1C vs. M0 1.18 (0.41–3.41)

PD-L1 status ​ 0.003
1%-5% vs. < 1% 1.23 (0.76–2.00)
> 5% vs. < 1% 3.15 (1.61–6.16)

Nivolumab (n ¼ 526)
Sex ​ 0.010

Male vs. female 1.70 (1.13–2.56)
Baseline LDH status ​ 0.0002
> ULN – < 2× ULN vs. ≤ ULN 0.71 (0.45–1.11)
≥ 2× ULN vs. ≤ULN 0.19 (0.08–0.42)

PD-L1 status ​ 0.0002
1%–5% vs. < 1% 1.59 (1.03–2.48)
> 5% vs. < 1% 2.91 (1.74-4.86)

Abbreviations: CI, confidence interval; LDH, lactate dehydrogenase; PD-L1,
programmed death ligand 1; ULN, upper limit of normal.

a For each category, the last level specified is the reference category. P value
and odds ratio are based on odds of response vs. no response.

C. Robert et al. European Journal of Cancer 214 (2025) 115119 

9 

https://doi.org/10.1016/j.ejca.2024.115119
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref1
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref1
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref1
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref2
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref2
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref2
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref3
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref3
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref3
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref3
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref4
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref4
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref4
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref5
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref5
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref5
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref6
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref6
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref6
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref7
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref7
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref7
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref8
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref8
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref8
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref9
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref9
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref9
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref10
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref10
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref10


[11] Ascierto PA, Long GV, Robert C, Brady B, Dutriaux C, Di Giacomo AM, et al.
Survival outcomes in patients with previously untreated BRAF wild-type advanced
melanoma treated with nivolumab therapy: three-year follow-up of a randomized
phase 3 trial. JAMA Oncol 2019;5:187–94.

[12] Giobbie-Hurder A, Gelber RD, Regan MM. Challenges of guarantee-time bias. J Clin
Oncol 2013;31:2963–9.

[13] Murciano-Goroff YR, Warner AB, Wolchok JD. The future of cancer
immunotherapy: microenvironment-targeting combinations. Cell Res 2020;30:
507–19.

[14] Willsmore ZN, Coumbe BGT, Crescioli S, Reci S, Gupta A, Harris RJ, et al.
Combined anti-PD-1 and anti-CTLA-4 checkpoint blockade: treatment of melanoma
and immune mechanisms of action. Eur J Immunol 2021;51:544–56.

[15] Huang AC, Zappasodi R. A decade of checkpoint immunotherapy in melanoma:
understanding the molecular basis for immune sensitivity and resistance. Nat
Immunol 2022;23:660–70.

[16] Wolchok JD, Chiarion-Sileni V, Rutkowski P, Cowey CL, Schadendorf D,
Wagstaff J, et al. Final, 10-year outcomes with nivolumab plus ipilimumab in
advanced melanoma. N Engl J Med 2024. https://doi.org/10.1056/
NEJMoa2407417.

[17] Da Silva IP, Ahmed T, McQuade JL, Nebhan CA, Park JJ, Versluis JM, et al. Clinical
models to define response and survival with anti-PD-1 antibodies alone or
combined with ipilimumab in metastatic melanoma. J Clin Oncol 2022;40:
1068–80.

C. Robert et al. European Journal of Cancer 214 (2025) 115119 

10 

http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref11
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref11
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref11
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref11
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref12
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref12
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref13
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref13
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref13
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref14
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref14
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref14
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref15
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref15
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref15
https://doi.org/10.1056/NEJMoa2407417
https://doi.org/10.1056/NEJMoa2407417
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref17
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref17
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref17
http://refhub.elsevier.com/S0959-8049(24)01726-X/sbref17

	Long-term outcomes among patients who respond within the first year to nivolumab plus ipilimumab or nivolumab monotherapy:  ...
	1 Introduction
	2 Materials and methods
	2.1 Individual study designs and patients
	2.2 Pooled analysis assessments
	2.3 Statistical analysis
	2.4 Data availability

	3 Results
	3.1 Patients
	3.2 Overall response assessments
	3.3 Survival analyses
	3.4 Responder characteristics

	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	Funding
	Appendix A Supporting information
	References


