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ORIGINAL ARTICLE

Chronic fatigue in long-term survivors of Hodgkin’s lymphoma after
contemporary risk-adapted treatment
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Hanne S. Bersvendsenf, Cecilie E. Kiseruda and Alexander Fossåg

aDepartment of Oncology, National Advisory Unit for Late Effects after Cancer Treatment, Oslo University Hospital, Oslo, Norway; bInstitute
of Clinical Medicine, University of Oslo, Oslo, Norway; cDepartment of Global Health, Division of Health Care Services, Norwegian Institute
of Public Health, Oslo, Norway; dDepartment of Oncology, St. Olav0s Hospital, Trondheim, Norway; eDepartment of Cancer Research and
Molecular Medicine, NTNU, Trondheim, Norway; fDepartment of Oncology, University Hospital of North Norway, Tromsø, Norway;
gDepartment of Medical Oncology and Radiotherapy, Oslo University Hospital, Oslo, Norway

ABSTRACT
Background: Chronic fatigue (CF), substantial fatigue for� six months, can manifest as a late effect
(LE) after cancer treatment, and may affect several aspects of life. In a Norwegian cohort of Hodgkin’s
lymphoma survivors (HLS), more than a decade after contemporary risk-adapted treatment regimens
with limited use of radiotherapy (RT), we assessed: (1) Prevalence of, (2) factors associated with (3) and
implications of CF on socioeconomic status (SES) and work ability (WA).
Material and methods: HLS treated between 1997–2006, aged 8–49 years at diagnosis, were invited
to participate in a population-based cross-sectional study on late effects in 2018–2019. In a mailed
questionnaire, HLS responded to a fatigue questionnaire (FQ), work ability score (WAS) and short-form
health survey (SF-36). Disease- and treatment data were extracted from hospital records. Factors asso-
ciated with CF were identified by uni- and multivariate analysis. To study the implications of CF on
SES and WA, a multinomial regression analysis was performed.
Results: Invitations were extended to 518 HLS and 298 (58%) responded to FQ, of whom 42% had CF
with mean (standard deviation [SD]) physical- and mental fatigue scores of 10.2 (4.3) and 5.5 (2.1)
respectively. Median age at survey was 45 years, 47% were females. In multivariate analysis female sex
(p¼ 0.03), lower education (p¼ 0.03), body mass index �30 kg/m2 (p¼ 0.04), and an increasing num-
ber of comorbidities (p¼ 0.01) were associated with CF. No association with disease stage, chemother-
apy or RT was found. CF was associated with poorer WAS scores at survey (p< 0.001), unemployment
(p¼ 0.03), and receiving disability pension (p¼ 0.003).
Conclusion: After risk-adapted treatment, CF is still a frequent LE among long-term HLS, without
apparent association with disease or treatment-related parameters. CF is associated with reduced WA
and SES. As no apparent risk reduction is seen with contemporary treatment, further studies should
emphasize etiological factors of CF and treatment to alleviate this common LE.
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Introduction

Hodgkin’s lymphoma (HL) is a common malignancy in ado-
lescents and young adults with a peak in incidence between
15–34 years of age [1]. For decades, HL has been highly cur-
able with combinations of chemotherapy and/or radiother-
apy, and current 5-year relative survival estimates are
reported to be in excess of 90% [2]. HL patients who face
the disease and undergo extensive treatment at a relatively
young age, are at risk of developing late effects (LEs) after
therapy, adverse outcomes that may impact on different
aspects of their lives after cancer. Long-term LEs after HL, i.e.
more than a decade after treatment, are best studied in
patients treated before year 2000. Survivors face increased

risks of several LEs, such as second cancers, cardiovascular
disease, hormonal dysfunction, reduced fertility, and
impaired health-related quality of life (HRQoL) [3–7].

Cancer-associated chronic fatigue (CF) is a common LE
characterized by tiredness, lack of energy, and subjective
cognitive problems, being defined as symptoms lasting for �
6months [8]. Depending on the definition of CF the reported
prevalence amongst Hodgkin’s lymphoma survivors (HLS),
treated mainly before 2000 and with more than 10 years of
follow-up, ranges from 26–37% [9–12].

The etiology of CF after cancer is not clear, but believed
to be multi-factorial and associated with different known
risk-factors: demographic, psychosocial, medical, and bio-
logical [13].
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Over the last three decades, treatment regimens for HL
have been modified, mainly to reduce the burden of LEs
observed after older and now partly obsolete treatment strat-
egies [3–7]. In line with changes implemented in most Western
countries, Norway from 1997 introduced risk-adapted modifica-
tions with a shift from alkylator-based chemotherapy regimens
to ABVD (adriamycin, bleomycin, vinblastine, dacarbazine),
BEACOPP (bleomycin, etoposide, adriamycin, cyclophospha-
mide, vincristine, procarbazine, prednisone) or OEPA/COPP (vin-
cristine, etoposide, prednisone, doxorubicin/cyclophosphamide,
vincristine, procarbazine, and prednisone) and restricted use of
radiotherapy, with reduced field sizes (from extended to
involved fields) and lower doses (from 40 to 20–30Gy) [14–17].
Randomized controlled trials for both early and advanced
stages of HL, provide evidence that these modifications have
maintained or improved cure rates of HL [16,18,19].

Prevalence and implications of LEs in long-term HLS
treated after the introduction of modern risk-adapted treat-
ment are still scarcely studied. Still, US patients diagnosed
with HL between 2000 and 2015 are at increased risk of non-
lymphoma-related death, also beyond the first year after
treatment [20]. Recent Scandinavian data show no excess
risk of mortality, and limited, but not eliminated excess long-
term morbidity in stage I-IIA HL treated with ABVD and lim-
ited-field radiotherapy [17,21,22].

In 2018–2019 we conducted a population-based survey of
HLS treated with modern strategies from 1997–2006, to
study the prevalence of LEs and other aspects of life, more
than 10 years after diagnosis [23]. Even though short- and
intermediate-term prevalence rates of CF have been studied
also in cohorts of patients treated after year 2000 [24–26], to
our knowledge, rates of CF and possible implications thereof
in long-term HLS, >10 years after contemporary treatment,
have not been reported.

In the aforementioned study population of long-term HLS,
we wanted to study: (1) Prevalence of CF, (2) factors associ-
ated with CF (3) and possible implications of CF on work
ability (WA) and socioeconomic status (SES).

Method

Study design and population

HL survivors treated between 1997–2006 and aged 8–49 at
diagnosis were invited to participate in a Norwegian popula-
tion-based cross-sectional study on LEs. Survivors were iden-
tified by the Cancer Registry of Norway, and those treated in
the three participating health regions in Norway (South-East,
Mid and North Norway) received a study invitation along
with a written questionnaire during 2018–2019. Consenting
survivors returned the completed questionnaire, with further
possibility to consent to an outpatient clinical examination,
including blood sampling and echocardiography. Non-res-
ponders received one written reminder.

Patient-reported outcome measures

The questionnaire covered sociodemographic factors (sex,
age, marital status), SES (education, work status, WA, income,

disability pension, and other benefits), lifestyle data (smoking
and alcohol consumption), and data on health status
(weight, height, and pain).

Survivors were asked whether they were diagnosed with
one or more, out of 8 pre-specified medical conditions (dia-
betes, hypertension, cardiovascular disease, lung disease, thy-
roid disease, rheumatoid disease, arthritis, and cancer other
than HL). Responses on medical conditions were analyzed
separately, and as a summarized comorbidity score, with a
possible score of 0–8.

The questionnaire included validated patient-reported
outcome measures (PROMs):

Chronic fatigue (CF) was assessed with the Chalder fatigue
questionnaire (FQ) [27], an 11-item tool assessing
fatigue symptoms experienced during the last month. The
questionnaire can be divided into two components; one
measuring physical fatigue (7 items) and the other mental
fatigue (4 items). Each item is rated from 0 (“less than usual”)
to 3 (“much worse than usual”), where higher scores
represent a higher fatigue burden. The total fatigue score is
generated by summarizing the scores of all 11 items, with
a possible score of 0–33. A dichotomized score was gener-
ated for each item (0¼ 0, 1¼ 0, 2¼ 1, 3¼ 1), with a
possible score of 0–11, where the cut-off score �4 and with
symptom duration �6months indicating the presence of
CF [28].

Work ability score (WAS) is the first question in the Work
Ability Index, and is a self-assessment of current WA com-
pared to the time point in life one felt at best, with a range
from 0–10 [29]. A higher score represents better WA and is
categorized into poor (0–5 points), moderate (6–7), good (8–
9) and excellent (10). Use of this single-item question for WA
assessment has been validated [30].

Patient Health Questionnaire (PHQ-9) is a 9-item self-
assessment questionnaire, exploring the severity of depres-
sive symptoms experienced during the last 2weeks [31].
Each item is scored from 0 (not at all) to 3 (nearly every
day), with a possible sum score 0–27, where cutoff scores of
5, 10, 15, and 20 represents mild, moderate, moderately
severe, and severe symptoms, respectively [31].

Short-form health survey (SF-36) is a 36-item question-
naire measuring health-related quality of life (HRQoL), with
four physical and four mental basic health components, sum-
marized into physical (PCS) and mental (MCS) composite
scores. The sum scores were T-transformed, where lower
scores imply lower HRQoL and the Norwegian general popu-
lation mean scores equal 50 [32].

Treatment and disease data

Disease (histology, clinical stage, presence of B-symptoms)
and treatment-related data were retrieved from medical files.

Reference data

Socioeconomic data related to the Norwegian general popu-
lation in 2018 (level of education, employment status,
income level and utilization of disability benefits) was
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Table 1. Descriptive data.

Total CF No CF
Characteristicsa N¼ 298 n¼ 124 (42) n¼ 174 (58) p Value ESc

Sociodemographic data
Gender, n (%)
Female 141(47) 69 (56) 72 (41)
Male 157 (53) 55 (44) 102 (59) 0.02 0.14

Age, years, median (range)
At diagnosis 29 (8–50) 30 (9–50) 29 (8–50) 0.20 0.15
At survey 45 (21–70) 45.5 (21–67) 45 (25–70) 0.09 0.20

Observation time, years, median (range) 16 (10–22) 17 (11–21) 15 (10–22) 0.13 0.18
Marital status, n (%)
Married or partner 240 (81) 99 (80) 141 (81)
Alone 57 (19) 25 (20) 32 (19) 0.72 0.02

Education, n (%) 129 (43)
Primary- and high school (�12 years) 112 (38) 63 (51) 66 (38)
University (13-16 years) 56 (19) 47 (38) 65 (38)
Higher education (>16 years) 14 (11) 42 (24) 0.01 0.18

Hodgkin’s lymphoma and treatment
Primary diagnosis, n (%)
Classical HL 267 (89) 112 (90) 155 (89)
Nodular lymphocyte predominant HL 29 (10) 11 (9) 18 (10)
Unclassified 2 (1) 1 (1) 1 (1) 0.89 0.03

Stage, n (%)
I-IIA 182 (61) 77 (62) 105 (60)
IIB-IV 116 (39) 47 (38) 69 (40) 0.76 0.02

B-symptoms, n (%) 99 (34) 38 (31) 61 (36) 0.41 0.05
Radiotherapy given, n (%) 230 (77) 103 (83) 127 (73) 0.04 0.12
Chemotherapy given, n (%) 281 (94) 116 (94) 165 (95) 0.64 0.03
Progression/relapse, n (%) 45 (15) 22 (18) 23 (13) 0.41 0.08
HDT-ASCT, n (%) 38 (13) 19 (15) 19 (11) 0.26 0.07

Socioeconomic data
Income source at time of survey
Full-time work 187 (63) 58 (47) 129 (74)
Part-time work 19 (6) 9 (7) 10 (6)
Disability benefits 57 (19) 37 (30) 20 (12)
Unemployed 9 (3) 3 (2) 6 (3)
State pension 7 (2) 2 (2) 5 (3)
Other state benefitsd 19 (6) 15 (12) 4 (2) <0.001 0.34

Employed before HL diagnosis, n (%)
Yes 218 (73) 96 (77) 122 (70)
No 34 (11) 8 (7) 26 (15)
No, student/army 46 (15) 20 (16) 26 (15) 0.08 0.13

Disability benefit, n (%) 57 (19) 37 (30) 20 (12) <0.001 0.23
When gained:
After HL treatment 47 (82) 32 (86) 15 (75)
Before HL treatment 6 (11) 4 (11) 2 (10)
Uncertain 4 (7) 1 (3) 3 (15) 0.22 0.23

Degree %:
20–49 2 (4) 1 (3) 1 (5)
50–99 20 (35) 14 (39) 6 (29)
100 35 (61) 21 (58) 14 (67) 0.70 0.11

Unemployed at some time after HL, n (%)b 49 (21) 28 (28) 21 (15) 0.01 0.16
As a result of the disease:
No 22 (45) 8 (29) 14 (67)
Partly 15 (31) 10 (36) 5 (24)
Mostly 12 (24) 10 (36) 2 (9) 0.02 0.40

WAS at diagnosis, mean (SD) 8.8 (2.7) 8.9 (2.6) 8.7 (2.8) 0.41 0.10
By category, n (%)
0–5 Poor 36 (13) 10 (9) 26 (16)
6–7 Moderate 8 (3) 4 (3) 4 (2)
8–9 Good 32 (11) 18 (16) 14 (9)
10 Excellent 205 (73) 84 (72) 121 (73) 0.12 0.15

WAS at survey, mean (SD) 7 (3.3) 5.1 (3.2) 8.3 (2.7) <0.001 1.09
By category, n (%)
0–5 Poor 78 (27) 59 (49) 19 (11)
6–7 Moderate 47 (16) 27 (22) 20 (12)
8–9 Good 74 (25) 28 (23) 46 (27)
10 Excellent 92 (32) 7 (6) 85 (50) <0.001 0.54

Expected yearly income, NOK
0 – 200,000 20 (7) 10 (8) 10 (6)
201,000 – 400,000 77 (26) 41 (34) 36 (21)
401,000 – 600,000 101 (34) 40 (33) 61 (35)
601,000 – 800,000 53 (18) 20 (17) 33 (19)
>801,000 44 (15) 10 (8) 34 (20) 0.06 0.20

(continued)
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extracted from Statistics Norway (SN) [33]. No statistical ana-
lysis of differences between the HLS and the general popula-
tion was performed.

Statistical analysis and ethics

Data was presented as absolute numbers and percentages if
categorical, continuous data as mean and SD when normally
distributed, otherwise as median and range. Groups of HLS
with and without CF were compared using univariate ana-
lysis (Chi-square analysis, two-sample t-tests, and Mann–
Whitney U tests). Effect size (ES) of differences between
groups was calculated and interpreted according to general
guidelines [34].

To predict associations with CF in binary logistic regres-
sion analysis, predictors with a significant association in uni-
variate analysis (p< 0.05) were entered in the multivariate

model, with the exception of pain, depressive symptoms and
HRQoL, all factors are known to be highly correlated with
each other and with CF.

To assess the implications of CF as an independent vari-
able on work-related and socioeconomic variables, multi-
nomial logistic regression analysis was performed with WAS
and different factors of SES (income level, employment- and
disability benefits status) as dependent variables. Models
were adjusted for sex, age at diagnosis, BMI �30 kg/m2 and
comorbidities.

All tests were two-sided and p Values <0.05 considered
significant. Statistical analysis was performed using
International Business Machines (IBM) Statistical Package for
the Social Sciences (SPSS) version 25 for PC (IBM
Corporation, Armonk, USA).

The study was approved by the regional committee for
medical and health research ethics South East (2016/2311).

Table 1. Continued.

Total CF No CF
Characteristicsa N¼ 298 n¼ 124 (42) n¼ 174 (58) p Value ESc

Health and lifestyle factors at the survey
Fatigue score, mean (SD)
Total fatigue score 15.7 (5.9) 20.9 (4.5) 12.0 (3.5) <0.001 2.26
Mental fatigue score 5.5 (2.1) 6.9 (2.2) 4.4 (1.3) <0.001 1.42
Physical fatigue score 10.2 (4.3) 13.9 (3.2) 7.5 (2.7) <0.001 2.21

Self-reported comorbidity at survey, n (%)
Diabetes 15 (5) 8 (7) 7 (4) 0.36 0.05
Cardiovascular disease 28 (9) 10 (8) 18 (10) 0.51 0.04
Hypertension 48 (16) 24 (19) 24 (14) 0.22 0.07
Lung disease 44 (15) 26 (21) 18 (11) 0.01 0.15
Thyroid disease 83 (28) 38 (31) 45 (26) 0.41 0.05
Arthritis 46 (16) 28 (23) 18 (11) 0.006 0.16
Rheumatism 50 (17) 31 (25) 19 (11) 0.002 0.18
Other cancer 29 (10) 15 (12) 14 (8) 0.25 0.07
Depression 68 (23) 41 (33) 27 (16) <0.001 0.20

Comorbidity scoree, mean (SD) 1.1 (1.1) 1.5 (1.2) 0.93 (1.0) <0.001 0.47
Smoking, n (%)
Never or prior 254 (85) 104 (84) 150 (86)
Current or occasionally 44 (15) 20 (16) 24 (14) 0.58 0.03

Alcohol units per week, mean (SD) 2.6 (0–28) 2.1 (3.4) 3.0 (3.0) 0.01 0.31
Body mass index at survey,
kg/m2, median (range) 25.7 (17.3–45.9) 27.5 (17.8–45.9) 25.7 (17.3–40.4) <0.001 0.40
BMI �30 kg/m2 57 (19) 33 (27) 24 (14) 0.005 0.16

Pain last 4weeks
None/Very little 144 (49) 35 (29) 109 (63)
Little/Moderate/Strong 151 (51) 88 (77) 63 (37) <0.001 0.34

PHQ-9 score
mean (SD) 6.3 (5.0) 9.8 (4.9) 3.8 (3.4) <0.001 1.48
�10 score, n (%) 70 (24) 11 (6) 59 (48) <0.001 0.48

HRQoL (SF-36), mean (SD)
Physical functioning 86.0 (16.7) 77.2 (19.3) 92.4 (10.7) <0.001 1.02
Role physical 64.8 (42.5) 36.8 (40.5) 84.9 (30.9) <0.001 1.36
Social functioning 78.0 (25.2) 61.2 (25.8) 90.1 (16.3) <0.001 1.38
Role emotional 77.2 (37.8) 60.6 (44.3) 89.0 (30.0) <0.001 0.80
Bodily pain 67.9 (27.8) 55.1 (26.9) 77.0 (24.6) <0.001 0.85
General health 61.0 (27.2) 43.0 (23.9) 73.9 (21.4) <0.001 1.37
Vitality 48.2 (23.7) 30.4 (16.6) 60.9 (19.4) <0.001 1.67
Mental health 74.3 (17.2) 66.5 (18.9) 79.9 (13.2) <0.001 0.85
Physical composite score 46.4 (11.0) 39.7 (10.9) 51.2 (8.3) <0.001 1.21
Mental composite score 48.8 (10.2) 44.3 (11.7) 52.0 (7.3) <0.001 0.82

SD: Standard Deviation; HD-ASCT: High Dose Therapy with Autologous Stem Transplantation; HL: Hodgkin’s lymphoma; WAS: Work Ability Score; CF: Chronic
fatigue; FQ: Fatigue Questionnaire; PHQ-9: Patient Health Questionnaire;. HRQoL: Health Related Quality of Life; SF-36: Short Form survey.
aValid numbers only, responses missing in between 1–17 cases.
bWhere 61 responses were missing.
cES, Effect size for chi-square test assessed by phi (2�2) or Cramer’s V (>2�2), for two sample t-test by Hedges’ g and for Mann–Whitney U test by estimated
r. ES interpretation by Phi, Cramer’s V and estimated r (0.1–0.3 small, >0.3–0.5 medium and >0.5 large) and Hedges’ g (0.2–0.5 small, >0.5–0.8 medium and
>0.8–large). Significant p values below 0.05 and medium and large ES given in bold.
dWork assessment allowance, sickness benefit, rehabilitation money.
eComorbidity score, summarized number of 8 possible self-reported diagnoses listed in table, possible score 0–8.
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Results

Sociodemographic and socioeconomic status of the
study population

Of 518 invited HLS, 304 consented and returned the ques-
tionnaire, with 298 responding fully to the FQ, yielding a

response rate of 58%. There were 209 non-responders and 5
non-consensual. In attrition analysis, excluded survivors were
more likely men (p< 0.001) and were younger at diagnosis
and survey (p¼ 0.01 and p¼ 0.004 respectively), compared
to respondents, all differences with small differences
between the groups (ES < 0.3).

Demographic, disease- and treatment-related, socioeco-
nomic, work-related and health- and lifestyle-related data of
all responding HLS and for those with or without CF are
shown in Table 1.

Chronic fatigue - prevalence and associated factors

By use of FQ, 42% of the responders were classified as hav-
ing CF. Mean (standard deviation [SD]) physical fatigue score
was 10.2 (4.3) and the mean mental fatigue score 5.5 (2.1).

CF is associated with lower HRQoL, in all individual subdo-
mains of SF-36 as well as in the MCS and PCS, and all with
large ES (Table 1). Similarly, higher levels of depressive symp-
toms and pain were seen in HLS with CF, with large and
small ES, respectively.

The multivariate binary logistic regression analysis, includ-
ing as predictors all demographic, treatment-, health- and
lifestyle-related factors significantly associated with CF, is
shown in Table 2. Female sex (odds ratio [OR] 1.78, 95% con-
fidence interval [CI]¼ 1.05–3.01, p¼ 0.03), educational level
(lowest versus highest, 2.32, 1.10–4.90, p¼ 0.03), BMI
�30 kg/m2 (1.97, 1.03–3.77, p¼ 0.04) and higher number of
comorbidities (1.38, 1.08–1.75, p¼ 0.01) retained a significant
association with caseness of CF.

Implications of chronic fatigue on socioeconomic status
and work ability

Of the responding HLS, 13% reported poor (score 0–5) WA at
the time of HL diagnosis, a percentage that increased to
27% at the survey. This change corresponds to a reduction
in WAS mean score (SD) from 8.8 (2.7) to 7 (3.3) in the whole
group of HLS (mean difference 1.8, CI 1.4–2.2, p< 0.001,
Hedges’ g 0.5). A larger reduction in WA was seen in
HLS with CF (mean difference 3.7, CI 3.1–4.4, p< 0.001,
Hedges’ g 1.1), compared to the non-fatigued (mean differ-
ence 0.4, CI -0.1–0.9, p¼ 0.09, Hedges’ g 0.1).

To assess the implications CF might have on WA and soci-
oeconomic variables, multinomial logistic regression analysis
was performed with the presence of CF as an independent
variable in several adjusted models. CF was significantly asso-
ciated with lower current self-reported WAS, having experi-
enced unemployment or been a recipient of disability
benefits at some time after diagnosis and reporting disability
or other state benefits at the time of the survey (Table 3).
Although not statistically significant, there was a trend for CF
to be associated with a lower income level in adjusted
models.

Table 2. Factors associated with chronic fatigue in multivariate binary logistic
regression analysis.

Multivariate

N OR CI p Valueb

Descriptive data
Gender
Male 134 Ref.
Female 149 1.78 1.05–3.01 0.03

Education
Higher university degree 55 Ref.
University/college 107 1.84 0.87–3.91 0.11
Primary/secondary school 121 2.32 1.10–4.90 0.03

Disease/treatment data
Received radiotherapy
No 217 Ref.
Yes 66 1.50 0.80–2.79 0.21

Lifestyle
Alcohol units per week 0.93 0.84–1.02 0.12
BMI � 30 kg/m2

No 52 Ref.
Yes 231 1.97 1.03–3.77 0.04

Comorbidity scorea 1.38 1.08–1.75 0.01

OR: Odds Ratio; CI: Confidence Interval; BMI: Body Mass Index; HDT-ASCT:
High Dose Therapy with Autologous Stem Cell Transplantation.
aComorbidity score, summarized number of eight possible self-reported diag-
noses listed in Table 1, possible score 0–8.
bSignificant p-values below 0.05 given in bold.

Table 3. Chronic fatigue as a predictor of socioeconomic status and work
ability in survivors.

Chronic fatiguea

Dependent variableb Nc OR CI p Value

Payed work before treatment 0.14d

Yes 218 Ref.
No 34 0.45 0.17–1.17 0.10
No, student/Army 45 1.17 0.50–2.77 0.71

Work status at survey <0.001d
Employed 213 Ref.
Unemployed 9 1.11 0.26–4.80 0.89
Disability and other benefits 76 3.78 2.10–6.84 <0.001

WAS at survey <0.001d
Poor 77 Ref.
Intermediate 47 0.44 0.19–0.98 0.04
Good 74 0.23 0.11–0.48 <0.001
Very good 92 0.03 0.01–0.08 <0.001

Unemployed after HL
No 188 Ref.
Yes 48 2.15 1.09–4.26 0.03

Disability benefits after HL
No 250 Ref.
Yes 47 2.88 1.42–5.81 0.003

Expected yearly income before tax, NOK 0.25d

0 – 200,000 20 Ref.
201,000 – 400,000 76 1.19 0.42–3.38 0.74
401,000 – 600,000 101 0.78 0.28–2.16 0.63
601,000 – 800,000 53 0.78 0.26–2.35 0.66
> 801,000 44 0.44 0.13–1.45 0.18

aOdds ratios for survivors with chronic fatigue versus no chronic fatigue as
independent variable, adjusted for sex, age at diagnosis, comorbidity score
and BMI< vs �30 kg/m2.
bDependent variables analyzed in separate models.
cNumber of survivors in regression analysis.
dFirst p-value of caseness of chronic fatigue in regression model, other p-val-
ues for individual comparisons. Significant p-values below 0.05 given in bold.
WAS: work ability score; NOK: Norwegian kroner.
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Discussion

In long-term HLS after contemporary risk-adapted treatment
approaches, we found CF in 42% of the responding popula-
tion. CF was found to be associated with female sex, lower
education, higher BMI, and an increasing number of comor-
bid conditions at the time of survey. No association to dis-
ease- or treatment-related parameters was found. In
univariate analysis, CF was also associated with lower HRQoL
and a higher level of depressive symptoms, with a large ES
for the differences between HLS with or without CF.
Adjusting for other parameters associated with CF, chronic-
ally fatigued HLS reported lower WAS at the time of the sur-
vey and were more likely to have a history of unemployment
and to receive disability benefits. There was a trend towards
lower income levels among the HLS with CF.

As risk reduction of LEs has been a major motivation for
the implementation of contemporary risk-adapted treatment
approaches for HL, one would hope to see a lower preva-
lence of various LEs known to be associated with HL.
Comparing the prevalence of CF across studies is challenging
for several reasons, including differences in patient recruit-
ment and study design, treatment eras, observation time,
and use of different PROMs. However, at a median time since
diagnosis of 16 years, with 42% of our cohort suffering from
CF, there appears to be no obvious reduction in the preva-
lence of this ominous LE compared to studies in cohorts
from previous periods using other treatment regimens. Using
the same instrument, FQ, in HLS survivors treated in Norway
before 1994, prevalence rates of 25% and 30%, at 12 and
16 years after diagnosis, have been described [9,10]. The
cohort studied in the two latter studies is otherwise remark-
ably similar to the current study in terms of important
parameters, such as sex, age and stage at diagnosis. During
the same two decades, from 1996 to 2015, the prevalence of
CF assessed by FQ in the Norwegian general population
remained stable, with rates of 11.4% and 13.4% respectively
[28]. Furthermore, our findings are comparable to other stud-
ies of CF in HLS after contemporary treatment, albeit with
shorter follow-up. For instance, a Dutch study of HLS treated
after 1999 and with a median follow-up of 4.6 years, reported
a prevalence of 43% and 41%, when fatigue was assessed by
the European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire and Fatigue Assessment
Scale, respectively [26]. Also using the EORTC-QLQ-30, but
with a higher cutoff to indicate the caseness of CF, a longitu-
dinal study from Germany found rates of severe fatigue at 2
and 5-year follow-up of 21% and 20%, respectively [25]. In
the latter population, as in the current study, no treatment-
related parameters that significantly predicted the develop-
ment of severe fatigue persisting for 2 years or more were
found [24]. Therefore, changes in the type and dose of
chemotherapy or reduction in the use of radiotherapy imple-
mented in most Western countries around the year 2000,
may not have translated into improvements in fatigue
burden.

Maybe an increased focus on LEs during the last decades
is reflected in the high prevalence of CF, compared to previ-
ous studies. During the last decade, there has been increased

focus on LEs after cancer treatment amongst governmental
institutions [35,36], health professionals and patient organiza-
tions. In a study of Norwegian general practitioners in 2019,
nearly all were familiar with at least some common LEs in
HLS, including 92% who were aware of the risk of CF [37].
Although not comparable, this contrasts with the lower level
of awareness reported by lymphoma survivors after high-
dose autologous stem cell therapy in a Norwegian cross-sec-
tional survey from 2012–2014 [38]. Here, only 54% of the
responding survivors recognized CF as a common LE after
treatment. Surprisingly, a number of survivors reporting
being fatigued, did not know about CF as a condition after
lymphoma treatment. Just like the etiology of CF after cancer
remains unknown, it is intriguing that most studies fail to
identify disease- or treatment-related factors that predict the
development of CF in survivors of HL [24,25,39]. Whereas
some studies suggest disease-related factors to be associated
with CF, such as B symptoms or advanced stage at diagnosis
[9,10,40], this is not found by most others. As mentioned, a
relationship with treatment-related factors is similarly difficult
to find. In univariate analysis, our study found a higher risk
of CF in patients that received radiotherapy, but this could
not be substantiated in multivariable models.

In our study, a lower level of education at survey was
associated with CF. Still, the level of education attained by
the whole group of HLS at the time of questionnaire
appeared to be higher than in the general Norwegian popu-
lation [33]. At survey, 43% of the HLS had attained up to
12 years of education and 38% and 19% had a lower (13–
16 years) or higher (>16 years) university degree. For 2018, in
the general Norwegian population, the corresponding levels
were 65.9%, 24.1% and 10% respectively [33]. HL appears to
be a disease associated with indicators of higher SES of the
patient and his or her family and higher educational level
amongst HLS compared to the general population is
described previously [9,39]. We cannot conclude the nature
of the relationship between education and CF. Since the
median age at diagnosis in our cohort was 29 years, younger
HLS that develop CF at a young age may have more chal-
lenges successfully completing their planned professional
education. Alternatively, HLS with higher education may
cope better with the consequences of CF, adapt their profes-
sional and private life, and therefore relieve the symptom
burden associated with CF.

With a relatively young patient group and excellent sur-
vival rates, one would hope for HLS to enter a long and pro-
ductive work life. Therefore, we were particularly interested
in the possible implications of CF on social reintegration and
employment difficulties after treatment in HLS. At diagnosis,
the vast majority of patients were either working, in profes-
sional education or in military service, with no difference
between HLS with later development of CF and those with-
out. However, we demonstrate that the presence of CF is
independently associated with employment difficulties and
the receipt of disability benefits. At survey, about half of the
HLS with CF reported being employed full-time (47%) or
part-time (7%), lower rates than in the non-fatigued survivors
(74% and 6% respectively). Level of employment of HLS
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without CF was however higher than the Norwegian general
population, where 68% of inhabitants aged 15–74 years were
in any level of employment in 2018 [33]. Of HLS with CF,
30% received a disability pension, compared to 12% of those
without CF, the latter being closer to the 10% of the general
population reported by SN in 2018. The German Hodgkin
Study Group evaluating patients enrolled in large prospective
treatment trials of HL, reached similar conclusions [25], with
CF being a hindrance to successful reintegration into profes-
sional life after treatment. Our results in Norwegian HLS after
modern treatment are also in line with a recent systematic
literature review showing educational achievements and
employment rates for HLS to be comparable to the general
population, but with lower employment rates and an
increase in disability benefits after diagnosis [41]. Our find-
ings indicate that CF might be an added challenge for HLS
on an individual and familial level, and cause societal costs
due to loss of work productivity, increased work absenteeism
and disability benefits.

HRQoL focuses on the physical, mental, and social effects
of illness, and specifically on the impact of treatment on QoL
[42]. Similar to other studies, we found HLS with CF scoring
lower on all mental and physical components of HRQoL in
SF-36, in addition to other health issues, such as increased
depressive symptoms and more pain than the non-fatigued
counterpart [26,43]. The magnitude of difference, expressed
as ES, was large in most of these comparisons. There is con-
siderable overlap in the content covered by PROMs address-
ing HRQoL, depressive symptoms and fatigue, and it is
difficult to assess how these constructs impact on each
other, i.e. whether CF is a major determinant of reduced
HRQoL or higher burden of depressive symptoms reported
by HLS with CF. This is also the reason why we chose not to
include these items as explanatory variables in our multivari-
able models. The loss of HRQoL and a higher level of depres-
sive symptoms however emphasizes the burden carried by
HLS suffering from CF. In a large longitudinal study of HLS,
impairments of most domains of HRQoL in EORTC QLQ C30
were observed at baseline amongst HL patients with all dis-
ease stages and were prognostic for long-term HRQoL of
HLS [44]. Assessment of HRQoL in newly diagnosed HL
patients could possibly support and prevent further impair-
ments in HRQoL.

Strengths of the study include the representativity which
included HLS identified from a large multicenter population-
based study and a response rate of 58%. Female sex was
associated with the development of CF, and male HLS were
more likely not to be included in the survey, possibly overes-
timating the rate of CF. A more detailed attrition analysis
was not possible, as access to individual data for non-con-
senting individuals was not permitted. Another strength of
the study was the use of validated and well-known outcome
measures.

We acknowledge weaknesses in our study design. The
study is cross-sectional, and we do not have data on fatigue
symptoms before treatment and the first years after treat-
ment. Despite using hospital records for medical information,
patient-reported outcome data is collected by a

questionnaire at one-time point, with risk of recall bias.
Furthermore, with a cross-sectional study we cannot con-
clude on causative factors for CF, only associations. A curious
finding in our study was the association of CF with lower
consumption of alcohol. The respondents overall appeared
to consume less alcohol than the Norwegian general popula-
tion [45] a finding that may be explained by fatigued HLS
being less likely to attend social settings where alcohol is
consumed. In FQ, only subjects with symptom duration �
6months are defined as having CF, thus excluding individu-
als with shorter periods of transient fatigue.

In conclusion, our analysis reveals a high prevalence of CF
in HLS after contemporary risk-adapted therapy, possibly
higher than seen in HLS treated in previous eras. No associ-
ation with disease stage or cancer treatment was found. HLS
as a whole have employment rates and income levels in line
with the general population, but in sub-group analysis, we
find HLS with CF to be disadvantaged socioeconomically and
less integrated in work life.

With the high prevalence and unknown etiology of CF,
emphasis should be put on studying etiopathological factors
of CF. Being able to prevent and alleviate CF would probably
be of immense benefit to HLS0 health, HRQoL, work ability,
and as such societal cost of survivorship.
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