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Abstract

Objective: Improved survival rates have made it increasingly important for clini-

cians to focus on cancer survivorship issues affecting the quality of life of melanoma

patients. To provide a comprehensive overview of the disease and treatment‐
related issues affecting such patients, we conducted a systematic review and

meta‐analysis of the literature to estimate the prevalence of symptoms of depres-

sion, anxiety, fatigue, sleep disturbance, and cognitive problems among melanoma

patients, both uveal and cutaneous, before, during and after treatment.

Methods: The review was preregistered with PROSPERO (#CRD42020189847) and

reported following the Preferred Reporting Items for Systematic Reviews and Meta‐
Analyses guidelines. A comprehensive search of the literature published up until

June 2022 was undertaken using PubMed, PsycInfo, the Cochrane Library, and

CINAHL. Two independent reviewers screened 1418 records and quality‐rated

included studies. The reported prevalence rates of symptoms were pooled using a

random‐effects model.

Results: Sixty‐six studies including a total of 12,400 melanoma patients published

between 1992 and 2022 were included. Pooled prevalence rates ranged from 6% to

16% for depression and 7%–30% for anxiety across diagnoses (uveal and cutaneous

melanoma) and assessment time points. One third of the patients (35%) reported

clinically significant fatigue, 20%–44% had cognitive complaints, while prevalence of

sleep disturbance was not reported. Quality assessment indicated that 80% of the

studies were of good quality.

Conclusion: A large body of research shows that depression and anxiety symptoms

are prevalent in melanoma patients before, during and after treatment. However,

research examining other symptoms known to affect quality of life, such as fatigue,

sleep disturbances, and cognitive problems, is still needed.
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1 | INTRODUCTION

Melanoma is an aggressive form of cancer, especially in its later stages,

that originates from malignant transformed melanocytes.1 In 2020,

the incidence of melanoma was approximately 325,000 cases world-

wide.2–4 This number is estimated to increase to 510,000 newly

diagnosed cases by 2040.4 Melanoma affects people of all ages, but

occurs most often during middle adulthood between the ages of 40

and 60 years.5 The estimated lifetime prevalence rate is one in 34

males and one in 53 women,6 with melanoma accounting for six out of

seven skin cancer deaths.2 Historically melanoma patients have been

treated with chemotherapy, radiotherapy, and cytokine‐based im-

mune therapies (e.g., interferon‐α, interleukin‐2).2,3,7 The develop-

ment of modern immunotherapy with checkpoint inhibitors together

with targeted therapies with BRAF and MEK inhibitors in patients with

BRAF mutated melanoma has led to new treatments with substantially

improved survival rates over the past 10 years.3,7–10 The treatment of

metastatic melanoma has particularly been improved by the intro-

duction of CTLA4 and PD1 inhibitors that have beneficially impacted

the prognosis for many patients.11–14 CTLA4 and PD1 antibodies are

immune checkpoint inhibitors (ICIs) that enhance activation of the

immune system and tumor cell targeting.15,16 ICIs differ from classical

cytokine‐based immunotherapy (e.g., interferon‐α, interleukin‐2) and

are associated with autoimmune like side effects. However, surgery is

still the primary treatment for most melanoma patients (stage I–III),

and currently adjuvant treatment is indicated for radically resected

stage III–IV disease. ICIs and targeted therapy are also used in non‐
operable stage III–IV disease.2,3

As a consequence of improved survival, there has been an

increased focus on short‐ and longer‐term side and late effects

experienced by cancer patients and survivors in general.17 Across

different cancers and treatments, a significant proportion of patients

experience a wide range of co‐occurring symptoms, including

depression, anxiety, fatigue, sleep disturbances, and cognitive prob-

lems.18–20 While the etiology of these symptoms, that is, whether

they are due to the cancer or its treatment, is not always clear, these

symptoms are associated with lower quality of life, poor daily func-

tioning, slower recovery, and increased morbidity.21–26

A systematic review of 44 studies published in 2009 indicated

that approximately one third of patients with melanoma report high

levels of psychological distress requiring clinical intervention.27 A

more recent systematic review of 18 studies showed that patients

with uveal melanoma experienced impaired physical functioning and

well‐being after treatment.28 Several studies included in these re-

views have focused on psychological distress and quality of life in

melanoma patients,27,29–31 but have typically not examined other

symptoms that often co‐occur in cancer patients. Indeed, in cancer

patients, such symptoms may contribute to or even exacerbate each

other over time19,32 with important treatment implications. For

example, successful treatment of one symptom may have a beneficial

impact on other symptoms in the cancer symptom cluster.33 There is

thus a need for a comprehensive systematic review with meta‐
analysis of important symptoms in uveal and cutaneous melanoma

patients beyond psychological symptoms, and which includes studies

of other psychological and behavioral symptoms typically present in

the cancer symptom cluster.

In view of the recent evolution of treatments for melanoma pa-

tients, we aimed to conduct a comprehensive systematic review to

investigate the nature and prevalence of psychological and behav-

ioral symptoms in the cancer‐related symptom cluster, that is,

depression, anxiety, fatigue, sleep disturbances, cognitive problems,

before, during, and after treatment in patients and survivors with

melanoma. Such information could have important implications for

the development of targeted interventions to ameliorate such

symptoms in this population.

2 | METHODS

The present study was conducted in accordance with the guidelines

for Meta‐Analysis Of Observational Studies in Epidemiology

(MOOSE).34 The protocol was preregistered in The International

Prospective Register of Systematic Reviews (PROSPERO)35

(#CRD42020189847), and the review is reported in accordance with

the Preferred Reporting Items for Systematic Reviews and Meta‐
Analyses guidelines.36

2.1 | Search strategy and selection criteria

A comprehensive literature search with no publication date re-

strictions was undertaken on September 9, 2021 with an updated

search conducted on June 8, 2022 in the PubMed, PsycInfo,

Cochrane Library, and CINAHL electronic databases. When possible,

relevant MeSH terms or MeSH term equivalents were included in

each database. Key words related to the population (melanoma* OR

“malignant melanoma*” OR “metastatic melanoma*”) were combined

with key words related to outcomes (depressi* OR anxiety OR fa-

tigue* OR “cancer‐related fatigue*” OR cognition* OR “cognitive

function*” OR sleep* OR “sleep disturbances*” OR “cognitive

impairment*” OR “cognitive dysfunction*” OR “cognitive deficit*” OR

chemobrain OR “chemo‐brain*” OR neuropsycholog* OR “cogniti*”

OR “sleep disturb*” OR “chemo fog*” OR insomnia*). The first and

second author (JTD and LSL) conducted the search independently.

Study eligibility was determined using the Population, Interven-

tion/Exposure, Comparator, Outcome approach37 referring to popu-

lation, intervention/exposure, comparator, and outcome.37 Population:

studies of adults in treatment or previously treated for melanoma;

Intervention/exposure: any melanoma treatment; Comparator: N/A;

Outcome: one or more of the following symptoms: depression, anxiety,

fatigue, sleep disturbances, and cognitive problems prior to, during,

and/or after treatment assessed independently with a standardized

validated measurement/symptom scale.

Only English‐language reports published in peer‐reviewed jour-

nals were considered eligible. We excluded non‐human research,

reports that were not primary research papers, for example, review
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articles, single case studies, and “grey literature,” for example, con-

ference abstracts and dissertations. Intervention studies were also

excluded.

The literature search and data extraction were conducted using

the Covidence systematic review software (Veritas Health Innova-

tion, Melbourne, Australia, www.covidence.org). In the first round of

screening, JTD and LSL independently screened the title and abstract

of all identified references and excluded ineligible reports. In the

second round of screening, the full‐text of the remaining reports

were evaluated independently by JTD and LSL and reasons for

exclusion were registered. Uncertainties and disagreements were

discussed with the last author (RZ). After each screening, the two

authors discussed discrepancies, and reached a negotiated decision.

Following each screening, interrater agreement was assessed using

Cohen's Kappa statistic, κ.38

2.2 | Quality assessment

Methodological quality and risk of bias assessment was undertaken

independently by two authors (JTD and SMK) for all included studies,

using the National Institutes of Health Quality Assessment Tool for

Observational Cohort and Cross‐Sectional Studies.39

2.3 | Data extraction and synthesis

Data extraction was performed independently by two authors (JTD

and SMK) and included authors, publication year, aim of study, study

design, sampling strategy, setting, follow‐up (number and assessment

time points), number of participants, mean sample age, gender of

participants (percent women), mean education level in years, partici-

pation rate of eligible persons, loss to follow up (percentage), mela-

noma diagnoses of participants (cutaneous and/or uveal melanoma),

cancer stage (I–IV), treatment type (surgery, radiotherapy, chemo-

therapy, targeted therapy, ICI and/or cytokine‐based immunother-

apies), outcomes (cancer symptoms represented; depression, anxiety,

fatigue, sleep and cognition), method used for assessing cancer

symptoms and results (measurement, mean, standard deviation and

prevalence rates of symptoms). A meta‐analysis was conducted when

a minimum of three studies assessing the same symptom were avail-

able. Analyses were conducted separately for each outcome, assess-

ment time point (prior to treatment, during treatment and after

treatment) and melanoma subtype (cutaneous or uveal melanoma).

2.4 | Meta‐analytic strategy

A pooled inverse‐variance weighted event rate (ER) was calculated

for each outcome as the summary statistic of prevalence. ER is

defined as the proportion of patients reporting high/clinical levels of

the symptom in question while taking the individual study sample

size into consideration, yielding an ER‐range from 0 to 1. When

available, ERs were calculated for the following four time points: (1)

before treatment, (2) during treatment, (3) less than 1 year after

treatment, and (4) 1 year or longer after treatment. A random effects

model was chosen over a fixed effects model as ERs were assumed to

vary according to underlying study characteristics, for example, be-

tween study populations of different ages, with different gender

distributions, with different diagnoses, and receiving different com-

binations of treatments. The possibility of publication bias, a wide-

spread problem when conducting meta‐analysis, was inspected

visually with funnel plots40 and analyzed with Egger's method.41 If

our analyses indicated possible publication bias, it was planned to use

the trim‐and‐fill procedure42 to impute “missing studies” and calcu-

late an adjusted pooled ER.

Study heterogeneity was quantified by calculating the I2 statistic

which describes the percentage of the variability in prevalence esti-

mates that is likely to be due to heterogeneity, that is, systematic

differences between studies, rather than sampling error.40 The I2

statistic tends to overestimate heterogeneity when the number of

studies in the meta‐analysis is small and should be interpreted with

caution. As recommended, we therefore supplement the point esti-

mate I2 with its confidence interval.43

Based on the prevalence estimate from the meta‐analysis, we

calculated two interval estimates. In addition to the confidence in-

terval (i.e., the precision of the estimate), we identified the 95%

prediction interval based on Tau as an estimate of the standard de-

viation of the true effect sizes (μ � Zα √τ2). The prediction interval

represents the range of values that the results of 95% of future

similar studies are expected to fall within.44

If three or more studies reported relevant data, we conducted

sub‐group analyses of ERs for each of the symptoms with respect to

assessment time point (before, during, <1 year after, ≥1 year after

treatment), melanoma diagnosis (uveal and cutaneous melanoma),

and disease stage (early (I–II) and late stage (III, IV)). Finally, we

conducted exploratory meta‐regression analyses to investigate the

role of potential continuous moderators (mean age of the sample,

percent women in the sample, time since treatment, publication year)

as well categorical moderators (diagnosis and treatment types, i.e.,

surgery, chemotherapy, radiotherapy, classical immunotherapy, ICIs,

and targeted therapy).

Finally, if means and standard deviations or standard errors were

reported for a sufficiently large number of studies, we calculated the

pooled means for the most commonly used instruments, for example,

the Hospital Anxiety and Depression Scale (HADS).45

All analyses were conducted using Comprehensive Meta‐
Analysis, version 346 and various formulas in Microsoft Excel.

3 | RESULTS

3.1 | Search results

A total of 1798 articles were identified through database searches

and an additional eight from other sources. After removal of
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duplicates, a total of 1410 records were eligible for abstract

screening. A total of 1108 records were excluded after screening,

leaving 302 articles eligible for full text screening. Two hundred and

thirty‐six articles were then excluded primarily due to reporting a

“non‐relevant outcome” (52%), leaving 66 papers that were included in

the systematic review. Ninety‐percent agreement was achieved by

reviewers during the abstract review process and 96% agreement

during full‐text screening. All disagreements were resolved through

negotiation. The study selection process is visualized in Figure 1.

Authors of 31 studies were contacted and asked to provide addi-

tional data. Ten authors replied and provided the requested data.

3.2 | Study characteristics

The participants, treatments, symptoms examined, and other char-

acteristics of the included studies are summarized in Table 1. The

eligible papers reported on 72 independent samples including a total

of 12,400 melanoma patients and survivors, with sample sizes

ranging from 747 to 1109.48 The included articles were published

between 1992 and 2022 and reported on 54 samples of cutaneous

melanoma patients and 18 samples of uveal melanoma patients. The

studies were broadly geographically distributed with 49 studies

conducted in Europe, 13 in North America, 3 in Oceania, and 1 in

South America. Mean sample ages ranged from 42.447 to 69.4849

years with an overall weighted mean sample age of 61.2 years.

Approximately one‐third of the studies (K = 24 (36%)) had used a

longitudinal design, that is, presented prevalence data for more than

one time‐point.

3.3 | Quality rating and risk of bias

See online Table S1 for an overview of the quality ratings of each

study. Fifty‐three studies were assessed to be of good quality (>9

criteria met) and 13 studies to be of fair quality (5–9 criteria meet).

Overall, studies received high ratings in terms of presenting clear

definitions of the research question, study population, exposure and

outcome measures as well as having a sufficient timeframe between

measurement of outcome and exposure. Only 24 studies reported

follow‐up data on psychological outcomes and over half of these

studies either did not report follow‐up rates or had dropout rates

greater than 20%. Statistical power justification was only reported in

five studies, and 23 studies reported effect estimates.

F I GUR E 1 Preferred Reporting Items for Systematic Reviews and Meta‐Analyses diagram.
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3.4 | Anxiety

The most commonly used scale to assess anxiety was the HADS

(K = 33), followed by the State‐Trait Anxiety Inventory (K = 6). As

seen in Table 2, the highest prevalence of anxiety was found before

(19%) and during treatment (19%). Before treatment, more than four

times as many uveal melanoma patients (30%) had clinical levels of

anxiety than cutaneous melanoma patients (7%). The same pattern,

although much less pronounced, was observed after treatment, but,

as seen in Table 3, the difference between uveal and cutaneous

melanoma only reached statistical significance for anxiety assessed

before treatment. After treatment, more patients with late stage

melanoma, that is, stage III and IV, had clinically significant levels of

anxiety (20%) than those with early stage melanoma, that is, stage I

and II (13% respectively), but, as seen in Table 3, the difference did

not reached statistical significance (See online supplementary mate-

rial, Figure S2 for a forest plot of anxiety after treatment). When

examining the remaining potential categorical and continuous mod-

erators, only two results reached statistical significance. A higher

percentage of women in the sample was statistically significantly

associated with higher numbers of survivors with clinical levels of

anxiety. Likewise, in studies where participants had received

chemotherapy, there were statistically significantly more melanoma

survivors with clinical levels of anxiety than in the studies where

participants had not received chemotherapy. When adjusting for

disease stage in the 11 studies which had provided data on both

TAB L E 2 Pooled event rates of anxiety, depression, and fatigue grouped by time of assessment, melanoma sub‐diagnosis, and stage.

Symptom Subsample Time‐point Ka N
Event

rateb 95% CI

Heterogeneity (%)

95% PIdI2 (95% CI)c Tau2

Depression All Before treatment 16 1699 0.08 0.05–0.13 82.8 (53.1–100) 0.92 0.01–0.43

During treatment 10 715 0.12 0.06–0.22 85.4 (34.2–100) 1.27 0.01–0.68

After treatment 31 7051 0.10 0.08–0.12 80.4 (64.6.96.2) 0.26 0.03–0.24

<1 year after 14 3050 0.08 0.05–0.11 84.3 (51.2–100) 0.41 0.02–0.25

>1 year after 20 5625 0.09 0.07–0.12 83.0 (60.1–100) 0.26 0.03–0.23

Anxiety All Before treatment 9 1308 0.19 0.11–0.30 91.7 (55.0–100) 0.69 0.03–0.66

During treatment 4 219 0.19 0.09–0.34 78.6 (09.0–100) 0.50 0.01–0.89

After treatment 26 6830 0.16 0.13–0.19 90.3 (75.2–100) 0.30 0.06–0.38

<1 year after 11 2891 0.17 0.12–0.23 92.6 (65.1–100) 0.38 0.04–0.46

>1 year after 18 5559 0.15 0.12–0.19 90.9 (71.4–100) 0.29 0.05–0.36

Fatigue All During + after treatment 4 298 0.35 0.16–0.61 86.2 (24.5–100) 0.96 0.00–0.98

Depression Uveal Before treatment 5 319 0.16 0.07–0.30 81.9 (0.20–100) 0.69 0.01–0.79

Cutan. melanoma Before treatment 11 1380 0.06 0.03–0.10 63.8 (22.0–100) 0.48 0.01–0.26

Cutan. melanoma During treatment 9 647 0.13 0.06–0.25 86.3 (27.8–100) 1.30 0.01–0.72

Uveal After treatment 12 3139 0.11 0.08–0.14 79.1 (22.1–100) 0.20 0.04–0.26

Cutan. melanoma After treatment 19 3912 0.09 0.07–0.12 80.3 (53.9–100) 0.33 0.03–0.26

Anxiety Uveal Before treatment 5 401 0.30 0.21–0.41 78.5 (16.3–100) 0.23 0.07–0.70

Cutan. melanoma Before treatment 4 907 0.07 0.03–0.18 80.7 (11.2–100) 0.72 0.00–0.85

Cutan. melanoma During treatment 3 151 0.13 0.05–0.30 72.5 (08.5–100) 0.60 0.00–1.00

Uveal After treatment 9 3004 0.18 0.13–0.25 93.2 (61.0–100) 0.34 0.05–0.49

Cutan. melanoma After treatment 17 3826 0.14 0.11–0.18 87.4 (63.8–100) 0.29 0.05–0.40

Depression Early stage (I–II) After treatment 8 1905 0.08 0.06–0.10 47.2 (2.0–96.0) 0.06 0.04–0.15

Late stage (III, IV) After treatment 3 146 0.14 0.09–0.22 10.9 (2.0–92.0) 0.03 0.00–0.91

Anxiety Early stage (I–II) After treatment 8 1959 0.13 0.09–0.18 83.6 (31.0–100) 0.20 0.04–0.33

Late stage (III, IV) After treatment 3 146 0.20 0.09–0.37 68.3 (12.5–100) 0.40 0.00–1.00

aK = number of independent samples (some studies report data on several independent subsamples, e.g., receiving different treatments).
bRandom effects model, weighted by inverse variance, calculated for K ≥ 3.
cHeterogeneity: I2 (%) and 95% CI (note: I2 is likely to be biased when K is small).
d95% prediction interval calculated when I2 > 0.
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TAB L E 3 Exploring sample‐, disease‐, and treatment‐related predictors of the prevalence of clinically significant anxiety and depression
in melanoma patients before, during, and after treatment—results of meta‐regression analyses.

Symptom Time‐point Predictor Ka Slopeb 95% CI pc R2

Depression Before treatment Sample age 15 −0.05 −0.18 to 0.08 0.473 0.08

Percent women 14 −1.87 −7.80 to 4.07 0.538 0.02

Uveal (ref. cutaneous) 16 1.14 0.12 to 2.16 =0.029 0.33

Publication year 16 −0.01 −0.08 to 0.05 0.668 0.01

During treatment Sample age 9 0.06 −0.15 to 0.27 0.572 0.07

Percent women 10 −1.94 −8.42 to 4.54 0.558 0.04

Publication year 10 −0.07 −0.15 to 0.02 0.108 0.25

Surgery (ref. no surgery) 10 −1.21 −2.74 to 0.32 0.121 0.21

Chemotherapy (ref. no chemotherapy) 10 −0.43 −1.80 to 0.93 0.533 0.04

Radiotherapy (ref. no radiotherapy) 10 0.04 −2.31 to 2.39 0.973 0.00

Classical immunotherapy (ref. none) 10 0.43 −0.02 to 1.80 0.533 0.04

Immune checkpoint inhibitors (ref. none) Insufficient number of studies with ICIs (K = 2)

Targeted therapy (ref. none) Insufficient number of studies with targeted therapy (K = 1)

After treatment Sample age 25 −0.01 −0.07 to 0.04 0.591 0.02

Percent women 31 2.36 −0.49 to 5.21 0.105 0.07

Publication year 31 0.01 −0.03 to 0.04 0.654 0.00

Average time since treatment (weeks) 10 0.00 −0.00 to 0.01 0.213 0.02

Uveal (ref. cutaneous) 31 0.22 −0.25 to 0.69 0.375 0.05

Late stage (III, IV) (ref. early (stage I, II)) 11 0.63 0.12 to 1.13 =0.015 1.00

Surgery (ref. no surgery) 31 −0.19 −0.71 to 0.34 0.483 0.02

Chemotherapy (ref. no chemotherapy) 31 0.47 −0.13 to 1.07 0.119 0.10

Radiotherapy (ref. no radiotherapy) 31 0.42 −0.05 to 0.89 0.079 0.13

Immune checkpoint inhibitors (ref. none) Insufficient number of studies with ICIs (K = 2)

Targeted therapy (ref. none) Insufficient number of studies with targeted therapy (K = 1)

Anxiety Before treatment Percent women 9 −3.27 −10.41 to 3.88 0.370 0.00

Uveal (ref. cutaneous) 9 1.58 0.74 to 2.43 <0.001 0.69

Publication year 9 −0.05 −0.12 to 0.02 0.181 0.18

After treatment Sample age 20 0.02 −0.04 to 0.09 0.511 0.02

Percent women 26 4.49 1.86 to 7.12 <0.001 0.30

Publication year 26 0.00 −0.03 to 0.03 0.961 0.00

Uveal (ref. cutaneous) 26 0.29 −0.20 to 0.79 0.247 0.07

Late stage (III, IV) (ref. early (stage I, II)) 11 0.49 −0.30 to 1.27 0.224 0.10

Surgery (ref. no surgery) 26 0.46 −0.07 to 0.99 0.091 0.13

Chemotherapy (ref. no chemotherapy) 26 0.77 0.16 to 1.38 =0.014 0.22

Radiotherapy (ref. no radiotherapy) 26 0.29 −0.26 to 0.83 0.300 0.04

Immune checkpoint inhibitors (ref. none) Insufficient number of studies with ICIs (K = 2)

Targeted therapy (ref. none) Insufficient number of studies with targeted therapy (K = 1)

Note: Bold values = significant results (=under p < 0.05).
aK = number of independent samples in the analysis (Note: one published study may report on several independent samples).
bMeta‐regression (maximum likelihood method), conducted when K ≥ 8.
cTwo‐tailed p‐value.
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chemotherapy and stage, the association did no longer reach statis-

tical significance (Slope = 1.5 [95% CI: −0.1. to 2.9], p = 0.074) (No

further data shown).

To aid the interpretation of the results, we calculated the pooled

mean scores of HADS anxiety across assessment time‐points (before,

during, after treatment), diagnosis (uveal, cutaneous melanoma), and

stage (early, I–II; late, III–IV) (see online supplementary material,

Table S2). Mean HADS anxiety scores were approximately twice as

high before and during treatment (9.4 and 10.2) compared with after

treatment (5.1). After treatment, mean anxiety scores (6.6) were

statistically significantly higher (p = 0.021) in samples of patients with

late stage melanoma than in samples of early stage melanoma (3.4).

HADS anxiety scores range between 0 and 21 with scores ≥8

denoting possible clinical cases of anxiety.45

3.5 | Depression

As seen in Table 1, the HADS was also the most commonly used scale

to assess depression (K = 33), followed by the Beck Depression In-

ventory (K = 6). (See online supplementary material, Figure S1 for a

forest plot of depression after treatment). The highest rate of

depressed patients was observed during treatment (12%). Before

treatment, almost three times as many uveal melanoma patients had

clinically significant levels of depression (16%) than patients with

cutaneous melanoma (6%). The same pattern, although much less

pronounced, was observed after treatment. When comparing the

prevalence with meta‐regression (see Table 3), the differences only

reached statistical significance for depression assessed before

treatment. After treatment, more patients with late stage melanoma,

that is, stage III and IV, had clinically significant levels of depression

(14%) than those with early stage melanoma, that is, stage I and II

(8% respectively) (see Table 2). When comparing the prevalence with

meta‐regression, the difference reached statistical significance (see

Table 3).

We also calculated the pooled mean scores of HADS depression

across assessment time‐points, diagnostic subtype, and stage (see

online supplementary material, Table S2). Mean depression scores

were approximately twice as high before and during treatment

(HADS depression: 7.9 and 7.6) compared with after treatment

(HADS depression: 3.3). After treatment, mean depression scores

(5.3) were statistically significantly higher (p = 0.049) in samples of

patients with late stage melanoma than in samples of early stage

melanoma (4.8). HADS depression scores range between 0 and 21

with scores ≥8 denoting possible clinical cases of depression.45

3.6 | Fatigue

Only four studies reported prevalence of fatigue.50–53 The preva-

lence of fatigue varied from 15% to 58% in patients with cutaneous

melanoma during and after treatment. A total of eight studies re-

ported data on fatigue assessed with eight different instruments

(PROMIS Fatigue, Multidimentional Fatigue Inventory [MFI], Chalder

Fatigue Scale [CFQ], The Piper Fatigue Scale [PFS], Fatigue Severity

Scale [FSS], The revised Piper Fatigue Scale [RPFS], Patient Health

Questionnaire‐9 [PHQ‐9]). Three studies reported data during

treatment, two reported data less than 1 year after treatment, and

four reported data more than 1 year after treatment. Boekhout and

colleagues54 found survivors of cutaneous melanoma to have higher

symptom burden of fatigue as compared to matched controls. Similar

findings were reported by Paterson and colleagues55 who also re-

ported increased levels of fatigue in survivors of cutaneous mela-

noma. However, Tibubos and colleagues56 only found increased

levels of fatigue in younger survivors of cutaneous melanoma under

40 years. Hyatt and colleagues57 reported levels of fatigue to be only

slightly higher (M = 54.8) than the standardized mean (M = 50) of

patient‐reported outcome measures of fatigue. The pooled preva-

lence of fatigue was 35%.

3.7 | Cognitive problems

Three studies reported prevalence rates of cognitive com-

plaints52,53,58 varying from 20% to 44% among patients with cuta-

neous melanoma during and/or after treatment. A total of four

studies reported data on cognitive complaints measured by a self‐
reported scale and a range of neuropsychological tests. Of these,

one study reported data before treatment, two reported data

during treatment and two reported data more than 1 year after

treatment. Bartels and colleagues58 found an association between

higher degrees of cognitive impairments measured by neuropsy-

chological tests and specific autoantibodies in cutaneous melanoma

patients measured either during or after treatment. Caraceni and

colleagues59 reported cognitive failure in patients with metastatic

melanoma after the end of each course of treatment with

interleukin‐2 which was especially pronounced during tasks

requiring higher level of attention. Rogiers and colleagues found, at

the z ≤ −1.00 cutoff, 62%52 and 40%53 of the patients to be

impaired on two or more neuropsychological tests during53 or more

than 1 year after treatment.52 No studies reporting data on

cognitive complaints or impairments were eligible to be included in

the meta‐analysis.

3.8 | Sleep

One study reported data on sleep in melanoma survivors assessed

approximately 14 months after diagnosis with the Pittsburgh Sleep

Quality Index (PSQI), the Insomnia Severity Index, and actigraphy.60

The study reported poor subjective sleep quality among melanoma

survivors assessed with the PSQI (Mean = 6.6) and slightly lowered

actigraphy‐assessed sleep efficiency (SE) (Mean = 82.2). However, for

self‐reported insomnia severity, the mean ISI‐score was below cut‐
offs for subthreshold and clinical insomnia among survivors of

melanoma.
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3.9 | Heterogeneity

As seen in Table 2, the results were characterized by considerable

heterogeneity, with I2 values ranging from 10.9% (depression, late

stage, after treatment) to 93.2% (anxiety, uveal melanoma, after

treatment). The 95% CIs for the I2 estimates tended to be broad for

calculations based on smaller numbers of studies, indicating less

precise heterogeneity estimates. The heterogeneity estimates

remained high for the melanoma subtype and stage‐based subgroup

analyses. Based on the variation of true values, the prediction in-

tervals, that is, the range of values that the results of 95% of future

similar studies are expected to fall within, were wide for several

prevalence estimates.

4 | DISCUSSION

In this systematic review and meta‐analysis of psychological and

behavioral symptoms in patients with melanoma. One strength of our

systematic review and meta‐analysis is that previously published

reviews have primarily focused on depression, anxiety, and quality of

life in patients with uveal melanoma.29–31 The present review pro-

vides an overview of a broader range of psychological and behavioral

symptoms that are part of a cancer symptom cluster, and provide a

more nuanced picture of, primarily anxiety and depression, in both

cutaneous and uveal melanoma patients before, during, and after

completion of treatment. The majority of studies investigated

depression and anxiety, with pooled prevalence rates of depressive

symptoms and anxiety ranging from 8% to 12% and 15%–19%

respectively across time points (before, during, and after treatment).

Across melanoma diagnoses and treatments, the pooled rate of

depression was highest when assessed during treatment (12%) and

fell to the before‐treatment level (8%) in samples assessed at <1 year

follow‐ups. This rate still exceeds the estimated 5% prevalence in the

general adult population.61 Similarly, the rates of anxiety were

highest before and during treatment (19%), falling to 15% when

assessed >1 year after completed treatment. Again, the prevalence in

melanoma patients and survivors at both time points exceeds both

the global 7.3% prevalence and the 10.4% of anxiety disorders in

European and Anglo cultures.62 The pooled prevalence of fatigue was

35%. The prevalence of cognitive impairment ranged from 20% to

44% among patients with cutaneous melanoma either during or after

treatment. The one study that included sleep reported no prevalence

rates but showed that greater sleep regularity was associated with

increased global quality of life, better physical functioning and fewer

cancer‐related symptoms.60

When exploring the association of symptom rates with various

study sample characteristics, few clear findings emerged. At the time

of diagnosis but prior to treatment, higher rates of both depression

and anxiety were found in patients with uveal melanoma compared

with patients with cutaneous melanoma, with symptoms being

approximately three times more prevalent in patients with uveal

melanoma. Uveal melanoma is a rare disease with approximately half

of the patients developing metastases.63,64 The prognostic differ-

ences could be one possible explanation for the higher rates of

anxiety and depressive symptoms before treatment in patients with

uveal melanoma compared with cutaneous melanoma. In addition,

uveal melanoma patients will lose an eye or part of their visual ca-

pacity from the primary treatment. The difference between di-

agnoses did not reach statistical significance after completed

treatment. One possible explanation could be a higher proportion of

patients diagnosed with early stage disease (I and II) in the samples

where depression and anxiety had been investigated after completed

treatment. While the number of studies with separate data on both

diagnosis and stage were too few to explore this hypothesis, the

statistically significantly higher rates of depression found in patients

with later stages of melanoma (Stage III and IV) compared with those

diagnosed with earlier stages, could be taken to support this hy-

pothesis. The finding of higher rates of depression in patients diag-

nosed with later stage disease is unsurprising, and consistent with

results found in other cancer populations.65,66 Late stage melanoma

patients receive more intensive treatment and often receive combi-

nations of treatments with associated biological side effects and

psychological stress potentially leading to higher levels of anxiety and

depression.67 The only association found between symptom rates

and treatments received was the significantly higher rates of anxiety

found in those study samples where patients had received chemo-

therapy. However, when adjusting for cancer stage (early vs. late) in

the sub‐sample of studies that had provided this information, this

result ceased to be statistically significant. Finally, statistically

significantly higher rates of anxiety after treatment completion were

found in studies with higher percentages of women. This result is

consistent with findings in the general population showing that

women are significantly more likely to develop an anxiety disorder

throughout their lifespan.68,69 However, we did not find a sex dif-

ference in rates of depression, even though rates of depression are

generally higher among women than men in the general popula-

tion.70,71 With the exception of chemotherapy, no other treatment

modality was associated with rates of depression or anxiety. With

new and more efficacious treatments such as ICIs and targeted

therapies, one could expect that fewer patients experience such

symptoms. Unfortunately, there were too few available studies that

had included data on such treatments, and thus, it was not possible

for us to explore this hypothesis. A proxy for more recent treatments

could be publication year, but no associations were found between

publication year and prevalence rates. The very few studies reporting

on fatigue did not allow for an exploration of associations with

sample characteristics.

4.1 | Clinical implications

The present systematic review and meta‐analysis has a number of

practical and clinical implications. The available data show that a
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proportion of melanoma patients report clinically elevated levels of

depression and anxiety, not only before and during treatment, but

also after treatment completion. Our findings highlight vulnerable

periods for these patients and the need to screen for distress, that is,

anxiety and/or depression, as the “6th vital sign”72 before, during, and

after treatment and for providing relevant interventions for patients

in need. Timely identification of clinically significant symptoms of

anxiety and depression has the potential to improve overall quality of

life, prognosis, and other treatment outcomes.23,24,26,73 While there

currently is no agreed‐upon universal screening tool, one of the most

used screening tools for depression and anxiety, the HADS,45 was

included in several studies, and our review provides pooled mean

HADS depression and anxiety scores at different time points for

comparison. Unfortunately, few studies had examined fatigue,

cognitive problems, and sleep, preventing us from evaluating the

possible factors associated with higher rates of these symptoms.

4.2 | Recommendations for future research

Treatment of melanoma has evolved considerably over the past

decade, resulting in increases in overall survival, progression‐free

survival, and objective response rates.3,7,67,74 This underscores the

urgent need for longitudinal research examining the side and late

effects of current treatment strategies such as ICIs and other tar-

geted treatments. This includes a need for further investigation of

the understudied symptoms of fatigue, cognitive problems, and sleep

disturbances, their risk factors and mechanisms, and the efficacy of

interventions for treating these symptoms.

4.3 | Study limitations

Some limitations should be noted. First, the high I2‐values indicate

substantial heterogeneity of results, suggesting considerable un-

derlying systematic differences between the available studies, which

are further reflected in the relatively wide prediction intervals.

While we attempted to identify possible sources of the heteroge-

neous results, the moderating factors explored only explained

limited proportions of the variance. Second, the majority of the

included studies only reported data on one or two symptoms, with

depression and anxiety overwhelmingly being the most widely

researched symptoms. This limits our understanding of the broader

range of side and late effects experienced by melanoma patients

and survivors and underscores the need for more research, for

example, on sleep disturbances, fatigue, and cognitive problems.

Third, we did not review specific subtypes of anxiety, for example,

fear of cancer recurrence (FCR). This has been explored in a

recently published individual participant data meta‐analysis of 46

studies with 9.311 cancer patients and survivors. Only 302 (3.2%)

were melanoma survivors. More than two‐thirds (69%) had FCR

scores above the suggested cut‐off.74,75 Finally, symptoms of

depression and anxiety were assessed using a range of different

scales, threatening across‐study comparability and increasing

between‐study variability.

5 | CONCLUSION

This, to our knowledge, first comprehensive systematic review and

meta‐analysis of its kind in the melanoma patient and survivor pop-

ulation demonstrates that symptoms of depression and anxiety are

prevalent in patients with melanoma, not only before and during

treatment, but also after completed treatment. Furthermore, our

results show that, prior to treatment, depression and anxiety are

more prevalent in uveal melanoma than in cutaneous melanoma.

More research is clearly needed in the area of fatigue, cognitive

problems, and sleep, not least in light of the considerable improve-

ments in melanoma treatment in recent years.
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