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ORIGINAL ARTICLE
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with anti-CTLA-4 immune checkpoint inhibition compared to matched controls†
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ABSTRACT
Background: Checkpoint inhibitors have changed overall survival for patients with advanced melan-
oma. However, there is a lack of data on health-related quality of life (HRQoL) of long-term advanced
melanoma survivors, years after treatment. Therefore, we evaluated HRQoL in long-term advanced
melanoma survivors and compared the study outcomes with matched controls without cancer.
Material and methods: Ipilimumab-treated advanced melanoma survivors without evidence of dis-
ease and without subsequent systemic therapy for a minimum of two years following last administra-
tion of ipilimumab were eligible for this study. The European Organization for Research and Treatment
of Cancer quality of life questionnaire Core 30 (EORTC QLQ-C30), the Multidimensional Fatigue
Inventory (MFI), the Hospital Anxiety and Depression Scale (HADS), and the Functional Assessment of
Cancer Therapy-Melanoma questionnaire (FACT-M) were administered. Controls were individually
matched for age, gender, and educational status. Outcomes of survivors and controls were compared
using generalized estimating equations, and differences were interpreted as clinically relevant accord-
ing to published guidelines.
Results: A total of 89 survivors and 265 controls were analyzed in this study. After a median follow-up
of 39 (range, 17–121) months, survivors scored significantly lower on physical (83.7 vs. 89.8, difference
(diff) ¼ �5.80, p¼.005), role (83.5 vs. 90, diff ¼ �5.97, p¼.02), cognitive (83.7 vs. 91.9, diff ¼ �8.05,
p¼.001), and social functioning (86.5 vs. 95.1, diff ¼ �8.49, p¼<.001) and had a higher symptom bur-
den of fatigue (23.0 vs. 15.5, diff ¼ 7.48, p¼.004), dyspnea (13.3 vs. 6.7, diff ¼ 6.47 p¼.02), diarrhea
(7.9 vs. 4.0, diff ¼ 3.78, p¼.04), and financial impact (10.5 vs. 2.5, diff ¼ 8.07, p¼.001) than matched
controls. Group differences were indicated as clinically relevant.
Discussion: Compared to matched controls, long-term advanced melanoma survivors had overall
worse functioning scores, more physical symptoms, and financial difficulties. These data may contrib-
ute to the development of appropriate survivorship care.
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Introduction

Advanced melanoma is an aggressive malignant disease with
high mortality as a hallmark. The introduction of small

molecule targeted therapies and checkpoint inhibitors have
improved clinical outcomes substantially [1,2]. In particular,
checkpoint inhibitors blocking CTLA-4 (e.g., ipilimumab) and
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PD-1 (e.g., nivolumab and pembrolizumab) have been shown
to induce long-term survival with ongoing responses after
treatment discontinuation [3,4]. As a consequence of this
treatment success, a new group of cancer survivors has arisen.
Moreover, immune checkpoint inhibitors (ICI) are currently
moving to the (neo) adjuvant setting [5–7], which is expected
to expand the melanoma survivor population even further.

Despite these favorable outcomes, patients diagnosed
with unresectable advanced melanoma still face a life-threat-
ening diagnosis, and are confronted with unpredictable
sequelae of ICI treatment.

In 2011, ipilimumab was the first ICI approved by the U.S.
Food and Drug Administration for the treatment of advanced
melanoma. Several studies have evaluated the efficacy and on-
treatment tolerability of ipilimumab [8–10]. Although ipilimumab
is frequently associated with adverse events, such as dermato-
logical and gastrointestinal toxicities, most of these, except
those due to endocrinological immune-related toxicities, are
largely reversible [11]. The impact of ipilimumab on HRQoL dur-
ing the induction phase has only been evaluated in few studies
and the results of these studies were not unequivocal [12-19].

Insight into physical, psychological, and social morbidity
of this new and growing group of cancer survivors is of para-
mount importance as it could contribute to the development
of appropriate and adequate survivorship care for advanced
melanoma survivors. Therefore, we initiated a multicenter
cohort study to assess HRQoL, fatigue, anxiety, and depres-
sion in long-term advanced melanoma survivors treated with
ipilimumab initially without subsequent systemic treatment.

Patients and methods

Participants and procedures

This cohort study was conducted in 15 hospitals in the
Netherlands and Belgium. Survivors eligible for this study
were �18 years of age, had survived at least 2 years following
last administration of ipilimumab for advanced melanoma
(unresectable stage III/IV) and were not diagnosed with
recurrent systemic disease at the time of inclusion. Survivors
were excluded if they required subsequent systemic anti-
cancer treatment after initial ipilimumab treatment.

Eligible survivors were informed about the study by their
treating medical specialist. Survivors willing to participate
were asked to provide a signed and dated informed consent
form. Questionnaires were mailed to survivors between
February 2017 and June 2018. The survivor population was
divided into two groups based on time since completion of
ipilimumab treatment: 24–36 and �36months post-ipilimu-
mab treatment. Based on previous studies, a threshold of
36months was used to compare a population at risk of
recurrence with a population that might be considered to be
cured [9]. The study was approved by the institutional review
board and meets the institutional review board standards.

A population of controls was recruited from the ‘Patient
Reported Outcomes Following Initial treatment and Long-term
Evaluation of Survivorship’ registry. Description of the data
collection is provided elsewhere [20]. The control population
was asked to complete the same questionnaires as the

survivor population apart from the melanoma-specific ques-
tionnaire. In total, 2508 (70%) members of the general popula-
tion completed these questionnaires of which 226 subjects
had a history of cancer (1%) and thus were not eligible as
control for our study. From the 2282 available controls, we
selected 265 that were individually matched to survivors
based on year of birth, gender, and educational status.

Primary and secondary outcome measurements

Health-related quality of life (HRQoL) of long-time surviving
advanced melanoma survivors was measured with the
European Organization for Research and Treatment of Cancer
quality of life questionnaire (EORTC QLQ-C30). The EORTC QLQ-
C30 is a cancer-specific, 30-item questionnaire with strong valid-
ity [21,22]. The questionnaire is composed of five functional
domains (physical, emotional, role, cognitive, and social func-
tioning), nine symptomatic domains (fatigue, nausea/vomiting,
pain, dyspnea, insomnia, appetite loss, constipation, diarrhea,
and financial impact), and one domain of global health and
quality of life (QoL). A higher score on the functional domains
and QoL indicates better functioning, while higher scores on
the symptom domains indicate worse symptoms. A linear trans-
formation was used to standardize the raw scores, so each
domain was scored from 0 to 100. The guideline of Cocks et al.
[23] was used for the clinical interpretation of the differences in
EORTC QLQ-C30 scores between the survivor and control popu-
lation and within the survivor population. The clinical relevance
of these differences was evaluated using domain-specific thresh-
olds (eTable 1), in contrast to the fixed 10-point change as pre-
sented earlier [24]. Small to large differences were defined as
clinically relevant.

Fatigue was assessed with the Multidimensional Fatigue
Inventory (MFI), a self-reported and validated instrument [25]
that was developed to assess fatigue in cancer patients. The
MFI consists of 20 items in five domains (general, physical,
and mental fatigue, reduced motivation, and activity), with
higher scores indicating more fatigue. A two-point difference
was indicated as a minimal clinical relevant difference of the
MFI [26]. The visual analog scale was used to record respond-
ent’s self-rated fatigue on a 10-point Likert scale.

Anxiety and depression were assessed with the Hospital
Anxiety and Depression Scale (HADS) [27]. The HADS is a
well-validated scale that includes seven questions on anxiety
and depression respectively, a higher score indicating more
anxiety and depression [28]. Clinical level of anxiety or
depressive symptoms was indicated with a score of �8 (mild
to severe disorder) on each subscale [29].

The melanoma subscale of the Functional Assessment of
Cancer Therapy-Melanoma questionnaire (FACT-M) was used
as a melanoma-specific questionnaire which has been vali-
dated to assess HRQoL for patients with all stages of melan-
oma [30]. A higher score indicates a better QoL.

Demographic, clinical data and comorbidities

Sociodemographic data (age, education, and marital status)
were obtained by five questions. Clinical data (diagnosis,
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stage of disease, and treatment modalities received) were
obtained from the medical records. Self-reported comorbid-
ities were assessed with the Self-administered Comorbidity
Questionnaire (SCQ), a generic questionnaire with 14 com-
mon medical conditions [31].

Assessments

All survivors received the survey (which contains all question-
naires mentioned above) at least 2 years post ipilimumab
treatment. Survivors with no evidence of disease with a FU
�36months received one survey, survivors with a FU
<36months received follow-up surveys 12 and 24months
after the first one. The control population received the socio-
demographic questions, the EORTC QLQ-C30, the MFI, the
HADS, and SCQ only once.

Statistical analyses

Differences in EORTC QLQ-C30 and MFI scores between survi-
vors and controls were estimated and adjusted for age, gen-
der, education (primary/high school/vocational vs. college/
university), and marital status (not partnered vs. partnered)
using generalized estimating equations with clustering
together matched individuals. Spearman’s correlation coeffi-
cients were used to assess associations between functioning
and symptom burden, EORTC QLQ-C30 scores and cumula-
tive ipilimumab dose, and MFI scores and demographic char-
acteristics. Mann–Whitney or Kruskal–Wallis tests were used
to compare EORTC QLQ-C30 scores between clinical, treat-
ment characteristics and HADS scores. The Mann–Whitney
test was also used for comparing HRQoL outcomes between
survivors with vs. without brain metastases, survivors with a
follow-up <36 vs. �36months post ipilimumab treatment
and survivors with �2 vs. without comorbidities. Sign test
was used for comparison of questionnaire evaluated at two-
time points. Missing items from the EORTC QLQ-C30 were
imputed according to EORTC guidelines. Of all question-
naires, the scale score was set to missing, if fewer than half
of the items on a given scale were answered. Since our
research was a hypothesis-generating research, none of the
p values were corrected for multiple testing.

Results

Participant characteristics

Of 106 invited advanced melanoma survivors, 91 (86%)
returned the survey. Two survivors were excluded because
they had received subsequent systemic treatment after ipili-
mumab treatment. Therefore, 89 survivors in total were
included in the analyses. The mean age of survivors at the
time of the first assessment was 64 (range 23–87, SD 13.6)
years. Most survivors were partnered (70%) and highly edu-
cated; 28% had a college/university degree and only 3% of
the survivors had primary education. For each survivor, at
least one control was identified with the same year of birth,
gender, and education level. The maximum number of

controls per survivor was 5. For 29, 10, 12, 10, and 28 survi-
vors we found 1, 2, 3, 4, and 5 controls, respectively, which
resulted in a total of 265 controls included in the analyses.
As a result of the individual matching, sociodemographic
characteristics were comparable between the survivor and
control population (Table 1). All survivors were diagnosed
with unresectable stage III/IV melanoma and 13 (15%) survi-
vors had brain metastasis at study entry. Most survivors
(61%) received systemic therapy prior to ipilimumab treat-
ment. The median time from last ipilimumab administration
to the first survey was 39 (range 17–121, SD 20.8) months.
Clinical and treatment characteristics are presented in
Table 2.

EORTC QLQ-C30 outcomes

The mean EORTC QLQ-C30 scores of physical (83.7 vs. 89.8;
difference (diff) ¼ �5.80, p¼.005), role (83.5 vs. 90; diff ¼
�5.97, p¼.02), cognitive (83.7 vs. 91.9; diff ¼ �8.05, p¼.001),
and social functioning (86.5 vs. 95.1; diff ¼ �8.49, p¼<.001)
were significantly lower for survivors than for controls and
these differences were of small clinical relevance (6–8 points)
(Table 3 and Figure 1). Survivors reported a higher global
QoL than the control population (80.3 vs. 78.1; p¼.25), how-
ever, this was neither statistically significant nor clinic-
ally relevant.

The mean EORTC QLQ-C30 symptom scores of fatigue
(23.0 vs. 15.5; diff ¼7.48, p¼.004), dyspnea (13.3 vs. 6.7; diff
¼ 6.47, p¼.02), diarrhea (7.9 vs. 4.0, diff ¼ 3.78, p¼.04), and
financial impact (10.5 vs. 2.5; diff ¼ 8.07, p¼.001) were sig-
nificantly higher in survivors than in controls and of small
clinical relevance (4–8 points).

Survivors with �2 comorbidities had worse physical (diff
¼ �16.1, p¼.0001), emotional (diff ¼ �8.5, p¼.12), role (diff
¼ �15.6, p¼.002) and social (diff ¼ �8.4, p¼.05) functioning
scores and global QoL (diff ¼ �13.3 p¼.002), and more com-
plaints of fatigue (diff ¼ 14.6, p¼.005), dyspnea (diff ¼ 10.1,
p¼.06), insomnia (diff ¼ 11.7, p¼.12), appetite loss (diff ¼
9.0, p¼.007), and diarrhea (diff ¼ 10.3, p¼.17), compared to

Table 1. Sociodemographic characteristics of the survivor and con-
trol population.

Survivors
(n¼ 89)

Matched controls
(n¼ 265)

Age at time of survey (years)
mean (standard deviation) 64 (13.6) 63 (12.5)
median (min–max) 65 (23–87) 64 (23–87)

Gender No. (%)
Male 51 (57) 140 (53)
Female 38 (43) 125 (47)

Marital status No. (%)
Partnered 62 (70) 176 (66)
Not partnered 27 (30) 89 (34)

Education level No. (%)
Primary education 3 (3) 3 (1)
High school & vocational education 64 (69) 175 (66)
College or university 25 (28) 87 (33)

Comorbidity No. (%)
None 35 (40) 86 (33)
1 28 (31) 91 (34)
�2 26 (30) 88 (33)
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survivors without comorbidities. These differences were of
small to medium clinical relevance (8–16 points) (eTable 2).

There was no correlation between EORTC QLQ-C30 scores
and cumulative ipilimumab dose. Survivors with brain metas-
tasis scored lower on cognitive (diff ¼ �7.95, p¼.27), social
functioning (diff ¼ �9.73, p¼.13) and QoL (diff ¼ �5.49,
p¼.27), lower on symptom burden of diarrhea (diff ¼ �9.21,
p¼.07), and higher on financial impact (diff ¼ 8.74, p¼.06),
compared to survivors without brain metastasis. These differ-
ences were of small to medium clinical relevance (eTable 3).

Social functioning (diff ¼ 10.32, p¼.03), global QoL (diff ¼
7.8, p¼.10), and financial impact (diff ¼ 8.45, p¼.07) scores
were higher and fatigue scores were lower (diff ¼ �6.96,
p¼.25) among survivors with a FU �36months in compari-
son to survivors with a FU <36months. All these differences
were indicated as of small clinical relevance but only the

difference in social functioning was statistically significant
(eTable 4).

Twenty-seven out of 40 (68%) survivors without subse-
quent systemic treatment and with FU < 36months at study
entry completed a second survey 12months after the first
one. From those survivors, six survivors dropped out from
analyses because of receiving systemic treatment (n¼ 1), not
willing to participate in FU (n¼ 3) or death (n¼ 2). In 7 other
survivors, the second assessment was not available at data
lock. The median time between the first and second assess-
ment was 13 (range, 6–22) months. The mean EORTC QLQ-
C30 scores for social functioning were higher, and symptom
scores of dyspnea and diarrhea were lower at the second
assessment. These differences were not statistically signifi-
cant and only social functioning (8 points) was clinically rele-
vant (eFigure 1).

Table 2. Clinical and treatment characteristics of the survivor population.

Clinical characteristics N (%)

Tumor stage at survey
Unresectable Stage III/Stage IV 89 (100)

Brain metastasis
No 76 (85)
Yes 13 (15)

Treatment characteristics
Systemic therapy
Prior to ipilimumab
No 35 (39)
Yes 54 (61)
Post ipilimumab at study entry
No 89 (100)

Surgery (at least one procedure)
Prior to ipilimumab
No 11 (12)
Yes 78 (88)

Post ipilimumab
No 61 (69)
Yes 28 (31)

Radiotherapy
No 53 (60)
Yes 36 (40)

Brain radiotherapy
No 79 (89)
Yes 10 (11)

Ipilimumab treatment
Cumulative dose mean, median, IQR (mg) (n¼ 86) 1965, 1000, 320
Line of treatment
First 35 (39)
Second 35 (39)
Third 18 (20)
Fourth 1 (1)
Dose per kilogram
3mg/kg 75 (84)
10mg/kg 11 (12)
Unknown 3 (4)

Follow-up based on time since last ipilimumab administration and first survey
Mean, median (min–max, SD) in months 45.5, 39 (17–121, 20.8)
Mean, median (min–max, SD) in years 3.8, 3.3 (1.4–10, 1.7)

Treatment group based on time since last ipilimumab administration and
first survey
<36 months 40 (45)
�36 months 49 (55)

Overall survival based on time since first ipilimumab administration and date
of last follow-up (n¼ 88, 1 patient is lost to follow-up)
Mean, median (min–max, SD) in months 60.7, 50.9 (30.8–140.4, 12.2)
Mean, median (min–max, SD) in years 5.1, 4.24 (2.6–11.7, 1.0)

IQR: interquartile range; mg: milligram; SD: standard deviation.
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Fatigue measured by the MFI

The mean mental fatigue score was significantly higher (diff
¼ 1.0, p¼.03) in survivors compared with controls but not
indicated as clinically relevant (Table 4). General and mental
fatigue scores decreased with increasing age (p¼.02 and
p¼.006, respectively) and increased with higher education
(p¼.02 and p¼.01, respectively). Physical fatigue scores
decreased with higher education (p¼.02) and among part-
nered in comparison to not partnered participants (p¼.02).

FACT-M and HADS

The mean FACT-M melanoma subscale score was 139.9 (SD
19.9). Of the survivors, 44% reported to be limited in social
activities and 21% isolated themselves because of their con-
dition (eTable 5). Moreover, 56% of the survivors reported
memory and concentration problems. Surgery-site pain and
swelling were reported in 21 and 19% of the survivors,
respectively, and in the latter group, this symptom kept
them from doing things they wanted to do.

The mean HADS-Anxiety and HADS-depression scores
were 4.21 (SD 4.1) and 3.75 (SD 3.6), respectively. Sixteen
(18%) and eleven survivors (12%) had clinical levels of anx-
iety and depression (�8), respectively. Survivors with clinical
symptoms of anxiety or depression had lower EORTC QLQ-
C30 functioning scores, lower global QoL, higher symptom
burden of fatigue, dyspnea, insomnia, appetite loss, diarrhea,
and financial difficulties in comparison to survivors without
symptoms. Most of these differences were indicated as clinic-
ally relevant (eTables 6 and 7).

Discussion

Ipilimumab was the first treatment that actually prolonged
overall survival, which resulted in a subset of advanced mel-
anoma patients in long term survival. Our work shows that
long-term advanced melanoma survivors have a poorer

HRQoL than population controls of the same age, gender,
and education level. In particular, survivors have a lower
level of functioning (physical, role, cognitive, and social), a
higher symptom burden (fatigue, dyspnea, and diarrhea),
and more financial difficulties indicated as clinically relevant.
These findings reflect that survivors are still suffering from
their diagnosis of advanced melanoma and the treatment
trajectory. Previously, physical, psychosocial, and cognitive
problems have been reported and associated with reduced
HRQoL levels in cancer survivor populations [32–34]. In this
study, 61% received systemic non-ICI treatment and almost
all survivors had surgery prior to ipilimumab. Moreover, sur-
vivors were compared with a control population not having
cancer because of the absence of HRQoL data of advanced
melanoma survivors without ICI treatment. Consequently, the
nature of this study did not allow us to assess causality
between reduced HRQoL and ipilimumab as a separ-
ate factor.

Two other studies have evaluated patient-reported
outcomes of advanced melanoma patients treated with ICI
(ipilimumab and/or nivolumab or pembrolizumab). Using a
non-cancer-specific measurement, O’Reilly et al. [35] found
that 73 patients had lower physical, social functioning, and
general health levels, compared with an unmatched, norma-
tive population after a median follow-up of 25months. These
HRQoL results were established in 30% of patients on various
ICI treatments. Lai-Kwon et al. [36] found that long-term res-
ponders to ICI (n¼ 69) experienced chronic treatment toxic-
ities and psychological morbidity. Fifty-seven percent of the
patients were receiving active treatment. However, they did
not assess cancer-specific HRQoL. Although outcomes of the
two studies are in line with this study results, the patient
populations were heterogeneous. Follow-up was short, con-
trols were not matched and ICI treatments were variable.
Most notably, significant proportions of patients were on
active ICI treatment. As a result of the significant differences
in methodology, study population and endpoints, a formal
comparison between the three studies would not be

Table 3. Survivor-control differences in mean EORTC QLQ-C30 scores.

Survivors (n¼ 89)
meana (SD)

Controls (n¼ 265)
meana (SD)

Unstandardized
coefficients differenceb

(95% CI)

Standardized
coefficients differenceb

(95% CI) p Value

Functioning scales
Physical functioning 83.7 (19) 89.8 (15) �5.80 (�9.89 to �1.71) �0.36 (�0.62 to �0.11) .005
Emotional functioning 84.7 (21) 88.5 (15) �4.16 (�8.63–0.32) �0.25 (�0.51–0.02) .07
Role functioning 83.5 (22) 90 (19) �5.97 (�11.02 to �0.92) �0.29 (�0.55 to �0.05) .02

Cognitive functioning 83.7 (21) 91.9 (14) �8.05 (�12.84 to �3.25) �0.49 (�0.79 to �0.19) .001
Social functioning 86.5 (21) 95.1 (13) �8.49 (�13.13 to �3.86) �0.54 (�0.83 to �0.24) <.001
Global quality of life 80.3 (19) 78.1 (16) 2.17 (�1.55–5.89) 0.13 (�0.09–0.35) .25

Symptom scales
Fatigue 23.0 (23) 15.5 (19) 7.48 (2.45–12.51) 0.37 (0.12–0.62) .004
Nausea/vomiting 2.1 (6) 2.5 (8) �0.38 (�2.01–1.26) �0.05 (�0.26–0.16) .65
Pain 9.6 (17) 12.2 (20) �2.75 (�6.74–1.24) �0.14 (�0.35–0.06) .18
Dyspnea 13.3 (25)c 6.7 (16) 6.47 (1.01–11.92) 0.35 (0.05–0.64) .02
Insomnia 17.6 (27) 17.2 (25) 0.36 (�5.77–6.49) 0.01 (�0.23–0.26) .90
Appetite loss 5.6 (17) 2.8 (10) 2.68 (�0.76–6.13) 0.22 (�0.06–0.50) .13
Constipation 3.4 (12)c 4.8 (13) �1.43 (�4.51–1.65) �0.11 (�0.36–0.13) .36
Diarrhea 7.9 (19) 4.0 (13) 3.78 (0.16–7.39) 0.26 (0.01–0.50) .04
Financial impact 10.5 (21) 2.5 (11) 8.07 (3.27–12.87) 0.55 (0.22–0.87) .001

EORTC QLQ-C30: European Organization for Research and Treatment of Cancer quality of life questionnaire-C30; SD: standard deviation.
aUnadjusted average values.
bDifferences adjusted for sex, age, education, and marital status based on generalized estimating equations.
cn¼ 88 because of one missing value.
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Figure 1. Mean scores (unadjusted) of the QLQ-C30 (functional and symptom scores) of the survivor and control population.

Table 4. Survivor-control differences in Multidimensional Fatigue Inventory (MFI).

Survivors (n¼ 89)
meana (SD)

Controls (n¼ 265)
meana (SD)

Unstandardized
coefficients differenceb

(95% CI)

Standardized
coefficients differenceb

(95% CI) p Value

General fatigue 9.7 (5)c 9.1 (4) 0.52 (�0.50–1.54) 0.12 (�0.11–0.35) .32
Mental fatigue 8.9 (4) 7.9 (4) 1.04 (0.11–1.96) 0.28 (0.03–0.52) .03
Physical fatigue 9.4 (4)d 8.9 (4) 0.49 (�0.46–1.45) 0.12 (�0.11–0.34) .31
Reduced activity 9.7 (4) 8.8 (4) 0.81 (�0.14–1.77) 0.21 (�0.04–0.45) .095
Reduced motivation 9.0 (4)d 8.6 (4) 0.40 (�0.53–1.33) 0.11 (�0.15–0.37) .40
VAS 3.4 (2)e 3.9 (2)f �0.47 (�0.99–0.05) �0.21 (�0.43–0.02) .08

MFI: multidimensional fatigue inventory; SD: standard deviation; VAS: visual analog scale.
aUnadjusted average values.
bDifferences adjusted for gender, age, education, marital status based on generalized estimating equations.
cn¼ 87 because of 2 missing values.
dn¼ 88 because of 1 missing value.
en¼ 82 because of 7 missing values.
fn¼ 261 because of 4 missing values.
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appropriate. In a cross-sectional study in 90 advanced melan-
oma patients after completion of ICI treatment, fatigue was
the most commonly reported symptom [37]. This study result
is in line with our results with higher symptom burden of
fatigue in the survivor population in comparison to the con-
trol population.

In comparison with a population of matched controls, we
found that long-term advanced melanoma survivors showed
overall worse functioning scores and more symptom burden,
but surprisingly no difference on global QoL. The absence of
differences in global QoL may simple reflect a response shift.
Response shift refers to a change in patients’ internal stand-
ard, values, and conceptualization of QoL [38] and has been
reported previously in other cancer survivor populations [39].
Advanced melanoma survivors have faced a life-threatening
diagnosis and may have adapted to their new health situ-
ation and thereby experience a change in their frame of ref-
erence. However, the experience of a life-threatening
diagnosis may also evoke a positive impact such as personal
growth or an increased sense of meaning or purpose [40].

Fifty-six percent of the survivors reported memory and
concentration complaints. However, cancer-related cognitive
impairment (CRCI) is frequently reported and seems to be
associated with cancer and all components of cancer treat-
ment [41]. Despite the fact that there is limited research
describing the effects of ICI on the brain, given the highly
regulated immune response in the brain, it is expected that
all the treatment modalities and cancer itself might be asso-
ciated with CRCI [42–44].

In this study, 18 and 12% of the advanced melanoma sur-
vivor population had clinical levels of anxiety and depression,
respectively. These results are in line with the results of ear-
lier studies in other cancer survivor populations [45,46].
Mitchell et al. found a prevalence of 17.9% for anxiety and
11.6% for depression in a meta-analysis, comparing depres-
sion and anxiety in long-term cancer survivors (�2 years after
‘any’ cancer diagnosis) [47].

Limitations of this study include the unavailability of
HRQoL baseline values prior to ipilimumab and the potential
participation bias that is created by the sole inclusion of
advanced melanoma survivors with sufficient understanding
of the Dutch language. Noteworthy is the high percentage
of well-educated survivors in this study for which several
possible explanations can be hypothesized. Previous studies
have reported that a higher socioeconomic status (SES) is
related to a higher risk of melanoma [48,49]. Another reason
could be that those with higher SES are more likely to
actively seek early access to advanced treatments, including
ICI [50]. These findings stress the relevance of control popu-
lations matched for educational status in studies assessing
HRQoL, since education is positively associated with HRQoL
[51]. Strengths of this study include its homogenous survivor
population not on active systemic treatment, high response
rate, long-term follow-up, and an age-, gender, and educa-
tion-matched control population.

In conclusion, in this cohort study, new insights are pro-
vided into the potential physical, psychological, and social
morbidity of this new and growing group of cancer survivors.

Knowledge of the challenges that long-term ICI-treated
advanced melanoma survivors face, may help to develop tail-
ored interventions for the individual healthcare needs of sur-
vivors, and contribute to the development of appropriate
and adequate survivorship care. With the introduction of
novel treatments in the recent years, the number of
advanced melanoma survivors is expected to grow further,
and insight in the individual healthcare needs becomes even
more relevant.
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