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j Melanoma Oncology Unit, Veneto Institute of Oncology IOV e IRCCS, Padua, Italy
k Department of Medical Oncology, General University Hospital Gregorio Marañón and CIBERONC, Madrid, Spain
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Abstract Purpose: Nivolumab was approved as adjuvant therapy for melanoma based on

data from CheckMate 238, which enrolled patients per American Joint Committee on Cancer

version 7 (AJCC-7) criteria. Here, we analyse long-term outcomes per AJCC-8 staging

criteria compared with AJCC-7 results to inform clinical decisions for patients diagnosed

per AJCC-8.

Patients and methods: In a double-blind, phase 3 trial (NCT02388906), patients aged �15

years with resected, histologically confirmed AJCC-7 stage IIIB, IIIC, or IV melanoma were

randomised to receive nivolumab 3 mg/kg every 2 weeks or ipilimumab 10 mg/kg every

3 weeks for 4 doses and then every 12 weeks, both intravenously �1 year. Recurrence-free sur-

vival (RFS) and distant metastasis-free survival (DMFS) were assessed in patients with stage

III disease, per AJCC-7 and AJCC-8.

Results: Per AJCC-7 staging, 42.4% and 57.3% of patients were in substage IIIB and IIIC,

respectively; per AJCC-8, 1.1%, 30.4%, 62.8%, and 5.0% were in IIIA, IIIB, IIIC, and IIID.

After 4 years’ minimum follow-up, the AJCC-7 superior efficacy of nivolumab over

ipilimumab in patients with resected stage III melanoma was preserved per AJCC-8 analysis.

No statistically significant difference in RFS between stage III substage hazard ratios was

observed per AJCC-7 or -8 staging criteria (interaction test: AJCC-7, P Z 0.8115; AJCC-8,

P Z 0.1051; P Z 0.8392 ((AJCC-7) and P Z 0.8678 (AJCC-8) for DMFS).

Conclusions: CheckMate 238 4-year RFS and DMFS outcomes are consistent per AJCC-7

and AJCC-8 staging criteria. Outcome benefits can therefore be translated for patients diag-

nosed per AJCC-8.

ª 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The checkpoint inhibitors pembrolizumab and nivolumab

and the BRAF/MEKetargeted-therapy combination

dabrafenib plus trametinib have been approved in many

countries as adjuvant therapy for high-risk resected mel-
anoma. Pivotal trials forming the basis for their use in this

setting were CheckMate 238 [1], KEYNOTE-054 [2], and

COMBI-AD [3] (in patients with BRAF-mutated tu-

mours). Although ipilimumab was the only checkpoint

inhibitor to show a survival benefit over placebo (EORTC

18071) [4], it has been replaced with newer therapies with

improved safety profiles [5]. CheckMate 238 enrolled pa-

tientswith completely resectedAmerican JointCommittee
on Cancer version 7 (AJCC-7) stage IIIBeC or stage IV

disease, while KEYNOTE-054 and COMBI-AD included
patients with AJCC-7 stage IIIAeC disease, with the re-

striction that eligible patients with stage IIIA disease had

sentinel node burden of at least one tumour >1 mm in

diameter.

The AJCC staging criteria were revised (AJCC 8th

edition [AJCC-8]) with the objective of improving

prognostication and refining clinical trial patient strati-

fication after the recruitment was completed for
CheckMate 238, KEYNOTE-054, and COMBI-AD.

Changes relevant to the study populations enrolled in

these pivotal adjuvant trials included an increase in the

number of prognostic stage III groupings (from three to

four; i.e., to stages IIIAeD) based on updates in nodal

burden and tumour thickness categories [6]. The

improved prognostic accuracy of AJCC-8 for

recurrence-free survival (RFS) in patients with stage III

http://creativecommons.org/licenses/by-nc-nd/4.0/
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melanoma was confirmed by investigators in an inde-

pendent cohort of 156 patients [7].

Given the challenge of extrapolating efficacy outcomes

for patients with AJCC-8 stage III subgroupings from

these adjuvant trials enrolled under AJCC-7, updated

analyses based on AJCC-8 staging have been performed.

RFS results by AJCC-8 staging were reported for dab-

rafenib plus trametinib treatment after a minimum
follow-up of 40 and 59 months in COMBI-AD [8].

Consistent with data analysed per the AJCC-7 staging

criteria, patients staged per AJCC-8 criteria demon-

strated similar RFS benefit versus placebo, with a mar-

ginal benefit in patients with stage IIIA disease. Similarly,

with the AJCC-8 post hoc analysis of KEYNOTE-054

performed after a median follow-up of 15 months, pem-

brolizumab treatment demonstrated similar RFS
improvement versus placebo, which was sustained up to

36 months [9,10]. AJCC-8 stage III substaging was

strongly associated with RFS, with stages IIIB, IIIC, and

IIID showing increasingly worse RFS outcomes versus

stage IIIA. In addition, there was no significant difference

between the pembrolizumab versus placebo RFS hazard

ratios (HRs) across the stage III substages, indicating that

the AJCC-8 classification was not predictive of a substage
responding better to pembrolizumab (test for interaction:

P Z 0.68) [9]. Overall, the AJCC-8 staging analyses of

these two clinical trials indicated that study results are

largely consistent under the updated staging criteria;

however, the RFS estimates for patients classified under

each substage may differ.

The updated 4-year results of the CheckMate 238

study reinforced the long-term benefit of nivolumab
over the active comparator ipilimumab in both RFS and

distant metastasis-free survival (DMFS) [11]. Unlike the

KEYNOTE-054 or COMBI-AD trials, CheckMate 238

did not enrol patients with stage IIIA disease. However,

the staging exercise is important within the oncology

community to understand if efficacy outcomes observed

per AJCC-7 stage III subgroups hold when data are

reanalysed per AJCC-8 stage IIIB, C, and D subgroups.
Efficacy outcomes redrawn per AJCC-8 will also help

support clinician discussions with patients who are

currently staged per AJCC-8. Here, we analysed long-

term RFS and DMFS outcomes per AJCC-8 staging

criteria and compared them with AJCC-7 results.
2. Methods

2.1. Study design and procedures

The study design and full methodology of the double-
blind, phase 3, randomised active-controlled CheckMate

238 (NCT02388906) trial have been reported previously

[1,11]. Patients were �15 years of age with histologically

confirmed stage IIIB, IIIC, or IV melanoma (based on
AJCC-7). A complete resection of disease with no evi-

dence of residual disease was required within 12 weeks

before randomisation, as was an Eastern Cooperative

Oncology Group performance status of 0e1. Random-

isation (1:1) to nivolumab or ipilimumab was stratified

by programmed death-ligand 1 status (positive [based

on a 5% cut-off in tumour cells] versus negative or

indeterminate) and AJCC-7 disease stage (stage IIIB/
IIIC versus stage IV metastasis (M)1a/M1b versus stage

IV M1c). Nivolumab 3 mg/kg was administered intra-

venously every 2 weeks and ipilimumab 10 mg/kg was

administered intravenously every 3 weeks for 4 doses

and then every 12 weeks; each treatment was adminis-

tered with corresponding placebo for up to 1 year or

until disease recurrence, unacceptable toxicity, or with-

drawal of consent. Patients who discontinued therapy
were followed until death or study conclusion.

The assessment of disease recurrence (by computed

tomography or magnetic resonance imaging) was per-

formed every 12 weeks for the first 2 years and every 6

months for the next 3 years [1,11]. The primary end-

point was RFS by investigator assessment, defined as

time from randomisation until the date of the first

recurrence (local, regional, or distant metastasis), new
primary melanoma, or death from any cause. In patients

alive without disease recurrence, RFS was censored on

the date of the last evaluable disease assessment. A key

exploratory end-point was DMFS in patients with stage

IIIBeC disease at study entry. DMFS was assessed in

all patients and was defined as the time between the date

of randomisation and the date of the first distant

metastasis (including in those patients with an initial
locoregional recurrence) or death from any cause. In

addition, the incidence and location of distant metas-

tases as a first recurrence were evaluated (i.e. distant

recurrences occurring after the first distant recurrence

were not evaluated for incidence and location).

In this analysis, RFS and DMFS were assessed in

patients with stage III disease, per AJCC-7 and AJCC-8.

Although a key secondary variable in the study [1],
overall survival was not included in the current analysis

because these data were immature at 4 years [11]. At

data cut-off, only 211 of the 302 mortality events ex-

pected had occurred, yielding 73% statistical power

opposed to the planned 88% power required for signif-

icance. In addition, patients with stage IV resected dis-

ease were excluded due to the resulting small sample

sizes that would be created when remapped to the new
AJCC-8 metastatic subcategories.
2.2. Statistical methods

RFS and DMFS were analysed using the KaplaneMeier

method, with 95% confidence intervals calculated using

the Brookmeyer and Crowley method. The prognostic
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importance of AJCC-7 and AJCC-8 was assessed using

the log-rank test and Cox proportional hazards model.

The predictive importance of AJCC-7 and AJCC-8 on

treatment differences was assessed using a test of inter-

action in a forest plot.

3. Results

3.1. Patients and distribution

Of the 906 patients randomised in CheckMate 238 to

treatment with nivolumab or ipilimumab (453 each), 736

patients had stage III disease [11]. Based on AJCC-7

staging, there were 312 (42.4%) patients in substage

IIIB and 422 (57.3%) in substage IIIC; according to

AJCC-8, there were 8 (1.1%) in IIIA, 224 (30.4%) in IIIB,

462 (62.8%) in IIIC and 37 (5.0%) in IIID (Table 1). Of
AJCC-7 stage IIIB and IIIC patients, 58.7% and 81.8%,

respectively, remained in Stage IIIB or Stage IIIC per

AJCC-8 staging (Supplementary Fig. S1). Due to the

small patient numbers in the stage IIIA subgroup (two

per AJCC-7 and eight per AJCC-8), all investigations are

restricted to stages IIIBeD.

Baseline demographics and characteristics by AJCC-8

and AJCC-7 stage III substage are provided in Table 2
and Supplementary Table S1, respectively. Baseline

characteristics were generally consistent between the

treatment arms in subgroups IIIB and IIIC except for

ulcerated tumours that were more frequent in the

nivolumab arm in patients with stage IIIC disease

(46.6% versus 36.5%) for AJCC-8 (Table 2) and a higher

frequency of primary versus recurrent tumours in

nivolumab patients with stage IIIB melanoma (64.8%
versus 54.4%) for AJCC-7 (Supplementary Table S1).

The number of patients in the stage IIID subgroup was

too small for meaningful comparison, but there

appeared to be more patients in the nivolumab arm who

were female, had macroscopic lymph node involvement,

and had cutaneous melanoma, and more patients in the

ipilimumab group with ulcerated primaries (Table 2).
Table 1
AJCC stage III substages by treatment arm.

Staging classification n (%)

Nivolumab (n Z 370)

AJCC-7 stage

IIIB 165 (44.6)

IIIC 203 (54.9)

Othera 2 (0.5)

AJCC-8 stage

IIIAb 3 (0.8)

IIIB 117 (31.6)

IIIC 232 (62.7)

IIID 17 (4.6)

Unevaluable 1 (0.3)

AJCC, American Joint Committee on Cancer.
a Stage IIIA.
b Two patients with stage IIIB melanoma (per AJCC-8 staging criteria) w

therefore included in the IIIA group.
3.2. RFS analysis

At 4 years’ minimum follow-up, nivolumab continued to
demonstrate RFS benefit versus ipilimumab across all

stage III substages when patients were staged using

AJCC-8 criteria (Supplementary Fig. S2). For both

treatment groups, 4-year RFS rates were similar per

subgroup when staged by AJCC-8 or AJCC-7, with

nivolumab stage IIIB rates of 66.4% and 60.0% and

stage IIIC rates of 47.1% and 46.1% for AJCC-8 and

AJCC-7, respectively (Fig. 1). In addition, each treat-
ment group demonstrated less favourable RFS with

increasing stage III substage (HRs >1 for AJCC-8 stage

IIIC and IIID and AJCC-7 stage IIIC, all versus stage

IIIB). When comparing nivolumab to ipilimumab, one

notable difference was that the stage IIIB HR according

to AJCC-8 was lower than with AJCC-7 (0.56 versus

0.70) (Fig. 2). There was no statistically significant dif-

ference in the nivolumab to ipilimumab RFS HRs
across the stage 3 substages per both the AJCC-8 and -7

criteria (test for interaction: AJCC-8, P Z 0.1051;

AJCC-7, P Z 0.8115) (Fig. 2).

3.3. DMFS analysis

At a minimum follow-up of 4 years, nivolumab

continued to demonstrate DMFS benefit versus ipili-

mumab across all AJCC-8 stage III substages (nivolu-

mab: 142 events per 370 patients, ipilimumab:160 events

per 366 patients; Supplementary Fig. S3). In both

treatment groups, 4-year DMFS rates were similar per

subgroup when staged by AJCC-8 or AJCC-7, with

nivolumab stage IIIB rates of 70.0% and 67.0% and
stage IIIC rates of 55.7% and 52.5%, respectively. Each

treatment group demonstrated less favourable DMFS

trends with increasing stage III substage (HRs >1 for

AJCC-8 stage IIIC and IIID and AJCC-7 stage IIIC, all

versus stage IIIB; Fig. 3). There was no statistically

significant difference between the substage HRs

comparing nivolumab with ipilimumab (test for
Ipilimumab (n Z 366) Total (N Z 736)

147 (40.2) 312 (42.4)

219 (59.8) 422 (57.3)

0 (0) 2 (0.3)

5 (1.4) 8 (1.1)

107 (29.2) 224 (30.4)

230 (62.8) 462 (62.8)

20 (5.5) 37 (5.0)

4 (1.1) 5 (0.7)

ere recorded in the database as having stage IIIA melanoma and were



Table 2
Baseline characteristics by AJCC-8 stage III substage.

AJCC-8

Stage IIIB, n (%) Stage IIIC, n (%) Stage IIID, n (%)

Nivolumab (n Z 117) Ipilimumab (n Z 107) Nivolumab (n Z 232) Ipilimumab (n Z 230) Nivolumab (n Z 17) Ipilimumab (n Z 20)

Age, median years (range) 55 (20e83) 55 (25e81) 56 (19e83) 53 (18e86) 62 (38e71) 55 (26e74)

Sex

Male 64 (54.7) 61 (57.0) 141 (60.8) 134 (58.3) 9 (52.9) 13 (65.0)

Female 53 (45.3) 46 (43.0) 91 (39.2) 96 (41.7) 8 (47.1) 7 (35.0)

Tumour ulceration status

Absent 79 (67.5) 69 (64.5) 115 (49.6) 139 (60.4) 4 (23.5) 1 (5.0)

Present 33 (28.2) 31 (29.0) 108 (46.6) 84 (36.5) 13 (76.5) 19 (95.0)

Not reported 5 (4.3) 7 (6.5) 9 (3.9) 7 (3.0) 0 0

Lymph node involvement

Microscopic 32 (27.4) 31 (29.0) 88 (37.9) 85 (37.0) 6 (35.3) 13 (65.0)

Macroscopic 75 (64.1) 69 (64.5) 129 (55.6) 134 (58.3) 11 (64.7) 7 (35.0)

Not reported 10 (8.5) 7 (6.5) 15 (6.5) 11 (4.8) 0 0

Tumour origin

Primary 62 (53.0) 43 (40.2) 143 (61.6) 124 (53.9) 12 (70.6) 16 (80.0)

Recurrent 55 (47.0) 63 (58.9) 88 (37.9) 106 (46.1) 5 (29.4) 4 (20.0)

Not reported 0 1 (0.9) 1 (0.4) 0 0 0

Melanoma subtype

Mucosal 1 (0.9) 4 (3.7) 13 (5.6) 5 (2.2) 1 (5.9) 1 (5.0)

Cutaneous 108 (92.3) 90 (84.1) 189 (81.5) 197 (85.7) 15 (88.2) 14 (70.0)

Acral 2 (1.7) 2 (1.9) 12 (5.2) 10 (4.3) 0 3 (15.0)

Ocular/uveal 0 0 0 0 0 0

Other 6 (5.1) 11 (10.3) 18 (7.8) 18 (7.8) 1 (5.9) 2 (10.0)

ECOG performance status

0 109 (93.2) 98 (91.6) 207 (89.2) 205 (89.1) 16 (94.1) 19 (95.0)

1 8 (6.8) 9 (8.4) 25 (10.8) 25 (10.9) 1 (5.9) 1 (5.0)

LDH expression

�ULN 106 (90.6) 98 (91.6) 214 (92.2) 211 (91.7) 14 (82.4) 18 (90.0)

>ULN 9 (7.7) 7 (6.5) 14 (6.0) 16 (7.0) 3 (17.6) 2 (10.0)

Not reported 2 (1.7) 2 (1.9) 4 (1.7) 3 (1.3) 0 0

PD-L1 expression

<5% 71 (60.7) 64 (59.8) 141 (60.8) 149 (64.8) 10 (58.8) 11 (55.0)

�5% 40 (34.2) 41 (38.3) 80 (34.5) 74 (32.2) 5 (29.4) 7 (35.0)

Indeterminate 6 (5.1) 2 (1.9) 11 (4.7) 7 (3.0) 2 (11.8) 2 (10.0)

BRAF status

Mutant 48 (41.0) 54 (50.5) 96 (41.4) 100 (43.5) 5 (29.4) 5 (25.0)

Wild-type 47 (40.2) 46 (43.0) 99 (42.7) 104 (45.2) 10 (58.8) 13 (65.0)

Not reported 22 (18.8) 7 (6.5) 37 (15.9) 26 (11.3) 2 (11.8) 2 (10.0)

AJCC, American Joint Committee on Cancer; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; PD-L1, programmed death-ligand 1; ULN, upper limit of normal.
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Fig. 1. Recurrence-free survival by AJCC-8 in stage III substage patients treated with (a) nivolumab or (b) ipilimumab and by AJCC-7 in

stage III substage patients treated with (c) nivolumab or (d) ipilimumab; patients were followed for a minimum of 48 months (dotted line).

AJCC, American Joint Committee on Cancer; CI, confidence interval; HR, hazard ratio.
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interaction: AJCC-8, P Z 0.8678; AJCC-7, P Z 0.8392)

and substage HRs were similar for both AJCC-8 and

AJCC-7 (Fig. 4).

Among stage III patients at first recurrence (nivolu-

mab, 167; ipilimumab, 194), 96 (57.5%) nivolumab-

treated patients and 111 (57.2%) ipilimumab-treated

patients had distant metastasis as their first recurrence,

with or without a concurrent local/regional recurrence
(Supplementary Table S2). In each treatment group, the

proportion of patients in stage IIIB and stage IIIC with

distant recurrences were similar per AJCC-8 or AJCC-7.

Per AJCC-8, out of patients who had a recurrence, a

higher proportion of stage IIIB and IIID patients in the
nivolumab arm had distant recurrences relative to the

ipilimumab arm (70.3% versus 57.1% and 72.7% versus

50.0%), whereas a lower proportion of stage IIIC

nivolumab-treated patients had a distant recurrence

(52.1% versus 59.0%). Per AJCC-7, similar distant

metastasis trends for nivolumab versus ipilimumab were

observed in stage IIIB (66.1% versus 56.3%) and IIIC

(52.4% versus 57.7%) patients.
Among all stage III patients in whom distant

metastasis sites were reported at first recurrence (75 for

nivolumab and 98 for ipilimumab), the most common

sites (�10% patients) for nivolumab and ipilimumab

were, respectively, brain (12.0% and 15.3%), liver (16.0%



Fig. 2. Forest plot of treatment effect and interaction test on RFS by AJCC-8 (a) and AJCC-7 (b). AJCC, American Joint Committee on

Cancer; CI, confidence interval; mRFS, median RFS; NR, not reached; RFS, recurrence-free survival.
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and 14.3%), lung (32.0% and 39.8%), and lymph nodes

(26.7% and 33.7%; Fig. 5 and Supplementary Table S3).

These site-specific patterns and frequencies of distant

metastases were also generally observed when the data

were analysed by either an AJCC-8 or -7 stage III

substage.

4. Discussion

This post hoc analysis of CheckMate 238 demonstrates

that the superior efficacy of nivolumab over ipilimumab

in patients with resected stage III melanoma previously

observed per AJCC-7 staging was preserved when

reanalysed per AJCC-8 staging. Longer RFS and

DMFS favoured nivolumab regardless of the staging

criteria and across substages.

In this first report of restaging CheckMate 238 pa-
tients per AJCC-8, redistribution was most prominent in

the AJCC-7 stage IIIB subgroup, with 36.9% of patients

redistributing into the AJCC-8 stage IIIC subgroup.

Most patients (81.8%) in the AJCC-7 stage IIIC sub-

group continued to be classified as AJCC-8 stage IIIC,

with less than 10% each reclassified as AJCC-8 stage

IIIB or IIID. This redistribution pattern was expected

due to the reclassification of patients with thicker mel-
anomas and/or more extensive nodal involvement into a

higher stage subgroup per AJCC-8. The trial did not

enrol stage IIIA patients per AJCC-7, and only eight

patients were reclassified as stage IIIA per AJCC-8,
preventing a meaningful analysis of efficacy outcomes

for this small number of AJCC-8 stage IIIA patients on

CheckMate 238. Other studies have previously shown

high rates of RFS in this subgroup [9,12]. However,

given the limited nature of these data, guidelines

recommend treating these patients on an individualised
basis [5,13].

The RFS superiority of nivolumab over ipilimumab

per AJCC-7 across all stage III subgroups was pre-

served when analysed per AJCC-8. In addition, RFS

rates decreased with increasing stage III substage (per

AJCC-7 or -8) in both treatment arms, as expected,

since the staging systems were developed primarily to

identify prognostically different subgroups of patients.
Rates in the stage IIIB substage were slightly higher

when analysed per AJCC-8 versus AJCC-7 (66.4%

versus 60%). In addition, per AJCC-8, the difference in

nivolumab to ipilimumab HRs between stage IIIB and

IIIC patients is more pronounced (0.56 versus 0.83)

versus the difference noted per AJCC-7 analysis (0.70

versus 0.74). The stronger treatment effect in stage IIIB

patients per AJCC-8 may have been due to a relatively
large shift of higher risk patients from AJCC-7 stage

IIIB to AJCC-8 stage IIIC. Nevertheless, there was no

statistical difference among HRs across stage III sub-

groups per either AJCC-8 (P Z 0.1051) or AJCC-7

(P Z 0.8115). Overall, the results indicate a similar

treatment effect for nivolumab across the substages,

keeping in mind that the trial was not powered to detect



Fig. 3. Distant metastasis-free survivala by AJCC-8 in stage III substage patients treated with (a) nivolumab or (b) ipilimumab and by

AJCC-7 in stage III substage patients treated with (c) nivolumab or (d) ipilimumab; patients were followed for a minimum of 48 months

(dotted line). AJCC, American Joint Committee on Cancer; CI, confidence interval; DMFS, distant metastasis-free survival; HR, hazard

ratio. aDMFS analysis accounted for all distant recurrences, including those that occurred beyond a locoregional recurrence.
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such differences. Similar trends were reported for adju-

vant pembrolizumab versus placebo in KEYNOTE-054,

with the caveat that the use of a placebo as a compar-

ator in KEYNOTE-054 led to a stronger treatment ef-

fect than observed in CheckMate 238, with AJCC-8

Stage IIIB, IIIC and IIID RFS HRs of 0.57, 0.50 and

0.62, respectively, for pembrolizumab and 0.56, 0.83 and

0.42 for nivolumab [10].
Similar to the RFS data, DMFS rates decreased with

the increasing stage for both AJCC-7 and AJCC-8 an-

alyses in both arms. The CheckMate 238 DMFS anal-

ysis accounted for all distant recurrences, including

those that occurred beyond a locoregional recurrence,
an approach also used in KEYNOTE-054 [14]. Indeed,

4-year DMFS rates (per AJCC-7) for nivolumab in our

study and 3.5-year rates for pembrolizumab in

KEYNOTE-054 were similar (CheckMate 238 versus

KEYNOTE-054: stage IIIB, 67.0% versus 68%; stage

IIIC, 52.5% versus 56%).

In our study, among all stage III patients at their

initial recurrence, distant metastases occurred in 57.5%
and 57.2% of nivolumab and ipilimumab patients,

respectively, with or without a concomitant local/

regional recurrence. Remapping from AJCC-7 to

AJCC-8 did not result in appreciable changes within

each treatment arm on the proportion of patients with



Fig. 4. Forest plot of treatment effect and interaction test on DMFSa by AJCC-8 (a) and AJCC-7 (b). AJCC, American Joint Committee

on Cancer; CI, confidence interval; DMFS, distant metastasis-free survival; mDMFS, median DMFS. aDMFS analysis accounted for all

distant recurrences, including those that occurred beyond a locoregional recurrence.
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distant metastases in the stage IIIB and IIIC subgroups.

This information will help clinicians to have a more

meaningful dialogue with patients on the risk of distant

metastases based on the current AJCC-8 stage III sub-

stages. The observed frequency of distant metastases is
like that reported in a 2015e2018 retrospective study of

patients with resected stage III/IV melanoma treated

with adjuvant PD-1 therapy [15] and in the KEYNOTE-

054 study (57%e68%), including patients with concur-

rent locoregional recurrences [14]. The similarity of these

rates to the 51% reported in a retrospective study of 340

patients with melanoma followed for recurrence before

the approval of checkpoint inhibitors [16] demonstrates
a need for novel therapeutics in the adjuvant setting.

Notably, 52% of patients received adjuvant treatment in

that retrospective study (16% with high-dose interferon

alfa and 23% with experimental vaccines) [16].

Commonly reported sites of distant metastases at

initial recurrence in patients treated with nivolumab

included the skin, liver, lungs, brain, bone, and lymph

nodes. There did not seem to be an appreciable (�10%)
difference in the anatomic sites or frequencies of distant

recurrences between the nivolumab and ipilimumab

arms nor between AJCC-7 and AJCC-8 analyses. Given

the relatively lower number of patients (nivolumab, 75;

ipilimumab, 98) with reported sites of distant metastases

spread across different target organs, conclusions

regarding any difference in patterns between the arms

cannot be easily drawn. The pattern of metastases was
generally consistent with reports published before [16]

and after [14,15] the introduction of checkpoint in-

hibitors. Data from the KEYNOTE-054 trial indicated

that, among patients who recurred, the involved organs

and proportion of patients with distant metastases were
similar between placebo and pembrolizumab arms [14].

These findings underscore the continued need for

improved therapeutic modalities to prevent the distant

dissemination of disease, especially to visceral organs. In

addition, the common observance of brain metastases

highlights the need for early detection of brain

involvement through imaging during treatment as well

as follow-up.
A limitation of our study was the small number of

patients with stage IIIA disease per AJCC-8, as a result

of the exclusion of AJCC-7 stage IIIA patients. How-

ever, adjuvant immunotherapy in melanoma is admin-

istered less often and on a case-by-case basis in patients

with stage IIIA melanoma and typically in patients with

a sentinel node tumour burden >1 mm in diameter, after

discussing the risks and benefits with the patient [13]. In
addition, data in patients with stage IV disease were not

analysed per AJCC-8 because of the small sample sizes

created from remapping to AJCC-8 subcategories. Any

meaningful analyses per AJCC-8 were limited in this

subgroup since very few patients had M1c disease or

elevated lactate dehydrogenase [1,17], two categories

that can cause differences in stage IV substaging per

AJCC-8 [6].



Fig. 5. Distant metastatic sitea by all stage III (a), AJCC-7 (b), (c), and AJCC-8 (d), (e), (f) substage in patients with distant metastases at

the time of first recurrence. AJCC, American Joint Committee on Cancer; IPI, ipilimumab; NIVO, nivolumab. aPatients may have been

counted in more than one site.
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In conclusion, this post hoc analysis shows that the

RFS and DMFS outcomes per AJCC-7 translated simi-

larly to the newer AJCC-8 staging subcategories. The
results should reassure medical professionals and help

facilitate discussions on the benefits and risks of adjuvant

nivolumab with patients diagnosed per AJCC-8.

Author contributions

Conception or design: JL, ML, PA, MMandala. Data
acquisition: JL, JW, MDV, HG, AA, SD, CLC, MS,

JG, VC, IM, MB, AMDG, MMiddleton, LC, PA, VA,

AH, LF, MMillward, NK, PQ, GVL, PA, MMandala.

Data analysis: ML, MA. Data interpretation: All au-

thors. Manuscript writing, reviewing, and approval: All

authors.

Funding

This study was sponsored by Bristol Myers Squibb

and Ono Pharmaceutical.
Conflict of interest statement

The authors declare the following financial interests/

personal relationships which may be considered as po-

tential competing interests: JLa has worked in a

consulting/advisory role for iOnctura, Apple Tree,

Merck, Bristol Myers Squibb (BMS), Eisai, Debipharm,

and Incyte; has received honoraria from AstraZeneca,

BMS, Eisai, EUSA Pharma, GlaxoSmithKline (GSK),
Incyte, Ipsen, Merck, touchEXPERTS, Royal College

of Physicians, Cambridge Healthcare Research, Royal

College of General Practitioners, VJOncology, Agence

Unik, Merck Sharp & Dohme (MSD), Novartis, Apti-

tude, Pierre Fabre, Pfizer, Roche, Seagen, Inselgruppe,

eCancer, Ultimovacs, Calithera, and Goldman Sachs;

and has received research/grant support from Achilles

Therapeutics, BMS, Immunocore, Aveo, Pharmacyclics,
MSD, Nektar Therapeutics, Covance, Novartis, Pfizer,

and Roche.

JW has worked in a consulting/advisory role for,

received honoraria from, and received institutional



J. Larkin et al. / European Journal of Cancer 173 (2022) 285e296 295
research/grant support from BMS; and is named on a

patent for a PD-1 biomarker not used in the current

trial.

MDV has worked in a consulting/advisory role for

and received honoraria from BMS, MSD, Novartis, and

Pierre Fabre.

HG has worked in a consulting/advisory role for

Amgen, BMS, MSD, and Replimune; has received
honoraria from BMS, MSD, Novartis, Sanofi, and

Pierre Fabre; and has received research/grant support

from Amgen, BMS, Iovance, MSD, Pfizer, and

Replimune.

AMA has worked in a consulting/advisory role for,

and received honoraria from Pierre Fabre, Novartis,

BMS, Merck, Roche, MSD, and Sanofi; and has served

as a speaker/provided expert testimony for BMS,
Merck, Pierre Fabre, Novartis, MSD, Sanofi, and

Roche.

SD has received research/grant support from BMS

and MSD; has received travel/congress support from

BMS; and has worked in an advisory role for MSD.

CLC has worked in a consulting/advisory role for

Merck, Novartis, Pfizer, Sanofi, and Eisai.

MS has received research/grant support from Abb-
Vie, Amgen, Astellas, AstraZeneca, Bayer, BMS, Bei-

Gene, Bioven, Clovis Pharmaceutical, Daiichi Sankyo,

Eli Lilly, Gilead, GSK, Merck Serono, MSD, Mylan,

Novartis, Pfizer, Regeneron, Roche, Sanofi, and Tesaro.

J-JG has worked in a consulting/advisory role for

Amgen, BMS, MSD, Novartis, Philogen, Pierre Fabre,

Roche, and Sanofi.

VC-S has received honoraria from Pierre Fabre,
Novartis, and BMS; and has received travel/congress

support from Novartis and Pierre Fabre.

IM-R has worked in a consulting/advisory role for

AstraZeneca, Amgen, BMS, Incyte, Merck Serono,

MSD, Novartis, Pierre Fabre, Roche, Sun Pharma,

Highlight Therapeutics, Regeneron, and Sanofi; has

received honoraria from BMS, MSD, Roche, Pierre

Fabre, Novartis, and Sun Pharma; and has received
travel/congress support from BMS, MSD, Novartis,

Pierre Fabre, Roche, and Sun Pharma.

MOB has worked in a consulting/advisory role for

BMS, GSK, Immunocore, Merck, Novartis, Pfizer,

Adaptimmune, Sun Pharma, Instil Bio, IOVANCE,

Medison, LaRoche Possey, and Sanofi; has received

research/grant support from Merck, Takara Bio, and

Novartis; has received honoraria from Sanofi, BMS,
Merck, and Novartis; and has served on the safety re-

view board for Adaptimmune, and GSK.

AMDG has worked in a consulting/advisory role for

BMS, MSD, Pierre Fabre, Novartis, and Sanofi; has

received honoraria from BMS, MSD, Pierre Fabre, and

Sanofi; and has received travel/congress support from

Pierre Fabre.

MRM has worked in a consulting/advisory role for
Novartis, BioLineRx, BMS, Immunocore, Kineta,
Merck, and Silicon Therapeutics; and has received

institutional research/grant support from Roche,

Astrazeneca, GSK, Immunocore, BioLineRx, Pfizer,

Regeneron, Replimune, and GRAIL.

LDlC-M has received honoraria from BMS, Merck,

MSD, Roche, AstraZeneca, and Gilead; and has

received travel/congress support from Gilead.

VA has worked in a consulting/advisory role for
BMS, MSD, Nektar Therapeutics, Novartis, Pierre

Fabre, and Q Biotics; has received honoraria from

BMS, MSD, Novartis, Pierre Fabre, Nektar Therapeu-

tics, and Q Biotics; and has given expert testimony for

BMS.

AH is an employee of Tasman Oncology; has received

honoraria from BMS; has received travel/congress sup-

port from BMS and Merck; and holds stock in Tasman
Oncology.

LAF has worked in a consulting/advisory role for

Elsevier, and Via Oncology; has received cooperative

group research/grant support from Array BioPharma

and Pfizer; has received institutional research/grant

support from Array BioPharma, BMS, EMD Serono,

Incyte, Kartos Therapeutics, Merck, and Pfizer; has

received honoraria from ASCO, and the Michigan So-
ciety of Hematology and Oncology; and has served on

the data and safety monitoring board of the Hoosier

Cancer Research Network.

MMi has worked in a consulting/advisory role for

BMS, Novartis, Roche, MSD, The Limbic, Takeda,

Guardant Health, Beigene, Amgen, Merck, and Lilly;

has received honoraria from BMS, Roche, and The

Limbic; has received travel/congress support from
AstraZeneca; and has served in a leadership position for

Melanoma and Skin Cancer Trials Australia.

NIK has received institutional research/grant support

from Amgen, BMS, Celgene, GSK, HUYA Bioscience,

Merck, Novartis, Regeneron, and Replimune; had

received honoraria from Novartis and Replimune; holds

stock in Amarin, Asensus, Bellicum, and Mazor Ro-

botics; has served on the data and safety monitoring or
advisory board of AstraZeneca, BMS, Castle Bio-

sciences, Genzyme, Incyte, Instil Bio, Iovance, Merck,

NCCN, Nektar Therapeutics, Novartis, and Regeneron;

and has served in a leadership position for BMS,

NCCN, Nektar Therapeutics, Regeneron, and

Replimune.

PQ has received honoraria from and served on the

data safety monitoring board or advisory board of
Novartis, Sun Pharma, Pierre Fabre, BMS, MSD,

Merck, Sanofi, and Roche; and has received travel/

congress support from MSD.

GVL has worked in a consulting/advisory role for

Agenus, Amgen, Array Biopharma, Boehringer Ingel-

heim, BMS, Evaxion, Hexal AG, Highlight Therapeu-

tics, MSD, Novartis, OncoSec, Pierre Fabre, Provectus

Australia, QBiotics, and Regeneron; and has received
honoraria from BMS and Pierre Fabre.



J. Larkin et al. / European Journal of Cancer 173 (2022) 285e296296
ML and MA are employees of BMS.

PAA has worked in a consulting/advisory role for

Array BioPharma, AstraZeneca, Boehringer Ingelheim,

BMS, Idera Pharmaceuticals, Immunocore, Italfar-

maco, Nektar, Pfizer, Lunaphore, Medicenna, Bio-AI

Health, Eisai, Regeneron, Daiichi Sankyo, Oncosec,

Nouscom, Seagen, iTeos, 4SC, MSD, Merck Serono,

Novartis, Pierre Fabre, Roche/Genentech, Sandoz,
Sanofi, and Sun Pharma; and has received research/

grant support from Array BioPharma, Pfizer, BMS,

Sanofi, and Roche/Genentech.

MMan has worked in a consulting/advisory role for

BMS, MSD, Novartis, Pierre Fabre, Sanofi, and Sun

Pharma; has received honoraria from Novartis, BMS,

MSD, Pierre Fabre, Sanofi, and Sun Pharma; and has

received research/grant support from Novartis. All
remaining authors have declared no conflicts of interest.
Acknowledgements

This study was supported by Bristol Myers Squibb

and Ono Pharmaceutical. The authors thank the pa-

tients and investigators who participated in this study.

The authors also acknowledge Ono Pharmaceutical for

contributions to nivolumab development. Professional

medical writing and editorial assistance were provided

by Melissa Kirk, PhD, and Michele Salernitano of
Ashfield MedComms, an Inizior company, funded by

Bristol Myers Squibb.

Appendix A. Supplementary data

Supplementary data to this article can be found online

at https://doi.org/10.1016/j.ejca.2022.06.041.
References

[1] Weber J, Mandala M, Del Vecchio M, et al. Adjuvant nivolumab

versus ipilimumab in resected stage III of IV melanoma. N Engl J

Med 2017;377:1824e35.

[2] Eggermont AMM, Blank CU, Mandala M, et al. Adjuvant

pembrolizumab versus placebo in resected stage III melanoma. N

Engl J Med 2018;378:1789e801.
[3] Long GV, Hauschild A, Santinami M, et al. Adjuvant dabrafenib

plus trametinib in stage III BRAF-mutated melanoma. N Engl J

Med 2017;377:1813e23.
[4] Eggermont AMM, Chiarion-Sileni V, Grob J-J, et al. Prolonged

survival in stage III melanoma with ipilimumab adjuvant therapy.

N Engl J Med 2016;375:1845e55.

[5] Seth R, Messersmith H, Kaur V, et al. Systemic therapy for

melanoma: ASCO guideline. J Clin Oncol 2020;38:3947e70.
[6] Gershenwald JE, Scolyer RA, Hess KR, et al. Melanoma staging:

evidence-based changes in the American Joint Committee on

Cancer eighth edition Cancer Staging Manual. CA Cancer J Clin

2017;67:472e92.

[7] Bajaj S, Donnelly D, Call M, et al. Melanoma prognosis: accuracy

of the American Joint Committee on Cancer Staging Manual

Eighth Edition. J Natl Cancer Inst 2020;112:djaa008.

[8] Hauschild A, Dummer R, Schadendorf D, et al. Longer follow-up

confirms relapse-free survival benefit with adjuvant dabrafenib

plus trametinib in patients with resected BRAFV600-mutant stage

III melanoma. J Clin Oncol 2018;36:3441e9.

[9] Eggermont AMM, Blank CU, Mandala M, et al. Prognostic and

predictive value of AJCC-8 staging in the phase III

EORTC1325/KEYNOTE-054 trial of pembrolizumab vs placebo in

resected high-risk stage III melanoma. Eur J Cancer 2019;116:

148e57.

[10] Eggermont AMM, Blank CU, Mandala M, et al. Longer follow-

up confirms recurrence-free survival benefit of adjuvant pem-

brolizumab in high-risk stage III melanoma: updated results from

EORTC 1325-MG/KEYNOTE-054 trial. J Clin Oncol 2020;38:

3925e36.

[11] Ascierto PA, Del Vecchio M, Mandala M, et al. Adjuvant nivo-

lumab versus ipilimumab in resected stage IIIB-B and stage IV

melanoma (CheckMate 238): 4-year results from a multicentre,

double-blind, randomised, controlled, phase 3 trial. Lancet Oncol

2020;21:1465e77.

[12] Samlowski W, Nicholas R, Poretta T, et al. Real-world outcomes

of patients with resected stage IIIA melanoma treated with

adjuvant nivolumab. J Immunother Cancer 2020;8(Suppl 3).

Abstract 220.

[13] Michielin O, van Akkooi A, Lorigan P, et al. ESMO consensus

conference recommendations on the management of locoregional

melanoma: under the auspices of the ESMO Guidelines Com-

mittee. Ann Oncol 2020;31:1449e61.

[14] Eggermont AMM, Blank CU, Mandala M, et al. Adjuvant

pembrolizumab versus placebo in resected stage III melanoma

(EORTC 1325-MG/KEYNOTE-054): distant metastasis-free

survival results from a double-blind, randomised, controlled,

phase 3 trial. Lancet Oncol 2021;22:643e54.

[15] Owen CN, Shoushtari AN, Chauhan D, et al. Management of

early melanoma recurrence despite adjuvant anti-PD-1 antibody

therapy. Ann Oncol 2020;31:1075e82.

[16] Romano E, Scordo M, Dusza SW, et al. Site and timing of first

relapse in stage III melanoma patients: implications for follow-up

guidelines. J Clin Oncol 2010;28:3042e7.

[17] Weber J, Mandala M, Del Vecchio M, et al. Adjuvant therapy

with nivolumab versus ipilimumab after complete resection of

stage III/IV melanoma: a randomised, double-blind, phase 3 trial

(CheckMate 238). Presented at the European Society of Medical

Oncology (ESMO) Congress; September 8e12, 2017; Madrid,

Spain. Abstract LBA8_PR.

https://doi.org/10.1016/j.ejca.2022.06.041
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref1
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref1
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref1
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref1
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref2
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref2
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref2
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref2
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref3
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref3
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref3
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref3
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref4
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref4
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref4
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref4
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref5
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref5
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref5
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref6
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref6
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref6
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref6
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref6
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref7
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref7
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref7
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref8
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref8
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref8
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref8
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref8
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref9
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref9
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref9
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref9
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref9
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref9
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref10
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref10
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref10
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref10
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref10
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref10
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref11
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref11
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref11
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref11
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref11
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref11
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref12
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref12
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref12
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref12
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref13
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref13
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref13
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref13
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref13
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref14
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref14
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref14
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref14
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref14
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref14
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref15
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref15
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref15
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref15
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref16
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref16
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref16
http://refhub.elsevier.com/S0959-8049(22)00392-6/sref16

	Adjuvant nivolumab versus ipilimumab (CheckMate 238 trial): Reassessment of 4-year efficacy outcomes in patients with stage ...
	1. Introduction
	2. Methods
	2.1. Study design and procedures
	2.2. Statistical methods

	3. Results
	3.1. Patients and distribution
	3.2. RFS analysis
	3.3. DMFS analysis

	4. Discussion
	Author contributions
	Funding
	Conflict of interest statement
	Conflict of interest statement
	Acknowledgements
	Appendix A. Supplementary data
	References


