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AbstrACt
background We have previously reported significantly 
longer overall survival (OS) with ipilimumab 10 mg/kg 
versus ipilimumab 3 mg/kg in patients with advanced 
melanoma, with higher incidences of adverse events (AEs) 
at 10 mg/kg. This follow- up analysis reports a 5- year 
update of OS and safety.
Methods This randomized, multicenter, double- blind, 
phase III trial included patients with untreated or previously 
treated unresectable stage III or IV melanoma. Patients 
were randomly assigned (1:1) to ipilimumab 10 mg/kg or 
3 mg/kg every 3 weeks for 4 doses. The primary end point 
was OS.
results At a minimum follow- up of 61 months, median 
OS was 15.7 months (95% CI 11.6 to 17.8) at 10 mg/kg 
and 11.5 months (95% CI 9.9 to 13.3) at 3 mg/kg (HR 0.84, 
95% CI 0.71 to 0.99; p=0.04). In a subgroup analysis, 
median OS of patients with asymptomatic brain metastasis 
was 7.0 months (95% CI 4.0 to 12.8) in the 10 mg/kg 
group and 5.7 months (95% CI 4.2 to 7.0) in the 3 mg/kg 
group. In patients with wild- type or mutant BRAF tumors, 
median OS was 13.8 months (95% CI 10.2 to 17.0) and 
33.2 months (95% CI 19.4 to 45.2) in the 10 mg/kg group, 
and 11.2 months (95% CI 9.2 to 13.8) and 19.7 months 
(95% CI 11.6 to 25.3) in the 3 mg/kg group, respectively. 
The incidence of grade 3/4 treatment- related AEs was 
36% in the 10 mg/kg group vs 20% in the 3 mg/kg group, 
and deaths due to treatment- related AEs occurred in four 
(1%) and two patients (1%), respectively.
Conclusions This 61- month follow- up of a phase III trial 
showed sustained long- term survival in patients with 
advanced melanoma who started metastatic treatment 
with ipilimumab monotherapy, and confirmed the 
significant benefit for those who received ipilimumab 
10 mg/kg vs 3 mg/kg. These results suggest the 
emergence of a plateau in the OS curve, consistent with 
previous ipilimumab studies.
trial registration number NCT01515189.

IntroduCtIon
Ipilimumab, an anticytotoxic T- lymphocyte 
antigen-4 (anti- CTLA-4) monoclonal anti-
body,1 was the first therapy to significantly 
improve overall survival (OS) in patients 
with advanced melanoma in a phase III trial.2 
Since the approval of ipilimumab in 2011, 
the benchmark for survival in patients with 
advanced melanoma has been transformed.2 3 
In a pooled ipilimumab analysis of patients 
with advanced melanoma, the survival curve 
plateaued at 3 years, with OS rates of approx-
imately 20% sustained for up to 10 years.4 
Ipilimumab 3 mg/kg is approved as both a 
first- line and a second- line therapy for the 
treatment of advanced melanoma in several 
countries. In addition, ipilimumab 10 mg/
kg was approved as an adjuvant therapy in 
the USA, based on improved recurrence- 
free survival in patients with stage III mela-
noma,5 with an OS benefit demonstrated in a 
follow- up analysis.6

Because of the introduction of the anti-
programmed death-1 (anti- PD-1) agents 
nivolumab and pembrolizumab,7–9 ipilim-
umab is no longer commonly used as first- line 
monotherapy. Ipilimumab monotherapy is 
still an accepted treatment for some patients, 
such as those for whom anti- PD-1 treatment 
has failed. Ipilimumab 3 mg/kg in combi-
nation with nivolumab is used as a first- line 
therapy based on improved survival outcomes 
over monotherapy for patients with advanced 
melanoma.7

Previous studies have demonstrated a 
survival benefit with ipilimumab for patients 
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with metastatic melanoma at the 10 mg/kg dose.3 10 Our 
initial phase III trial involving patients with advanced 
melanoma who had not received a prior BRAF or check-
point inhibitor showed significantly longer OS with ipili-
mumab at 10 mg/kg than at 3 mg/kg, although with an 
increased incidence of adverse events (AEs).11 Here, we 
report a 5- year update of this trial, along with updated 
analyses of specific patient subgroups of clinical relevance.

PAtIents And Methods
Patients
Details of the study design and eligibility criteria have 
been described previously.11 Eligible patients were aged 
≥18 years and had untreated or previously treated unre-
sectable stage III/IV metastatic melanoma, an Eastern 
Cooperative Oncology Group performance status (ECOG 
PS) score of 0 or 1 and measurable disease within 28 days 
of the first dose of study treatment, based on modified 
WHO diagnostic criteria. Patients who had received prior 
therapy with BRAF inhibitors, CTLA-4 or PD-1 antago-
nists or programmed death- ligand 1 or CD137 agonists 
were excluded, as were patients with symptomatic brain 
metastases or brain metastases requiring treatment, a 
history of autoimmune disease or a diagnosis of primary 
ocular melanoma.

study design
This randomized, multicenter, double- blind, phase III 
study was conducted at 87 centers in 21 countries, with 
the majority of patients enrolled in Europe. Patients were 
randomly assigned 1:1 to receive ipilimumab 10 mg/kg or 
3 mg/kg, and were stratified by metastatic (M) substage 
(M0/M1a/M1b or M1c without brain metastases or M1c 
with brain metastases), previous treatment for meta-
static melanoma (yes or no) and an ECOG PS of 0 or 
1. The randomization and masking methods have been 
described previously.11

Ipilimumab was administered by intravenous infu-
sion for 90 min every 3 weeks for four doses (without 
the opportunity for maintenance therapy) until disease 
progression per immune- related response criteria,12 13 
unacceptable toxicity or withdrawal of consent (initial 
treatment phase). In addition, patients with a complete 
or partial response or stable disease for ≥3 months and 
subsequent progression were eligible for re- treatment 
with ≤4 doses of originally assigned ipilimumab treat-
ment (re- treatment phase). Tumor response was assessed 
by investigators at weeks 12, 16 and 24, and then every 12 
weeks. Discontinuation criteria were based on immune- 
related response criteria to account for the unconven-
tional response patterns observed with ipilimumab 
(responses that occur after an initial increase in tumor 
volume or the observation of new lesions).12 13 Dose reduc-
tion was not permitted; however, dosing was delayed for 
all- cause skin- related AEs grade ≥3 and could be delayed 
for treatment- related AEs and laboratory abnormalities, 
per the investigator.

end points and assessments
The primary end point was OS. Secondary end points 
included the yearly assessment of OS for up to 5 years, 
OS based on brain metastases, objective response, 
progression- free survival and safety. Descriptive analyses 
of OS in several patient subgroups, as well as updated 
safety in patients who had received ≥1 dose of study treat-
ment for ≤90 days after the last dose of study drug, are 
also presented. As opposed to the initial report, which 
included an analysis of safety in the initial treatment phase 
only, the current update includes AEs collected during 
the re- treatment phase. AE severity was graded based on 
National Cancer Institute Common Terminology Criteria 
for Adverse Events, V.3.0.14

statistical analysis
Sample size determination has been described previ-
ously.11 A stratified log- rank test was used to compare 
OS among the randomized groups. HRs and associated 
two- sided 95% CIs were estimated using a stratified 
Cox model, with the randomized group being the only 
covariate. Event- free OS probabilities were estimated 
using the Kaplan- Meier method. Estimates of medians and 
corresponding 95% CIs were calculated using the Brook-
meyer and Crowley method.15 Statistical analyses were 
performed using SAS V.9.3 and V.9.4. OS subgroup anal-
yses were not powered to evaluate statistical significance.

results
Patients
Patient disposition and baseline characteristics were 
described previously.11 To summarize, 831 patients were 
enrolled between February 29, 2012 and July 9, 2012, 
among whom 727 patients were randomized 1:1 to receive 
ipilimumab 10 mg/kg (n=365) or 3 mg/kg (n=362); 23 
and 32 patients received first re- treatment, respectively, 
and 2 in each group received second re- treatment (online 
supplementary figure S1). One patient in the ipilimumab 
10 mg/kg group experienced an AE, was not treated and 
was excluded from the safety population. As reported 
previously, baseline characteristics were comparable in 
the two treatment groups as a whole (online supplemen-
tary table S1) and among the 22% of patients in each 
group with BRAF mutation- positive tumors.11 At data-
base lock (September 13, 2017), patients had received a 
median (range) of 4(1–16) and 4(1–11) doses of ipilim-
umab in the 10 mg/kg and 3 mg/kg groups, respectively. 
Subsequent systemic therapy was received by 38% and 
39% of patients in the 10 mg/kg and 3 mg/kg groups, 
respectively, including immunotherapy in 18% and 15% 
of patients and targeted therapy in 10% and 13% of 
patients (online supplementary table S2).

efficacy
At database lock, patients had been followed for a 
minimum of 61 months, with a median follow- up of 
14.5 months (range 0.6‒64.0) and 11.2 months (range 
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Figure 1 Overall survival in all randomized patients. IPI, ipilimumab.

Figure 2 Overall survival by subgroups. (A) Overall survival in patients with asymptomatic brain metastases at baseline, (B) 
wild- type BRAF tumors, (C) mutant BRAF tumors, (D) LDH levels ≤ULN and (E) LDH levels >ULN. IPI, ipilimumab; LDH, lactate 
dehydrogenase; NA, not available; OS, overall survival; ULN, upper limit of normal.

0.1‒64.2) in the 10 mg/kg and 3 mg/kg groups, respec-
tively. Consistent with the initial analysis,11 OS was signifi-
cantly longer in the 10 mg/kg group compared with the 
3 mg/kg group (HR 0.84, 95% CI 0.71 to 0.99; p=0.04), 
with a median OS of 15.7 months (95% CI 11.6 to 17.8) 
and 11.5 months (95% CI 9.9 to 13.3), respectively 
(figure 1). Five- year survival rates were 25% (95% CI 21 
to 29) and 19% (95% CI 15 to 23) in the 10 mg/kg and 
3 mg/kg groups, respectively.

Descriptive OS analyses were also performed in several 
patient subgroups of clinical relevance. Among patients 
with asymptomatic brain metastasis at baseline, median 
OS was 7.0 months (95% CI 4.0 to 12.8) in the 10 mg/kg 
group and 5.7 months (95% CI 4.2 to 7.0) in the 3 mg/kg 
group, with 5- year OS rates of 13.0% (95% CI 6 to 23) and 
6% (95% CI 2 to 14), respectively (figure 2A). In patients 
with wild- type BRAF tumors treated with the 10 mg/kg 
and 3 mg/kg doses, median OS was 13.8 months (95% CI 
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Figure 3 Forest plot of overall survival. ECOG PS, Eastern Cooperative Oncology Group performance status, IPI, ipilimumab; 
LDH, lactate dehydrogenase; M, metastatic; mOS, median overall survival; ULN, upper limit of normal.

10.2 to 17.0) and 11.2 months (95% CI 9.2 to 13.8), 
respectively, with 5- year survival rates of 22% (95% CI 17 
to 28) and 19% (95% CI 14 to 24) (figure 2B). In patients 
with mutant BRAF tumors, median OS was 33.2 months 
(95% CI 19.4 to 45.2) and 19.7 months (95% CI 11.6 to 
25.3) in the 10 mg/kg and 3 mg/kg groups, respectively. 
The 5- year OS rate was 35% (95% CI 25 to 46) in the 
10 mg/kg group (figure 2C), but could not be calculated 
for the 3 mg/kg group because of missing patient data 
(the 4- year rate for the 3 mg/kg group was 23% [95% CI 
15 to 33]). Five- year OS rates were 28% (95% CI 22 to 
34) and 23% (95% CI 18 to 29) in patients with lactate 
dehydrogenase (LDH) levels less than or equal to the 
upper limit of normal (ULN) treated with the 10 mg/
kg and 3 mg/kg doses, respectively (figure 2D), and 20% 
(95% CI 14 to 27) and 9% (95% CI 5 to 15) in patients 
with LDH levels greater than the ULN treated with the 10 
mg/kg and 3 mg/kg doses, respectively (figure 2E). OS in 
other subgroups also showed trends favoring the 10 mg/
kg dose (figure 3).

safety
Given that safety updates from the previous analysis would 
have been from re- treatment only, results were very consis-
tent.11 A greater proportion of patients in the ipilimumab 
10 mg/kg group experienced treatment- related AEs (any 
grade, 79%; grade 3/4, 36%) compared with the 3 mg/
kg group (any grade, 64%; grade 3/4, 20%). The most 
common grade 3/4 treatment- related AEs were diarrhea 
(11%), colitis (6%) and increased alanine aminotransferase 

(4%) for patients in the 10 mg/kg group, and diarrhea 
(6%), colitis (3%) and hypophysitis (2%) for those in the 
3 mg/kg group. In total, 34% and 19% of patients discon-
tinued treatment because of AEs from any cause in the 10 
mg/kg and 3 mg/kg groups, respectively, including 26% 
and 12% of patients because of grade 3/4 AEs (table 1). 
The most frequently reported AEs leading to discontinu-
ation in both groups were diarrhea, at 8% and 4%, and 
colitis, at 4% and 2%, respectively. Immune- related AEs 
(those identified by the investigator as treatment related 
and associated with an immune- mediated mechanism) 
were observed in 74% and 55% of patients in the 10 mg/
kg and 3 mg/kg groups, respectively (online supplemen-
tary table S3); the most common in both groups were diar-
rhea (39% and 23%), rash (26% and 15%) and pruritus 
(23% and 23%). Re- treatment for progressive disease with 
either dose did not result in increased toxicity.

In the ipilimumab 10 mg/kg and 3 mg/kg groups, 
respectively, 74% and 80% of patients died, with the 
primary cause of death being progressive disease for most 
of these patients (68% and 73%). As previously reported, 
deaths as the result of treatment- related toxicity occurred 
in four patients in the 10 mg/kg group (diarrhea leading 
to general deterioration, fulminant colitis, multiorgan 
failure and bowel perforation) and two patients in 
the 3 mg/kg group (multifocal colon perforation and 
myocardial infarction from complications of diarrhea 
and colitis).11 No treatment- related death was reported 
following the initial analysis.
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Table 1 Adverse events

Ipilimumab 10 mg/kg (n=364) Ipilimumab 3 mg/kg (n=362)

Any grade Grade 3 Grade 4 Grade 5 Any grade Grade 3 Grade 4 Grade 5

AEs of any cause 347 (95) 129 (35) 41 (11) 58 (16) 341 (94) 105 (29) 33 (9) 58 (16)

AEs of any cause leading to 
discontinuation

122 (34) 72 (20) 21 (6) 8 (2.2) 70 (19) 33 (9) 12 (3) 14 (4)

Treatment- related AEs* 288 (79) 105 (29) 26 (7) 1 (<1) 233 (64) 61 (17) 10 (3) 0

Diarrhea 142 (39) 38 (10) 1 (<1) 0 85 (23) 21 (6) 0 0

Rash 95 (26) 6 (2) 0 0 53 (15) 2 (1) 0 0

Pruritus 83 (23) 3 (1) 0 0 85 (23) 2 (1) 0 0

Fatigue 41 (11) 3 (1) 0 0 36 (10) 4 (1) 0 0

Colitis 39 (11) 20 (5) 2 (1) 0 20 (6) 9 (2) 1 (<1) 0

Asthenia 32 (9) 5 (1) 0 0 20 (6) 1 (<1) 0 0

Increased alanine 
aminotransferase

29 (8) 11 (3) 3 (1) 0 5 (1) 1 (<1) 1 (<1) 0

Increased aspartate 
aminotransferase

25 (7) 6 (2) 2 (1) 0 4 (1) 1 (<1) 0 0

Hypophysitis 24 (7) 9 (2) 1 (<1) 0 14 (4) 6 (2) 3 (1) 0

Fever 23 (6) 1 (<1) 0 0 18 (5) 0 0 0

Nausea 21 (6) 1 (<1) 0 0 27 (7) 0 0 0

Headache 21 (6) 3 (1) 1 (<1) 0 18 (5) 1 (<1) 0 0

Multifocal colon perforation 0 0 0 1 (<1) 0 0 0 0

All data are n (%).
*Any- grade treatment- related AEs occurring in ≥5% of patients and all grade 5 events are shown.
AE, adverse event.

dIsCussIon
Updated results of this phase III trial in patients with 
advanced melanoma who had not received a prior BRAF or 
checkpoint inhibitor demonstrated a significant improve-
ment in OS with ipilimumab monotherapy at 10 mg/kg 
vs 3 mg/kg (four doses during induction or re- treatment, 
without maintenance therapy). This benefit was sustained 
after 61 months of follow- up. These results suggest the 
emergence of a survival plateau that was sustained at 5 
years. Similar results were previously observed in a pooled 
analysis of ipilimumab studies that reported an OS rate of 
19% at 5 years, with a plateau starting at 3 years.4 Consistent 
with the original analysis,11 ipilimumab 10 mg/kg was asso-
ciated with higher incidences of treatment- related AEs and 
AEs leading to discontinuation than ipilimumab 3 mg/kg.

Although the treatment paradigm for metastatic mela-
noma has shifted with the use of anti- PD-1 checkpoint 
inhibitors alone or in combination with ipilimumab, 
ipilimumab monotherapy may still be a consideration, 
such as in the treatment of particular patient subgroups 
following failure of anti- PD-1 therapy.16 In this study, in 
patients with wild- type BRAF tumors, long- term survival 
with ipilimumab at either dose was similar to that of 
the overall population, and patients with BRAF muta-
tions also benefitted from ipilimumab therapy. More-
over, the subgroup of patients with BRAF mutations had 
improved OS compared with those with wild- type BRAF, 

an observation that was especially evident in the 10 mg/
kg group, in which median OS was 33.2 months (vs 13.8 
months for patients with wild- type BRAF). Of note, the 
numbers of patients in the two groups differed greatly, 
with 80 patients having a BRAF mutation compared with 
225 patients with wild- type BRAF. Patients with asymptom-
atic brain metastasis also showed long- term benefit with 
ipilimumab. However, OS in these subgroups may have 
been affected by low patient numbers.

The overall safety profile of long- term treatment with 
ipilimumab 10 mg/kg or 3 mg/kg was manageable and no 
new safety concerns were identified. Because few patients 
continued to receive treatment after the initial analysis, 
the updated safety results were similar to those reported 
previously, with greater toxicity with the higher dose. 
Previous results also showed that most AEs resolved using 
established management algorithms, and similar resolu-
tion of AEs between the two dose groups was observed.11

Results presented here add to those available on whether 
ipilimumab effects may be dose- dependent. Previously, a 
retrospective analysis of 498 patients showed that higher 
doses of ipilimumab were associated with steady- state 
trough concentrations that may have in turn been asso-
ciated with increased tumor responses, longer survival 
and higher rates of immune- related AEs.17 In addition, 
previous reports have shown a dose- dependent effect of 
ipilimumab on response10 17; however, effects on survival 
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was not shown. A recent phase II study in patients who 
received at least one previous treatment reported a non- 
statistical dose effect on progression- free survival (PFS), 
but not OS.18 In contrast, results from the study presented 
here showed a significant improvement in OS, but not 
PFS, with 10 mg/kg vs 3 mg/kg.11 Taking these results 
together, further investigation is needed to answer the 
important question of potential ipilimumab efficacy and 
dose- dependency. Of note, ipilimumab- related toxicity 
has been shown consistently to be dose- dependent in 
melanoma.10 11 17 19

There were a few notable limitations to this study. The 
enrollment criteria, which were established based on the 
treatment landscape at the time of the study design, excluded 
patients who had received prior therapy, precluding anal-
ysis of ipilimumab as second- line treatment. The survival 
results may have been confounded by therapy received 
after ipilimumab. However, in the previous report, post hoc 
analyses by subsequent systemic therapy showed the consis-
tent benefit of the 10 mg/kg dose over the 3 mg/kg dose.11 
It should be additionally noted that the study reflects the 
dose effect of anti- CTLA-4 at a time when few patients could 
receive anti- PD-1 as a second- line therapy. Although OS 
across subgroups generally favored ipilimumab 10 mg/kg, 
the study was not powered for subgroup analyses. Finally, 
the previous study showed more reductions in quality of 
life (QoL) scales at the higher dose in the initial treatment 
phase, which may have reflected greater toxicity.11 However, 
with many patients alive years after coming off study treat-
ments, coupled with the use of poststudy treatment with 
other agents, in many cases, long- term QoL evaluation 
provides little information about ipilimumab treatment.

The results of this study may be useful in offering 
insights into the development of new anti- CTLA-4 agents. 
CTLA-4- NF (NCT03110107) and CTLA-4- Probody 
(NCT03369223) are two ipilimumab- based compounds 
that are being tested in patients with solid tumors, 
including melanoma. Other novel anti- CTLA-4 agents in 
early stage clinical trials in solid tumors, including mela-
noma, are AGEN1884, ADU-1604 and MK1308.

In this follow- up analysis of patients with advanced mela-
noma who were initially treated with ipilimumab mono-
therapy, the superiority of the survival benefit of the 10 mg/
kg vs the 3 mg/kg dose was sustained over the long term, 
and this survival benefit was observed in clinically relevant 
subgroups. However, the higher dose was associated with 
greater toxicity, although no new safety concerns were 
identified. Consequently, initial ipilimumab monotherapy 
dosing appeared to be relevant to outcomes. These data 
may have implications for the evaluation and treatment 
sequencing of investigational anti- CTLA-4 agents.
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