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Abstract 

Introduction:  The treatment of melanoma is evolving rapidly over the past few years.  

Areas covered:  We conducted a comprehensive review of the literature on the role of nivolumab in 
melanoma 

Expert commentary: Nivolumab is approved by FDA and EMA for the treatment of patients with 
metastatic melanoma. Nivolumab is superior to chemotherapy and to ipilimumab in previously 
untreated patients and to chemotherapy in ipilimumab pre-treated patients. The addition 
ipilimumab to nivolumab is associated with a higher response rate and a better PFS, particularly in 
patients with PD-L1 negative tumors, albeit at the cost of an increase in grade 3-4 adverse event rate. 
Definitive survival data on this combination are pending and the selection of patients most likely to 
benefit from this  combination and its pharmacoeconomics are to be elucidated. Prospectively 
validated predictive markers are lacking.  Of particular interest are immune-related adverse events 
which should be managed according to published guidelines. 
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1. Introduction 
The incidence of melanoma is increasing (1-4). About 200.000 new cases of cutaneous melanoma are 

diagnosed worldwide each year (1-4).  The outcome depends on the stage at diagnosis (5-8). Until 

recently, overall, long term survival in patients with stage IV melanoma was lower than 10 %, 

although in some patients the disease may have a more indolent and protracted course (5-9). 

Objective response rates with standard chemotherapy were consistently lower than 20 % and no 

proven survival benefit was demonstrated in randomized phase III trials. Long term remissions were 

observed in highly selected patients with a toxic regimen of high-dose interleukin-2 (5;8;9). 

Ipilimumab is a monoclonal antibody (mAB) directed against the Cytotoxic T Lymphocyte Antigen-4 

(CTLA-4) receptor which induces durable responses and long term survival in about 20 % of the 

patients (10). The checkpoint inhibitors nivolumab and pembrolizumab are even more active than 

ipilimumab (11-13). We reviewed the role of nivolumab (MDX-1106, BMS-936558/ONO-

4538,Opdivo®, Ono Pharmaceutical Co., Ltd, Osaka, Japan, Bristol-Meyers Squibb [BMS], New York, 

USA).   

Nivolumab is a high-affinity, fully human, Programmed Cell Death Ligand 1 (PD-L1)-specific, 

immunoglobulin G4 (IgG4) (S228P) mAB that inhibits the binding of PD-L1 to both Programmed Cell 

Death-1 (PD-1) and CD80 (14;15).  Programmed death 1 protein is T-cell coinhibitory receptor which 

has two known ligands, PD-L1 (B7-H1) and Programmed Cell Death Ligand 2 (PD-L2)(B7-DC) (14;16-

22). PD-L1 is selectively expressed on many tumors and on cells within the tumor microenvironment 

in response to inflammatory stimuli (14;23-26). Blockade of the interaction between PD-1 and PD-L1 

potentiates immune responses in vitro and mediates preclinical antitumor activity (14;23;25;27). PD-

L1 is the primary PD-1 ligand that is up-regulated in solid tumors, where it can inhibit cytokine 

production and the cytolytic activity of PD-1+, tumor-infiltrating CD4+ and CD8+ T cells (14;23;28-30). 

Nivolumab consists of four polypeptide chains:  two identical heavy chains of 440 amino acids and 

two identical kappa light chains of 214 amino acids, which are linked through inter-chain disulfide 

bonds (31). Nivolumab is produced from cell culture using a Chinese hamster ovary (CHO) cell line 

that was transfected with an expression vector containing coding sequences for the heavy and light 



chains of the nivolumab IgG (14;31). Mice transgenic for human Ig loci were immunized with Chinese 

hamster ovary cell PD-1 transfectants and a PD-1/human IgG1 Fc fusion protein (15;32).  

 

 

 

 

 

2. Phase I and II trials 
2.1 Single agent nivolumab 

Thirty-nine patients with advanced metastatic melanoma, colorectal cancer (CRC), castrate-resistant 

prostate cancer, non–small-cell lung cancer (NSCLC), or renal cell carcinoma (RCC) received a single 

intravenous infusion of nivolumab in dose-escalating six-patient cohorts as a 60-minute intravenous 

infusion at 0.3, 1, 3, or 10 mg/kg, followed by a 15-patient expansion cohort at 10 mg/kg (15). 

Patients with stable disease or evidence of lesional tumor regression at 8 and 12 weeks, no adverse 

events > grade 3, and no evidence of human antihuman antibody at a 1:10 serum dilution received 

additional doses of nivolumab at weeks 12 and 16 and were then observed for 3 months and 

restaged. Those with continued clinical benefit could receive two more doses, spaced by 4 weeks. 

Each re-treatment phase was 16 weeks. Patients with objective responses were observed, with 

optional re-treatment on progression. Nivolumab was well tolerated, no dose limiting toxicities 

(DLTs) were observed after one dose, and a maximum tolerated dose (MTD) was not defined in this 

study (15).  To further assess the safety, side-effect profile, and clinical-activity profile disease-

specific cohorts were enrolled. In this expansion cohorts, nivolumab was administered on days 1, 15, 

and 29 of each 6-week cycle (14). Patients continued treatment for up to 16 cycles unless they had 

unacceptable toxic effects, disease progression, or withdrew consent. In clinically stable patients, 

treatment beyond initial disease progression was permitted until further progression was confirmed. 

Initially, 5 expansion cohorts (with 16 patients per cohort) were enrolled in parallel and received 10 

mg per kilogram for the treatment of NSCLC, CRC, RCC, ovarian cancer and melanoma. On the basis 

of initial signals of activity, additional expansion cohorts (with up to 16 patients per cohort) were 

enrolled for the treatment of melanoma (at 1 and 3 mg per kilogram), NSCLC (divided into cohorts 

with squamous or nonsquamous subtypes and randomly assigned to receive 1, 3, or 10 mg per 

kilogram), pancreatic cancer, breast cancer, and gastric cancer (all at 10 mg per kilogram). A 

maximum tolerated dose was not reached. Serum levels of anti-PD-L1 antibody increased in a dose-

dependent manner from 1 to 10 mg per kilogram in 131 patients who were evaluated (14).  



The serum half-life of nivolumab was estimated from population pharmacokinetics as approximately 

15 days. PD-L1 receptor occupancy on CD3+ peripheral-blood mononuclear cells was assessed in 29 

patients with melanoma at the end of one cycle of treatment, at doses of 1 to 10 mg per kilogram 

(14). The median PD-1-receptor occupancy by nivolumab prior to the fifth administration was 64 to 

70% across all dose levels (31). Increasing doses up to 10.0 mg/kg did not substantially increase PD-1 

receptor occupancy at the time point tested (31). 

Following a 6.5-month hiatus for protocol amendment, additional melanoma cohorts randomly 

assigned to 0.1, 0.3, and 1.0 mg/kg were enrolled (33). In patients with melanoma receiving 0.1 or 

0.3 mg/kg who had progressive disease, intrapatient dose escalation to 1.0 mg/kg was permitted. 

Ultimately 107 melanoma patients were treated (33). A retrospective analysis of overall survival (OS) 

was conducted after a minimum follow up of 14 months (34). In patients with melanoma, overall 

response rate (ORR) across doses was 30.8 % (95 % CI 22.3-40.5). Stable disease > 24 weeks was 

observed in 6.5 % (95 % CI 2.7-13.0).  Median progression-free survival (PFS) was 3.7 months (95 % CI 

1.9-9.1) and 1- and 2-year PFS rates were 36% (95% CI 27-46) and 27% (95% CI, 17-36), respectively. 

Median OS was 16.8 months (95 % CI 12.5-31.6). One- and 2-year survival rates were 62% (95% CI 53-

72) and 43% (95% CI 32-53), respectively.  In 33 patients with objective responses, the Kaplan-Meier 

estimated median duration of response was 2 years.  Nineteen of 33 responses (58%) were ongoing 

at the time of this analysis (34). After a minimum follow up of 45 months, the 60-month OS rate was 

34% (95% 25-43) and median OS was 17.3 months (95% CI 12.5-37.8) (35). Overall survival rates 

appeared to plateau at ~48 months, although further follow-up is needed (35).  

In a phase I/II study, Weber et al (36) assessed the safety of nivolumab 3 mg/kg every 2 weeks for 24 

weeks followed by 3 mg/kg every 12 weeks for up to 2 years, in 92 ipilimumab-refractory patients, 

including patients who experienced grade 3-4 drug-related toxicity to ipilimumab. The ORR for 

ipilimumab-refractory patients was 30% (95% CI 21-41). After a median follow-up of 16 months, 

median duration of response was 14.6 months, median PFS was 5.3 months, and median OS was 20.6 

months. One- and 2-year survival rates were 68.4% and 31.2%, respectively. Ipilimumab-naïve and 

ipilimumab-refractory patients showed no significant difference in survival. The 21 patients with 

prior grade 3-4 toxicity to ipilimumab that was managed with steroids tolerated nivolumab well, with 

62% (95% CI 38-82) having complete or partial responses or stabilized disease at 24 weeks. High 

numbers of myeloid-derived suppressor cells (MDSC) were associated with poor survival. Prior grade 

3-4 immune-related adverse effects from ipilimumab were not indicative of nivolumab toxicities (36). 

 

2.2 Nivolumab in combination with ipilimumab 

Wolchock et al (37) treated successive cohorts of patients with escalating doses of intravenous 

nivolumab (0.3 mg/kg, 1 mg/kg, 3 mg/kg, and 10 mg/kg) and ipilimumab (1 mg/kg, 3 mg/kg, and 10 



mg/kg) administered concurrently every 3 weeks for four doses, followed by nivolumab alone every 3 

weeks for four doses (concurrent-regimen group) (53 patients). The combined treatment was 

subsequently continued every 12 weeks for up to eight doses. In a sequenced regimen, 33 patients 

previously treated with ipilimumab received nivolumab (1 mg/kg or 3 mg/kg) every 2 weeks for up to 

48 doses. In the concurrent-regimen group, the doses of nivolumab 1 mg/kg and ipilimumab 3 mg/kg 

were identified as the maximum doses that were associated with an acceptable level of adverse 

events. In the concurrent-regimen cohorts, ORR was 40% (95% CI 27-55) according to modified WHO 

criteria. In addition, 4 patients had an objective response according to immune-related response 

criteria and 2 had an unconfirmed partial response. In the sequenced-regimen cohorts, ORR was 20 

% (95 % CI 8-39) (37).  

Postow et al randomly assigned (11) (CheckMate 069), in a 2:1 ratio, 142 patients with previously 

untreated metastatic melanoma to receive ipilimumab, 3 mg/kg, combined with either nivolumab, 1 

mg/kg, or placebo once every 3 weeks for four doses, followed by nivolumab, 3 mg/kg, every 2 weeks 

until the occurrence of disease progression or unacceptable toxic effects. The primary end point was 

the investigator-assessed confirmed ORR among patients with BRAF v600 wild-type tumors. The ORR 

was 61% in the group that received both ipilimumab and nivolumab (combination group) versus 11% 

in the group that received ipilimumab and placebo (ipilimumab-monotherapy group) (p<0.001), with 

complete responses reported in 22% of the patients in the combination group and no patients in the 

ipilimumab-monotherapy group (11). After a minimum follow up of 18 months, median PFS  was not 

reached with the combination therapy and was 4.3 months with ipilimumab monotherapy (hazard 

ratio [HR]0.34; 95% CI 0.2-0.57; p<0.0001) (38). The 12- and 18-month PFS rates were 55.1% and 

53.4%, respectively, for the combination, and 16.2% and 8.1%, respectively, for ipilimumab alone.  At 

18 months of follow-up, OS rates in BRAF wild-type patients  were 73% for the combination versus 

56% for ipilimumab alone, and median OS had not been reached in either group (HR 0.56; 95% CI 

0.29-1.10; p=0.089). Median duration of response was not reached in either group. Grade 3-4 

treatment-related adverse events were reported more frequently with the combination than with 

ipilimumab alone (55 % versus 22%), and led to discontinuation in 30% and 9% of patients, 

respectively (38). Patients who discontinued treatment due to drug toxicity derived an OS benefit 

similar to the overall population (39). The ORR in patients who discontinued nivolumab and 

ipilimumab was 68 %. After a median follow up of 18 months, median OS was not reached (NR) with 

the combination and was 11.2 months (95 % CI 2.2-NR)  with ipilimumab alone (HR 0.24 [95 % CI 

0.09-0.70]; p = 0.004). Eighteen-month OS was 79.5 % and 40.0 %, respectively (39). Similar results 

for ORR and PFS were observed in 33 patients with BRAF mutation-positive tumors (11). 

 

2.3  Nivolumab in combination with vaccine 



Weber et al (40) assessed the safety and tolerability of nivolumab (1 mg/kg, 3 mg/kg, or 10 mg/kg) 

with (49 patients) or without (41 patients) the HLA-A*0201–restricted  peptide vaccines gp100209-

217 or MART-126-35 in patients with unresectable stage III or IV melanoma who were ipilimumab-

naive and had experienced progression after at least one prior therapy (34 patients) or experienced 

progression after prior ipilimumab ( 56 patients). Treatment was administered every 2 weeks for 24 

weeks, then every 12 weeks for up to 2 years.  Nivolumab with vaccine was well tolerated and safe at 

all doses. The ORR according to RECIST 1.1 was 25% (95 % CI 16.6-35.8) for both ipilimumab-

refractory and -naive patients. Median duration of response was not reached at a median of 8.1 

months of follow-up. Progression-free survival rate at 24 weeks was 46 %. High pre-treatment NY-

ESO-1 and MART-1-specific CD8+ T cells were associated with progression of disease. At week 12, 

increased peripheral-blood T regulatory cells and decreased antigen-specific T cells were associated 

with progression. PD-L1 tumor staining was associated with responses to nivolumab, but negative 

staining did not rule out a response. 

Gibney et al (41)  investigated nivolumab plus vaccine as adjuvant therapy in resected stage IIIC and 

IV melanoma patients. Thirty-three HLA-A*0201 positive patients with HMB-45-, NY-ESO-1-, and/or 

MART-1- positive resected tumors received nivolumab (1 mg/kg, 3 mg/kg, or 10 mg/kg i.v.) with a 

multi-peptide vaccine (gp100, MART-1, and NY-ESO-1 with Montanide ISA 51 VG) every 2 weeks for 

12 doses followed by nivolumab maintenance every 12 weeks for 8 doses. Median follow-up was 

32.1 months. Treatment was well tolerated. Maximum tolerated dose was not reached. Most 

common related adverse events were vaccine injection site reaction, fatigue, rash, pruritus, nausea, 

and arthralgias. Five related grade 3 adverse events (hypokalemia, rash, enteritis, and colitis [2]) 

were observed. Estimated median relapse-free survival (RFS) was 47.1 months; median OS was not 

reached (41).  

 

3 Phase III trials 
Efficacy data observed in randomized phase III trials with single agent nivolumab and nivolumab in 

combination with ipilimumab  are summarized in table 1 (13;42;43). 

CheckMate 037  (43) is an open-label, phase 3 trial, in which 272 patients with unresectable or 

metastatic melanoma, who had progressed after ipilimumab, or ipilimumab and a BRAF inhibitor if 

they were BRAFv600 mutation-positive, were randomly assigned  2:1 to receive nivolumab 3 mg/kg 

every 2 weeks or  investigator’s choice chemotherapy (dacarbazine 1000 mg/m² every 3 weeks or 

paclitaxel  175 mg/m² combined with carboplatin, area under the curve 6, every 3 weeks)(ICC) until 

progression or unacceptable toxic effects.  Confirmed objective responses were reported in 31.7% 

(95% CI 23.5-40.8) of the patients with nivolumab versus 10·6% (95 % CI 3.5-23.1) of the patients in 



the ICC group. Grade 3-4 drug-related serious adverse events were observed in 5% of the nivolumab-

treated patients and 9% of the patients in the ICC group (43).  

Nivolumab is associated with significant improvements in OS and PFS, as compared with dacarbazine, 

among previously untreated patients with metastatic BRAF wild-type melanoma (42). Robert et al 

(42) randomly assigned 418 previously untreated patients who had metastatic BRAF wild-type 

melanoma to receive nivolumab, at a dose of 3 mg per kilogram of body weight every 2 weeks and 

dacarbazine-matched placebo every 3 weeks, or dacarbazine, at a dose of 1000 mg/m² every 3 weeks 

and nivolumab-matched placebo every 2 weeks (Checkmate 066). The primary end point was OS. At 

1 year, the overall  survival rate was 72.9% (95% CI 65.5-78.9) in the nivolumab group, as compared 

with 42.1% (95% CI 33.0-50.9) in the dacarbazine group (HR 0.42; 99.79% CI 0.25-0.73; p<0.001). The 

median PFS was 5.1 months in the nivolumab group versus 2.2 months in the dacarbazine group (HR 

0.43; 95% CI 0.34-0.56; p<0.001). The objective response rate was 40.0% (95% CI 33.3-47.0) and 

13.9% (95% CI 9.5-19.4), respectively, with an odds ratio (OR) of 4.06 (p<0.001). The survival benefit 

with nivolumab versus dacarbazine was observed across pre-specified subgroups, including 

subgroups defined by status regarding PD-L1. Common adverse events associated with nivolumab 

included fatigue, pruritus, and nausea. Grade 3-4 drug-related adverse events occurred in 11.7% of 

the patients treated with nivolumab and 17.6% of those treated with dacarbazine (42). Health-

related quality of life (HRQoL) using EQ-5D, EORTC-QLQ-C30 and health care resource use (HCRU) (% 

days in hospital, number of healthcare visits) in Checkmate 066 were evaluated at baseline  and at 

treatment cycles every 6 weeks (44). EQ-5D utility index score improvement was greater for 

nivolumab versus dacarbazine at week 7; a statistically significant improvement from baseline was 

noted for nivolumab from weeks 7-49. For EQ-5D VAS, statistically significant improvement from 

baseline was noted for nivolumab at week 25, 31, 37, 49, and 61. Statistically significant 

improvements occurred with nivolumab in some EORTC-QLQ-C30 domains in a longitudinal model.  

There were no significant differences between arms in visit number or hospital duration at any point, 

except that dacarbazine had fewer visits at weeks 31 and 37 and shorter hospital duration at week 

43. Proportion of patients with hospital visits was similar for nivolumab and dacarbazine (11.0% 

versus 14.4%) (44).  

Larkin et al (13) randomly assigned, in a 1:1:1 ratio, 945 previously untreated patients with 

unresectable stage III or IV melanoma to  receive nivolumab, 3 mg/kg every 2 weeks plus ipilimumab-

matched placebo), nivolumab 1 mg/kg every 3 weeks plus ipilimumab 3 mg/kg every 3 weeks for 4 

doses, followed by nivolumab 3 mg/kg every 2 weeks for cycle 3 and beyond, or ipilimumab 3 mg/kg 

every 3 weeks for 4 doses plus nivolumab-matched placebo) (CheckMate 067). It has to be 

emphasized that the study was not designed for a formal statistical comparison between the 

nivolumab group and the nivolumab-plus-ipilimumab group. Data on OS (co-primary endpoint) are 



not yet mature and the study remains blinded with respect to OS as follow up of the patients is 

planned to continue until the specified number of events have occurred. The median PFS (co-primary 

endpoint) was 11.5 months (95% CI 8.9-16.7) with nivolumab plus ipilimumab, 2.9 months (95% CI 

2.8-3.4) with ipilimumab (HR 0.42; 99.5% CI 0.31-0.57; p <0.001), and 6.9 months (95% CI 4.3-9.5) 

with nivolumab (HR for the comparison with ipilimumab, 0.57; 99.5% CI, 0.43 to 0.76; p<0.001). In 

patients with PD-L1 positive tumors, median PFS was 14.0 months both in the nivolumab-plus-

ipilimumab group and in the nivolumab group. In patients with PD-L1-negative tumors, median PFS 

was 11.2 months (95% CI 8.0-NR] and 5.3 months (95% CI 2.8-7.1) with nivolumab alone. Treatment-

related adverse events of grade > 3 were reported in 16.3% of the patients treated with nivolumab, 

55.0% of the patients treated with the combination, and 27.3% of those treated with ipilimumab 

alone. The most frequent reason for discontinuation was disease progression in the nivolumab and 

ipilimumab monotherapy groups (49.2% and 65.0%, respectively), and toxicity in the nivolumab-plus 

ipilimumab group (38.3%) (13). Updated efficacy and safety results from the CheckMate 067 study 

were recently presented (45) . At ≥18 months of follow-up, median PFS continued to be significantly 

longer for nivolumab plus ipilimumab (11.5 months; 95 % CI 8.9-16.7) and nivolumab (6.9 months; 95 

% CI 4.3-9.5) versus ipilimumab (2.9 months; 95 % CI 2.8-3.4; p < 0.001), and was numerically longer 

for nivolumab plus ipilimumab versus ipilimumab alone (HR 0.76; 95 % CI 0.60-0.92).  The ORR was 

57.6 %, 43.7%, and 19 %, respectively. Median duration of response had not been reached in the 

combination arm, and was 22.3 months and 14.4 months with single agent nivolumab and 

ipilimumab, respectively. In patients with PD-L1 expression > 5 %, median PFS was NR (95 % CI 9.7-

NR) with nivolumab plus ipilimumab (HR versus nivolumab 0.87; 95 % CI 0.54-1.41), 22.0 months (95 

% CI 8.9-NR) with nivolumab and 3.9 months (95 % CI 2.8-4.2) with ipilimumab. In patients with PD-

L1 expression < 5 %, median PFS was 11.1 months with the combination (95 % CI 8.0-22.0; HR versus 

nivolumab alone 0.74 [95 % CI 0.58-0.96], 5.3 months (95 % CI 2.8-7.1) with nivolumab and 2.8 

months (95 % CI 2.8-3.1) with ipilimumab. Median PFS was 15.5 months, 5.6 months, and 4.0 months 

in patients with BRAF mutant tumors, respectively, and 11.3 months, 7.1 months, and 2.8 months in 

patients with BRAF wild-type tumors, respectively (45). At the doses used in CheckMate 067, the 

combination of ipilimumab and nivolumab is associated with substantial toxicity. CheckMate 511 

(CA209-511) is a multicenter, randomized, double blinded, phase IIIb/IV trial, comparing nivolumab 3 

mg/kg in combination with ipilimumab 1 mg/kg with   nivolumab 1 mg/kg in combination with 

ipilimumab 3 mg/kg in subjects with previously untreated, unresectable or metastatic melanoma 

with safety as primary endpoint (46). In a randomized phase II trial, the addition of sargramostim 

to ipilimumab in patients with unresectable melanoma was associated with an improved 

survival and decreased toxicity (47). NCT02339571 is a randomized phase II/III study comparing 

nivolumab plus ipilimumab plus sargramostim with nivolumab plus ipilimumab in patients with 



unresectable stage III or stage IV melanoma (48). CheckMate 238 is a phase 3, randomized, double-

blind study of adjuvant immunotherapy with nivolumab versus ipilimumab after complete resection 

of stage IIIb/c or stage IV melanoma in subjects who are at high risk for recurrence. The primary 

endpoint is recurrence-free survival. Recruitment has been completed and follow up is ongoing (49-

51). 

4 Sequential administration of ipilimumab and 

nivolumab 
Concurrent administration of the immune checkpoint inhibitors nivolumab and ipilimumab is 

associated with substantial toxicity. CheckMate 064 (52) assessed whether sequential administration 

of nivolumab followed by ipilimumab, or the reverse sequence, could improve safety without 

compromising efficacy. The study strongly suggests that nivolumab followed by ipilimumab is a more 

clinically beneficial option as compared with the reverse sequence, albeit with a higher frequency of 

adverse events.  In this randomised, open-label, phase 2 study conducted at nine academic medical 

centres in the USA, 140  treatment-naive patients or patients who had progressed after no more than 

one previous systemic therapy, were randomly assigned (1:1) to induction with intravenous 

nivolumab 3 mg/kg every 2 weeks for six doses followed by a planned switch to intravenous 

ipilimumab 3 mg/kg every 3 weeks for four doses, or the reverse sequence. After induction, both 

groups received intravenous nivolumab 3 mg/kg every 2 weeks until progression or unacceptable 

toxicity. The primary endpoint was treatment-related grade 3-5 adverse events until the end of the 

induction period (week 25), analysed in the as-treated population. Secondary endpoints were the 

proportion of patients who achieved a response at week 25 and disease progression at weeks 13 and 

25. Overall survival was a pre-specified exploratory endpoint. The frequencies of treatment-related 

grade 3-5 adverse events up to week 25 were similar in the nivolumab followed by ipilimumab group 

(50%; 95% CI 37.6-62.4) and in the ipilimumab followed by nivolumab group (43%; 31.1-55.3). The 

most common treatment-related grade 3-4 adverse events during the whole study period were 

colitis (15% in the nivolumab followed by ipilimumab group versus 20% in the reverse sequence 

group), increased lipase (15% versus 17%), and diarrhoea (12% versus 7%). No treatment-related 

deaths occurred. The proportion of patients with a response at week 25 was higher with nivolumab 

followed by ipilimumab than with the reverse sequence (41% [ 95% CI 29.4-53.8] versus 20% [95 % CI 

11.4-31.3]). Progression was reported in 38% (95% CI 26.7-50.8) and 61% (95 % CI 49.0-72.8) of the 

patients at week 13, respectively, and in 38% (95 % CI 26.7-50.8) and 60% (95 % CI 47.6-71.5) of the 

patients at week 25, respectively. After a median follow-up of 19.8 months (interquartile range [IQR]  

12.8-25.7), median OS was not reached in the nivolumab followed by ipilimumab group (95% CI 23.7-



NR), whereas over a median follow-up of 14.7 months (IQR 5.6-23.9) in the ipilimumab followed by 

nivolumab group, median OS was 16.9 months (95% CI 9.2-26.5; HR 0.48 [95% CI 0·29-0·80]). A 

higher proportion of patients in the nivolumab followed by ipilimumab group achieved 12-month OS 

than in the ipilimumab followed by nivolumab group (76%; [95% CI 64-85] versus 54% [95% CI 42-

65]) (52). Prospective data on the potential role of ipilimumab after failure of an anti-PD1 directed 

monoclonal antibody are lacking, although some activity has been observed in small series or ad hoc 

subgroup or retrospective analyses (50;51;53). Memorial Sloan Kettering Cancer Center  is 

sponsoring a randomized, phase 2 study comparing ipilimumab with ipilimumab plus nivolumab in 

patients with stage III-IV melanoma who have progressed or relapsed on nivolumab or 

pembrolizumab (54).  

 

5 Nivolumab in patients with brain metatastases 
MelBase is a French multicentric clinical and biological cohort dedicated to the prospective follow-up 

of patients with unresectable stage III or stage IV melanoma. Thirty-nine out of 754 patients had 

brain metastases and were treated with anti-PD1 therapy. After a median follow-up of 5.6 months, 

ORR in evaluable patients was 15 % (3 % CR, 12 % PR) and the disease control rate was 33 %. Median 

OS and PFS were 5.5 months and 2.8 months, respectively (55).  

The role of nivolumab as a single agent or in combination with ipilimumab in patients with melanoma 

brain metastases is being studied in CA209-322 (56) and  NCT02374242 (57), and in CheckMate 204 

(58), respectively.  

 

6 Nivolumab and radiotherapy  
Ahmed et al (59) retrospectively analyzed data from two prospective nivolumab protocols enrolling 

160 patients with advanced resected and unresectable melanoma at H. Lee Moffitt Cancer Center 

and Research Institute, Tampa. Twenty-six patients with a total of 73 brain metastases treated over 

30 sessions were identified. Radiation was administered before, during,and after nivolumab in 45%, 

7%, and 48% of the lesions, respectively. All brain metastases were treated with stereotactic 

radiosurgery (SRS) in a single session except 12 metastases which were treated with fractionated 

stereotactic radiation therapy, nine of which were in the postoperative setting. One patient 

experienced grade 2 headaches following SRS with symptomatic relief with steroid treatment. No 

other treatment-related neurologic toxicities or scalp reactions were reported. Eight (11%) local brain 

metastasis failures with a ≥20% increase in volume were observed in 11 % of the lesions. In these 

lesions, hemorrhage was noted in 4, and edema was noted in 7. Kaplan-Meier estimates for local 



brain metastasis control following radiation at 6 and 12 months were 91% and 85%, respectively. In 

patients receiving nivolumab for unresected disease, median OS from the date of stereotactic 

radiation and from nivolumab initiation was 11.8 and 12.0 months, respectively. Median OS was not 

reached in patients treated in the resected setting. These retrospective data suggest that stereotactic 

radiation to brain metastases is well tolerated prior to, during, or after treatment with nivolumab.  

Brain metastasis control and OS compare favourably with current standard treatment. However, 

prospective validation is warranted (59). Radiation therapy controls local disease but also prompts 

the release of tumor-associated antigens and stress-related danger signals that primes T cells to 

promote tumor regression at unirradiated sites known as the abscopal effect (60;61).  

Abscopal effects have been repeatedly reported when radiotherapy is combined with ipilimumab 

(62). The combination of nivolumab and radiotherapy in melanoma is tested in several prospective 

trials i.e. NCT02374242, NIRVANA, NCT02716948 (63-65).  

 

7 Uveal melanoma 
Javed et al (66) analyzed the expression of PD-L1 on tumor cells and PD-1 receptor on tumor 

infiltrating lymphocytes (TILs) in metastatic uveal melanoma and metastatic cutaneous melanoma. In 

total, 106 metastatic cutaneous melanoma and 18 metastatic uveal melanoma specimens were 

analyzed for PD-L1 expression, while 89 metastatic cutaneous melanoma and 17 metastatic uveal 

melanoma specimens were tested for PD-1 expression. Overall, 20.8 % of the metastatic cutaneous 

melanoma specimens expressed PD-L1 while none of the metastatic uveal melanoma specimens 

showed PD-L1 expression. PD-1 expression was seen in 76.4% and 53% of metastatic cutaneous 

melanoma and metastatic uveal melanoma specimens, respectively (66) .  

Tsai et al (67) retrospectively analyzed a cohort of stage IV uveal melanoma treated with antibodies 

against PD-1 (pembrolizumab, nivolumab) or its ligand, PD-L1 (atezolizumab), and  identified 58 

patients across 9 academic institutions. Forty (69%) received pembrolizumab, 16 (28%) received 

nivolumab, and 2 (3%) received atezolizumab. Durable responses were rare and the ORR was 3% 

(95% CI 0-8.4). Stable disease greater than 6 months was observed in 7% of the patients. Median PFS 

was 2.7 months (95% CI 2.4-3.3) and median OS was 9.5 months (95% CI 5.5-15)(67).  

The role of nivolumab plus ipilimumab in metastatic uveal melanoma is being studied in several 

prospective phase II trials (NCT01585194, NCT02626962) (68;69). 

 

8 Mucosal and acral melanoma 



Clinically meaningful activity has been reported with PD1-blockade in patients with advanced 

mucosal and acral melanoma (70). Munhoz et al (70) conducted a multicenter retrospective study of 

patients with advanced mucosal or acral melanoma treated with nivolumab (n = 20) or 

pembrolizumab (n = 40). Sixty patients were identified (35 with mucosal melanoma and 25 with acral 

melanoma. Fifty-one patients had received prior therapy, including 77% prior ipilimumab. The ORR 

was 23% (95 % CI 10-40) in mucosal melanoma and 32 % (95 % CI 5-54) in acral melanoma. Median 

PFS was 3.9 and 4.1 months, respectively. Median OS for the entire cohort was 16.8 months (12.4 

months in mucosal melanoma and 31.7 months in acral melanoma) (70).  

Larkin et al (71) conducted a pooled data analysis of patients who received nivolumab 

monotherapy,3 mg/kg every 2 weeks, in CheckMate trials 003 and 038 (phase 1) and 037, 066, and 

067 (phase 3). Among 889 treated patients, 86 (10%) had mucosal melanoma. At a median follow-up 

of 9.2 months (range 0.3–62.5), median PFS was 3.0 months (95% CI 2.2-5.4) for patients with 

mucosal melanoma and 5.1 months (95% CI 3.9-6.1) for all treated patients. The ORR rate was 23.3% 

(95% CI 14.8-33.6) for patients with mucosal melanoma and 35.9% (95% CI: 32.7-39.1) for all treated 

patients, with complete responses in ~6% of patients in both cohorts. Median duration of response 

was not reached for patients with mucosal melanoma and was 22.0 months (95% CI: 22.0-NR) for all 

treated patients. Among patients evaluable for PD-L1 status, 11/86 (12.8%) with mucosal melanoma 

and 221/889 (24.9%) of all treated patients had tumors with ≥5% PD-L1 expression and ORR in these 

patients was 45.5% and 51.1%, respectively. Among patients with <5% tumor PD-L1 expression, ORR 

was 20.9% and 35.9%, respectively. Grade 3–4 treatment-related adverse events occurred in 8.1% of 

patients with mucosal melanoma and in 12.1% of all treated patients with similar types of adverse 

events in both cohorts (71).  

 

9. Response evaluation 
Response Evaluation Criteria in Solid Tumors (RECIST) or World Health Organization (WHO) criteria, 

designed to detect the effects of cytotoxic agents, may not provide adequate tools for the 

assessment of immunotherapeutic agents (72;73). Novel immune-related response criteria (irRC) for 

the evaluation of antitumor responses with immunotherapeutic agents have been proposed (72;73).  

Median time to response in phase III trials varied between 2.1 and 2.78 months (with 95 % CI up to 1 

year) (13;42;43), although rapid responses have been reported after one administration of 

nivolumab as a single agent or in combination with ipilimumab (74;75). 

 

10.  Adverse events 



In the pooled dataset of nivolumab 3 mg/kg as monotherapy across tumour types, the 

most frequent adverse reactions were fatigue (34%), rash (19%), pruritus (14%), diarrhoea 

(13%), nausea (13%), and decreased appetite (10%). The majority of adverse reactions were mild to 

moderate (Grade 1 or 2). In the pooled dataset of nivolumab in combination with ipilimumab in 

melanoma , the most frequent adverse reactions were rash (51%), fatigue (43%), diarrhoea (42%), 

pruritus (35%), nausea (25%), pyrexia (19%), decreased appetite (15%), hypothyroidism (15%), 

vomiting (14%), colitis (14%), abdominal pain (13%), arthralgia (11%), and headache (11%). The 

majority of adverse reactions were also mild to moderate (Grade 1 or 2). (31). Grade 3-5 adverse 

events reported in randomized phase III trials with nivolumab as a single agent or in combination 

with ipilimumab in melanoma patients are summarized in table 1 (13;42;43). In the pivotal 

Checkmate 067 trial, grade 3-5 adverse events occurred in 43.5 % of the patients treated with 

nivolumab alone and in 68.7 % of the patients treated with nivolumab in combination with 

ipilimumab. Treatment-related serious adverse events occurred in 16.3 % and 55.0 % of the patients, 

respectively, leading to discontinuation of treatment in 5.1 % and 29.4 % of the patients respectively. 

Adverse events of any grade reported in phase III trials in melanoma patients are summarized in 

table 2 (13;42;43).  Of particular interest are immune-related adverse events (irAEs) including 

pneumonitis, hypophysitis and pitiutary dysfunction, hypo- or hyperthyroidy, and diabetes mellitus, 

which can be acute and fulminant (76-85) and which should be managed according to published 

guidelines (86-90). Grade 3 toxicities are generally managed by holding or stopping therapy, 

administering immunosuppressive drugs including corticosteroids until irAEs resolve to grade < 1 and 

then tapering over > 4 weeks.  

The differential diagnosis of pulmonary changes during treatment with anti-PD1 mABs can be 

particularly challenging (91-95).  

As virtually any organ can be effected, a high index of suspicion for irAEs is warranted in patients 

treated with anti-PD1 mABS. Zimmer et al and Hofmann et al (96;97) retrospectively analyzed in 

detail adverse events in 496 metastatic melanoma patients treated with pembrolizumab or 

nivolumab at 15 large skin centres in Germany and Switserland.   Two hundred forty-two side-effects 

in 138 patients were reported, including vitiligo, lichen planus, pancreatitis, interstitial nephritis, 

myocarditis with cardiomyopathy, ventricular arrhythmia, myositis, seizures, polyneuropathy, 

meningo-(radiculitis), polyradiculitis, cardiac arrhythmia, asystolia, myasthenia gravis, Guillain-Barré 

syndrome, and paresis (96-99). 

Dermatologic adverse events are among the frequently observed toxicities of anti-PD1 mABs and can 

have a substantial impact on quality of life (100-102).  

Several cases of exacerbation of existing psoriasis or occurrence of de novo psoriasis, either as a 

single event or in combination with other irAEs, were reported after one to four administrations of 



single agent nivolumab for advanced melanoma (103-106). Other dermatologic adverse events 

include toxic epidermal necrolysis and bullous pemphigoid (107-109). 

Neurological or muscular adverse events, including myasthenia gravis, chronic inflammatory 

demyelinating polyradiculoneuropathy, subacute multifocal central nervous system (CNS) 

demyelination, myocarditis, polymyositis, and rhabdomyolysis may occur early after the start of 

nivolumab, both as a single agent or in combination with ipilimumab (110-112). .  

 Hematological adverse events reported in patients treated with nivolumab include warm 

autoimmune hemolytic anemia ,bicytopenia (anemia and thrombocytopenia), and 

thrombocytopenia.(113-115). Several cases of severe acute interstitial (tubulo)nephritis were 

reported in patients treated with an anti-PD1 mAB, including   nivolumab as a single agent or in 

combination with ipilimumab (116-118).  Autopsy studies may identify clinically unapparent irAEs in 

patients treated with immunotherapy as demonstrated by Koelzer et al (119) who reported a 

comprehensive analysis of systemic irAE pathology based on the autopsy of a 35-year-old female 

patient with metastatic melanoma treated first with ipilimumab and then nivolumab . During therapy 

with ipilimumab, radiographic features of immune-related pneumonitis were noted. The autopsy 

examination established a sarcoid-like granulomatous reaction of the lung, pulmonary fibrosis and 

diffuse alveolar damage. A clinically unapparent but histologically striking systemic inflammation 

involving the heart, central nervous system, liver and bone marrow was identified (119).  

 

11. Safety in particular populations 
Prevalence of autoimmune comorbidities in newly diagnosed metastatic melanoma patients is high 

and increasing over time (120). Among 12,028 patients with newly-diagnosed metastatic melanoma 

patients extracted from MarketScan, a large US claims database, the prevalence rate for 

autoimmune disorders increased 1.7-fold from 17.1% in 2004 to 28.3% in 2014 (p < 0.001). The 

prevalence rates were lower in patients with non-metastatic melanoma (11.7% in 2004 to 19.8% in 

2014) and in the general population (7.9% in 2004 to 9.2% in 2014), but the rates increased 1.7- and 

1.2-fold over time, respectively. Additionally, female gender and presence of bone or gastrointestinal 

metastasis were found to be associated with higher risk of autoimmune disorders (120). 

Autoimmune, particularly  rheumatologic, disorders may occur or flare under anti-PD1 monoclonal 

antibodies (121). In patients with prior major irAEs with ipilimumab, recurrence of the same irAE with 

anti-PD1 treatment is rare, but new irAEs frequently occur. Menzies et al  (121) retrospectively 

identified 119 advanced melanoma patients who had pre-existing autoimmune disorders and/or 

major irAEs requiring systemic immunosuppression with prior ipilimumab and who were 

subsequently treated with either pembrolizumab (n = 109) or nivolumab (n = 10). 



Of 52 pts with pre-existing autoimmune disorder, 15 (29%) had active symptoms at start of anti-PD1 

treatment and 16 (31%) were on systemic immunosuppression. Twenty patients (38%) flared, 

including 7/13 with rheumatoid arthritis, 3/3 with polymyalgia rheumatica, 2/2 with Sjogren’s 

syndrome, 1/2 with scleroderma, 2/2 with immune thrombocytopaenic purpura, 3/8 with psoriasis, 

1/4 with Graves’ disease, 0/6 with gastrointestinal  (including 3 Crohn’s disease) and 0/5 with 

neurological disorders. The ORR was 33%. Sixty seven patients had irAEs requiring systemic 

immunosuppression with prior ipilimumab, including 47 with ≥ grade 3 colitis (of whom 15 had been 

treated with infliximab), 2 with grade 4 hepatitis (1 had received antithymocyte globulin), and 9 with 

hypophysitis. All irAEs except hypophysitis had resolved at start of anti-PD1 treatment, except in 1 

patient with arthritis, and 5 were on systemic immunosuppression. A recurrence of the same irAEs 

occurred in 2 patients (3 %)(arthritis, colitis) after the start of anti-PD1 treatment, but 23 (34%) 

developed new irAEs (19% ≥ grade 3), and 11 (16%) discontinued anti-PD1 therapy. There were no 

treatment related deaths. The ORR was 40% (121).  

Maeda et al (122) successfully treated a 79-year-old melanoma patient who had pre-existing ocular 

myasthenia gravis and a continued small amount of corticosteroid. Grade 3 creatine phosphokinase 

elevation appeared after two doses of nivolumab, and the treatment was postponed until it 

improved to grade 1. After three doses of nivolumab, he experienced diplopia and facial muscle 

weakness which were consistent with an acute exacerbation of myasthenia gravis but the symptoms 

relieved without additional treatment for myasthenia gravis. He achieved shrinkage of metastasis 

after ten doses of nivolumab (122).  

The safety of immune checkpoint inhibitors in organ transplant recipients is not well defined. Spain 

et al reported  acute graft rejection in a kidney transplant recipient after treatment with nivolumab, 

after prior progression on ipilimumab (123).  

 

12. Prognostic and predictive markers 
Unfortunately, thus far prognostic or predictive markers for metastatic melanoma patients treated 

with nivolumab, which have been validated in a prospective study, are lacking (124-126).  

PD-L1 tumor staining is associated with responses to nivolumab, but negative PD-L1 does not rule out 

a response (40). In the phase I trial with nivolumab with or without a peptide vaccine, ORR was 67% 

(eight of 12 patients) in the patients with the PD-L1 > 5 % positive group whereas for patients with 

PD-L1< 5 % ORR was 19% (p = 0.004).  At a cut-off of 1 %, ORR was 39 % and 23 %, respectively (40).  

In CheckMate 066 (42), PD-L1 positivity was defined as at least 5% of tumor cells showing cell-surface 

PD-L1 staining of any intensity in a section containing at least 100 tumor cells that could be 

evaluated. Although the response rate in the nivolumab arm was higher in patients with PD-L1-



positive tumors (52.7 % [95 % CI 40.8-64.3) than in patients with PD-L1-negative tumors (33.1 % [95 

% CI 25.2-41.7]), nivolumab-treated patients had improved OS, as compared with dacarbazine-

treated patients, regardless of PD-L1 status (unadjusted HR 0.30 [95 % CI 0.15-0.60] for patients with 

PD-L1 positive tumors, 0.48 [0.32-0.71]for patients with PD-L1-negative tumors), although the HR 

was numerically better in patients PD-L1-positive tumors. The same definition for PD-L1 positivity 

was used in CheckMate 037 (43). In patients treated with nivolumab, ORR was 43.6 % in patients 

with PD-L1-positive tumors and 20.3 % in patients with PD-L1-negative tumors. 

Carbognin et al (127) extracted and cumulated ORR, by adopting a fixed and random-effect model 

with 95% confidence interval, from phase I-III trials investigating nivolumab, pembrolizumab and 

atezolizumab for advanced melanoma, non-small cell lung cancer (NSCLC) and genitourinary cancer. 

 A significant interaction (p<0.0001) according to tumor PD-L1 expression was found in the overall 

sample. ORR was significantly higher in PD-L1 positive in comparison to PD-L1 negative patients for 

nivolumab and pembrolizumab. The absolute difference in ORR was 22.8 % for melanoma patients 

(127).  

PD-L2 expression may enrich response to nivolumab in melanoma and PD-L2 expression may partially 

explain the efficacy of nivolumab in patients with low-to-no PD-L1 (128). Rodig et al (128) analyzed 

the association between PD-L1/PD-L2 expression and efficacy in CheckMate 064, a phase II study 

comparing nivolumab followed by ipilimumab (cohort A) versus ipilimumab followed by nivolumab 

(cohort B). In pre-treatment samples, 32/97 (33%) patients had PD-L1 expression ≥5% and 38/83 

(46%) patients had PD-L2 expression ≥70%. No consistent change from baseline in PD-L1 or PD-L2 

was observed in either cohort with treatment. The frequency of patients with PD-L2 expression ≥70% 

was higher among patients with PD-L1 ≥5% versus PD-L1 <5%: 63% (19/30) versus 36% (17/47). In 

cohort A, there was a greater mean tumor burden reduction and higher response rates at week 13 

among patients with high versus low PD-L2 expression, even in patients with low-to-no PD-L1. No 

association between PD-L2 and efficacy was observed in cohort B (128). 

Johnson et al (129)  hypothesized that MHC-I/II expression is required for tumor antigen presentation 

and may predict anti-PD-1 therapy response in advanced melanoma. Across 60 melanoma cell lines, 

they found a bimodal expression patterns of MHC-II, while MHC-I expression was ubiquitous. In two 

independent cohorts of anti-PD-1-treated melanoma patients, MHC-II positivity on tumor cells was  

associated with therapeutic response, progression-free and overall survival, as well as CD4+ and 

CD8+ tumour infiltrate (129). High numbers of myeloid-derived suppressor cells (MDSC) were 

associated with poor survival in a phase I/II trial in patients who were treated with nivolumab after 

progression after prior ipilimumab (36).  

In CheckMate 037 (43),  ORR with nivolumab was 23.1 % in BRAFv600 mutation positive patients and 

34.0 % in BRAF wild-type patients. A pooled retrospective analysis of 4 trials suggests that nivolumab 



has similar efficacy and safety outcomes in patients with BRAF wild-type or BRAF-mutant melanoma, 

regardless of prior treatment with a BRAF-inhibitor or ipilimumab (130).  

A total of 440 patients, treated with nivolumab, at doses of 0.1, 0.3, 1.0, 3.0, or 10.0 mg/kg every 2 

weeks, were included in the analysis. Three hundred and thirty-four patients were BRAF wild-type 

and 106 were positive for BRAF V600 mutation. The ORR in evaluable patients was 34.6% (95% CI 

28.3-41.3) for BRAF wild-type patients versus 29.7% (95% CI 19.7-41.5) in the BRAF-mutant patients. 

The objective response rates did not seem to be affected by prior BRAF inhibitor therapy, prior 

ipilimumab therapy, or PD-L1 status of the tumor. The median duration of response was 14.8 months 

(95% CI 11.1-24.0) for wild-type BRAF and 11.2 months (95% CI 7.3-22.9) for the BRAF-mutant 

patients. Median time to objective response was 2.2 months in both patient groups. The incidence of 

treatment-related adverse events of any grade was 68.3% in the BRAF wild-type group and 58.5% in 

the BRAF-mutant group, with grade 3 or 4 adverse events in 11.7% and 2.8% of patients, respectively 

(130).  

A retrospective analysis of irAEs in 148 (33 resected, 115 unresectable) melanoma patients treated 

with nivolumab plus peptide vaccine or nivolumab alone, administered  every 2 weeks for 12 weeks 

suggests that cutaneous irAEs are associated with improved survival in melanoma patients treated 

with nivolumab (131). A 12-week landmark analysis, using a multivariate time-dependent Cox 

proportional hazard model assessed difference in OS in the presence or absence of irAEs. Immune-

related adverse events of any grade were observed in 68.2% of patients. A statistically significantly 

better OS was noted among patients with any grade of irAE versus those without (p ≤ 0.001), and OS 

benefit was noted in patients who reported three or more irAEs (p ≤ 0.001). Subset analyses showed 

statistically significant OS differences with rash (p = 0.001; HR 0.42 [95% CI 0.24-0.74]) and vitiligo (p 

= 0.012; HR 0.18 [95% CI 0.036-0.94]). Rash and vitiligo correlated with statistically significant OS 

differences in patients with metastatic disease (p = 0.004 and p = 0.028, respectively). No significant 

survival differences were seen with other irAEs (endocrinopathies, colitis, or pneumonitis) (131). 

In a retrospective anlysis of 337 patients treated with either pembrolizumab 2 mg/kg or 10 mg/kg 

every 3 weeks or nivolumab 3 mg/kg every 2 weeks, patients who had liver metastasis (OR 0.35, 95% 

CI] 0.21-0.59; p < 0.0001) and patients who received prior ipilimumab (OR 0.39, 95% CI 0.24-0.64; p = 

0.0002) were less likely to respond to treatment. Patients with lung metastasis were more likely to 

respond (OR 1.56, 95% CI 0.99-2.51; p = 0.06). Odds ratio for elevated lactate dehydrogenase (LDH) 

was 0.64 (95 % CI 0.4-1.04; p = 0.07) (132). Nosrati et al (133) developed a clinical prediction scale for 

response to anti-PD1 in melanoma patients. A cohort of 337 patients treated between December 

2011 and October 2013 at 4 academic centers with either pembrolizumab, 2 mg/kg or 10 mg/kg 

every 3 weeks or nivolumab, 3 mg/kg every 2 weeks, was retrospectively analyzed and divided into 

derivation (n = 223) and validation (n = 114) cohorts. The developed clinical prediction scale included 



4 prognostic factors that were significantly correlated with lower response: abnormal LDH (1 point), 

female sex (1 point), presence of liver metastasis (1 point) and previous ipilimumab treatment (1 

point). The scale had an area under the receiver-operating curve (AUC) of 0.718 (95% CI 0.65-0.78) in 

predicting response to therapy. The predictive performance of the score was maintained in the 

validation cohort (AUC 0.74; 95% CI 0.66-0.83) and the goodness-to-fit model demonstrated good 

calibration. A score of 4 on the validation model was associated with 0% response to therapy while a 

score of 0 was associated with 100% response (133). Diem et al evaluated 66 consecutive patients 

with advanced/metastatic melanoma treated with nivolumab or pembrolizumab.  After a median 

follow-up of 9 months, patients with an elevated baseline LDH had a significantly shorter OS 

compared with patients with normal LDH (6-month OS: 60.8% versus 81.6% and 12-month OS: 44.2% 

versus 71.5% [log-rank P=0.0292]). In patients with an elevated baseline LDH, the relative change 

during treatment was significantly associated with an objective response on the first scan and better 

OS (134). In an analysis by Loo et al (135)  the proportion of “exhausted” antigen experienced T 

cells/Total CD8+ cells was an accurate predictor of response to anti-PD1 monotherapy but not to the 

combination of ipilimumab and nivolumab. Freshly isolated tumor samples were digested and tumor 

infiltrating lymphocytes (TILs) were extracted and stained with T cell myeloid and activation markers, 

and analyzed with 14 color FACS. Experienced T cells was calculated as the percentage of CD8+, PD-

1+, CTLA-4+ cells divided by total CD8+ T cells in the tumor sample. Patients were treated with the 

combination therapy ipilimumab 3 mg/kg every 3 weeks x 3 and nivolumab 1 mg/kg every 3 weeks, 

or monotherapy of either nivolumab 3 mg/kg every 2 weeks or pembrolizumab 2 mg/kg every 3 

weeks. Fifty-three patients were evaluable for both response and T cell phenotype ( 15 patients 

treated with the combination, 38 with monotherapy). For monotherapy, no responders had a 

proportion of “exhausted” antigen experienced T cells ≤20%, while 81% of the responders had a 

proportion of “exhausted” antigen experienced T cells >20%. For responders, median proportion of 

“exhausted” antigen experienced T cells was 40.3%, while for non-responders, median proportion 

“exhausted” antigen experienced T cells was 16%, p<0.0001. At this threshold, the negative 

predictive value (NPV) was 100% and the positive predictive value (PPV) was 81%. For patients 

treated with the combination, the threshold for response was much lower. Responses to the 

combination therapy were seen at all levels with NPV=50% and PPV=80%, with median “exhausted” 

antigen experienced T cells of 19.7% 7.8 % (p = 0.13) for responders and non-responders, 

respectively. In this analysis, the proportion of “exhausted” antigen experienced T cells is an accurate 

predictor of response to monotherapy but not combination checkpoint therapy (135).  

Wong et al (136) analysed baseline parameters on 18-fluorodeoxyglucose (FDG) positron emission 

tomography (PET) and its association with clinical outcome in 90 evaluable patients treated with 

either ipilimumab (n = 51), an anti-PD1 monoclonal antiboy (n = 20) or ipilimumab followed by an 



anti-PD-1 antibody (n = 20). Baseline PET scans were assessed for maximum standardised uptake 

value (SUV max), whole body metabolic tumour volume (MTV), tumoral percentage of injected dose 

(%ID) and spleen to liver ratio (SLR). No significant associations between PET parameters and PFS 

were found for anti-PD1. However, considering all patients from date of first immunotherapy, SLR > 

1.1 was associated with poor OS (HR 3.92; p = 0.003) and poor PFS after ipilimumab (136).  

CA209-260 is an ongoing trial which explores the relationship Between Tumor Mutation Burden and 

Predicted Neo-antigen Burden in Patients With Advanced Melanoma or Bladder Cancer Treated With 

Nivolumab or Nivolumab Plus Ipilimumab (137). Genomic mutational load is associated with a 

favourable outcome in patients treated with anti-PD1/anti-PD-L1 therapy (138).  

Hugo et al (139)  analyzed the somatic mutanomes and transcriptomes of pretreatment melanoma 

biopsies. Overall high mutational loads associate with improved survival, and tumors from 

responding patients are enriched for mutations in the DNA repair gene BRCA2. Innately resistant 

tumors display a transcriptional signature (referred to as the IPRES, or innate anti-PD-1 resistance), 

indicating concurrent up-expression of genes involved in the regulation of mesenchymal transition, 

cell adhesion, extracellular matrix remodeling, angiogenesis, and wound healing. Mitogen-activated 

protein kinase (MAPK)-targeted therapy (MAPK inhibitor) induces similar signatures in melanoma, 

suggesting that a non-genomic form of MAPK inhibitor resistance mediates cross-resistance to anti-

PD-1 therapy (139). Desmoplastic melanoma has been reported to have a higher mutational load 

than other sub-types of melanoma and patients with desmoplastic melanoma have higher response 

rates and favourable clinical outcomes to anti-PD/PDL1 therapy compared to other patients with 

advanced melanoma (140). 

 

13. Pharmacoeconomics 
Bohensky et al estimated the cost-effectiveness of single agent nivolumab compared with ipilimumab 

in BRAF wild-type melanoma from the Australian health system perspective. The estimated 

Incremental Cost-effectiveness Ratios (ICERs) were Australian Dollar (AUD) $35,748 (approx  United 

States Dollar [USD] $27,883) per Year of Life Saved (YLS) and AUD $43,402 (approx USD $33,853)/ 

Quality Adjusted Life Year (QALY) (141;142), respectively. Bohensky et al (143)  also calculated the 

cost-effectiveness of nivolumab plus ipilimumab compared to ipilimumab alone from the Australian 

health system perspective. The estimated ICERs were USD $37,684/YLS and USD$44,867/QALY, 

respectively.  The company submitted a semi Markov survival model to the National Institute for 

Health and Care Excellence (NICE) in order  to estimate the cost effectiveness of nivolumab in people 

with previously untreated advanced (unresectable, metastatic) melanoma (144).  In the company's 

base-case analyses, nivolumab had an ICER of £23,583 per QALY gained compared with dacarbazine. 



Similarly, in BRAF mutation positive melanoma nivolumab dominated (that is, provided more QALYs 

at lower cost than) both dabrafenib and vemurafenib. Nivolumab was more costly and more effective 

than ipilimumab, with an ICER of £7346 per QALY gained (144). In contrast, nivolumab was 

considered not cost effective by the Irish National Centre for Pharmacoeconomics (NCPE) (145). The 

ICER versus ipilimumab was estimated at €101,282/QALY for BRAF wild-type patients, and at 

€76,540/QALY for BRAFv600-mutant patients. For BRAF mutant patients, the ICERs versus 

vemurafenib and dabrafenib were €29,018/QALY and €46,276/QALY, respectively. The probability of 

nivolumab being cost effective relative to ipilimumab at a willingness to pay (WTP) threshold of 

€45,000/QALY was estimated to be 0% in BRAF wild-type patients and 6% in BRAF-mutant patients 

(145). 

Tartari et al (146)  evaluated the potential theoretical worldwide budget impact of the anti-PD-1 

agents nivolumab and pembrolizumab in patients with advanced melanoma. 

Considering that nivolumab costs USD $28/mg and is administered at 3 mg/kg every 2 weeks, and 

taking into account the median PFS of 5.1 months and a median body weight of 70 kg, the 

cost/patient was estimated at USD $64,680. Based on the number of new cases worldwide according 

to World Health Organization (WHO) in 2012 (132,000) and a rate of patients with synchronous or 

metachronous disease of 20%, the potential worldwide annual cost for nivolumab could be 1.7 billion 

USD $.When given in combination, nivolumab and ipilimumab, are administered at 1 mg and 3 mg, 

respectively. Considering a cost/mg of ipilimumab of USD $158 and the PFS (11.5 months ) obtained 

by this combination, the per patient cost can be estimated at USD $68,296 and the theoretical 

maximal worldwide annual cost for nivolumab plus ipilimumab at 1.8 billion USD $ (146). 

 

14. Regulatory status 
Nivolumab, administered as a single agent or in combination with ipilimumab, is approved by FDA 

and EMA for the treatment of patients with unresectable or metastatic melanoma (147;148). 

 

15. Recommended dose  
The recommended dose of nivolumab as a single agent is 3 mg/kg administered intravenously over 

60 minutes every 2 weeks. When nivolumab is combined with ipilimumab, the recommended dose is 

1 mg/kg nivolumab administered as an intravenous infusion over 60 minutes every 3 weeks for the 

first 4 doses in combination with 3 mg/kg ipilimumab administered intravenously over 90 minutes. 

This is then followed by a second phase in which 3 mg/kg nivolumab is administered as an 

intravenous infusion over 60 minutes every 2 weeks.  Treatment with nivolumab, either as a 



monotherapy or in combination with ipilimumab, should be continued as long as clinical benefit is 

observed or until treatment is no longer tolerated by the patient (147;148). 

 

 

 

16. Conclusions 
The anti-PD1 directed mAB nivolumab were approved by FDA and EMA for patients with 

unresectable and metastatic melanoma, based on randomized phase III trials demonstrating 

superiority over single agent ipilimumab in previously untreated patients, and over chemotherapy 

both in untreated patients and after failure of ipilimumab. The addition ipilimumab to nivolumab is 

associated with a higher response rate and a better PFS, particularly in patients with PD-L1 negative 

tumors. However, the grade 3/4 toxicity rate with the combination quadruples. Thus far prognostic 

or predictive markers for metastatic melanoma patients treated with nivolumab, which have been 

validated in a prospective study, are lacking. 

 

17. Expert commentary 
The anti-PD1 directed antibody nivolumab is superior to chemotherapy and to single agent 

ipilimumab in previously untreated metastatic melanoma patients, and to chemotherapy after failure 

of ipilimumab. Data from the phase I trial with nivolumab suggest that responses are durable with 

about a third of the patients surviving at 5 years. Definitive OS data on the combination of nivolumab 

and ipilimumab are pending.  Although CheckMate 067 was not designed for a formal comparison 

between nivolumab plus ipilimumab and nivolumab alone, the combination is associated with a 

higher response rate and a better PFS, particularly in patients with PD-L1 negative tumors, albeit at 

the cost of a steep increase in grade 3-4 adverse event rate. The optimal sequence of 

immunotherapy and the BRAF/MEK inhibitor combination in patients harbouring BRAFv600-mutated 

tumors is to be determined. In an ongoing Intergroup Trial sponsored by the National Cancer 

Institute (NCT02224781) patients with stage III-IV BRAFV600 melanoma are randomized between 

dabrafenib and trametinib followed by ipilimumab and nivolumab or ipilimumab and nivolumab 

followed by dabrafenib and trametinib (149). SECOMBIT is a 3-arms prospective, randomized phase II 

study evaluating the best sequential approach with ipilimumab/nivolumab and a combination of a 

BRAF-inhibitor (LGX818, Encorafenib) and a MEK inhibitor (MEK162) in patients with BRAF-mutant 

metastatic melanoma (150). NCT01940809 is a randomized phase I trial study of the side effects and 



optimal way to give combine ipilimumab with or without dabrafenib, trametinib and/or nivolumab 

(151). 

Many issues remain to be resolved including when to stop treatment, biomarkers for choosing single 

agent or combination therapy, optimal schedule of ipilimumab in combination with anti-PD1 MAbs, 

optimal management of adverse events, role of immunotherapy in particular populations (brain 

metastasis, mucosal melanoma, uveal melanoma), role of other immunotherapeutic agents… 

Continued accrual into clinical trials should be encouraged.  

 

18. Five year view 
Hopefully, in five years, we will be able to better select patients most likely to benefit from the 

combination. Tumor infiltrating lymphocytes (152) and new immunotherapeutic agents directed at 

other targets, including TSR-022 (anti-TIM-3 [T cell immunoglobulin and mucin containing protein-3] 

antibody) (153), indoleamine 2,3-dioxygenase 1 (IDO1) (i.e. epacadostat (154),  indoximod) (155), 4-

1BB, OX40, CD27 (i.e. varlilumab) (156), and GITR, either as single agents or in combination with the 

currently available check point inhibitors are already under investigation or will be investigated in the 

near future. 

The potential role of anti-PD1 directed mABs, either as monotherapy or in combination, in the 

(neo)adjuvant setting is another area of active investigation (49;157-159). 
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