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Abstract

The objective of this study was to examine the maintenance of effect and safety after
a hospital-wide switch for economic reasons from adalimumab originator Humira®
to biosimilar Amgevita® in real-world rheumatoid arthritis (RA) patients and patient
satisfaction with the switch. We conducted a single-center retrospective observa-
tional study of RA patients on the course of their disease activity (DAS28, ESR, and
CRP), health-related quality of life (SF-36), and functional disability (HAQ-DI) before
and up to 1lyear after the switch, supplemented with a cross-sectional survey on
satisfaction and experienced side effects approximately 18 months after the switch.

Treatment outcomes were analyzed with linear mixed modeling and generalized esti-

Email: h.e.vonkeman@utwente.nl mating equations. Of 52 RA patients sufficient data were available. Disease activity

levels, the proportion of patients in remission, and SF-36 and HAQ-DI scores did not
significantly change from before the switch. Overall, patients were satisfied with the
switch. Three patients (7.9%) stopped the biosimilar due to side effects. In conclusion,
switching to the adalimumab biosimilar did not result in increased disease activity or
worse patient-reported outcomes. Also, there was no apparent evidence of increased

side effects. Patients themselves were mostly satisfied with the switching experience.
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1 | INTRODUCTION Drug Administration (FDA) in 1998.1 The introduction of biologi-

cals has ensured better treatment options for RA,%™* but at a price.
The first biological for the treatment of rheumatoid arthritis (RA), The high share of biologicals in the overall costs of RA treatment

etanercept (Enbrel®), was approved by the United States Food and is clearly illustrated in a Swedish study on the development of

Abbreviations: Anti-CCP, anti-cyclic citrullinated peptides; CRP, C-reactive protein; DAS28, 28 joints Disease Activity Score; EMA, European Medicine Agency; ESR, erythrocyte
sedimentation rate; FDA, U.S. Food & Drug Administration; HAQ-DI, Health Assessment Questionnaire Disability Index; LSD, least significant difference; MCS, Mental Component
Score; PCS, Physical Component Score; RA, rheumatoid arthritis; SF-36, short form 36; VAS-GH, Visual Analog Scale of General Health; WMO, Dutch Medical Research Involving
Human Subjects Act.
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healthcare costs for RA from 1990 to 2010.° In 20 years, the total
costs had risen from €454 million to €600 million, while the over-

X BRITIS|
A S p E T PHARMACOLOGICAL
SOCIETY

all number of hospital admissions and indirect medical costs had
been reduced. It turned out that in 2010, 33% of the healthcare
costs for RA were related to costs for drugs, compared to only
3% in 1990. Ninety percent of these costs were due to biologi-
cals, a percentage that still seemed to be increasing in 2010.° The
top three most expensive medicines based on total expenditure in
2016° in the Netherlands also clearly reflects the relatively high
cost of biologicals, as it comprised the three biologicals most fre-
quently used in RA; adalimumab (€216 million), etanercept (€143
million), and infliximab (€140 million).®’

Given the very high costs and associated high yields of biologi-
cals, more and more biosimilars are being marketed with the expira-
tion of biological innovator patents.g’10 In September 2013, the first
biosimilars for use in RA treatment were approved by the European
Medicines Agency (EMA), namely Inflectra® and Remsima®2 both
infliximab biosimilars. In the years that followed, more biosimilars
of different biologicals were approved and many more are in the
pipeline.?

Prior to FDA and EMA approval of biosimilars, several studies
need to have demonstrated biological similarity between the bio-
similar and the reference product, including at least one trial demon-
strating equivalent efficacy in an appropriate patient population.? If
biosimilarity has been demonstrated, it is assumed that the efficacy
and safety of the biosimilar remain highly comparable to those of
its originator over time. Subsequent approval of biosimilars thus re-
quires only limited testing of efficacy and safety compared to those
required for approval of bio-originators.!*

After the various biosimilars had been marketed, some large
switch studies have been carried out to investigate the efficacy and
safety of switching from a bio-originator to a biosimilars in RA pa-
tients. The PLANETRA extension study!? and the NOR-SWITCH
study,13 focussed on infliximab and its biosimilars, the DANBIO
study,’* focussed on etanercept, and an extension study of a trial
evaluated switching from adalimumab to Imraldi®.*> These studies
all indicated no loss of efficacy or increase in adverse events after
switching. Consequently, switching from a bio-originator to one of
its biosimilars if the biosimilar costs less than its originator is con-
sidered a safe and effective option in clinical practice.** However,
this recommendation has also been questioned since most of the ev-
idence to date is based on extensions of randomized controlled tri-
als in selected patients, like the PLANETRA and Imraldi® extension

studies,'®’

which may not be comparable to patients treated in the
setting of real-world practice.18 Moreover, little is known yet about
patients' satisfaction and experience with switching to a biosimilar.
In October 2018, the patent of the adalimumab originator
Humira® expired,’” which created an opportunity to switch adali-
mumab users to a less expensive biosimilar. On November 1, 2018,
after being fully informed in the prior weeks, all patients attending a
large teaching hospital in the Netherlands who were using the adali-
mumab originator were switched to biosimilar Amgevita®. The aim

of this retrospective observational study is to examine RA patients'

Key messages

e Switching to an adalimumab biosimilar was well toler-
ated in RA patients.

e Switching to an adalimumab biosimilar did not result in
increased disease activity.

e Overall, patients were satisfied with the switch.

e Switching from biological to biosimilar can create a re-
duction in healthcare costs.

e A hospital-wide switch to a biosimilar for economic rea-
sons is feasible.

disease activity, health-related quality of life, and functional disabil-
ity before and after the switch and patient-reported side effects and
satisfaction after the switch.

2 | METHODS

2.1 | Study design

This retrospective observational single-center study was performed
at the Rheumatology Department of the Medisch Spectrum Twente
hospital in Enschede, the Netherlands. On November 1, 2018, all
patients who were using the adalimumab originator Humira® were
switched to biosimilar Amgevita® for economic reasons. To en-
sure a safe and smooth switch, a hospital committee consisting of
a rheumatologist, hospital pharmacist, PR officer, and a member of
the budget committee was formed. This committee was responsi-
ble for planning, communication to prescribers and patients, imple-
mentation, and monitoring the switch. In consultation with different
prescribers (e.g. rheumatologists, gastroenterologists, dermatolo-
gists) an information letter was sent to all patients informing about
the upcoming switch and the reason for the switch. In this letter, a
reference to a FAQ list at the website of the teaching hospital was
mentioned as well as a telephone number that was available during
office hours where information about the switch could be obtained
if needed.

To investigate the continuous effectiveness and safety of this
switch in the involved RA patients, retrospective data already avail-
able from various databases was supplemented with a question-
naire survey. Clinical data were obtained from MijnReumacentrum.
nl, an online patient registry in which clinical and patient-reported
outcome data from patients with rheumatological diseases are sys-
tematically collected, the hospital's electronic patient files, and phar-
macy dispensing data of adalimumab, obtained through the hospital
pharmacy department. Additional data on possible side effects and
patient satisfaction were collected through a cross-sectional ques-
tionnaire in the study sample. Since most data in the study had al-
ready been collected in the course of daily clinical care and patients
were neither subject to procedures nor required to follow rules of
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behavior, the study does not fall under the Dutch Medical Research
Involving Human Subjects Act (WMO). The study was evaluated and
exempted from formal review by the hospital's accredited Medical
Ethics Committee. All patients included in MijnReumacentrum.nl
have provided active informed consent to use their data for clinical
research.

2.2 | Patient selection

Eligible patients were selected by cross-referencing two datasets; a
dataset from MijnReumacentrum.nl with all RA patients using adali-
mumab on May 1, 2018, and a dataset from the hospital pharmacy
with all adalimumab dispenses between July 1, 2018, and February
26, 2020. Both datasets were compared on patient identification
numbers. Remaining patients were eligible for inclusion if they: (1)
had been diagnosed with RA by a rheumatologist, (2) were at least
18years of age on November 1, 2018, and (3) had used the adali-
mumab originator biological for at least 3months before the hospital
wide switch to the adalimumab biosimilar. Patients were excluded
if: (1) they had a rheumatologic diagnosis other than RA, (2) there
were no data of the patient in MijnReumacentrum.nl, (3) there was
no DAS28 score available in the 6months before and/or after the
switch, (4) no adalimumab dispense was registered at the hospital
pharmacy or if the use of adalimumab started after November 1,
2018, (5) adalimumab was discontinued before November 1, 2018,
or (6) there was no apparent consistent adalimumab use in the

3months before the switch.

2.3 | Assessments

The primary endpoint of this study was change in mean disease ac-
tivity measured by the 28-joint Disease Activity Score (DAS28), a
composite index consisting of 28 joint counts for tender and swollen
joints, the erythrocyte sedimentation rate (ESR) and a 0-100 visual
analog scale of general health (VAS-GH).?° Secondary endpoints
were the number of patients in DAS28 remission (DA528<2.6)21
and number of increases in disease activity larger than the meas-
urement error (ADAS28 > 0.6) or flares (ADAS28 > 1.2) between two
consecutive measurements.??> Other secondary endpoints were
the inflammatory markers ESR and C-reactive protein (CRP), physi-
cal, and mental health-related quality of life as expressed by the
norm-based physical and mental component summary scores of the
Short Form-36 version 2 (SF-36 Physical Component Score [PCS]
and SF-36 Mental Component Score [MCS]),23?* functional disabil-
ity measured with the Health Assessment Questionnaire Disability
Index (HAQ-DI),%>?¢ general health (VAS-GH), and the number of
patients switching back to the adalimumab originator biological,
patient-reported side effects, and patient satisfaction regarding the
switch. These last three outcomes were measured by means of an
additional short self-developed questionnaire in the study sample
(Appendix S1).
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Data set structure

24 |

Because appointments for RA patients mostly take place every three
to 6 months, the DAS28, VAS-GH, and CRP and ESR measurements
of 3 (+1.5), 6 (+1.5), 9 (+1.5), and 12 (+1.5) months before and after
the switch date were included in the data set. The baseline meas-
urement was selected as the measurement available closest before
the switch. Due to fewer available HAQ-DI, SF-36 PCS, and SF-36
MCS measurements, we decided to limit these data to a baseline

measurement and a measurement 3 and 9 months after the switch.

2.5 | Statistical analyses

All statistical tests were performed in IBM SPSS Statistics Version
26 and results were considered significant at p<0.05. Normally dis-
tributed continuous outcomes over time were analyzed by repeated
measures linear mixed modeling with time point as fixed effect and
compound symmetry as the covariance structure for the repeated
measurements as this provided the best fit for most models. The
proportion of patients in remission was analyzed as a binary logis-
tic dependent variable by generalized estimating equations with
an exchangeable correlation matrix for repeated observations.
Non-normally distributed continuous variables, which also did not
become normally distributed by taking the natural logarithm, were
recoded to a dichotomous variable. CRP values were divided into
<10 and> 10 mg/L for normal and elevated levels and the VAS-GH
into <20 and>20 for satisfactory and unsatisfactory levels, re-
spectively.?”?® Post-hoc analyses of differences from the baseline
measurement were done with Fisher least significant difference
(LSD) tests to correct for multiple comparisons. Clinically relevant
increases of the DAS28 between two consecutive measurements
and the results of the additional cross-sectional questionnaire were

analyzed descriptively.

3 | RESULTS

3.1 | Patientselection

About 239 unique patients were selected from the datasets. Based
on the in- and exclusion criteria, 52 patients were included for analy-
sis. The most important reasons for exclusion were having another
rheumatic disease and a start date of adalimumab after November
1, 2018 (Figure 1).

3.2 | Baseline characteristics

The mean (+SD) age of the included patients was 62.4 (+10.8) years
and over 80% of the population was female (Table 1). The median
(+IQR) RA disease duration was 15 (+11) years. The majority of pa-
tients were rheumatoid factor and/or anti-CCP positive, respectively,
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Dataset MijnReumacentrum File of the hospital pharmacist

N=168 N=232

l J

Unique patients

FIGURE 1 Flowchart patient selection.
DAS28, 28-joint Disease Activity Score.

N=239

Excluded due to:

2018: N=53

pharmacy: N=9

switch: N=9

o A different rheumatic disease: N=85
o Startdate of adalimumab after 01-11-

o No DAS28-score known in the 6 months
before and/or after the switch: N=15

o No (consistent) use of Humira® in the
three months before the switch: N=15

o No adalimumab release known at the

o Adalimumab discontinued before the

o No data in MijnReumacentrum: N=1

Included patients
N=52

TABLE 1 Baseline demographics and disease characteristics

Variable Value
Age in years, mean (SD) 62.4(10.8)
Female sex, n (%) 42 (80.8)
Rheumatoid factor positive, n (%) 45 (86.5)
Anti-CCP positive, n (%)? 38(73.1)
Duration of RA in years, median (IQR) 15 (11)
Total duration of Humira® use in months, mean (SD) 87.8 (47.5)
Continuous Humira® use before switch in months, 36.1(45.5)
median (IQR)
DAS28, mean (SD) 2.25(0.81)
DAS28 categories, n (%)
Remission 36(69.2)
Low disease activity 10 (19.2)
Moderate disease activity 6(11.5)
High disease activity 0(0.0)
ESR, median (IQR) 12 (17)

CRP, median (IQR) 2 (4)

VAS-GH, median (IQR) 20 (30)

SF-36 PCS, mean (SD) 41.55(7.40)
SF-36 MCS, mean (SD) 48.52 (9.71)
HAQ-DI, mean (SD) 0.76 (0.55)

Abbreviations: Anti-CCP, anti-cyclic citrullinated peptide antibody;
DAS28, 28-joint Disease Activity Score; ESR, erythrocyte sedimentation
rate; CRP, C-reactive protein; VAS-GH, visual analog scale of general
health; SF-36 PCS, Short Form-36 Physical Component Summary; SF-36
MCS, Short Form-36 Mental Component Summary; HAQ-DI, Health
Assessment Questionnaire Disability Index.

Missing n = 6 (11.5%).

86.5% and 73.1%. On average, patients had used the originator bio-
logical for almost 88 months, of which on average 36 months was
continuous use before the switch to the biosimilar. Mean DAS28 at

baseline measurement was 2.25 (+0.81). The majority of patients
(69.2%) were in DAS28 remission.

3.3 | Disease activity

The mean DAS28 score over time was fairly stable and did not show
a significant difference between the baseline measurement (mean
DAS28 = 2.25) and the measurement 3 months after the switch
(mean DAS28 = 2.29; p = 0.780). Also, no significant differences
were observed at the group level between the baseline measure-
ment and the measurements 6, 9, and 12months after the switch
(Figure 2). The percentage of patients in remission at the baseline
measurement was 69%. Over the following months, this percentage
dropped to 58% at 9 months after the switch, but this difference was
not significant (p = 0.209; Figure 2).

In the complete data set, there were 54 increases of the
DAS2820.6 between two consecutive measurements and in 15
cases this was a flare (DAS28 increase 21.2). In 21 of these 54 cases
(38.9%), the category of disease activity remained the same. In 3 of
the 15 flares (20%), the category of disease activity also remained
the same. Before the switch to the biosimilar, there were 23 in-
creases of the DAS282>0.6 (12.5%), 6 of them (3.3%) were flares.
After the switch, 31 increases of the DAS2820.6 (15.9%) occurred,
of which nine were flares (4.6%). Thus, after the switch slightly more

relevant increases in DAS28 were observed than before the switch.

3.4 | Markers of inflammation

Mean ESR values fluctuated only marginally over time (Figure 3).
Mean ESR was highest 9 months before the switch (mean = 13.74)
and lowest 12months after the switch (mean = 10.70, p = 0.052).
CRP values also showed no significant differences between baseline
and the subsequent measurements.
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FIGURE 2 Disease activity before and after the switch. Top
panel: Mean DAS28 scores over time. Bottom panel: Percentage

of patients in DAS28 remission (DAS28 < 2.6) over time. Error bars
are 95% Wald confidence intervals. p-values are based on post-hoc
analyses of difference from baseline with Fisher least significant
difference correction for multiple comparisons. Light gray area
indicates the time of switch. DAS28, 28-joint disease activity score.

3.5 | Patient-reported outcome measures

Mean scores of the SF-36, HAQ-DI, and VAS-GH over time are shown
in Figure 4. As with the DAS28, the mean scores of health-related
quality of life and functional disability were not significantly different
before and after the switch. The proportion of patients reporting sat-
isfactory general health (VAS-GH <20) was also not significantly dif-
ferent from baseline at any of the measurement times after the switch.

3.6 | Safety

About 38 of the 52 patients returned the survey. Thirty-two (84.2%)
of them reported that they were still using the adalimumab biosimilar

-12 -9 -6 baseline 3 6 9 12

time (months)

FIGURE 3 Markers of inflammation before and after the switch.
Top panel: Mean ESR values over time. Bottom panel: Percentage
of patients with a normal CRP value (CRP <10) over time. Error bars
are 95% Wald confidence intervals. p-values are based on post-hoc
analyses of difference from baseline with Fisher least significant
difference correction for multiple comparisons. Light gray area
indicates the time of switch. ESR, erythrocyte sedimentation rate,
CRP, C-reactive protein.

and six (15.8%) declared that they discontinued the biosimilar. Three
patients (7.9%) discontinued the biosimilar because of side effects;
one of which switched back to the originator biological due to a se-
vere malaise for 14 days after one injection of the biosimilar. One pa-
tient discontinued because of herpes zoster after one injection with
the biosimilar and one patient because of developing lupus erythe-
matosus after 1year of treatment. Of the other three patients who
discontinued the biosimilar, one patient discontinued because of
fearing the coronavirus whilst having few rheumatic complaints and
two other patients discontinued because of persistent remission.

A total of 12 patients (31.6%) reported side effects. Besides the
side effects mentioned above other side effects mentioned in the
survey were; occasionally oral sores, inflammation of the eyelid, cys-
titis, flu-like symptoms, urticaria, fatigue, coughing, bruising at the
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FIGURE 4 Patient-reported outcomes before and after the switch. Top left panel: Mean physical health-related quality of life. Top right
panel: Mean mental health-related quality of life. Bottom left panel: Mean functional disability over time. Bottom right panel: Percentage

of patients with acceptable general health (VAS-GH <20). Error bars are 95% Wald confidence intervals. p-values are based on post-hoc
analyses of difference from baseline with Fisher least significant difference correction for multiple comparisons. Light gray area indicates the
time of switch. SF-36 PCS, Short Form-36 Physical Component Summary; SF-36 MCS, Short Form-36 Mental Component Summary; HAQ-
DI, Health Assessment Questionnaire Disability Index; VAS-GH, visual analog scale of general health.

injection site and generally feeling ill for almost 6 months. All side

effects were reported only once and all by different patients.

3.7 | Satisfaction
Overall, patients were satisfied with the switch. On a scale of 0-
10, where 0 meant ‘totally disagree’ and 10 ‘totally agree’, the mean
score for the statement ‘I am satisfied with the switch’ was 7.53
(+2.78). Twenty-three patients gave a score of 8 or higher while only
six patients gave a score of 5 or less. However, despite not being
fully satisfied with the switch, only three of them discontinued the
biosimilar.

The mean score for the statement ‘I have received sufficient in-
formation prior to the switch’ was 7.84 (+2.32). For the statement ‘I
knew where to go with questions’ the mean score was 8.62 (+1.82)

and the statement ‘I felt sufficiently prepared for the switch’ scored
7.76 (+2.27). Only a few patients gave scores below 5 on any of the
questions.

Regarding the ease of use and functioning of the Amgevita® sy-
ringe, it was reported three times that the Amgevita® injection is
slightly more painful than the Humira® injection. In addition, there
were three reports of intermittent failure of the syringe, one patient
mentioned that the syringe did not always click after the injection is
completed and one patient mentioned that he was unable to see the
screen properly because of the location of the thumb notch.

4 | DISCUSSION

On November 1, 2018, after being fully informed in the prior weeks,
all patients attending a large teaching hospital in the Netherlands
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who were using the adalimumab originator were switched to the
biosimilar Amgevita® for economic reasons. No significant loss of
effectiveness or unsuspected safety issues were observed among
switched RA patients. Most patients were satisfied with the switch
and continued treatment with the biosimilar. These findings are con-

13-16

sistent with findings from previous switch studies and a trial in

which the efficacy and safety of Amgevita® was compared to that
of Humira®.??

In the current study, there was a small numerical increase in
the number of relevant disease activity increases and flares be-
tween consecutive measurements of the DAS28 before and after
the switch. However, mean disease activity scores were not sig-
nificantly different from the measurement before the switch and
most patients remained in the same category of disease activity
throughout the observation period. The percentage of patients
who ended up in a different category of disease activity due to
an increase in DAS28 scores was the same before and after the
switch, 60.9% and 61.3%, respectively. In the majority of cases,
the DAS28 score had decreased again by the next measurement,
so patients were not in a higher category of disease activity for
along time.

Based on the survey, 7.9% of the patients discontinued the bi-
osimilar for reasons other than being in remission. This is slightly
lower than in other large switch studies like the PLANETRA ex-
tension cross-over study,16 in which 11.1% discontinued, excluding
patients who discontinued because of remission, and the Humira®
to Imraldi® switch study,15 in which 8.5% discontinued, excluding
patients who discontinued because of remission, and the DANBIO-
study,'* in which 18.0% discontinued, including patients who discon-
tinued because of remission.

In the current study, only one patient switched back to the orig-
inator adalimumab. In an open-label switch study of a etanercept
biosimilar, 2.72% of the 625 patients switched back to the origina-
tor biological,® in the DANBIO study 6.42% of the 1621 patients
switched back to the originator biological®* and in an open-label
switch study by Tweehuysen et al. 18.9% of the 192 patients
switched back to their originator biological.>* Notably, the high per-
centage of patients who switched back to the originator biological in
the study by Tweehuysen et al. seemed to be mainly due to subjective
complaints. The percentage of patients that reported side effects in
the current study was also relatively low. Twelve patients (31.6%)
reported side effects, which led to discontinuation of Amgevita® in
three patients. In the large comparison trial by Cohen et al.?? 50% of
the Amgevita® users and 54.6% of the Humira® users reported any
kind of side effect The study population in the current study, how-
ever, might be too small to provide accurate estimations.

We started the patient selection with 239 unique patients who
had switched from the originator biological adalimumab to the bi-
osimilar adalimumab. Because of the strict selection criteria with a
focus on RA patients only, 52 patients were available for analysis.
Although this is a relatively small size, this approach did improve the
quality of the data and the external validity of the findings for typical
real-world RA patients.
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The combined use of clinical data, patient-reported outcome

data, and pharmacy dispensing data is another strength of this study.
By combining clinical and pharmacy data for the patient selection,
we could accurately determine the exact switch date for the individ-
ual patients and patient medication compliance could be reasonably
assessed. In addition, this study specifically examined the satisfac-
tion of patients themselves with the course of the switch and the
use of the Amgevita® syringe. In other switch studies little or no at-
tention has been paid to these patient experiences, while it can lead
to new insights and improvements. Combining the different clinical
databases and also examining patient experiences offers a unique
complete view of what a hospital-wide switch to a biosimilar means
to patients.

The study also has some limitations. The reported side effects
attributed to Amgevita® are completely based on the patients' re-
ports and were not clinically verified. Secondly, this study is a retro-
spective observational study, with consequently some missing data
and a higher possibility of bias. In patients who know that they are
receiving a biosimilar, there may be a greater chance of a nocebo ef-
fect.®2 The way information is conveyed in case of a potential switch
can also contribute to a nocebo effect.®® By avoiding negative as-
sociations, one can keep the nocebo effect as small as possible.34
However, the development of negative associations cannot be fully
controlled and can always influence the outcomes to some extent.
For example, people may look up information by themselves and
care workers cannot fully control what patients read and how they
interpret this. Especially the lower costs of biosimilars may influence
negative associations.*”

With a total expenditure of €216 million in 2016, the
Netherlands annually spent most on the drug adalimumab of all
biologicals.®” Due to the expiration of patents, room is created
on the market for biosimilars, which are usually cheaper and can
therefore contribute to lowering healthcare costs. In daily prac-
tice, the advent of biosimilars often means that newly starting pa-
tients are prescribed the biosimilar, while patients who are already
using the originator biological continue to use the originator. By
demonstrating in the current study that patients who are already
using an originator biological can effectively and safely switch to
a biosimilar, the decision to switch these patients to the biosimi-
lar may be made more often in the future. This can further help
to reduce healthcare costs and keeping healthcare accessible for
everyone.

In conclusion, in patients with RA, switching from Humira® to
Amgevita® for economic reasons did not significantly increase dis-
ease activity or impairments in physical function and did not de-
crease quality of life over an observation period of 12months. Also,
there was no apparent indication of increased side effects. Patients
themselves were mostly satisfied with the switch.
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