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Abstract
Background  Fatigue is a common problem in immune-mediated inflammatory disease (IMID) patients, significantly impact-
ing their quality of life.
Objectives  In this study, we describe the pattern and characteristics of fatigue as a patient-reported adverse drug reaction 
(ADR) of biologics, and compared patient and treatment characteristics with patients reporting other ADRs or no ADRs.
Methods  In this cohort event monitoring study, the description and characteristics of fatigue reported as a possible ADR in 
the Dutch Biologic Monitor were assessed and analysed for commonly recurring themes or patterns. Baseline and treatment 
characteristics of patients with fatigue and patients reporting other ADRs or no ADRs were compared.
Results  Of 1382 participating patients, 108 patients (8%) reported fatigue as an ADR of a biologic. Almost half of these 
patients (50 patients, 46%) described episodes of fatigue during or shortly after biologic injection, which often recurred 
following subsequent injections. Patients with fatigue were significantly younger than patients with other ADRs or patients 
without ADRs (median age for patients with fatigue, 52 years; median age for patients with other ADRs, 56 years; and 
median age for patients without ADRs, 58 years); significantly more often smoked (25% vs. 16% and 15%); used infliximab 
(22% vs. 9% and 13%), rituximab (9% vs. 3% and 1%) or vedolizumab (6% vs. 2% and 1%); and significantly more often had 
Crohn’s disease (28% vs. 13% and 13%) and other comorbidities (31% vs. 20% and 15%). Patients with fatigue significantly 
less frequently used etanercept (12% vs. 29% and 34%) or had rheumatoid arthritis (30% vs. 45% and 43%).
Conclusions  IMID patients may experience fatigue as a postdosing effect of biologics.

Key Points 

Fatigue is a common complaint among patients with 
immune-mediated inflammatory diseases (IMIDs), but it 
is not well known as an adverse drug reaction (ADR) of 
biologics.

In this study, fatigue was the most frequently reported 
ADR of biologics by patients with IMIDs, and many of 
these patients described a pattern of recurring fatigue 
after biologic injection.

Evaluating the clinical pattern of fatigue may aid in 
understanding the potential contribution of a biologic in 
patients experiencing fatigue.

1  Introduction

Patients with immune-mediated inflammatory diseases 
(IMIDs) frequently experience fatigue, significantly 
impacting their quality of life [1, 2]. The reported preva-
lence of fatigue in IMIDs varies from 19 to 72%, depend-
ing on IMID and disease status, compared with 9–25% in 
healthy adults [3]. It can be persistent and continuously 
present with sudden episodes of an overwhelming loss of 
energy and feeling exhausted [2, 3]. Fatigue reduces the 
ability of physical and mental effort. Although fatigue is 
an important aspect of IMIDs, not all factors contribut-
ing to fatigue have been elucidated and treatment remains 
difficult.

It is well known that various factors may contribute 
to experiencing fatigue in patients with IMIDs, such as 
the disease itself and behavioural and psychological fac-
tors [3–7]. Multimorbidity, pain, depression and disability 
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have been associated with fatigue in rheumatic diseases 
[3, 4, 8–10]. Anti-tumour necrosis factor (TNF) treatment 
as well as other biologic treatment have demonstrated 
improvements in fatigue in patients with rheumatoid 
arthritis and other IMIDs [11–17]. However, reducing 
disease activity alone is not always sufficient to improve 
fatigue. Rheumatoid arthritis patients who achieved remis-
sion using anti-TNF therapy may continue to report fatigue 
[18]. Conversely, an increased risk of fatigue has been 
described with anti-TNF therapy in inflammatory bowel 
disease, especially during long-term treatment [19, 20].

In a previous study, we reported that 100 of 1369 
patients (7%) with IMIDs who participated in the prospec-
tive Dutch Biologic Monitor reported fatigue as an adverse 
drug reaction (ADR) of their biologic treatment [21–23]. 
Fatigue has previously been labelled as an ADR in the 
European Summary of Product Characteristics (SmPC) 
for infliximab only, and not for other TNFα inhibitors 
[24–28]. For interleukin inhibitors and other biologics 
used in IMIDs, fatigue has been labelled as an ADR in the 
European SmPCs of abatacept, brodalumab, canakinumab, 
rituximab, secukinumab, ustekinumab and vedolizumab 
[29–35]. Fatigue is mentioned as an adverse reaction in 
the FDA drug labels of infliximab, certolizumab pegol, 
brodalumab, ustekinumab, rituximab and vedolizumab 
[36–41]. Little is known about the pattern and character-
istics of fatigue as an ADR of biologics. Because fatigue 
is a commonly reported complaint with IMIDs, it may 
remain unnoticed as an ADR or may, perhaps mistakenly, 
be attributed to the disease rather than biologic therapy. 
As patients with more severe disease are treated with more 
intensive therapies, including biologics, it may be chal-
lenging to distinguish the contribution of the underlying 
disease from the potential contribution of the biologic or 
other therapies. In this study, we aimed to further under-
stand fatigue as an ADR of biologics by assessing the pat-
tern of the reported fatigue and the characteristics of the 
patients reporting fatigue in the Dutch Biologic Monitor. 
Therefore we aimed to (1) describe the pattern and char-
acteristics of patient-reported fatigue; and (2) identify dif-
ferences in baseline and treatment characteristics between 
patients reporting fatigue as a potential ADR and patients 
reporting other ADRs or no ADRs.

2 � Methods

2.1 � Study Design

An observational cohort event monitoring study of fatigue 
reported as an ADR of biologics in the Dutch Biologic 
Monitor.

2.2 � Dutch Biologic Monitor

The Dutch Biologic Monitor is a prospective cohort event 
system for monitoring patient-reported ADRs attributed to 
biologics [21, 22]. Nine Dutch hospitals participated in the 
Dutch Biologic Monitor. Between 1 January 2017 and 31 
December 2020, consecutive patients using one of the moni-
tored biologics, mainly for IMIDs, were invited to partici-
pate by the healthcare professionals (HCP) of the respective 
hospitals. Patients were eligible to participate from age 18 
years or older, with access to the internet, and proficient 
in the Dutch language. Participating patients were asked to 
complete a comprehensive web-based baseline question-
naire covering demographic information (sex, date of birth, 
weight, height, smoking habits: daily, weekly, monthly or 
less, never), biologic, start date of the biologic, indication for 
the biologic, combination therapy, comorbidities at baseline 
and ADRs they attributed to the biologic (Supplementary 
Table 1 in the Online Resource). Multiple options could be 
selected for indication for biologic therapy, combination 
therapy and comorbidities. The originator or, when avail-
able, biosimilars of the biologics were included. Subsequent 
questionnaires after baseline focused exclusively on biologic 
use, combination therapy and ADRs, and included identi-
cal questions on these topics. The baseline and subsequent 
questionnaire translated into English are presented in the 
Online Resource. Questionnaires were sent out bimonthly 
and patients received reminders if they had not completed 
the questionnaire within 7 days and 14 days. Patients could 
withdraw from the monitor at any time and no more ques-
tionnaires were sent in case the previous questionnaire had 
expired (after 21 days).

Ethical approval of the Dutch Biologic Monitor was 
waived for the Dutch Medical Research Involving Human 
Subjects Act (WMO) by the Medical Research Ethical 
Committee of Brabant, The Netherlands (NW2016-66). All 
participants received information about the Dutch Biologic 
Monitor prior to participation and signed a digital informed 
consent form.

2.3 � Adverse Drug Reaction (ADR) Assessment

Patients were asked if they experienced any ADRs that they 
attributed to the biologic in each questionnaire. For each 
reported ADR, patients were asked for additional informa-
tion. This included a description of the ADR using an open 
text field to reduce reporting bias, current status of the ADR 
(recovered, improving, aggravating, no change), start and 
stop date of the ADR if applicable, additional information 
about the ADR in an open text field, contact with an HCP, 
treatment or other actions taken by the HCP, self-initiated 
action by the patient following the ADR, the experienced 
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ADR burden using a 5-point Likert type scale ranging from 
1 (no burden) to 5 (very high burden) and an explanation 
of the ADR burden using an open text field. In the open 
text field for additional information about the ADR, patients 
were asked to further explain the ADR, which included the 
following suggested questions: How often do you experience 
this ADR? At which specific moments do you experience 
this ADR? Is there a specific pattern [21]? ADRs were coded 
according to the Medical Dictionary for Regulatory Activi-
ties (MedDRA) terminology (version 23.0) by trained phar-
macovigilance assessors following standard practice [42].

2.4 � Data Collection

Fatigue as an ADR was defined as all reported ADRs with 
the MedDRA preferred term (PT) ‘Fatigue’. We selected all 
questionnaires from patients reporting fatigue as a possible 
ADR of their biologic. Additionally, we selected question-
naires from patients reporting other ADRs on MedDRA PT 
level, and questionnaires from patients reporting no ADRs.

2.5 � Data Analysis

To identify characteristics of the reported fatigue as an ADR 
of biologics, we assessed patient’s descriptions of the course 
of fatigue in any questionnaire, the status of fatigue in the 
last completed questionnaire, HCP contact following fatigue 
in any questionnaire, treatment or other actions taken by 
the HCP in any questionnaire, self-initiated action reported 
in any questionnaire, hospitalization following fatigue in 
any questionnaire, and the ADR burden of fatigue in all 
questionnaires. Since the course of ADRs was described by 
patients in open text fields, this was subjected to thematic 
analysis by Jvl and NJ for patterns or commonly recurring 
themes in the course of fatigue in different patients. Discrep-
ancies were discussed for consensus. A causal association 
between the biologic and fatigue was assessed by applying 
the Naranjo Probability Scale in a case-by-case manner [43].

Baseline and treatment characteristics were compared 
between patients reporting fatigue as an ADR and patients 
who did not report fatigue as an ADR, to investigate poten-
tial differences between these patients. Patients who did not 
report fatigue were divided into two groups: patients report-
ing other ADRs and patients reporting no ADR at all. The 
following baseline characteristics were included: age, sex, 
body mass index (BMI), smoking status (ever or never) and 
comorbidities. The following treatment characteristics were 
included: biologic, indication for biologic and combination 
therapy. Differences between patients reporting fatigue and 
patients with other ADRs or no ADRs were analysed using 
the Mann–Whitney U test for continuous variables that were 
not normally distributed, or ordinal variables such as burden. 
Continuous normally distributed variables were analysed 

using independent t tests, and categorical variables were 
analysed using Fisher’s exact test. Normality was assessed 
with histograms and the Kolmogorov–Smirnov test. Statisti-
cal analyses were performed in IBM SPSS Statistics version 
22 (IBM Corporation, Armonk, NY, USA).

3 � Results

Of 1382 consecutive participating patients in the Dutch 
Biologic Monitor, 730 patients (53%) reported 2035 unique 
ADRs they experienced with biologics. The most frequently 
reported ADR on MedDRA PT level was fatigue. In total, 
108 patients (15%) of 730 patients with ADRs reported 
fatigue (Table 1). All 108 patients reporting fatigue col-
lectively completed a total of 813 questionnaires, with a 
median of five completed questionnaires per patient (range 
1–24 questionnaires).

3.1 � Patterns of Fatigue

Postdosing fatigue was a common theme in the patients’ 
descriptions of the course of fatigue. Almost half (50 
patients, 46%) of the 108 patients reporting fatigue as an 
ADR described a pattern of fatigue specifically occurring 
during or shortly after administration of the biologic. Of 
these, 41 patients (82%) described that fatigue recurred fol-
lowing more than one injection. Almost all patients describ-
ing this postdosing fatigue, recovered or partially improved 
from fatigue within 1 week after biologic administration 
(48 of 50 patients). Seven of these 50 patients described 
that the severity of fatigue sometimes also increased in the 
week before biologic administration (Fig. 1). Five patients 

Fig. 1   Described patterns in the course of fatigue as an adverse drug 
reaction of biologics
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specifically explained that they always experienced fatigue 
during their chronic disease but the fatigue was more severe 
shortly after the biologic administration.

No specific pattern was described by the 58 patients 
(54%) without the postdosing pattern. A common descrip-
tion of the course of fatigue in these patients was continu-
ously or daily present fatigue, with variation in severity.

3.2 � Consequences of Fatigue

A total of 78 of 108 patients (72%) reported HCP contact 
following fatigue, with dose adjustments in 13 patients 
(12%) and discontinuation in seven patients (6%) (Table 2). 
Four of the 13 patients describing dose adjustments expe-
rienced postdosing fatigue. In four cases, this dose adjust-
ment was a decrease in administration frequency, and in 
five cases it was an increase in administration frequency. 
In nine patients, fatigue (temporarily) improved or resolved 
following the dose adjustment. The dose adjustment was not 
always initiated due to fatigue but could have also been due 
to reasons other than an ADR.

Seven patients reported (temporary) discontinuation of 
the biologic following fatigue, including two patients with 
postdosing fatigue. Five patients improved or recovered from 
fatigue after discontinuation, including two patients with 
postdosing fatigue. Three patients specifically mentioned 
that the biologic was discontinued because of one or more 
ADRs.

Ten patients (13%) reported that the fatigue was treated 
following HCP contact, including three patients with post-
dosing fatigue. Treatment was specified as iron infusion by 
two patients, while the other patients did not further specify 
treatment. Four patients described improvements of fatigue 
after treatment, including one patient treated with iron sup-
plementation and one patient with postdosing fatigue.

Three patients reported hospitalization following fatigue. 
In an explanation in an open text field, hospitalization was 
associated with other underlying problems in two patients. 
One patient described hospitalization for a liver procedure 
and one patient described hospitalization for a cardiac 
procedure. The third patient did not further explain the 
hospitalization.

The outcome of the Naranjo assessment was probable in 
28 cases (26%) and possible in 75 cases (70%).

3.3 � Burden of Fatigue

The mean ADR burden of fatigue was 2.8 (standard devia-
tion [SD] 0.9) on a 5-point Likert-type scale from 1 (no 
burden) to 5 (very high burden). The mean ADR burden 
experienced by patients with postdosing fatigue (2.6 ± 0.9) 
was lower than the mean ADR burden of fatigue in patients 

Table 1   Demographics of patients reporting fatigue as an adverse 
drug reaction of biologics

Data are expressed as n (%) unless otherwise specified
BMI body mass index, IQR interquartile range, ADR adverse drug 
reaction
a One patient reported fatigue as an ADR of infliximab and adali-
mumab, and one patient reported fatigue as an ADR of abatacept and 
rituximab
b Corticosteroids include predniso(lo)ne, hydrocortisone, methylpred-
nisolone
c Thiopurines include azathioprine, mercaptopurine and thioguanine
d Aminosalicylates include sulfasalazine and mesalamine

No. of patients 108 (100)
Age, years (median [IQR]) 52 [39–63]
Female sex 66 (61)
Smoking 27 (25)
BMI, kg/m2 (median [IQR]) 25.4 [22.7–27.5]
Biologica

 Adalimumab 30 (28)
 Infliximab 24 (22)
 Etanercept 13 (12)
 Rituximab 10 (9)
 Tocilizumab 8 (7)
 Vedolizumab 6 (6)
 Ustekinumab 6 (6)
 Dupilumab 4 (4)
 Abatacept 3 (3)
 Certolizumab pegol 2 (2)
 Anakinra 2 (2)
 Secukinumab 1 (1)
 Golimumab 1 (1)

Indication for biologic use
 Rheumatoid arthritis 32 (30)
 Psoriatic arthritis 15 (14)
 Axial spondyloarthritis 11 (10)
 Crohn’s disease 30 (28)
 Ulcerative colitis 5 (5)
 Psoriasis 6 (6)
 Other indication 17 (16)

Combination therapy
 Methotrexate 24 (22)
 Corticosteroidsb 21 (19)
 Thiopurinesc 12 (11)
 Aminosalicylatesd 9 (8)
 Hydroxychloroquine 5 (5)
 Leflunomide 2 (2)
 No combination therapy 45 (42)

Comorbidities
 Cardiovascular disorder 23 (21)
 Hypercholesterolaemia 15 (14)
 Respiratory disorder 14 (13)
 Psychiatric disorder 11 (10)
 Nervous system disorder 3 (3)
 Cancer 2 (2)
 Other comorbidity 33 (31)
 No comorbidity 30 (28)
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without this pattern (3.0 ± 1.0; p < 0.001). The mean ADR 
burden of fatigue (2.8 ± 0.9) was higher than the mean bur-
den of other ADRs (2.4 ± 1.0; p < 0.001) (Table 3). Patients 
elucidated the experienced burden of fatigue with various 
explanations. Fatigue reduced quality of life, led to limi-
tations in daily activities and affected work productivity 
and concentration. It also led to difficulties in combining 
and planning work with a social and personal life and to 
struggles in enjoying life. Moreover, patients explained that 
fatigue led to a depressed mood.

3.4 � Patients Reporting Fatigue as an ADR 
Compared with Patients Reporting Other ADRs 
or no ADRs

The characteristics of patients reporting fatigue as an ADR 
compared with patients reporting other ADRs or no ADRs 

are summarized in Table 3. Patients reporting fatigue were 
younger and more frequently smoked. Patients reporting 
fatigue as an ADR more frequently used infliximab, rituxi-
mab or vedolizumab, more frequently had other comorbidi-
ties and more frequently used a biologic for Crohn’s dis-
ease. Patients with fatigue less frequently used etanercept 
or less frequently used a biologic for rheumatoid arthritis 
than patients with other ADRs or patients without an ADR.

We also found differences between patients with fatigue 
and patients without ADRs. Patients with fatigue more fre-
quently used tocilizumab, more frequently had a psychiatric 
comorbidity and less frequently used concomitant metho-
trexate. These differences were not found between patients 
with fatigue and patients with other ADRs.

4 � Discussion

In this study, we investigated fatigue reported by patients 
as an ADR of biologics in the Dutch Biologic Monitor, a 
unique system for collecting patient-reported data on ADRs 
attributed to biologics. Fatigue was the most frequently 
reported ADR and patients included clear descriptions on 
the course and characteristics. This addresses the magnitude 
of patients experiencing fatigue as an ADR, while fatigue 
is not a labelled ADR in the European product information 
of all biologics monitored in the Dutch Biologic Monitor 
[25–28, 44].

Half of the patients described a similar pattern of recur-
ring postdosing fatigue that resolved within 1 week after bio-
logic administration. Although the pharmacological mecha-
nism is not clear, this pattern substantiates a role of biologics 
in the manifestation of fatigue in these patients and supports 
fatigue as a potential ADR, comparable with the well-known 
gastrointestinal ADRs after methotrexate administration 
[45]. Treatment adjustments may decrease fatigue since 
some patients described improvements after discontinua-
tion or dose adjustments. Some patients described increased 
fatigue in the week before biologic administration. In these 
patients, fatigue may be related to an increase in disease 
activity in the week before administration. This suggests that 
fatigue may sometimes emerge from a suboptimal biologic 
dose interval rather than an ADR. Improved fatigue after 
adjustments in concomitant drugs suggests that fatigue may 
sometimes be related to concomitantly used drugs rather 
than the biologic itself. Fatigue may also be a symptom of 
underlying medical problems that seemed apparent in some 
patients describing iron treatment. The different descriptions 
of the course of fatigue experienced by patients address the 
importance for HCPs to discuss and evaluate the course and 

Table 2   Characteristics of patient-reported fatigue as an ADR of bio-
logics (N = 108)

Data are expressed as n (%) unless other specified
ADR adverse drug reaction, HCP healthcare professional, SD stand-
ard deviation
a Other HCP actions: further examination, 6; adjusting concomitant 
therapy, 6; other therapy, 3

No. of patients reporting HCP contact following fatigue 78 (72)
 Specialist doctor 65 (60)
 General practitioner 27 (25)
 Nurse 35 (32)
 Other 4 (4)

No. of patients who reported an HCP action 78 (72)
 Discontinuation 7 (6)
 Dose adjustment 13 (12)
 Treatment 10 (9)
 Referral 5 (5)
 Mentioned, no other action 39 (36)
 Othera 17 (16)

No. of patients with a status of ‘fatigue’ in the last completed 
questionnaire

 Recovered 28 (26)
 Improving 17 (16)
 No change 54 (50)
 Aggravating 9 (8)

No. of patients reporting fatigue and hospitalization 3 (3)
No. of patients reporting self-initiated action following 

fatigue
63 (58)

Naranjo score
 Doubtful 5 (5)
 Possible 75 (70)
 Probable 28 (26)
 Certain 0 (0)

Mean ADR burden score ± SD 2.8 ± 0.9
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Table 3   Characteristics of patients reporting fatigue as an ADR compared with patients with other ADRs and patients without ADRs

Data are expressed as n (%) unless otherwise specified
ADR adverse drug reaction, BMI body mass index, IQR interquartile range, SD standard deviation
a Combination therapy at the time of reporting the ADR for the first time. For the patients without ADRs, the reported combination therapy at 
any time during participation was included
b Corticosteroids include predniso(lo)ne, methylprednisolone, hydrocortisone
c Thiopurines include azathioprine, thioguanine, mercaptopurine
d Aminosalicylates include mesalamine, sulfasalazine

Patients with fatigue Patients with other ADRs p-value Patients without ADRs p-value

No. of patients 108 (100) 622 (100) 652 (100)
Age, years (median [IQR]) 52 [39–63] 56 [45–64] 0.02 58 [48–67] < 0.001
Female sex 66 (61) 407 (65) 0.39 331 (51) 0.05
Smoking 27 (25) 99 (16) 0.03 98 (15) 0.02
BMI, kg/m2 (median [IQR]) 25.4 [22.7–27.5] 25.1 [22.5–28.4] 0.83 25.8 [23.2–29.0] 0.11
Biologic
 Adalimumab 30 (28) 225 (36) 0.10 238 (37) 0.08
 Infliximab 24 (22) 54 (9) < 0.001 82 (13) 0.01
 Etanercept 13 (12) 180 (29) < 0.001 220 (34) < 0.001
 Rituximab 10 (9) 19 (3) 0.01 5 (1) < 0.001
 Tocilizumab 8 (7) 30 (5) 0.25 12 (2) 0.004
 Ustekinumab 6 (6) 25 (4) 0.44 33 (5) 0.81
 Vedolizumab 6 (6) 12 (2) 0.04 7 (1) 0.01
 Other 13 (12) 116 (19) 0.10 78 (12) 1.00

Indication
 Rheumatoid arthritis 32 (30) 277 (45) 0.004 279 (43) 0.01
 Psoriatic arthritis 15 (14) 95 (15) 0.77 132 (20) 0.15
 Axial spondyloarthritis 11 (10) 83 (13) 0.44 78 (12) 0.75
 Crohn’s disease 30 (28) 78 (13) < 0.001 86 (13) < 0.001
 Ulcerative colitis 5 (5) 30 (5) 1.00 25 (4) 0.60
 Psoriasis 6 (6) 27 (4) 0.61 50 (8) 0.55
 Other indication 17 (16) 64 (10) 0.06 37 (6) 0.001

Combination therapya

 Methotrexate 24 (22) 173 (28) 0.24 221 (34) 0.02
 Corticosteroidsb 21 (19) 111 (18) 0.69 93 (14) 0.19
 Thiopurinesc 12 (11) 45 (7) 0.17 58 (9) 0.47
 Aminosalicylatesd 9 (8) 51 (8) 1.00 39 (6) 0.39
 Hydroxychloroquine 5 (5) 33 (5) 1.00 36 (6) 0.82
 Leflunomide 2 (2) 42 (7) 0.05 23 (4) 0.56
 No combination therapy 45 (42) 264 (42) 0.92 240 (37) 0.34

Comorbidity
 Cardiovascular disorder 23 (21) 155 (25) 0.47 162 (25) 0.47
 Hypercholesterolaemia 15 (14) 93 (15) 0.88 117 (18) 0.34
 Respiratory disorder 14 (13) 77 (12) 0.88 75 (12) 0.63
 Psychiatric disorder 11 (10) 49 (8) 0.45 31 (5) 0.04
 Nervous system disorder 3 (3) 19 (3) 1.00 19 (3) 1.00
 Cancer 2 (2) 15 (2) 1.00 14 (2) 1.00
 Other comorbidity 33 (31) 126 (20) 0.02 99 (15) < 0.001
 No comorbidity 30 (28) 213 (34) 0.22 230 (35) 0.15

Mean burden score ± SD 2.8 ± 0.9 2.4 ± 1.0 < 0.001
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characteristics with their patients and assess all potential fac-
tors contributing to fatigue to be able to optimize treatment 
and improve quality of life.

Patients reporting fatigue were younger and more fre-
quently used a biologic for Crohn’s disease. This is in line 
with a previous study addressing adverse symptoms with 
anti-TNF therapy in patients with inflammatory bowel dis-
ease, and may suggest that patients with Crohn’s disease 
more often experience fatigue during biologic use than 
patients with other IMIDs [19]. Patients with fatigue also 
more frequently used infliximab, rituximab or vedolizumab. 
These biologics are mostly administered intravenously, and 
for which infusion related reactions are well known [46, 47]. 
In these patients, fatigue could be a symptom of an infusion-
related reaction, similar to immediate adverse reactions fol-
lowing intravenous immunoglobulin administration [48]. In 
intravenously administered biologics, premedication, such 
as antihistamines or corticosteroids, may also play a role in 
the manifestation of fatigue [49]. It can also be postulated 
that immunogenicity might influence fatigue; however, we 
did not collect these data in the Dutch Biologic Monitor and, 
as far as we know, this association has not been described 
in previous studies [50, 51]. Patients with fatigue more fre-
quently smoked than patients with other or no ADRs, and 
more frequently had psychiatric comorbidities than patients 
without ADRs. Smoking as well as psychiatric and depres-
sive disorder have been associated with fatigue in IMIDs in 
previous studies, which is in line with our findings [52–56]. 
Even though this does not support fatigue as an ADR of 
biologics, it does not exclude a role of biologics in the mani-
festation of fatigue and supports the notion that many factors 
may contribute to fatigue in IMID patients [3, 7].

Interestingly, the mean ADR burden of fatigue was higher 
than the mean burden of other ADRs combined. The mean 
ADR burden of postdosing fatigue was lower than the mean 
ADR burden of fatigue without this specific pattern. Fatigue 
without this pattern implies the manifestation of chronic 
fatigue, which patients experienced as more burdensome. 
We cannot confirm these differences are clinically relevant 
as a standardized tool for measuring ADR burden is not yet 
available [57, 58]. However, the differences were consid-
ered clinically relevant by the expert panel involved in the 
Dutch Biologic Monitor and this is supported by the descrip-
tions patients provided explaining the significant impact that 
fatigue has on their lives. Given the challenges in improving 
patients’ quality of life, HCPs should take the potential con-
tribution of biologics into account.

The strengths of our study include the prospective nature 
of monitoring ADR information in a multicentre setting in 
patients using various biologics for different IMIDs, which 
makes data on different IMIDs comparable. Assessing unfil-
tered patient-reported information on ADRs is a novelty and 

improves our understanding of the course of ADRs and the 
patient perspective on experiencing ADRs. A relationship 
was considered possible or probable in almost all cases fol-
lowing the widely used Naranjo assessment, although the 
reliability of this tool has been questioned [59, 60]. Even 
though we cannot confirm a causal relationship between 
fatigue and biologics, the specific descriptions of a recurring 
postdosing pattern provide valuable information for HCPs. 
Because of the heterogeneity of the patients participating in 
the Dutch Biologic Monitor, we did not investigate risk fac-
tors for reporting fatigue as an ADR of biologics. The com-
plexity of all factors involved in the manifestation of fatigue 
should be investigated in more detail for each biologic or 
group of biologics to better understand the contribution of 
different biologics in postdosing fatigue. The same applies to 
patient groups that may be more prone to suffer from fatigue 
as an ADR of biologics.

Although IMID patients frequently experience fatigue 
aside from biologics, a significant number of patients related 
fatigue to biologic use in this multicentre study that included 
a large number of patients with various IMIDs using a vari-
ety of biologics. This implies that a diverse group of patients 
associate fatigue with biologics across The Netherlands.

5 � Conclusion

This is the first study to describe postdosing fatigue reported 
by patients as an ADR of various biologics for the treat-
ment of IMIDs. Fatigue as an ADR of biologics may 
remain unrecognized or may automatically be attributed to 
the underlying disease. The specific recurring pattern after 
each administration suggests a contribution of biologics in 
the manifestation of fatigue. Since fatigue has a significant 
burden on patients, this previously unknown knowledge 
may be helpful for HCPs in understanding the experienced 
fatigue by their patients, and may assist in evaluating all 
possible factors contributing to fatigue. Distinguishing the 
relative contribution of underlying disease and treatment of 
the disease may be challenging. Evaluating the course of the 
symptoms may abate this challenge and may contribute to 
optimizing and personalizing biologic therapy to ultimately 
improve quality of life.
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