
Citation: Rogiers, A.; Willemot, L.;

McDonald, L.; Van Campenhout, H.;

Berchem, G.; Jacobs, C.; Blockx, N.;

Rorive, A.; Neyns, B. Real-World

Effectiveness, Safety, and

Health-Related Quality of Life in

Patients Receiving Adjuvant

Nivolumab for Melanoma in Belgium

and Luxembourg: Results of

PRESERV MEL. Cancers 2023, 15,

4823. https://doi.org/10.3390/

cancers15194823

Academic Editor: Eduardo Nagore

Received: 30 June 2023

Revised: 20 September 2023

Accepted: 25 September 2023

Published: 30 September 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

cancers

Article

Real-World Effectiveness, Safety, and Health-Related Quality of
Life in Patients Receiving Adjuvant Nivolumab for Melanoma
in Belgium and Luxembourg: Results of PRESERV MEL †

Anne Rogiers 1,2,3,* , Laurence Willemot 4, Laura McDonald 5, Hilde Van Campenhout 4, Guy Berchem 6 ,
Celine Jacobs 7 , Nathalie Blockx 8, Andrée Rorive 9 and Bart Neyns 2,3

1 Departement of Psychiatry, Centre Hospitalier Universitaire Brugmann, 1020 Brussels, Belgium
2 Department of Medical Oncology, Universitair Ziekenhuis Brussel, 1090 Brussels, Belgium
3 Faculty of Medicine and Pharmacy Vrije Universiteit Brussel, 1050 Brussels, Belgium
4 Bristol Myers Squibb, 1420 Braine L’Alleud, Belgium
5 Bristol Myers Squibb, Uxbridge UB8 1DH, UK
6 Centre Hospitalier de Luxembourg, University of Luxembourg, 1210 Luxembourg, Luxembourg
7 Medical Oncology, Universitair Ziekenhuis Gent, 9000 Gent, Belgium
8 Ziekenhuis Netwerk Antwerpen Middelheim, 2020 Antwerp, Belgium
9 Centre Hospitalier Universitaire de Liège Sart-Tilman, 4000 Liege, Belgium
* Correspondence: anne.rogiers@chu-brugmann.be; Tel.: +32-2-477-27-05
† Presented in part at the European Society for Medical Oncology 47th Congress—ESMO 2022, Paris, France,

9–13 September 2022.

Simple Summary: PRESERV MEL (Prospective and REtrospective Study of nivolumab thERapy in
adjuVant MELanoma) is a real-world observational study evaluating the effectiveness and safety of
adjuvant nivolumab in patients with completely resected stage III or stage IV melanoma in clinical
practice in Belgium and Luxembourg. Patients received nivolumab for up to 12 months per label.
The study enrolled 152 patients. At a minimum potential follow-up of 11.4 months, the 12-month and
18-month relapse-free survival rates were 74.7% and 68.4%, respectively, and median relapse-free
survival was not reached. Grade 3 or 4 treatment-related adverse events were reported in 14% of
patients. Cancer-specific, disease-specific, and generic health-related quality of life were maintained
during and after treatment. These results confirm the real-world effectiveness and safety of nivolumab
as an adjuvant treatment for patients with completely resected stage III or stage IV melanoma.

Abstract: Background: Nivolumab, an anti–programmed cell death 1 immuno-oncology therapy, is
approved as an adjuvant treatment for patients with completely resected stage III or stage IV melanoma.
PRESERV MEL (Prospective and REtrospective Study of nivolumab thERapy in adjuVant MELanoma)
is a real-world observational study evaluating the effectiveness and safety of adjuvant nivolumab
in patients with completely resected stage III or stage IV melanoma in clinical practice in Belgium
and Luxembourg. Methods: Patients were enrolled prospectively and retrospectively during a 2-year
period (January 2019–January 2021), and will be followed for 5 years. The results reported here are
for the second interim analysis (cutoff date 31 December 2021). The index date was the date of first
administration of adjuvant nivolumab. Patients received nivolumab for up to 12 months per label.
Outcomes included relapse-free survival (RFS), adverse events (AEs)/treatment-related AEs (TRAEs),
and health-related quality of life (HRQoL; assessed in prospectively enrolled patients using the European
Organisation for Research and Treatment of Cancer Quality of Life Questionnaire C30 (EORTC QLQ-C30),
Functional Assessment of Cancer Therapy—Melanoma (FACT-M), and EQ-5D-3L instruments). HRQoL
was evaluated at group level (mean change in scores from baseline based on minimally important
differences) and individual patient level (percentage of patients with clinically important scores based
on threshold of clinical importance). Outcomes were analyzed descriptively. Results: The study enrolled
152 patients (125 prospective, 27 retrospective) at 15 hospitals in Belgium and Luxembourg. Minimum
potential follow-up at time of analysis was 11.4 months. Median age was 60 years (range 29–85), and
53% of patients were male. At 12 and 18 months, the RFS rates were 74.7% (95% confidence interval
(CI): 66.9–80.9) and 68.4% (95% CI: 60.0–75.5), respectively. Median RFS was not reached. Grade 3 or 4
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TRAEs were reported in 14% of patients. AEs led to treatment discontinuation in 23% of patients. Deaths
occurred in 3% of patients and were not related to treatment. Questionnaire completion rates for HRQoL
were high at baseline (90–94%) and at 24 months (78–81%). In the group-level analysis for HRQoL,
mean changes in scores from baseline remained stable and did not exceed prespecified thresholds
for minimally important differences during and after treatment, except for a clinically meaningful
improvement in FACT-M surgery subscale scores. In the individual patient-level analysis for EORTC
QLQ-C30 subscales, the percentages of patients who reported clinically relevant scores for fatigue
and cognitive impairment increased during treatment (at 9 months) compared with baseline. After
treatment cessation (at 18 months), the percentage of patients who reported clinically relevant scores
for fatigue decreased. However, the percentages of patients who reported clinically relevant scores for
emotional, cognitive, and social impairment increased at 18 months compared with during treatment.
Most patients with emotional impairment at 9 and 18 months did not experience disease recurrence (91%
and 89%, respectively). Conclusions: These results confirm the real-world effectiveness and safety of
nivolumab as an adjuvant treatment for patients with completely resected stage III or stage IV melanoma.
Cancer-specific, disease-specific, and generic HRQoL were maintained during and after treatment. The
percentage of patients reporting emotional and cognitive impairment increased after treatment cessation,
emphasizing the need for further investigation and tailored supportive care in these patients.

Keywords: adjuvant treatment; effectiveness; health-related quality of life; melanoma; nivolumab;
real-world; safety

1. Introduction

Nivolumab, an anti–programmed cell death 1 (PD-1) immuno-oncology (I-O) therapy,
is approved and regarded as a standard adjuvant treatment option for patients with
completely resected stage III or stage IV melanoma based on findings of the pivotal phase
III CheckMate 238 trial [1]. Patients in CheckMate 238 were randomly assigned to treatment
with adjuvant nivolumab or ipilimumab, an anti–cytotoxic T lymphocyte antigen 4 I-O
therapy, after complete resection of stage IIIB/C or stage IV melanoma (as per the AJCC
Cancer Staging Manual, seventh edition (AJCC-7)) for a maximum of 1 year [1]. Among
patients treated with adjuvant nivolumab in CheckMate 238, the 12-month relapse-free
survival (RFS) rate was 70.5% (95% confidence interval (CI): 66.1–74.5) at a minimum follow-
up of 18 months [1]. Grade 3 or 4 treatment-related adverse events (TRAEs) were reported
in 14.4% of patients, treatment discontinuation due to any adverse event (AE) occurred
in 9.7% of patients, and health-related quality of life (HRQoL) was stable compared with
baseline [1]. An updated analysis of CheckMate 238 demonstrated a 48-month RFS rate
of 51.7% (95% CI: 46.8–56.3) among patients treated with adjuvant nivolumab, indicating
long-term benefit of treatment [2]. In the updated analysis of CheckMate 238, patients
who received adjuvant nivolumab showed stable HRQoL during treatment and long-term
follow-up [3]. In the phase III CheckMate 915 trial, which compared adjuvant therapy
with nivolumab plus ipilimumab and nivolumab alone in patients with resected stage
IIIB–D or IV melanoma (as per the AJCC Cancer Staging Manual, eighth edition (AJCC-8)),
adjuvant nivolumab demonstrated a 24-month RFS rate of 63.2% (minimum follow-up
23.7 months) [4]. Based on the primary analysis of CheckMate 238 [1], nivolumab was
approved in 2018 by the European Medicines Agency as an adjuvant treatment for patients
with resected melanoma with involvement of lymph nodes or metastatic disease who
have undergone complete resection [5], and it became the first anti–PD-1 therapy to be
reimbursed in Belgium and Luxembourg as an adjuvant melanoma treatment.

Data from real-world studies may complement those of randomized controlled trials
(RCTs) by helping to determine whether RCT results are generalizable to routine clinical
practice [6]. RCTs have stringent enrollment criteria and thus may not reflect patients
in routine clinical practice [6]. PRESERV MEL (Prospective and REtrospective Study of
nivolumab thERapy in adjuVant MELanoma) is a real-world, observational, multicenter
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study evaluating the effectiveness and safety of adjuvant nivolumab in patients with
completely resected stage III or stage IV melanoma (as per AJCC-8) in clinical practice in
Belgium and Luxembourg [7,8]. Preliminary results of PRESERV MEL have been reported
(median follow-up was 9.2 months (range 0–26)) [7]. Updated results with longer follow-
up from the second interim analysis are presented here. In addition to effectiveness
and safety, HRQoL was assessed in PRESERV MEL using patient-reported outcomes to
better understand the impact of adjuvant nivolumab on patient well-being in a real-world
setting [8].

Patient-reported HRQoL is widely accepted as a multidimensional concept that reflects
how disease and treatment affect a patient’s perception of physical, emotional, social, and
cognitive well-being [9]. In two previous prospective pilot studies, survivors of advanced
melanoma who were successfully treated with I-O therapy were shown to be at risk
of developing emotional distress (based on the Hospital Anxiety and Depression Scale,
clinical interview, and psychiatric evaluation), fatigue (based on the Fatigue Severity
Scale), subjective cognitive disturbances (based on the Cognitive Failure Questionnaire),
and cognitive impairment (based on the Cogstate computerized cognitive test battery),
with significant impact on physical, role, emotional, cognitive, and social functioning;
fatigue; and global health/quality of life (QLQ), according to the European Organisation
for Research and Treatment of Cancer Quality of Life Questionnaire C30 (EORTC QLQ-
C30) [10,11]. In another study, long-term survivors of advanced melanoma treated with
ipilimumab were found to experience significant impact on fatigue and physical, social, and
cognitive functioning compared with matched controls [12]. Expanding on those findings,
the current study focused on key issues of HRQoL to detect potential care needs in the
adjuvant melanoma population using the following cancer-specific, disease-specific, and
generic patient-reported outcomes, respectively: the EORTC QLQ-C30 [13], Functional
Assessment of Cancer Therapy—Melanoma (FACT-M) questionnaire [14], and EQ-5D-3L
questionnaire [15–17]. HRQoL was evaluated at the group level by applying prespecified
thresholds of minimally important differences (MIDs) to mean changes in scores from
baseline for the EORTC QLQ-C30 [18,19], FACT-M questionnaire [20–22], and EQ-5D-3L
questionnaire [23]. In addition, HRQoL was evaluated at the individual patient level
by applying prespecified thresholds of clinical importance (TCIs) at specific time points
for certain EORTC QLQ-C30 subscales [24] that alert clinicians that a health problem is
clinically relevant for the clinical encounter. Furthermore, baseline HRQoL scores were
compared between the PRESERV MEL study group and the general population to confirm
that HRQoL was comparable between the group of disease-free patients with resected
melanoma and healthy individuals.

2. Materials and Methods
2.1. Study Design

Patients in this non-comparative observational study were enrolled prospectively and
retrospectively during a 2-year period (January 2019–January 2021) and will be followed
for up to 5 years, or until death, loss to follow-up, or withdrawal of consent, whichever
occurs first (Supplemental Figure S1). The results reported here are for the second interim
analysis (cutoff date 31 December 2021), and none of the patients had reached the planned
5-year follow-up at the time of this interim analysis. Patient selection was based on the
systematic sampling technique (i.e., all consecutive eligible patients were included in the
study). Inclusion criteria were being 18 years of age or older, having a primary diagnosis
of melanoma with lymph node involvement or metastatic disease, having undergone
complete resection with no evidence of disease, and having made a decision to treat with
adjuvant nivolumab therapy. Exclusion criteria were having a diagnosis of persisting
advanced melanoma prior to first administration of nivolumab and being enrolled in an
interventional clinical trial involving melanoma treatment. The index date was the date of
first administration of adjuvant nivolumab. Patients received adjuvant nivolumab with the
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intention to treat for up to 12 months per label [5]. Those who received adjuvant nivolumab
for more than 12 months were not excluded.

The primary objective of the study was to evaluate RFS over 5 years. Secondary
objectives were to evaluate distant metastasis-free survival (DMFS) over 5 years, overall
survival over 5 years, baseline demographic and disease characteristics, pattern of use of
adjuvant nivolumab therapy, health-care resource utilization (HCRU), HRQoL, and the
safety profile for adjuvant nivolumab therapy.

Institutional review board/independent ethics committee approvals/favorable opin-
ions were obtained prior to initiation of the study. In accordance with local regulations,
patients provided either written or oral consent to participate in the study prior to en-
rollment. Informed consent forms were provided in the patient’s local language (i.e.,
Belgian Dutch, French, German, or English). For retrospectively enrolled patients who
were deceased at the beginning of the study, a consent waiver was sought.

2.2. Assessments

Median follow-up was defined as the time from index date to study completion date
for patients who discontinued early or last visit date for patients who continued. Minimum
follow-up was defined as the difference between index date and database lock. RFS was
defined as the time from index date to date of disease recurrence, death, or loss to follow-up,
whichever occurred first. Time to treatment discontinuation (TTD) was evaluated and
defined as the time from index date to date of treatment discontinuation, death, or loss
to follow-up, whichever occurred first. Any-cause AEs, treatment-related AEs (TRAEs),
and immune-related TRAEs (i.e., those having an immunologic etiology) were reported.
AE severity was graded according to the National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events grading system, version 4.8, as follows: grade 1, mild;
grade 2, moderate; grade 3, severe or medically significant but not immediately life-
threatening; grade 4, life-threatening; and grade 5, death related to AE. Serious TRAEs were
defined as those that resulted in death, were life-threatening, required hospitalization or pro-
longed an existing hospitalization, resulted in persistent or significant disability/incapacity,
or were an important medical event. Time to onset and time to resolution of immune-related
TRAEs were evaluated for the following categories: skin, gastrointestinal, hepatobiliary,
respiratory, endocrine, and renal. Data for overall survival, DMFS, and HCRU are not
presented because follow-up was not long enough for maturity of those data sets.

Among prospectively enrolled patients, HRQoL was evaluated and captured using the
EORTC QLQ-C30 [13], FACT-M questionnaire [14], and EQ-5D-3L questionnaire [15–17].
Validated, translated (i.e., Belgian Dutch, French, German, or English) versions of the three
questionnaires were provided to patients. The EORTC QLQ-C30 is a self-rated, 30-item
questionnaire consisting of a global health status/QoL subscale, five functioning subscales
(physical, role, emotional, cognitive, and social), three symptom subscales (fatigue, nau-
sea/vomiting, and pain), and six single-item subscales (dyspnea, insomnia, appetite loss,
constipation, diarrhea, and financial difficulties) [13]. EORTC QLQ-C30 scores are linearly
transformed to range from 0 to 100, with higher scores indicating better HRQoL on the
global health status/QoL subscale, better functioning on the functioning subscales, and
worse symptoms/problems on the symptom and single-item subscales. The FACT-M
questionnaire consists of a 27-item questionnaire that measures physical, social, emotional,
and functional well-being (FACT-General [FACT-G]) in addition to a melanoma-specific
subscale and a melanoma surgery subscale [14]. The FACT-M questionnaire is relevant to
patients in the adjuvant (postsurgical) setting due to the inclusion of the surgery subscale.
The FACT-M Trial Outcome Index was assessed and is the sum of physical well-being,
functional well-being, and melanoma-specific subscale scores [22]. Higher FACT-M scores
indicate better HRQoL. The EQ-5D-3L questionnaire is a general HRQoL instrument con-
sisting of two separate sections that evaluate health utility and overall health status [15–17].
The descriptive system in the EQ-5D-3L assesses five dimensions of health (mobility, self-
care, usual activities, pain/discomfort, and anxiety/depression), with patient responses
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converted into a health utility index value based on 1 as full health, 0 as dead, and negative
values as a state considered worse than death. In the visual analogue scale (VAS) section of
the EQ-5D-3L, respondents rate their own current health on a scale ranging from 0 to 100
(worst to best imaginable health). The EQ-5D-3L health utility index measures population
preference-based health status, and the EQ-5D-3L VAS measures a patient’s overall health
status.

2.3. Statistical Analysis

Median RFS and TTD with associated 95% CIs were estimated using the Kaplan–
Meier product limit method. Time to onset and resolution of immune-related TRAEs
were evaluated using medians and ranges. Comparisons were made between baseline
EORTC QLQ-C30 and EQ-5D-3L mean scores in PRESERV MEL and estimated mean scores
from the general population [25–27] to determine if baseline scores among disease-free
patients with resected melanoma in PRESERV MEL were an adequate point of reference
for evaluating the impact of treatment on HRQoL. The PRO questionnaire completion rate
was calculated using the number of patients with non-missing PRO data at baseline and at
a postbaseline visit, divided by the number of patients eligible for the respective visit.

At the group level, HRQoL was assessed using the EORTC QLQ-C30, FACT-M, and EQ-
5D-3L instruments at baseline (prior to the first administration of adjuvant nivolumab) and at
3, 6, 9, 12, 18, and 24 months. Changes from baseline in HRQoL scores were evaluated using a
mixed model for repeated measures, with least squares mean changes and associated 95% CIs
reported. Clinically meaningful changes from baseline were determined using prespecified
thresholds for MIDs for EORTC QLQ-C30 (melanoma-specific and general MIDs) [18,19],
FACT-M [20–22], and EQ-5D-3L [23] (Supplementary Table S1).

At the individual patient level, HRQoL was assessed using the EORTC QLQ-C30
subscales of emotional, cognitive, and social functioning and fatigue at baseline (prior to
first administration of treatment), at 9 months (when most patients were still receiving
adjuvant nivolumab treatment), and at 18 months (6 months after discontinuation of the
12-month treatment course). Percentages of patients with scores exceeding TCIs for the
subscales of emotional, cognitive, and social functioning (defined as emotional, cognitive,
and social impairment, respectively) and fatigue [24] were reported. In a non-protocol,
exploratory analysis, individual global health/QLQ scores were evaluated after recovery
from grade 3 or 4 TRAEs.

3. Results
3.1. Patient Disposition and Baseline Characteristics

The study enrolled 152 patients (125 prospective and 27 retrospective) at 15 hospitals
in Belgium (14 sites) and Luxembourg (1 site) during a 2-year period (January 2019–January
2021). Patient disposition is shown in Figure 1.

Median age at index date was 60 years (range 29–85), and 53% of patients (n = 80) were
male (Table 1). The most common primary melanoma subtype was superficial spreading
melanoma (45%; n = 69), followed by nodular melanoma (24%; n = 37). Thirty-eight percent
of patients (n = 58) had BRAF mutant disease, 43% (n = 65) had BRAF wild-type disease, and
18% (n = 27) had missing/unknown BRAF status. Eighty-three percent of patients (n = 126)
had stage III disease, 11% (n = 17) had stage IV disease, and 6% (n = 9) had other/missing
disease stage. Sixty-four percent of patients (n = 97) had an Eastern Cooperative Oncology
Group performance status of 0 (i.e., fully active). Median time from surgical resection to
index date was 1.2 months (range 0.1–14.2). Baseline sociodemographic characteristics are
presented in Supplementary Table S2.
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Table 1. Baseline demographic and disease characteristics.

Characteristic Adjuvant Nivolumab
(n = 152)

Median age, years (range) 60.0 (29–85)

Male, n (%) 80 (53)

Primary melanoma subtype, n (%) a

Superficial spreading 69 (45)

Nodular 37 (24)

Acral lentiginous 6 (4)

Lentigo maligna 2 (1)

Not otherwise specified 29 (19)

Missing 9 (6)

Primary melanoma location, n (%)

Limbs 86 (57)

Trunk 47 (31)

Head/neck 10 (7)

Missing 9 (6)

Primary melanoma resection, n (%) 143 (94)

SLNB performed, n (%) 127 (84)

≥1 positive sentinel lymph node, n (%)

Yes 93 (61)

No 31 (20)

Missing 28 (18)

Complete lymph node dissection, n (%)

Yes 53 (35)

No 97 (64)

Missing 2 (1)
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Table 1. Cont.

Characteristic Adjuvant Nivolumab
(n = 152)

Complete lymph node dissection in patients with non-occult
disease, n (%)

Yes 21 (14)

No 18 (12)

Clinically occult only lymph node involvement, n (%) 74 (49)

Resected stage at baseline (per AJCC-8), n (%)

IIIA 28 (18)

IIIB 41 (27)

IIIC 51 (34)

IIID 6 (4)

IV 17 (11)

Other 8 (5)

Missing 1 (1)

Tumor ulceration patients with stage III disease, n (%)

Yes 48 (32)

No 69 (45)

Missing 9 (6)

SLN metastasis with longest diameter < 1 mm, n (%)

Yes 13 (9)

No 63 (41)

Missing 51 (34)

Stage IIIA with a longest diameter of the sentinel lymph node
metastasis < 1 mm, n (%)

Yes 10 (7) b

No 12 (8)

Missing 6 (4)

BRAF status, n (%)

Mutant (positive) 58 (38)

Wild-type (negative) 65(43)

Unknown 2 (1)

Missing 27 (18)

ECOG performance status, n (%)

0 97 (64)

1 14 (9)

2 1 (1)

Missing 40 (26)

Previous enrollment in an interventional study, n (%) 2 (1)

Median time from surgical resection to index date, months (range) 1.2 (0.1–14.2)
a No cases of desmoplastic or mucosal melanoma. b 36% of patients with stage IIIA disease (10/28). AJCC-8,
American Joint Committee on Cancer, Cancer Staging Manual, eighth edition; ECOG, Eastern Cooperative Oncology
Group; SLN, sentinel lymph node; SLNB, SLN biopsy.
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3.2. Treatment Exposure

All patients received one or more doses of nivolumab. At the time of analysis, 3% of
patients (n = 5) were still receiving nivolumab and 97% (n = 147) had discontinued treatment
because of treatment completion (53%, n = 80), AEs (23%, n = 35), disease recurrence (15%,
n = 23), patient decision unrelated to AEs (1%, n = 1), or other reasons (5%, n = 8). Median
TTD in the overall study population, patients who discontinued treatment because of AEs,
and patients who had disease recurrence were 11.1 months (95% CI: 10.8–11.3), 6.4 months
(95% CI: 3.4–8.3), and 5.5 months (95% CI: 2.9–6.9), respectively.

3.3. Effectiveness

Minimum follow-up was 11.4 months. Median follow-up was 18.5 months (range 3–38).
At 12 and 18 months, the RFS rates were 74.7% (95% CI: 66.9–80.9) and 68.4% (95% CI:
60.0–75.5), respectively; median RFS was not reached (Figure 2). During the observed
study period, 33% of patients (n = 50) experienced disease recurrence, with local recurrence
occurring in 10% (n = 15) of patients, regional recurrence in 7% (n = 11), distant recurrence
in 15% (n = 23, among which two patients had relapse involving the CNS), and missing
recurrence information in 1% (n = 1).

R
FS

 (%
)

Months
Number of
patients at risk

0
0

100

90

80

70

60

50

40

30

20

10

4 8 12 16 20 28 32 36 4024

74.7%
68.4%

152 136 119 93 77 46 12 12 8 024

Figure 2. RFS in patients with completely resected stage III or stage IV melanoma treated with
adjuvant nivolumab. Patients were indexed to the date of first adjuvant nivolumab dose. RFS,
relapse-free survival.

3.4. Safety

During the observed study period, 96% of patients (n = 146) experienced at least one
AE, 86% (n = 131) experienced at least one TRAE, and 14% (n = 21) experienced at least one
grade 3 or 4 TRAE (Table 2).

Table 2. Safety summary.

Adjuvant Nivolumab (n = 152)

Any Grade,
n (%)

Grade 3 or 4,
n (%)

Any AE 146 (96) 49 (32)

TRAE 131 (86) 21 (14)

Any AE leading to treatment
discontinuation 35 (23) 15 (10)

TRAE leading to treatment
discontinuation 29 (19) 12 (8)

AE, adverse event; TRAE, treatment-related adverse event.
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An AE leading to treatment discontinuation was reported in 23% of patients (n = 35).
The most common any-grade TRAEs were fatigue (49%; n = 75), pruritus (24%; n = 36), and
diarrhea (15%; n = 23) (Table 3). Death occurred in 3% of patients (n = 5), and none of these
deaths was considered related to treatment.

Table 3. Most common (≥4% of patients) TRAEs a.

Adjuvant Nivolumab (n = 152)

Any Grade,
n (%)

Grade 3 or 4,
n (%) b

TRAE 131 (86) 21 (14)

Fatigue 75 (49) 1 (1)

Pruritus 36 (24) 0

Diarrhea 23 (15) 1 (1)

Hypothyroidism 22 (14) 0

Nausea 16 (11) 0

Hyperthyroidism 14 (9) 0

Dry mouth 12 (8) 0

Rash 12 (8) 0

Dry skin 9 (6) 0

Arthralgia 9 (6) 0

Colitis 8 (5) 2 (1)

Myalgia 8 (5) 1 (1)

Headache 8 (5) 0

Hepatitis 7 (5) 2 (1)
a Reported between the first nivolumab dose and ≤2 years after the last dose. b Grade 3 or 4 TRAEs not
listed included pneumonitis (n = 3) and psoriasis, skin reaction, stomatitis, pancreatitis, adrenal insufficiency,
osteoarthritis, myositis, elevated alanine aminotransaminase level, elevated aspartate aminotransaminase level,
decreased cortisol, abnormal liver function test, aseptic meningitis, infusion-related reaction, and myocarditis
(n = 1 each). TRAE, treatment-related adverse event.

Any-grade immune-related TRAEs were reported in 57% of patients (n = 86), and
grade 3 or 4 immune-related TRAEs were reported in 11% of patients (n = 17). The most
common any-grade immune-related TRAEs were fatigue (17%; n = 26), pruritus (12%;
n = 18), and diarrhea (9%; n = 14). The most common any-grade immune-related TRAEs of
special interest were hepatitis (5%; n = 7), pneumonitis (4%; n = 6), and adrenal insufficiency
(3%; n = 4) (Table 4).

Table 4. Immune-related TRAEs of special interest.

Total (n = 152)

Any Grade, n (%) Grade 3 or 4, n (%)

Hepatitis 7 (5) 2 (1) a

Pneumonitis 6 (4) 3 (2) b

Adrenal insufficiency 4 (3) 1 (1) c

Renal disorders 3 (2) 0

Meningitis aseptic 1 (1) 1 (1) d

Myasthenia gravis 1 (1) 0

Myocarditis 1 (1) 1 (1) d

a One case resolved; one case resolving. b Two cases resolved; one case resolved with sequelae. c Resolved with
sequelae. d Resolved. TRAE, treatment-related adverse event.
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Median times to onset of immune-related TRAEs (any grade) were 7.7 weeks for skin
TRAEs (n = 37), 12.2 weeks for gastrointestinal TRAEs (n = 32), 25.4 weeks for hepatobiliary
TRAEs (n = 6), 23.9 weeks for respiratory TRAEs (n = 8), 8.0 weeks for endocrine TRAEs
(n = 27), and 34.1 weeks for renal TRAEs (n = 3) (Figure 3A). Resolution rates for immune-
related TRAEs (any grade) were 73% (27/37) for skin TRAEs, 75% (24/32) for gastroin-
testinal TRAEs, 83% (5/6) for hepatobiliary TRAEs, 88% (7/8) for respiratory TRAEs, 59%
(16/27) for endocrine TRAEs, and 67% (2/3) for renal TRAEs. Median time to resolution
of immune-related TRAEs (any grade) was 4.1 weeks for skin TRAEs, 4.1 weeks for gas-
trointestinal TRAEs, 7.9 weeks for hepatobiliary TRAEs, 7.1 weeks for respiratory TRAEs,
4.1 weeks for endocrine TRAEs, and 7.8 weeks for renal TRAEs (Figure 3B).
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A total of 27 patients experienced a serious TRAE (n = 11) and/or a grade 3 or 4 TRAE
(n = 21). Five of the 27 patients experienced a serious TRAE that was also a grade 3 or 4
TRAE. In 19 of the 27 patients, HRQoL data were available at the predefined time points
before the occurrence of and after the recovery from a serious TRAE (7/11) or grade 3 or 4
TRAE (12/21).

3.5. Health-Related Quality of Life

Among the 125 prospectively enrolled patients, patient-reported outcome question-
naire completion rates were 90–94% at baseline, 76–80% at 12 months, and 78–81% at
24 months (Supplementary Table S3). No clinically relevant differences were found in
the mean scores for the EORTC QLQ-C30 at baseline between the study group and the
general population (a 10-point difference indicated a clinically relevant difference [19,25])
for any subscale, suggesting that baseline scores among disease-free patients with resected
melanoma in PRESERV MEL were an adequate point of reference for evaluating the impact
of treatment on HRQoL (Table 5). Mean baseline scores for the EQ-5D-3L VAS and utility
index were numerically similar between enrolled patients and the general population
(Table 5) [26,27].

Table 5. Comparison of baseline EORTC QLQ-C30 and EQ-5D-3L scores in PRESERV MEL with
estimated scores for the general population.

Subscale

Mean Score (SD)

DifferencePRESERV MEL
(n = 117) a General Population

EORTC QLQ-C30

Global health
status/QoL 73.8 (19.8) 66.1 (21.7) b 7.7 (4.1 to 11.4)

Physical functioning 88.5 (17.4) 85.1 (18.9) b 3.4 (0.2 to 6.6)

Role functioning 80.3 (27.8) 84.3 (24.6) b −4.0 (−9.0 to 1.1)

Emotional functioning 78.3 (22.5) 74.2 (24.7) b 4.1 (0.1 to 8.2)

Cognitive functioning 89.6 (19.7) 84.8 (21.3) b 4.8 (1.2 to 8.4)

Social functioning 87.9 (20.8) 86.2 (24.1) b 1.7 (−2.1 to 5.5)

Fatigue 24.9 (24.4) 29.5 (25.5) b −4.6 (−9.1 to −0.2)

Nausea/vomiting 1.7 (7.7) 5.9 (16.0) b −4.2 (−5.6 to −2.8)

Pain 19.8 (24.9) 23.5 (27.1) b −3.7 (−8.2 to 0.8)

Dyspnea 7.4 (18.6) 15.9 (24.6) b −8.5 (−11.9 to −5.1)

Insomnia 26.5 (30.8) 26.6 (30.3) b −0.1 (−5.7 to 5.5)

Appetite loss 10.3 (21.6) 10.0 (21.6) b 0.3 (−3.7 to 4.1)

Constipation 10.1 (21.2) 12.5 (23.3) b −2.4 (−6.3 to 1.4)

Diarrhea 5.7 (16.0) 9.5 (20.9) b −3.8 (−6.7 to −0.9)

Financial difficulties 4.8 (17.1) 10.6 (23.6) b −5.8 (−8.9 to −2.6)

EQ-5D-3L

VAS 79.5 (17.3) Female: 76.7 (0.8) c;
Male: 78.6 (0.8) c NA

Utility index 0.82 (0.18) 0.79 (95% CI:
0.786–0.799) d NA

a Baseline scores; n = 115 for global health status/QoL; n = 117 for the scales. b Derived from [25]. c Derived
from [26]. d Derived from [27]. EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire C30; NA, not available; QoL, quality of life; SD, standard deviation; VAS, visual
analogue scale.

In the group-level analysis, least squares mean changes from baseline in EORTC QLQ-
C30 global health/QoL scores were stable (i.e., close to baseline values) and did not exceed
thresholds for MIDs (melanoma-specific or general) at any time point (Figure 4) [18,19].
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Least squares mean changes from baseline for the five functioning subscales (physical,
role, emotional, cognitive, and social), three symptom subscales (fatigue, nausea/vomiting,
and pain), and six single-item subscales (dyspnea, insomnia, appetite loss, constipation,
diarrhea, and financial difficulties) of the EORTC QLQ-C30 were stable (i.e., close to baseline
values) and did not exceed threshold for MIDs (melanoma-specific or general) at any time
point [18,19]. Although cognitive functioning mean scores remained stable, they decreased
(deteriorated) and approached the prespecified thresholds for MIDs.
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In the individual patient-level analysis for EORTC QLQ-C30 subscales, the percentage
of patients who reported scores that exceeded the TCI [24] for fatigue and emotional and
cognitive impairment increased during treatment (at 9 months) compared with baseline
(prior to first administration of treatment). After treatment cessation (at 18 months), the
percentage of patients who reported scores that exceeded the TCI for fatigue decreased and
the percentage of patients who reported scores that exceeded TCIs for emotional, cognitive,
and social impairment increased compared with during treatment (at 9 months) (Figure 5).
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Most patients with emotional impairment at 9 and 18 months did not experience
disease recurrence (29/32 [91%] and 24/27 [89%], respectively). In a non-protocol, ex-
ploratory analysis, stabilization or improvement (after an initial decline in some cases) in
individual global health/QLQ scores with the EORTC QLQ-C30 was documented after
recovery from grade 3 or 4 TRAEs in 12 patients who completed their patient-reported
outcome questionnaires during and after those TRAEs.

At any time point, least squares mean changes from baseline in FACT-M total scores
were stable (i.e., close to baseline values), not exceeding thresholds for MIDs [20] (Figure 6).
Although remaining within the thresholds for MIDs, FACT-M total scores deteriorated
during the first 3 months of treatment and later stabilized. Least squares mean changes
from baseline on the FACT-M melanoma subscale, FACT-M Trial Outcome Index, and
FACT-M physical, social/family, emotional, and functional well-being scores were stable,
not exceeding thresholds for MIDs [20–22] at any time point. From 3 months onward,
least squares mean changes from baseline in FACT-M melanoma surgery subscale scores
improved, exceeding the thresholds for MID [21].
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At any time point, least squares mean changes from baseline in EQ-5D-3L VAS and
utility index scores were stable (i.e., close to baseline values) and did not exceed thresholds
for MIDs [23].

4. Discussion

Results of the PRESERV MEL confirm the real-world effectiveness and safety of
adjuvant nivolumab in patients with completely resected stage III or stage IV melanoma.
PRESERV MEL included a cohort of 125 prospectively enrolled patients in Belgium and
Luxembourg, representing one of the largest real-world HRQoL datasets reported for an
I-O therapy as adjuvant treatment for patients with completely resected stage III or stage
IV melanoma. Within this cohort, cancer-specific, disease-specific, and generic HRQoL
were maintained during and after treatment. Results from PRESERV MEL were generally
consistent with those from the two phase III RCTs evaluating adjuvant nivolumab in
patients with completely resected melanoma: CheckMate 238 and CheckMate 915 [1,4]. Of
note, completion rates of captured HRQoL data were higher in this study than in the RCTs.

Baseline characteristics of patients in PRESERV MEL were largely consistent with those
of patients in CheckMate 238, which enrolled patients with completely resected stage IIIB,
stage IIIC, or stage IV melanoma (per AJCC-7) [1]. Among patients treated with nivolumab
in PRESERV MEL and CheckMate 238, respectively, median age was 60.0 and 56.0 years,
53% and 57% were male, and 38% and 41% had BRAF mutant disease [1]. However, a
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higher percentage of patients had stage IIIA disease (as per AJCC-8) in PRESERV MEL
than in CheckMate 238 (18% vs. 1%) [28]. This finding may reflect the willingness in recent
years to use adjuvant nivolumab in patients with resected stage IIIA melanoma, regardless
of the sentinel node tumor burden, as this is an approved indication, notwithstanding the
use of more restrictive eligibility criteria in prospective trials. Furthermore, enrollment
for CheckMate 238 was conducted in 2015 (compared with 2019–2021 for PRESERV MEL),
and since that time, real-world evidence has emerged suggesting that adjuvant nivolumab
treatment may provide benefit to patients with resected stage IIIA melanoma [29–32].

Effectiveness with adjuvant nivolumab in PRESERV MEL was comparable to efficacy
in CheckMate 238 and CheckMate 915 [1,4,33], further supporting the use of adjuvant
nivolumab for patients with resected advanced melanoma. The 24-month RFS rates were
60.8% in PRESERV MEL (minimum follow-up 11.4 months), 62.6% in CheckMate 238
(minimum follow-up 24 months) [33], and 63.2% in CheckMate 915 (minimum follow-up
23.7 months) [4]. Despite the enrollment of patients with stage IIIA disease, who have a
relatively good prognosis, in PRESERV MEL (18% of the study group), but not in CheckMate
238 or CheckMate 915, the 24-month RFS rate was slightly lower in PRESERV MEL than in
CheckMate 238 or CheckMate 915. The difference in RFS rates between PRESERV MEL and
the two RCTs may have been due to differences in baseline characteristics.

Safety was also similar in PRESERV MEL and the CheckMate 238 and CheckMate
915 trials [1,4], suggesting that adjuvant nivolumab is equally tolerated in clinical practice
and investigational studies. Grade 3 or 4 TRAEs were reported in 14% of patients treated
with nivolumab in PRESERV MEL and CheckMate 238, and in 13% of patients treated with
nivolumab in CheckMate 915 [4]. The most common TRAEs in PRESERV MEL, CheckMate
238, and CheckMate 915 were fatigue (49%, 34%, and 30%, respectively), pruritus (24%, 23%,
and 21%, respectively), and diarrhea (15%, 24%, and 20%, respectively). Interestingly, the
incidence of any-grade fatigue was similar between adjuvant nivolumab and placebo (20% vs.
20%) and adjuvant pembrolizumab (an anti–PD-1 I-O therapy) and placebo (20% vs. 18%) in
separate phase III trials (CheckMate 76K and KEYNOTE-716, respectively) involving patients
with resected stage IIB or stage IIC melanoma [34,35]. Despite similar safety profiles for
adjuvant nivolumab across the studies, the rate of treatment discontinuation due to TRAEs
was higher in PRESERV MEL (19%) than in CheckMate 238 or CheckMate 915 (8% and
10%) [1,4]. The higher discontinuation rate in PRESERV MEL may have been related to less
stringent treatment requirements, less patient motivation to remain in treatment, and/or
more cautious decision-making for stopping treatment in real-world clinical practice than in
RCTs. However, less exposure to study treatment in PRESERV MEL than in CheckMate 238
or CheckMate 915 did not translate into less clinical benefit, as effectiveness in PRESERV MEL
was similar to efficacy in the two RCTs.

PRESERV MEL is the first real-world study to evaluate HRQoL in patients with re-
sected melanoma who were treated with adjuvant nivolumab. Baseline patient-reported
outcome scores for patients enrolled in PRESERV MEL were similar to scores for the
general population, suggesting that baseline scores in PRESERV MEL were an adequate
point of reference for evaluating the impact of treatment on HRQoL. The patient-reported
outcomes analysis was also supported by very high questionnaire completion rates at
baseline (90–94%) and at 24 months (78–81%). Cancer-specific, disease-specific, and generic
HRQoL outcomes remained close to baseline levels after initiation of adjuvant nivolumab,
with no clinically meaningful change over time for symptoms, functioning, or global
health/QLQ, except for a clinically meaningful improvement in FACT-M surgery sub-
scale scores. Given that the FACT-M surgery subscale addresses the impact of immediate
postoperative swelling from surgery, those scores were expected to improve over time.
Results for HRQoL in PRESERV MEL are consistent with those in CheckMate 238 and
CheckMate 915, in which there were no clinically meaningful differences (based on prespec-
ified thresholds for MIDs) from baseline in HRQoL in patients treated with up to 1 year
of adjuvant nivolumab treatment [1,4]. Findings of PRESERV MEL are also in line with
those of a systematic review and meta-analysis involving 34 RCTs and 18,709 patients with
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various cancers, suggesting that I-O treatments do not significantly affect patient-reported
HRQoL [36]. Furthermore, results from clinical trials in advanced melanoma have shown
that OS improvement with anti–PD-1 therapy is associated with HRQoL benefit when
compared with chemotherapy [37]. Additionally, in a cross-sectional survey and chart
review analysis, patients (n = 90) with advanced melanoma who survived > 1 year after
initiating I-O therapy frequently reported fatigue, but otherwise demonstrated moderate
symptom burden and good HRQoL [38].

Although remaining within the thresholds for MIDs at all time points, EORTC QLQ-
C30 global health/QoL scores in PRESERV MEL deteriorated slightly during the first
9 months of treatment and later improved, approaching baseline level. The early decline
and subsequent improvement/stabilization in EORTC QLQ global health/QLQ scores
may have been due to the onset and resolution of immune-related TRAEs. In PRESERV
MEL, stabilization or improvement (after an initial decline in some cases) in individual
EORTC QLQ-C30 global health/QLQ scores was documented after recovery from serious
and/or grade 3 or 4 TRAEs in 12 patients who completed their patient-reported outcome
questionnaires during and after those TRAEs.

Mean FACT-M total scores deteriorated during the first 3 months of treatment and
later stabilized while remaining within the thresholds for MIDs at all time points. As
the FACT-M total score is the sum of the FACT-G and the FACT-M, this decline may be
explained by an improvement in symptoms related to surgery.

Even though fatigue was the most common any-grade TRAE in PRESERV MEL,
EORTC QLQ-C30 fatigue mean scores remained stable over time and did not exceed pre-
specified thresholds for MIDs. Moreover, when considering the TCI [24] in the individual
patient-level analysis, fatigue was reported by 23% of the patients at baseline as a clinically
important symptom, increasing to 32% of the patients during treatment (9 months) and
decreasing to 22% of the patients after stopping treatment (18 months), suggesting that
fatigue associated with adjuvant nivolumab treatment did not have a negative impact on
HRQoL as measured by the EORTC QLQ-C30 instrument. Of interest, clinicians reported
fatigue more frequently as a TRAE (49%) than patients did as a symptom of clinical im-
portance based on TCI (32%) [24]. Fatigue is one of the most frequent complaints among
patients with cancer, and it has a multifactorial etiology that includes being a symptom
of the disease itself, an AE of both cancer therapies and other medications, and a psycho-
logical complication of cancer and its treatment [39]. I-O therapy is typically associated
with fatigue, although less so than with chemotherapy [39]. Specific factors causing fatigue
in patients receiving I-O therapy are generally unknown, but in certain instances, other
TRAEs, such as cardiac, pulmonary, and endocrine TRAEs, may precipitate fatigue [40].
It should be noted that although fatigue was classified as a TRAE in this study, it may be
more appropriately considered a treatment-emergent AE, given that its relationship to I-O
therapy is unclear.

Impaired objective and subjective cognitive functioning are also common in patients
with cancer and may be related to the disease itself, cancer treatments, fatigue or emo-
tional distress, and interference with the ability to return to work [41]. In PRESERV MEL,
mean scores for EORTC QLQ-C30 cognitive functioning (reflecting subjective cognitive
complaints) remained stable, but decreased (deteriorated) and approached the prespecified
thresholds for MIDs. When examining cognitive functioning on an individual patient level,
there was an increase in the percentage of patients reporting difficulties with cognitive func-
tioning exceeding the TCI [24] during treatment (9 months) and after stopping treatment
(18 months). Subjective cognitive complaints are multifactorial and can be provoked by the
cancer itself, cancer treatment, fatigue, and emotional and sleep disturbances [41]. Infor-
mation on the impact of I-O therapy on objective cognitive impairment in patients with
cancer is still scarce, but this cognitive impairment could potentially be related to neuroen-
docrine or immune factors [10,11,42]. Therefore, further research is needed that specifically
focuses on objective and subjective cognitive function during and after administration of
I-O therapy. An increased percentage of patients reported emotional and social impairment
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exceeding TCIs [24] at 18 months, when all patients were off treatment. This finding was not
related to recurrence of disease. Impaired cognitive, social, and emotional functioning after
stopping treatment is in line with other studies in the metastatic setting [10,11,43]. These
results are of potential clinical interest in terms of defining the need for supportive care,
especially considering that the PRESERV MEL study was conducted in a real-world setting.
Therefore, future studies should include continued monitoring of cognitive, emotional,
and social function after adjuvant treatment is stopped and at disease recurrence. These
observations justify future interventional studies to diagnose and treat such dysfunctions
after the end of adjuvant therapy.

This study has certain limitations. Firstly, this was a non-comparative, observational,
descriptive study that did not control for multiple comparisons. In addition, results of
this study may have been influenced by differences in characteristics between the baseline
population and patients remaining on treatment at later time points, who were more
likely to have responded to or tolerated treatment. Although patient-reported outcome
completion rates (calculated based on the number of patients at each time point) were
high throughout PRESERV MEL, the number of patients completing the patient-reported
outcome questionnaires decreased at later time points. This decrease may have been due in
part to patients having been enrolled consecutively; thus, some patients had not yet reached
the later time points at the time of the analysis. In patient-reported outcome studies in
general, the effect of treatment on HRQoL may be underestimated because of low patient
numbers at later time points resulting from discontinuation related to disease progression,
AEs, and death [44]. Additionally, currently available patient-reported outcomes were
designed before the introduction of I-O therapy and thus may not fully delineate the effect
of I-O therapy on HRQoL. However, the HRQoL analysis was strengthened by high patient-
reported outcome completion rates among eligible patients throughout the study period and
by including patient-reported outcome data during and after serious and grade 3 or 4 TRAEs.

5. Conclusions

In summary, interim results of the PRESERV MEL study, which was conducted in
152 patients in Belgium and Luxembourg, confirm the real-world effectiveness and safety
of adjuvant nivolumab in patients with completely resected stage III or stage IV melanoma
and suggest that HRQoL with adjuvant nivolumab treatment is maintained. Patients’
symptoms, functioning, and overall HRQoL remained stable over the course of treatment,
as measured by cancer-specific, disease-specific, and generic patient-reported outcomes.
Six months after the maximum treatment duration (at 18 months), some patients reported
clinical important emotional, cognitive, and social impairment, which needs to be further
investigated and justifies offering tailored supportive care/treatment for these patients.
Findings from this study were generally consistent with those from the phase III CheckMate
238 and CheckMate 915 trials [1,4], further supporting the use of adjuvant nivolumab as a
standard of care for patients with completely resected stage III or stage IV melanoma.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers15194823/s1, Table S1. MIDs for HRQoL Assessments.
Table S2. Baseline Sociodemographic Questionnaire Results. Table S3. PRO Completion Rates. Figure
S1. PRESERV MEL study design.

Author Contributions: Conception/design: A.R. (Anne Rogiers), L.W., L.M., H.V.C., B.N.; data
acquisition: G.B., C.J., N.B., A.R. (Andrée Rorive), B.N.; data interpretation: A.R. (Anne Rogiers),
L.W., L.M., H.V.C., G.B., C.J., N.B., A.R. (Andrée Rorive), B.N.; manuscript writing: all authors; final
approval of manuscript: all authors. All authors have read and agreed to the published version of the
manuscript.

Funding: This study was funded by Bristol Myers Squibb (Princeton, NJ, USA).

Institutional Review Board Statement: Institutional review board/independent ethics commit-
tee approvals/favorable opinions were obtained prior to initiation of the study. Ethics infor-
mation in Belgium — protocol number: CA209-8RX; ethics code: 2018/414; approval date: 27

https://www.mdpi.com/article/10.3390/cancers15194823/s1
https://www.mdpi.com/article/10.3390/cancers15194823/s1


Cancers 2023, 15, 4823 17 of 20

November 2018; ethics committee: UZ Brussels Commissie Medische Ethiek. Ethics information in
Luxemburg — protocol number: CA209-8RX; ethics code: 201904/01; approval date: 19 June 2019;
ethics committee: Comite National D’Ethique De Recherche.

Informed Consent Statement: In accordance with local regulations, patients provided either written
or oral consent to participate in the study prior to enrollment (for retrospectively enrolled patients
who were deceased at the beginning of the study, a consent waiver was sought).

Data Availability Statement: BMS policy on data sharing may be found at https://www.bms.com/
researchers-and-partners/clinical-trials-and-research/disclosure-commitment.html (accessed on
26 September 2022).

Acknowledgments: The authors thank the patients and investigators who participated in the PRE-
SERV MEL study. Investigators included Caterina Confente (Hôpital de La Louvière - Site Jolimont,
La Louvière, Belgium), Eveline De Cuypere (Algemeen Ziekenhuis Sint-Jan, Brugge, Belgium), Ines
Deleu (Algemeen Ziekenhuis Nikolaas, Sint-Niklaas, Belgium), Annie Drowart (Institut Jules Bordet,
Bruxelles, Belgium), Laurence Jacqmin (Clinique Saint-Luc Bouge, Bouge, Belgium), Joseph Kerger
(Institut Jules Bordet, Bruxelles, Belgium), Vibeke Kruse (Universitair Ziekenhuis Brussel, Gent,
Belgium), Marc Martens (Algemeen Ziekenhuis Turnhout, Turnhout, Belgium), Jeroen Mebis (Jessa
Ziekenhuis, Hasselt, Belgium), Marika Rasschaert (Universitair Ziekenhuis Antwerpen, Edegem,
Belgium), Pol Specenier (Universitair Ziekenhuis Antwerpen, Edegem, Belgium), Joanna Van Erps
(Algemeen Stedelijk Ziekenhuis Aalst, Aalst, Belgium), and Christof Vulsteke (Maria Middelares
Ziekenhuis, Gent, Belgium). The authors acknowledge Ono Pharmaceutical Company, Ltd. (Osaka,
Japan) for contributions to nivolumab development. Assistance with the data collection and analysis
was provided by Katja Vouk of Syneos Health. Professional medical writing and editorial assistance
were provided by Mark Palangio and Michele Salernitano of Ashfield MedComms, an Inizio company,
and funded by Bristol Myers Squibb. Specifically, Mark Palangio assisted with the development of
the first draft and subsequent revisions, under the direction of the authors, and Michele Salernitano
provided editorial support for formatting and submission.

Conflicts of Interest: Anne Rogiers reports support for the submitted work from Bristol Myers
Squibb and having received consultancy fees from Bristol Myers Squibb, Janssen Pharmaceuticals,
and Merck Sharp & Dohme. Laurence Willemot reports support for the submitted work from Bristol
Myers Squibb and being an employee of and having stock ownership in Bristol Myers Squibb. Laura
McDonald reports support for the submitted work from Bristol Myers Squibb and being an employee
of Bristol Myers Squibb. Hilde Van Campenhout reports support for the submitted work from
Bristol Myers Squibb and being an employee of and having stock ownership in Bristol Myers Squibb.
Guy Berchem reports support for the submitted work from Bristol Myers Squibb, having received
consulting fees and honoraria from Amgen, Bristol Myers Squibb, and Roche, support for attending
meetings and/or travel from Roche, and support for participation on a data safety monitoring
board or advisory board for Amgen and Bristol Myers Squibb. Celine Jacobs reports support for
the submitted work from Bristol Myers Squibb, receiving payment or honoraria from Bristol Myers
Squibb, and support for attending meetings and/or travel from Roche and PharmaMar. Nathalie
Blockx reports support for the submitted work and for attending meetings and/or travel from Bristol
Myers Squibb. Andrée Rorive reports support for the submitted work from Bristol Myers Squibb,
payment or honoraria from Bristol Myers Squibb and Novartis, and support for attending meetings
and/or travel from Bristol Myers Squibb, Merck Sharp & Dohme, and Novartis. Bart Neyns reports
support for the submitted work from Bristol Myers Squibb, grants or contracts to his institution from
Bristol Myers Squibb and Novartis, consulting fees to his institution from Pierre Fabre, payment or
honoraria to his institution from Bristol Myers Squibb, Merck Sharp & Dohme, and Pierre Fabre,
support to his institution for attending meetings and/or travel from Merck Sharp & Dohme, and
support to his institution for participation on a data safety monitoring board or advisory board from
Merck Sharp & Dohme, Novartis, and Pierre-Fabre.

https://www.bms.com/researchers-and-partners/clinical-trials-and-research/disclosure-commitment.html
https://www.bms.com/researchers-and-partners/clinical-trials-and-research/disclosure-commitment.html


Cancers 2023, 15, 4823 18 of 20

References
1. Weber, J.; Mandala, M.; Del Vecchio, M.; Gogas, H.J.; Arance, A.M.; Cowey, C.L.; Dalle, S.; Schenker, M.; Chiarion-Sileni, V.;

Marquez-Rodas, I.; et al. Adjuvant nivolumab versus ipilimumab in resected stage III or IV melanoma. N. Engl. J. Med. 2017, 377,
1824–1835. [CrossRef] [PubMed]

2. Ascierto, P.A.; Del Vecchio, M.; Mandalá, M.; Golgas, M.; Arance, A.M.; Dalle, S.D.; Cowey, C.L.; Schenker, M.; Grob, J.-J.;
Chiarion-Sileni, V.; et al. Adjuvant nivolumab versus ipilimumab in resected stage IIIB-C and stage IV melanoma (CheckMate
238): 4-year results from a multicentre, double-blind, randomised, controlled, phase 3 trial. Lancet Oncol. 2020, 21, 1465–1477.
[CrossRef] [PubMed]

3. Weber, J.S.; Gogas, H.J.; Sun, X.; Yip, C.; Taylor, F.; Braverman, J.; Lobo, M.; Thakkar, P.K.; Moshyk, A.; Larkin, J.; et al. Association
of health-related quality of life and treatment safety with nivolumab in patients with resected stage IIIB–C or stage IV melanoma:
Analysis of CheckMate 238 4-year follow-up data. In Proceedings of the American Society of Clinical Oncology (ASCO) Annual
Meeting, Virtual, 4–8 June 2021. Poster 9574.

4. Weber, J.S.; Schadendorf, D.; Del Vecchio, M.; Larkin, J.; Atkinson, V.; Schenker, M.; Pigozzo, J.; Gogas, H.; Dalle, S.; Meyer, N.;
et al. Adjuvant therapy of nivolumab combined with ipilimumab versus nivolumab alone in patients with resected stage IIIB-D
or stage IV melanoma (CheckMate 915). J. Clin. Oncol. 2022, 41, 517. [CrossRef] [PubMed]

5. OPDIVO® (nivolumab) [Summary of Product Characteristics]. EPAR—European Medicines Agency. Published 16 July 2015.
Updated 13 September 2021. Available online: https://www.ema.europa.eu/en/documents/product-information/opdivo-epar-
product-information_en.pdf (accessed on 15 June 2022).

6. Blonde, L.; Khunti, K.; Harris, S.B.; Meizinger, C.; Skolnik, N.S. Interpretation and impact of real-world clinical data for the
practicing clinician. Adv. Ther. 2018, 35, 1763–1774. [CrossRef] [PubMed]

7. Neyns, B.; Willemot, L.; McDonald, L.; Amandi, A.; Vouk, K.; Rorive, A. Real-world outcomes of nivolumab in adjuvant melanoma
in Belgium and Luxembourg (PRESERV MEL). In Proceedings of the Society for Melanoma Research (SMR) International Congress,
New Orleans, LA, USA, 28–31 October 2021. Poster #53. [CrossRef]

8. Rogiers, A.; Willemot, L.; McDonald, L.; Van Campenhout, H.; Vouk, K.; Berchem, G.; Jacobs, C.; Rorive, A.; Neyns, B. PRESERV
MEL: Real-world outcomes and health-related quality of life in patients receiving adjuvant nivolumab for melanoma in Belgium
and Luxembourg. In Proceedings of the European Society for Medical Oncology 47th Congress—ESMO 2022, Paris, France, 9–13
September 2022.

9. US Food & Drug Administration. Guidance for Industry—Patient-Reported Outcome Measures: Use in Medical Product Develop-
ment to Support Labeling Claims. December 2009. Available online: www.fda.gov/regulatory-information/search-fda-guidance-
documents/patient-reported-outcome-measures-use-medical-product-development-support-labeling-claims (accessed on
18 August 2022).

10. Rogiers, A.; Leys, C.; De Cremer, J.; Awada, G.; Schembri, A.; Theuns, P.; De Ridder, M.; Neyns, B. Health-related quality
of life, emotional burden, and neurocognitive function in the first generation of metastatic melanoma survivors treated with
pembrolizumab: A longitudinal pilot study. Support. Care Cancer 2020, 28, 3267–3278. [CrossRef]

11. Rogiers, A.; Leys, C.; Lauwyck, J.; Schembri, A.; Awada, G.; Schwarze, J.K.; De Cremer, J.; Theuns, P.; Maruff, P.; De Ridder,
M.; et al. Neurocognitive function, psychosocial outcome, and health-related quality of life of the first-generation metastatic
melanoma survivors treated with ipilimumab. J. Immunol. Res. 2020, 2020, 2192480. [CrossRef]

12. Boekhout, A.H.; Rogiers, A.; Jozwiak, K.; Boers-Sonderen, M.J.; van den Eertwegh, A.J.; Hospers, G.A.; de Groot, J.W.B.; Aarts,
M.J.B.; Kapiteijn, E.; Ten Tije, A.J.; et al. Health-related quality of life of long-term advanced melanoma survivors treated with
anti-CTLA-4 immune checkpoint inhibition compared to matched controls. Acta Oncol. 2021, 60, 69–77. [CrossRef]

13. Aaronson, N.K.; Ahmedzai, S.; Bergman, B.; Bullinger, M.; Cull, A.; Duez, N.J.; Filiberti, A.; Flechtner, H.; Fleishman, S.B.; de
Haes, J.C.J.M.; et al. The European Organization for Research and Treatment of Cancer QLQ-C30: A quality-of-life instrument for
use in international clinical trials in oncology. J. Natl. Cancer Inst. 1993, 85, 365–376. [CrossRef]

14. Cormier, J.N.; Ross, M.I.; Gershenwald, J.E.; Lee, J.E.; Mansfield, P.F.; Camacho, L.H.; Kim, K.; Webster, K.; Cella, D.; Palmer, J.L.
Prospective assessment of the reliability, validity, and sensitivity to change of the Functional Assessment of Cancer Therapy-
Melanoma questionnaire. Cancer 2008, 112, 2249–2257. [CrossRef] [PubMed]

15. Dolan, P. Modeling valuations for EuroQol health states. Med. Care 1997, 35, 1095–1108. [CrossRef]
16. Rabin, R.; de Charro, F. EQ-5D: A measure of health status from the EuroQol Group. Ann. Med. 2001, 33, 337–343. [CrossRef]

[PubMed]
17. EQ-5D-3L User Guide. Available online: https://euroqol.org/publications/user-guides/ (accessed on 12 December 2022).
18. Musoro, J.Z.; Bottomley, A.; Coens, C.; Eggermont, A.M.; King, M.T.; Cocks, K.; Sprangers, M.A.; Groenvold, M.; Velikova, G.;

Flechtner, H.-H.; et al. Interpreting European Organisation for Research and Treatment for Cancer Quality of life Questionnaire
core 30 scores as minimally importantly different for patients with malignant melanoma. Eur. J. Cancer 2018, 104, 169–181.
[CrossRef]

19. Osoba, D.; Rodrigues, G.; Myles, J.; Zee, B.; Pater, J. Interpreting the significance of changes in health-related quality-of-life scores.
J. Clin. Oncol. 1998, 16, 139–144. [CrossRef]

20. Bharmal, M.; Nolte, S.; Henry-Szatkowski, M.; Hennessy, M.; Schlichting, M. Update on the psychometric properties and minimal
important difference (MID) thresholds of the FACT-M questionnaire for use in treatment-naïve and previously treated patients
with metastatic Merkel cell carcinoma. Health Qual. Life Outcomes 2020, 18, 145. [CrossRef]

https://doi.org/10.1056/NEJMoa1709030
https://www.ncbi.nlm.nih.gov/pubmed/28891423
https://doi.org/10.1016/S1470-2045(20)30494-0
https://www.ncbi.nlm.nih.gov/pubmed/32961119
https://doi.org/10.1200/JCO.22.00533
https://www.ncbi.nlm.nih.gov/pubmed/36162037
https://www.ema.europa.eu/en/documents/product-information/opdivo-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/opdivo-epar-product-information_en.pdf
https://doi.org/10.1007/s12325-018-0805-y
https://www.ncbi.nlm.nih.gov/pubmed/30357570
https://doi.org/10.1111/pcmr.13018
www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-reported-outcome-measures-use-medical-product-development-support-labeling-claims
www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-reported-outcome-measures-use-medical-product-development-support-labeling-claims
https://doi.org/10.1007/s00520-019-05168-3
https://doi.org/10.1155/2020/2192480
https://doi.org/10.1080/0284186X.2020.1818823
https://doi.org/10.1093/jnci/85.5.365
https://doi.org/10.1002/cncr.23424
https://www.ncbi.nlm.nih.gov/pubmed/18383513
https://doi.org/10.1097/00005650-199711000-00002
https://doi.org/10.3109/07853890109002087
https://www.ncbi.nlm.nih.gov/pubmed/11491192
https://euroqol.org/publications/user-guides/
https://doi.org/10.1016/j.ejca.2018.09.005
https://doi.org/10.1200/JCO.1998.16.1.139
https://doi.org/10.1186/s12955-020-01402-3


Cancers 2023, 15, 4823 19 of 20

21. Askew, R.L.; Xing, Y.; Palmer, J.L.; Cella, D.; Moye, L.A.; Cormier, J.N. Evaluating minimal important differences for the
FACT-Melanoma quality of life questionnaire. Value Health 2009, 12, 1144–1150. [CrossRef] [PubMed]

22. Webster, K.; Cella, D.; Yost, K. The Functional Assessment of Chronic Illness Therapy (FACIT) Measurement System: Properties,
applications, and interpretation. Health Qual. Life Outcomes 2003, 1, 79. [CrossRef] [PubMed]

23. Pickard, A.S.; Neary, M.P.; Cella, D. Estimation of minimally important differences in EQ-5D utility and VAS scores in cancer.
Health Qual. Life Outcomes 2007, 5, 70, Correction in Health Qual. Life Outcomes 2010, 8, 4. [CrossRef]

24. Giesinger, J.M.; Loth, F.L.; Aaronson, N.K.; Arraras, J.I.; Caocci, G.; Efficace, F.; Groenvold, M.; van Leeuwen, M.; Petersen, M.A.;
Ramage, J.; et al. Thresholds for clinical importance were established to improve interpretation of the EORTC QLQ-C30 in clinical
practice and research. J. Clin. Epidemiol. 2020, 118, 1–8. [CrossRef]

25. Nolte, S.; Liegl, G.; Petersen, M.A.; Aaronson, N.K.; Costantini, A.; Fayers, P.M.; Groenvold, M.; Bholzner, B.; Johnson, C.D.;
Kemmler, G.; et al. General population normative data for the EORTC QLQ-C30 health-related quality of life questionnaire based
on 15, 386 persons across 13 European countries, Canada and the United States. Eur. J. Cancer 2019, 107, 153–163. [CrossRef]
[PubMed]

26. König, H.H.; Bernert, S.; Angermeyer, M.C.; Matschinger, H.; Martinez, M.; Vilagut, G.; Haro, J.M.; de Girolamo, G.; de Graaf, R.;
Kovess, V.; et al. Comparison of population health status in six European countries: Results of a representative survey using the
EQ-5D questionnaire. Med. Care 2009, 47, 255–261. [CrossRef]

27. For a Healthy Belgium, National Health Survey, Belgium. 2018. Available online: https://www.healthybelgium.be/en/health-
status/life-expectancy-and-quality-of-life/quality-of-life (accessed on 30 May 2023).

28. Larkin, J.; Weber, J.; Del Vecchio, M.; Gogas, H.; Arance, A.M.; Dalle, S.; Cowey, C.L.; Schenker, M.; Grob, J.-J.; Chiarion-Sileni, V.;
et al. Adjuvant nivolumab versus ipilimumab (CheckMate 238 trial): Reassessment of 4-year efficacy outcomes in patients with
stage III melanoma per AJCC-8 staging criteria. Eur. J. Cancer 2022, 173, 285–296. [CrossRef] [PubMed]

29. Samlowski, W.; Robert, N.J.; Poretta, T.; Moshyk, A.; Rajkumar, J.; Salvatore, A.; Stwalley, B.; Nwokeji, E. Real-world outcomes of
patients with resected stage IIIA melanoma treated with adjuvant nivolumab. In Proceedings of the Society for Immunotherapy
of Cancer (SITC) Annual Meeting, Virtual, 9–14 November 2020. Poster 220.

30. Moser, J.; Pavlick, A.C.; Poretta, T.; Sakkal, L.A.; Moshyk, A.; Gu, J.; Zhang, Y.; Amin, A. Real-world outcomes of patients with
resected stage IIIA melanoma treated with adjuvant nivolumab or monitored with observation. In Proceedings of the Society for
Melanoma Research (SMR) International Congress, Virtual, 28–31 October 2021. Poster 51.

31. Moser, J.C.; Pavlick, A.C.; Poretta, T.; Sakkal, L.A.; Moshyk, A.; Hao, Y.; Zhang, Y.; Palaia, J.; Amin, A. Real-world outcomes of
patients with resected stage IIIA melanoma treated with adjuvant nivolumab or monitored with observation. In Proceedings of
the 19th International Congress of the Society for Melanoma Research (SMR), Edinburgh, UK, 17–20 October 2022.

32. Pavlick, A.C.; Amin, A.; Moser, J.C.; Poretta, T.; Sakkal, L.A.; Moshyk, A.; Klink, A.J.; Schuler, T.; Feinberg, B. Outcomes in patients
with resected stage IIIA melanoma treated with adjuvant nivolumab or monitored with observation: A real-world study. In
Proceedings of the 19th International Congress of the Society for Melanoma Research (SMR), Edinburgh, UK, 17–20 October 2022.

33. Weber, J.; Mandala, M.; Del Vecchio, M.; Gogas, H.; Arance, A.M.; Cowey, C.L.; Dalle, S.; Schenker, M.; Chiarion-Sileni, V.;
Marquez-Rodas, I.; et al. Adjuvant therapy with nivolumab versus ipilimumab after complete resection of stage III/IV melanoma:
Updated results from a phase 3 trial (CheckMate 238). In Proceedings of the American Society of Clinical Oncology (ASCO)
Annual Meeting, Chicago, IL, USA, 1–5 June 2018. abstract 9502.

34. Long, G.V.; Del Vecchio, M.; Weber, J.; Hoeller, C.; Grob, J.-J.; Mohr, P.; Grabbe, S.; Dutriaux, C.; Chiarion-Sileni, V.; Mackiewicz, J.;
et al. Adjuvant therapy with nivolumab versus placebo in patients with resected stage IIB/C melanoma (CheckMate 76K). In
Proceedings of the 19th International Congress of the Society for Melanoma Research (SMR), Edinburgh, UK, 17–20 October 2022.

35. Luke, J.J.; Rutkowski, P.; Queirolo, P.; Del Vecchio, M.; Mackiewicz, J.; Chiarion-Sileni, V.; de la Cruz Merino, L.; Khattak, M.A.;
Schadendorf, D.; Long, G.S.; et al. Pembrolizumab versus placebo as adjuvant therapy in completely resected stage IIB or IIC
melanoma (KEYNOTE-716): A randomised, double-blind, phase 3 trial. Lancet 2022, 399, 1718–1729. [CrossRef] [PubMed]

36. Pala, L.; Sala, I.; Oriecuia, C.; De Pas, T.; Queirolo, P.; Specchia, C.; Cocorocchio, E.; Ferrucci, P.; Patanè, D.; Saponara, M.; et al.
Association of anticancer immune checkpoint inhibitors with patient-reported outcomes assessed in randomized clinical trials: A
systematic review and meta-analysis. JAMA Netw. Open 2022, 5, e2226252. [CrossRef]

37. Malkhasyan, K.A.; Zakharia, Y.; Milhem, M. Quality-of-life outcomes in patients with advanced melanoma: A review of the
literature. Pigment. Cell Melanoma Res. 2017, 30, 511–520. [CrossRef]

38. Mamoor, M.; Postow, M.A.; Lavery, J.A.; Baxi, S.S.; Khan, N.; Mao, J.J.; Rogak, L.J.; Sidlow, R.; Thom, B.; Wolchok, J.A.; et al.
Quality of life in long-term survivors of advanced melanoma treated with checkpoint inhibitors. J. Immunother. Cancer 2020,
8, e000260. [CrossRef]

39. Kiss, I.; Kuhn, M.; Hrusak, K.; Buchler, T. Incidence of fatigue associated with immune checkpoint inhibitors in patients with
cancer: A meta-analysis. ESMO Open 2022, 7, 100474. [CrossRef]

40. Khan, M.A.; Florou, V.; Swami, U. Immunotherapy and fatigue: What we know and what we don’t know. Oncotarget 2021, 12,
719–720. [CrossRef]

41. Schagen, S.B.; Tsvetkov, A.S.; Compter, A.; Wefel, J.S. Cognitive adverse effects of chemotherapy and immunotherapy: Are
interventions within reach? Nat. Rev. Neurol. 2022, 18, 173–185. [CrossRef] [PubMed]

42. Bartels, F.; Strönisch, T.; Farmer, K.; Rentzsch, K.; Kiecker, F.; Finke, C. Neuronal autoantibodies associated with cognitive
impairment in melanoma patients. Ann. Oncol. 2019, 30, 823–829. [CrossRef] [PubMed]

https://doi.org/10.1111/j.1524-4733.2009.00570.x
https://www.ncbi.nlm.nih.gov/pubmed/19558579
https://doi.org/10.1186/1477-7525-1-79
https://www.ncbi.nlm.nih.gov/pubmed/14678568
https://doi.org/10.1186/1477-7525-5-70
https://doi.org/10.1016/j.jclinepi.2019.10.003
https://doi.org/10.1016/j.ejca.2018.11.024
https://www.ncbi.nlm.nih.gov/pubmed/30576971
https://doi.org/10.1097/MLR.0b013e318184759e
https://www.healthybelgium.be/en/health-status/life-expectancy-and-quality-of-life/quality-of-life
https://www.healthybelgium.be/en/health-status/life-expectancy-and-quality-of-life/quality-of-life
https://doi.org/10.1016/j.ejca.2022.06.041
https://www.ncbi.nlm.nih.gov/pubmed/35964471
https://doi.org/10.1016/S0140-6736(22)00562-1
https://www.ncbi.nlm.nih.gov/pubmed/35367007
https://doi.org/10.1001/jamanetworkopen.2022.26252
https://doi.org/10.1111/pcmr.12647
https://doi.org/10.1136/jitc-2019-000260
https://doi.org/10.1016/j.esmoop.2022.100474
https://doi.org/10.18632/oncotarget.27946
https://doi.org/10.1038/s41582-021-00617-2
https://www.ncbi.nlm.nih.gov/pubmed/35140379
https://doi.org/10.1093/annonc/mdz083
https://www.ncbi.nlm.nih.gov/pubmed/30840061


Cancers 2023, 15, 4823 20 of 20

43. Lai-Kwon, J.; Inderjeeth, A.J.; Lisy, K.; Sandhu, S.; Rutherford, C.; Jefford, M. Impact of immune checkpoint inhibitors and
targeted therapy on health-related quality of life of people with stage III and IV melanoma: A mixed-methods systematic review.
Eur. J. Cancer 2023, 184, 83–105. [CrossRef]

44. Rogiers, A.; Boekhout, A.; Schwarze, J.K.; Awada, G.; Blank, C.U.; Neyns, B. Long-term survival, quality of life, and psychosocial
outcomes in advanced melanoma patients treated with immune checkpoint inhibitors. J. Oncol. 2019, 2019, 5269062. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ejca.2023.02.005
https://doi.org/10.1155/2019/5269062
https://www.ncbi.nlm.nih.gov/pubmed/31182961

	Introduction 
	Materials and Methods 
	Study Design 
	Assessments 
	Statistical Analysis 

	Results 
	Patient Disposition and Baseline Characteristics 
	Treatment Exposure 
	Effectiveness 
	Safety 
	Health-Related Quality of Life 

	Discussion 
	Conclusions 
	References

