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Purpose: This review aims to provide an overview of the impact of TNFis biosimilars, with marketing authorization, in patient-
reported outcome measures (PROMs) scores and explore how PROMs endpoints might add value in biosimilars uptake in RA patients.
Patients and Methods: A comprehensive search of Medline, Scopus, Lilacs, and CINAHL databases was performed for papers
published between January 2012 and December 2021. For inclusion, studies had to be prospective, published in a peer-reviewed
journal, published in English or Spanish language; studies using PROMs as an outcome measure. After screening title and abstracts
and assessing the remaining full texts fulfilling the inclusion criteria, 31 papers were used in this narrative review.

Results: PROMs were used as secondary outcomes in included studies. The most frequently employed domains to assess biosimilar
efficacy include physical function, patient global assessment (PtGA), health-related quality of life (HRQoL), and fatigue. The results
of randomized clinical trials uniformly showed that mean change in PROMs scores is comparable between biosimilar and reference
biologic treatment groups. However, open-label and real-world studies revealed high rates of discontinuation of therapy, mainly for
subjective worsening of disease activity or non-specific adverse events. Even without objective clinical evidence of inflammation,
patients who are considered to have active disease (higher scores on PtGA) have higher discontinuation rates of biosimilars. The
available information suggests that the nocebo effect is the most likely cause for the discontinuation of biosimilars.

Conclusion: There is scarce literature surrounding the impact of biosimilars in PROMs, especially in open-label studies. In real-life
studies, biosimilars have a higher discontinuation rate than reference products. TNFis biosimilars treatment efficacy in RA depends
on disease activity and other factors such as PtGA and fatigue. The nocebo effect is the best explanation for biosimilar’s
discontinuation.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease that affects between 0.5% and 1% of the general
population.’? Pharmacological treatment for RA includes using non-steroidal anti-inflammatory drugs, glucocorticoids,
and synthetic or biologics disease-modifying anti-rheumatic drugs (DMARDs). The standard of care for RA patients who
respond inadequately to synthetic DMARDs is to add a biological DMARD (biologics). However, biologics are not
curative. To maintain disease remission, patients require long-term treatment. Withdrawal of biologics may eventually
lead to arthritis flares.>*

RA patients represent one of the largest populations receiving the broadest spectrum of currently available biologics.’
Earlier treatment with biologics can reduce symptom severity and articular damage."*® Unfortunately, biologics are high-
cost medications, predominantly due to manufacturing costs. Biologics contain an active substance from a biological
source and are manufactured by complex processes using living systems.”® Increasing the use of biologics has

contributed to escalating significantly to the economic burden of disease.”'? Therefore, biologics’ cost limited their
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accessibility and delayed their early use. Usually, biological therapy is indicated when synthetic DMARDs have failed in
most countries.''

Tumor necrosis factor-alpha (TNF-a) plays an essential role in the inflammatory processes of RA. Biologics directed
against TNF-o (TNFis) therapy down-regulates inflammatory cytokines stimulated by this cytokine.'* TNFis are often
considered first-line biologic therapy due to efficacy, safety, and the availability of long-term data from clinical trials and
extensive real-world experience.'* TNFis are highly effective medicines with rates of clinical control in over 60% of
patients.'>'® Although there are differences in the sites of action and molecular structure of TNFis, all are similarly
effective. Nevertheless, approximately 50% of patients discontinue their TNFi over the first five years due to inefficacy or
adverse events (drug-related toxicity, infusion reactions, infections, and development of comorbidity).'”

To date, there is a strong interest in the pharmaceutical industry to develop TNFis biosimilars. Biosimilar TNFis
manufacturing has been motivated by increased health-care costs, and patent protection for some TNFis has expired.
Infliximab, adalimumab, and etanercept (including biosimilar forms) are the most frequently used TNFis.'*

Biosimilars production aims to create a product highly similar in terms of structure (identical amino acid
sequence).'®!” However, biosimilars are not manufactured precisely as the reference product. Minor differences in
clinically inactive components are inevitable.”*' These differences in manufacture are one of the main barriers in
doctors’ acceptance of biosimilars, given the possibility that differences may induce immunogenicity-related side
effects and loss of efficacy.”'** Nevertheless, the structural complexity of monoclonal antibodies combined with the
sensitivity of their manufacturing process to environmental conditions means that biologics cannot be replicated
exactly, so there is variability between batch to batch, regardless of whether the product is a reference product or
a biosimilar,'**!

Effectiveness, safety, and bioequivalence are essential factors contributing to the uptake of biosimilars drugs. Unlike
clinical trials for approving new drugs, biosimilar clinical trials are designed to establish bioequivalence to the brand-
name product and demonstrate that any differences are not clinically significant.”**2® Regulatory authorities such as the
European Medicines Agency (EMA) and the US Food and Drug Administration (FDA) have established guidelines for
the approval of biosimilar products. TNFis for the treatment of RA, including etanercept, infliximab, and adalimumab
biosimilars, have received regulatory approval. A biosimilar with marketing authorization has demonstrated bioequiva-
lence (in terms of efficacy, safety, and immunogenicity) to its reference product.?’

Over the past few years, several studies have shown that TNFis biosimilars drugs are equally effective as brand-name
products and reduce the cost of treatment.”**° However, it is important to recognize that biosimilars do not provide any
clinical advantage to reference biologics. The key driver for the uptake of biosimilars is cost reduction.?'~° Biosimilar
competition has already reduced average list prices in European countries. Although it is uncertain to what degree
biosimilars will lower costs, discounts vary by market and product, early entrants have validated the estimates of a price
15-60% lower than the originator biologic.>’*~!

Biosimilars uptake may improve access and quality of care in RA.®” The lower price of biosimilars may allow more
patients to be treated earlier in their disease course.'®'!*? Biosimilars are increasingly used in routine care of patients
with RA.** However, the uptake of biosimilars has varied considerably between countries.** Randomized clinical trials
(RCTs) and real-world data are crucial to improving physician and patient confidence in these medicines.?

Preferences of physicians or patients can impact biosimilar uptake. Low uptake of biosimilars can partly be explained
by a lack of confidence among physicians, mainly driven by efficacy and safety concerns and the need for more evidence,
particularly in the real-world setting.>> Biosimilar uptake can be influenced by patient-related factors, including refusal to
change or negative perceptions.®*®>’ Patients satisfied with RA control or confident with their current treatment did not
perceive a need to change their treatment, which may risk losing the currently acceptable health state or fearing new side
effects.®®*°

A significant key to advances in the assessment of DMARD:s efficacy has been the development of patient-reported outcome
measures (PROMs).! PROMs are used as secondary outcomes in most clinical trials. They are recognized as measures of
treatment efficacy by the FDA and EMA.*® PROMs quantity the impact of treatment from the patient’s perspective in
a standardized way and provide complementary information, based on different viewpoints, to physician-derived measures
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(eg, joint counts) or laboratory data (eg, C-reactive protein). Combining PROMs with objective measures is crucial to insight into
treatment effects and patients” well-being.*"**

PROMs are instruments (usually questionnaires) that allow patients to report their symptoms directly, but their role in
assessing inflammation and articular damage is imprecise.*> Symptom severity (eg, pain and fatigue), global patient
assessment, physical function, satisfaction with treatments, and quality of life (QoL) are essential outcomes in RA that
need to be measured with PROMs.****** Reduction in pain and improvement in physical function and fatigue were
consistently identified as important treatment outcomes.** The results obtained from PROMs in RCTs can inform realistic
expectations for patients and promote shared decision-making with their physicians. Furthermore, medicines with
a similar efficacy may produce different PROMs scores.*®

With the increasing interest in biosimilar use, understanding patient perspectives and changes in PROMs after the
onset of these medicines is indispensable. Considering patients’ views and preferences regarding the use of biosimilars is
essential. However, they are often not considered thoroughly. Currently, the literature lacks an adequate summary of the
evidence of the effect of biosimilars in PROMs. This review aims to provide an overview of the impact of TNFis
biosimilars, with marketing authorization, in PROMs scores and explore how PROMs endpoints might add value in
biosimilars uptake in RA patients.

Literature Search

A comprehensive search of Medline (PubMed and Ovid), Lilacs, CINAHL (EBSCO host), and Scopus databases was
performed for papers published between January 2012 and December 2021 (Table 1). The search for relevant studies
using Medical Subject Headings (MeSH) terms and keywords “arthritis, rheumatoid,” “patient-reported outcome
measures,” “biosimilars,” “biocomparables,” “biosimilar,” were used in various combinations using Boolean operators
like “AND” and “OR.” For inclusion, studies had to be: a) prospective (clinical trials and observational studies); b)
published in a peer-reviewed journal; ¢) published in English or Spanish language; d) studies using PROMs as an
outcome measure (primary or secondary); e) studies conducted in human subjects. Letters, reviews, meeting abstracts,
cost-efficacy studies, and studies with participants aged less than 18 years old were excluded. A total of 543 citations
were retrieved from the four databases. The PRISMA 2020 flow diagram of selection studies is shown in Figure 1.%7
Duplicates were removed using EndNote’s duplicate identification strategy (n = 29) and then manually (n = 75). After
screening titles and abstracts and assessing the remaining full texts fulfilling the inclusion criteria, 31 papers were used in
this narrative review.

Results
This review focuses on three topics related to the use of PROMs in the assessment efficacy of biosimilars: PROMs in
RCTs, PROMs in open-label and real-world studies, and the nocebo effect in biosimilar discontinuation.

Patient-Reported Outcome Measures in Clinical Trials
Several TNFis biosimilars have been approved in Europe and the US, based on results from RCTs comparing the
bioequivalence of the biosimilar with originator drug (Table 2). Most of the studies were funded by the pharmaceutical
industry. Therefore, it is logical that the primary outcomes of the studies consider the regulatory perspective to obtain
approval by the regulatory authorities.** Efficacy, safety, or immunogenicity endpoints were incorporated into most
studies, but only a limited number of studies included PROMs, especially in real-world registries. Usually, PROMs were
used as secondary or exploratory endpoints in RCTs. In general, changes in PROMs scores were comparable between
patients maintained on biosimilars or reference products and those who switched to biosimilars from reference products.
The most frequently employed domains or constructs to assess biosimilar efficacy include physical function, patient
global assessment (PtGA), health-related quality of life (HRQoL), and less commonly fatigue. However, other important
domains in RA patients, such as sleep, psychological well-being, or ability to cope were not assessed. The most frequent
PROMs instruments reported were the Health Assessment Questionnaire Disability Index (HAQ-DI), patient global
visual analog scale, and the Short-Form 36 (SF-36) physical and mental components. Two studies used the European
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Table | Search Strategy

Databases | Query Results

Medline (PubMed)

| ((arthritis, rheumatoid[MeSH Terms]) AND (BIOSIMILAR[Title/Abstract])) OR (BIOSIMILARS[Title/Abstract]) 2653

2 ((arthritis, rheumatoid[MeSH Terms]) AND (BIOSIMILAR[Title/Abstract])) OR (BIOSIMILARS[Title/Abstract]) AND 133
(clinicaltrial[Filter] OR randomizedcontrolledtrial[Filter] OR observationalstudy[Filter]) Filters: Clinical Trial,
Observational Study, Randomized Controlled Trial, English, Spanish Sort by: Most Recent

3 ((“arthritis, rheumatoid”[MeSH Terms] AND “BIOSIMILAR”[Title/Abstract]) OR “BIOSIMILARS”[Title/Abstract]) AND 101
(“clinical trial”’[Publication Type] OR “randomized controlled trial”’[Publication Type] OR “observational
study”[Publication Type])) AND (english[Filter] OR spanish[Filter]) AND (alladult[Filter]))

4 (((arthritis, rheumatoid[MeSH Terms]) AND (biosimilars[Title/Abstract])) OR (biosimilar[Title/Abstract])) AND 12
(patient-reported outcomes[Title/Abstract])

Medline (OVID)

| Rheumatoid arthritis.ti. and biosimilars.ab. 13

2 Limit | to “all adult (19 plus years)”.Limit 2 to humans 53

3 Buscar en todas las revistas de Ovid (Referencias + Abstracts + Revistas Suscritas)Buscar en revistas suscritas (Texto 8
Completo)
Buscar en Ovid Medline ACP Journal Club <1991 to December 202 1> EBM Reviews - Cochrane Central Register of
Controlled Trials <December 202 1> ((rheumatoid arthritis.ti. and biosimilars.ab.) or BIOSIMILARS.kf.) and PATIENT-
REPORTED OUTCOMES.af.

Scopus

| TITLE-ABS-KEY (“rheumatoid arthritis”) AND TITLE-ABS-KEY (“biosimilars”) SUBJAREA (medi) 711

2 TITLE-ABS-KEY (“rheumatoid arthritis”) AND TITLE-ABS-KEY (“biosimilars”) SUBJAREA (medi) AND (LIMIT-TO 347
(PUBYEAR, 2021) OR LIMIT-TO (PUBYEAR, 2020) OR LIMIT-TO (PUBYEAR, 20/9) OR LIMIT-TO (PUBYEAR, 20/8)
OR LIMIT-TO (PUBYEAR, 20/7) OR LIMIT-TO (PUBYEAR, 20/6) OR LIMIT-TO (PUBYEAR, 20/5) OR LIMIT-TO
(PUBYEAR, 20/4) OR LIMIT-TO (PUBYEAR, 20/3)) AND (LIMITTO (DOCTYPE, “ar”)) AND (LIMIT-TO (LANGUAGE,
“English”) OR LIMIT TO (LANGUAGE, “Spanish”)) AND (LIMIT-TO (SRCTYPE, "))

3 TITLE-ABS-KEY (“rheumatoid arthritis”) AND TITLE-ABS-KEY (“Patient-reported outcomes”) AND TITLE-ABS-KEY 12
(“biosimilar””) SUBJAREA (medi)

CINAHL (EBSCO host)

| TI rheumatoid arthritis AND AB biosimilars OR AB biosimilar. 1099

2 TI rheumatoid arthritis AND AB biosimilars OR AB biosimilar. Limiters - Published Date: 20120101-20211231; English 42
Language; Peer Reviewed; Research Article; Randomized Controlled Trials; Age Groups: All Adult.

3 TI rheumatoid arthritis AND AB biosimilars OR MW biosimilars AND Patient-reported ocutcomes.Limiters. Published 10
Date: 20130101-20211231. English Language. Peer Reviewed. Research Article. Human. Age Groups: All Adult

Lilacs

| Artritis reumatoide [Palabras] and biosimilares [Palabras] or biocomparables [Palabras] 4

Quality of Life-5 Dimensions (EQ-5D) index; two studies used the Functional Assessment of Chronic Illness Therapy-

Fatigue (FACIT-fatigue) to assess fatigue, and one study employed the Rheumatoid Arthritis Impact of Disease (RAID).

The HAQ-DI questionnaire is considered the gold standard for assessing functional limitations in RA patients.*® The

results of RCTs uniformly exhibit that the mean change in HAQ-DI scores is comparable between biosimilar and
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screening
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Records removed for
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(n = 340)
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retrieval. Relevant
articles for more detailed
evaluation (n = 103)

Records not retrieved
(n=0)

1

Records assessed for
eligibility (n = 103)

v

Studies included in
review (n =31)
Reports of included
studies (n = 0)

Reports excluded (reasons):

1. Do not use a PRO as an
outcome (n = 35)

2. Uses a biosimilar without
FDA or EMA authorization
n=17)

3. Not related to the topic of
interest (n = 8)

4. Do not report changes in
PROs scores (n = 3)

6. Meeting abstracts (n = 4)

7. Review articles (n = 4)

8. Protocol (n=1)

—

Figure | PRISMA 2020 flow diagram for selection of studies.

Note: Adapted from: Page M), McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 2021;372:n7
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Table 2 Lists the Biologics Directed Against TNF-a (TNFis) Biosimilars That Have Been Approved by the European Medicines Agency
(EMA) and the US Food and Drug Administration (FDA)

Drug Brand- Company, Name, City, State, Country, Date of Marketing
Name Authorization
EMA FDA

Reference Products

Infliximab Remicade® Janssen Pharmaceutica, Beerse, Belgium Aug 1998 Aug 1998
Etanercept Embrel® Immunex Corporation, Thousand Oaks, CA, USA Feb 2000 Nov 1998
Adalimumab Humira® Abbvie Inc, North Chicago, IL, USA Sep 2003 Dec 2002
Biosimilars
Infliximab
PF-06438179/GPI 111 Zeesly® Sandoz GmbH, Kundl, Austria May 2018
PF-06438179/GPI 111 (infliximab- Ixifi® Pfizer Inc, New York, NY, USA Dec 2017
qbtx)
SB2 Flixabi® Samsung Bioepis, Incheon, South Korea May 2016
SB2 (adalimumab-adbm) Renflexis® Samsung Bioepis, Incheon, South Korea May 2017
CT-PI3 Remsima® Celltrion, Incheon, South Korea Sep 2013
CT-PI3 (infliximab-dyyb) Inflectra® Pfizer, New York, NY, USA Sep 2013 Apr 2016
ABP 710 (infliximab-axxq) Avsola® Amgen, Thousand Oaks, CA, USA Dec 2019
Adalimumab
ABP 501 (Adalimumab-atto) Amgevita® Amgen, Thousand Oaks, CA, USA March 2017 | Sep 2016
CTPI7 Yuflyma® Celltrion Healthcare Hungay Kft. Feb 2021
PF-06410293 (adalimumab-afzb) Abrilada® Pfizer Inc, New York, NY, USA Nov 2019
PF-06410293 Amsparity® Pfizer Europe MA EEIG, Bruxelles, Belgium Feb 2020
Bl 695501 (adalimumab-adbm) Cyltezo® Boehringer Ingelheim, Ingelheim am Rhein, Germany. Aug 2017
SB5 (adalimumab-bwwd) Hadlima® Samsung Bioepis, Incheon, South Korea July 2019
SB5 Imraldi® Biogen, Hillered, Denmark Aug 2017
MSB11022 Idacio® Fresenius Kabi Deutschland GmbH, Bad Homburg v.d.Hohe, Apr 2019
Germany
FKB327 (adalimumab-fkjp) Hulio® Mylan, Canonsburg, PA, USA Sep 2018 July 2020
GP2017 (adalimumab-adaz) Hyrimoz® Sandoz, Holzkirchen, Germany July 2018 Oct 2018
GP2017 Heﬁya® Sandoz GmbH, Langkampfen, Austria July 2018
Etanercept
YLBII3 Nepexto® Mylan Ireland Limited, Dublin, Ireland. May 2020
SB4 (etanercept-ykro) Eticovo® Samsung Bioepis, Incheon, South Korea Apr 2019
SB4 Benepali® Samsung Bioepis, Incheon, South Korea Jan 2016
GP2015 (etanercept-szzs) Erelzi® Sandoz GmbH, Kundl, Austria. Jun 2017 Aug 2016
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reference biologic treatment groups (Tables 3 and 4). Improvements in HAQ-DI scores perceived in patients with RA
treated with biosimilars demonstrate that these medicines improve functional capacity and reduce disability of patients in
the short- and long term.””**~? In most instances, mean values and changes from baseline in HAQ-DI were similar
between the two treatment groups (biosimilar vs reference product).”

The EQUIRA study”>* aimed demonstrated similar efficacy and comparable safety and immunogenicity profile of
GP2015 (Erelzi®; Sandoz GmbH, Kundl, Austria) to etanercept (Enbrel®; Immunex Corporation, Thousand Oaks, CA,
USA) at week 24 in patients with moderate-to-severe RA who had an inadequate response to either synthetic or biologic
DMARDs. Improvements from baseline in HAQ-DI and scores were comparable between GP2015 and etanercept
groups. At week 24, the mean change from baseline in HAQ-DI score was —0.57 in the GP2015 group and —0.67 in
the etanercept group.”® At week 48, the mean change from baseline in HAQ-DI score was —0.62 in the “continued
GP2015” group and —0.66 in the “switched to GP2015” group. Furthermore, the proportion of patients achieving HAQ-
DI <0.5 up to week 48 was comparable between “continued GP2015” group and “switched to GP2015” group (34.7% vs
39.5%).%°

The mean change of HAQ-DI score at week 78 in patients treated with the infliximab biosimilar PF06438179/GP1111
(Ixifi®; Pfizer Ireland Pharmaceuticals Ringaskiddy, Co. Cork, Ireland) after switching from infliximab (Remicade®;
Janssen Pharmaceutica, Beerse, Belgium) or continuing PF06438179/GP1111 was —0.8.** The ADMYRA study’' aimed
to demonstrate similar efficacy and safety of GP2017 (Hyrimoz"™; Sandoz, Holzkirchen, Germany) and adalimumab
(Humira®; AbbVie Inc., Chicago, IL, USA) in patients with moderate to severe RA with inadequate response to
DMARD:s. In this study, the proportion of patients achieving a HAQ-DI score <0.5 at week 24 was similar between
treatment groups (GP2017 37.8% vs adalimumab 36.3%).”" Furthermore, after switching, mean HAQ-DI scores
remained stable, with no clinically meaningful differences between the treatment groups.”'

The Patient’s Global Assessment of Disease Activity (PtGA) was reported in 3 studies, making one the most
frequently reported PRO after the physical function. The PtGA is a single item that measures disease impact. PtGA
scores can range from 0 to 100 mm; higher scores represent a higher level of disease activity.”> PtGA plays a major role
in determining fulfillment of remission criteria in RA.>> Parallel reductions in PtGA accompanied disease improvement.
The mean change of PtGA among patients treated with biosimilars was —30.3 to —35.1, while for patients treated with the
reference product was —26.6 to —39.4 (Table 3).°'->¢

HRQoL measures a patient’s value on their current health state.*> To date, limited HRQoL data are available on
biosimilars studies. Some studies used generic questionnaires to assess the HRQoL. Three studies did not demonstrate
any differences between the biosimilar and the product reference in changes in SF-36 scores in the short- and long term
(Tables 3 and 4).°°® These results support TNFis biosimilars treatment in RA patients improved patients’ HRQoL.

The PLANETRA study’® was an RCT Phase 3 trial comparing safety and efficacy of infliximab and biosimilar CT-
P13 (Inﬂectra®; Hospira, Lake Forest, IL, USA; and Remsima®; Celltrion, Incheon, South Korea) in 606 patients with
active RA who had inadequate responses to methotrexate. This study showed that CT-P13 and infliximab have equivalent
pharmacokinetic profiles, comparable efficacy and safety, and no clinically important differences in PROMs. Mean
scores on pain, PtGA, and HAQ-DI decreased at week 14 and remained stable after that up to week 54 in both treatment
groups. Contrarily, both groups’ mean SF-36 score increased (better QoL) from baseline to week 54. In the extension
study, no notable differences in HAQ-DI scores were noted between treatment groups (CT-P13 vs infliximab) at weeks
14, 30, 54, 78, or 102.>

In a RCT, Takeuchi et al®® showed that the mean changes from baseline scores in HAQ-DI were similar for the CT-P13
(n=50) and infliximab (n = 51) groups in Japanese patients with RA at week 14 (—0.36 vs —0.33, p = 0.74) and week 30
(—0.47 vs —0.36, p = 0.25). However, at week 54, the mean changes from baseline scores were slightly higher in the group
treated with CT-P13 (—0.54 vs —0.25, p < 0.01). Subsequently, Tanaka et al® reported the results of the open phase of this
study. This study evaluated the efficacy of CT-P13 in patients with RA during long-term treatment (n = 37) or after
switching from infliximab (n = 32). Patients’ assessments of HAQ-DI score in the switch group were slightly higher than
those in the maintenance group (0.56 vs 0.36). The mean changes from baseline scores in HAQ-DI were slightly higher in
the long-term treatment group at week 62 (—0.70 vs —0.37; p = 0.01), week 110 (—0.66 vs —0.38; p = 0.04), and week 134
(=0.67 vs —0.40, P = 0.06).
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Table 3 Mean Changes of PROMs Score Between Week 24 to 30 from Baseline

First Author Design | Construct or PRO Biosimilar Reference Time n Biosimilar n Reference Funding

(Year) Domain Product (Weeks) Group Group

Yoo (2013)%¢ RCT Physical function HAQ-DI CT-PI3 Infliximab 30 302 | —0.6 (0.6) 304 | —0.50 (0.60) Celltrion Inc.

Takeuchi (2015)°° RCT Physical function HAQ-DI CT-PI3 Infliximab 30 50 —0.47 (0.51) 51 —0.36(0.47) Celltrion Inc.

Edwards (2019)°7 RCT Physical function HAQ-DI MSBI1022 Adalimumab 24 143 | —0.61 (0.60) 145 | —0.62 (0.58) Merck.

Alten (2019)% RCT Physical function HAQ-DI PF06438179/ Adalimumab 30 280 | —0.6 (NR) 143 | —0.6 (NR) Sandoz and

GPIIII Pfizer

Matucci-Cerinic RCT Physical function HAQ-DI GP2015 Etanercept 24 186 | —0.57 (NR) 190 | —0.67 (NR) Sandoz

(2018)>*

Yoo (2013)%¢ RCT QoL SF36-PC CT-PI3 Infliximab 30 302 | 7.1 (7.9) 304 | 6.5 (7.6) Celltrion Inc.

Edwards (2019)*’ RCT QoL SF36-PC MSB11022 Adalimumab 24 143 | 10.23 (9.03) 145 | 9.99 (8.29) Merck

Kay (2021)7° RCT QoL SF36-PC CT-P17 Adalimumab 24 309 | 7.86 (7.41) 312 | 821 (8.0l) Celltrion Inc.

Kay (2021)° RCT QoL SF36-MC CT-P17 Adalimumab 24 309 | 5.87 (9.84) 312 | 6.58 (9.74) Celltrion Inc.

Yoo (2013)%¢ RCT PtGA VAS CT-PI3 Infliximab 30 302 | —28.5 (25.9) 304 | —27 (25.60) Celltrion Inc.

Blauvelt (2021)°' RCT PtGA VAS GP2017 Adalimumab 24 177 | —38.2 (24.1) 176 | —41.5 (23.9) Sandoz
company

Yoo (2013)%¢ RCT Pain VAS (mm) CT-PI3 Infliximab 30 302 | —29.5 (25.5) 304 | —27.8 (24.6) Celltrion Inc.

Blauvelt (2021)°' RCT Pain VAS (mm) GP2017 Adalimumab 24 177 | —38.5 (25.7) 176 | —41.4 (24.2) Sandoz
company

Yoo (2013)%¢ RCT QoL SF36-MC CT-PI3 Infliximab 30 302 | 7.1 (10.0) 304 | 6.6 (10.4) Celltrion Inc.

Kay (2021)7° RCT QoL SF36-MC CT-P17 Adalimumab 24 309 | 5.87 (9.84) 312 | 6.58 (9.74) Celltrion Inc.

Blauvelt (2021)°' RCT Fatigue FACIT GP2017 Adalimumab 24 177 | 27.98 (9.20) 176 | 38.8 (9.30) Sandoz
company

Matucci-Cerinic RCT Fatigue FACIT GP2015 Etanercept 24 186 | 9.45 (NR) 190 | 11.8 (NR) Sandoz

(2018)**

Edwards (2019)>” RCT QoL EuroQol MSB11022 Adalimumab 24 143 | 0.19 (0.21) 145 | 0.18 (0.18) Merck

Index
Edwards (2019)*’ RCT QoL EuroQol MSB11022 Adalimumab 24 143 | 24.1(26.99) 145 | 18.6 (26.58) Merck
VAS

Abbreviations: RCT, randomized clinical trial; PtGA, Patient Global Assessment; QolL, quality of life; SF-36-PC, SF-36 physical component; SF-36-MC, SF-36 mental component; VAS, visual analog scale; NRS, numeric rating scale; RAID,

rheumatoid arthritis impact of disease; NR, not reported.
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Table 4 Mean Changes of PROMs Score Between Week 48 to 54 from Baseline

First Author | Design | Construct or Patient-Reported Biosimilar Reference Time n Biosimilar | n Reference Funding
(Year) Domain Outcome Product (Weeks) Group Group
Yoo (2013)*® RCT Physical function | HAQ-DI CT-PI3 Infliximab 54 302 | —0.6 (0.61) 304 | —0.52 (0.59) | Celltrion Inc.
Takeuchi RCT Physical function | HAQ-DI CT-PI3 Infliximab 54 50 | —0.54 (0.59) | 5l —0.25 (0.47) | Celltrion Inc.
(2015)*°
Emery RCT Physical function | HAQ-DI SB4 Etanercept 52 299 | —0.73 (0.58) | 297 | 0.70 (0.62) Samsung Bioepis
(2017)%
Edwards RCT Physical function | HAQ-DI MSB11022 Adalimumab 52 143 | —0.68 (0.68) | 145 | —0.65 (0.65) | Merck.
(2019)*”
Alten (2019)%° | RCT Physical function | HAQ-DI PF06438179/ | Adalimumab 54 280 | —0.03 (NR) 143 | —0.02 (NR) Sandoz and Pfizer
GPIIII

Yoo (2013)%¢ RCT QoL SF36-PC CT-PI3 Infliximab 54 302 | 7.6 (8.1) 304 | 6.6 (84) Celltrion Inc.
orgensen o - - nflixima . . —I. R orwegian Ministry of Health an

RCT QoL SF36-PC CT-PI3 Infl b 52 206 | 0.2 (6.60 202 1.2 (6.09 N M y of Health and

are Services.
(2017)*® Care S
Edwards RCT QoL SF36-PC MSB11022 Adalimumab 52 143 | 11.56 (9.33) | 145 | I1.15 (8.66) | Merck
(2019)*”
Furst (2021)”" | RCT QoL SF-36 PC CT-P17 Adalimumab 52 303 | 9.63 (7.51) 153 | 10.7 (8.53) Celltrion Inc.
orgensen RCT QolL SF36 MC CT-PI3 Infliximab 52 206 | —1.3 (8.90 202 | 0.7 (8.90 Norwegian Ministry of Health and
8 8 Y
2017)%8 Care Services.
(2017)
Furst (2021)”" | RCT QoL SF-36 MC CT-P17 Adalimumab 52 303 | 5.90 (9.58) 153 | 7.73 (10.41) | Celltrion Inc.
Yoo (2013)%¢ RCT PtGA VAS (mm) CT-PI3 Infliximab 54 302 | —30.3 (24.3) | 304 | —26.6 Celltrion Inc.
(27.80)

Blauvelt RCT PtGA VAS (mm) GP2017 Adalimumab 48 177 | —=35.1 (25.7) | 176 | —39.4 (25.7) | Sandoz company
(2021)°!
Jorgensen RCT PtGA NRS (0-10) CT-PI3 Infliximab 52 206 | 0.3 (2.2) 202 | 0.4 (0.90) Norwegian Ministry of Health and
(2017)%8 Care Services.
Yoo (2013)*® RCT Pain VAS CT-PI3 Infliximab 54 302 | —30.2 (23.8) | 304 | —28.4 (26.9) | Celltrion Inc.

(Continued)
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Table 4 (Continued).

First Author | Design | Construct or Patient-Reported Biosimilar Reference Time n Biosimilar n Reference Fundin
g P g
(Year) Domain Outcome Product (Weeks) Group Group
Edwards RCT QoL EuroQol Index MSB11022 Adalimumab 52 143 | 0.21 (0.20) 145 | 0.20 (0.18) Merck
(2019)*7
Jorgensen RCT QoL EuroQol Index CT-PI3 Infliximab 52 206 | 0.0 (0.20) 202 | 0.0 (0.20) Norwegian Ministry of Health and
(2017)*® Care Services.
Edwards RCT QoL EuroQol VAS MSB11022 Adalimumab 52 143 | 26.8 (26.15) | 145 | 22.6 (24.93) | Merck
(2019)*7
Jorgensen RCT Impact of RAID CT-PI3 Infliximab 52 206 | 0.20 (1.40) 202 | 0.60 (1.20) Norwegian Ministry of Health and
(2017)*® disease Care Services.

Abbreviations: RCT, randomized clinical trial; PtGA, Patient Global Assessment; QolL, quality of life; SF-36-PC, SF-36 physical component; SF-36-MC, SF-36 mental component; VAS, visual analog scale; NRS, numeric rating scale; RAID,
rheumatoid arthritis impact of disease; NR, not reported.
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The non-medical switch of CT-P13 in patients with several stable inflammatory conditions (RA, spondyloarthritis,
Psoriatic arthritis, ulcerative colitis, Crohn's disease, and Psoriasis) was evaluated in the NOR-SWITCH study.5 8 This
study shows that switching from infliximab to biosimilar CT-P13 is not inferior to continued treatment with the originator
drug. Authors found no significant differences between those who had switched and those who remained on infliximab in
disease worsening, PtGA, SF-36, and EQ-5D scores. The extension phases of the NOR-SWITCH study®' reported that
the biosimilar CT-P13 produces comparable changes in PROMs as the original drug. In another study, EQ-5D index
values and EQ-5D-5L VAS scores were similar for biosimilar MSB11022 (Idacio®; Fresenius Kabi Deutschland GmbH,
Bad Homburg v.d.Hohe, Germany) versus adalimumab at weeks 24 and 52.°” Both treatment groups showed a similar
increase in the SF-36 physical and mental component scores.®>

In the ADMYRA study, the biosimilar GP2017 (Hyrimoz"; Sandoz, Holzkirchen, Germany) demonstrated compar-
able improvements in FACIT-fatigue scores to adalimumab. At week 24, the mean percent change from baseline in the
FACIT-fatigue score was 75.4 in GP2017 and 73.0 in adalimumab groups. The improvement with GP2017 was
maintained after switching at week 48.°° In the EQUIRA study, the mean change from baseline in the FACIT-fatigue
score at week 24 was 9.45 in the biosimilar GP2015 group and 11.82 in the etanercept group. Furthermore, no difference
in FACIT-fatigue score was reported after switching to GP2015. The mean change from baseline in FACIT-fatigue score
was 11.6 in the “continued GP2015” group and 10.6 in the “switched etanercept to GP2015” group.’® The data of these
studies showed changes in fatigue levels were comparable between treatment groups.

The RAID questionnaire is a patient-derived composite measure of the impact of RA.®® The total RAID score ranges
from 0 to 10, with 10 representing worst health. The RAID scores were similar with CT-P13 compared to infliximab in
the NOR-SWITCH study.’® The mean RAID score in the group of patients treated with the biosimilar CT-P13 was 2.2
at baseline and 0.6 at week 52. In the infliximab-treated group, the mean RAID score was 2.0 at baseline and 0.2 at
week 52. The difference between groups at week 52 was not significant (0.47, 95% CI —0.14 to 1.08). Changes in the
RAID from the extension phase baseline (week 52) to the end of follow-up (week 78) were generally similar in both
groups.®!

Patient-Reported Outcomes in Open-Label and Real-World Studies

Patients in RCTs differ from patients treated in routine clinical practice.®* It is debated whether the biosimilars are
bioequivalent to the originator when patients are switched to biosimilar in real-word. Patient registry studies and
observational studies conducted in larger, more heterogeneous cohorts (eg, older patients, more comorbidities, or atypical
disease) and longer follow-up time can provide valuable additional information.®> The knowledge of real-world clinical
use of approved biosimilars would help assess the effectiveness, safety, and QoL of biosimilars in the treatment of RA.>°
However, lack of randomization makes observational effect estimates vulnerable to confounding.®®

In 2016, Denmark mandated a switch to the biosimilar from the reference product among patients with rheumatic
diseases, providing an opportunity to compare treatment outcomes of those who switched and those who did not. The
DANBIO registry includes rheumatologic patients treated in routine care with biological DMARDs. The analyses of the
DANBIO registry reported that disease activity three months before and after the switch was essentially unchanged in
most patients, demonstrating that switching to CT-P13 had no negative impact on disease activity, and 81% of RA
patients remained on therapy at one year.®” The adjusted retention rate with CT-P13 after 54 weeks was slightly lower
than for infliximab in a historic cohort. The median HAQ-DI score three months before switch, at switch, and three
months post-switch was 0.6. Interestingly, higher PtGA scores at baseline and monotherapy were associated with poorer
retention in RA patients. The authors considered that the lower retention of the biosimilar might not necessarily be
attributable to the lack of efficacy of CT-P13. Other explanations such as negative expectations towards the biosimilar
(nocebo effect) or some other confounding factor should be considered.

In a small cohort of patients with inflammatory arthritis (n = 34), PROs were compared before (the last six months of
infliximab treatment) and after switching to CPT-13 (mean follow-up was 5.8 months). Before switching, patients were
on infliximab treatment for a median duration of 57 months. In this study, there was no significant difference in ptGA
(28.3 vs 35.2, p=0.11) and HAQ-DI scores (0.38 vs 0.69, p = 0.11) before and after switching. However, the pain score
increased significantly following switching (28.8 vs 38.1, p = 0.04).°®
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In patients switching from etanercept to SB4 (Benepali® or Brenzys®; Samsung Bioepis, Seoul, South Korea) in the
DANBIO registry, pre- and post-switch changes over three months were not clinically different for a range of disease
activity measures in patients with rheumatic diseases and no major safety concerns were observed. During follow-up, 299
switchers (18%) and 145 non-switchers (33%) withdrew from treatment with SB4 and etanercept, respectively.
A subgroup of SB4-treated patients switched back to etanercept; the main reason for SB4 withdrawal was lack of
effect.®* However, changes in disease activity at the etanercept restart were mainly subjective (PtGA) rather than
objective (C-reactive protein and swollen joint counts were close to zero).**

The BIO-SWITCH study aimed to assess the effect of switching treatment from infliximab to biosimilar CT-P13 on
drug survival, effectiveness, safety, and immunogenicity in patients with rheumatic diseases (RA, spondyloarthritis, and
psoriatic arthritis) in daily clinical care.® At month six, 47 of 192 patients (24%) discontinued CT-P13 due to a perceived
lack of effect (n = 26), adverse events (n = 11), or both. Most of the adverse events reported (78%) were subjective (eg,
mood disorders and fatigue). Subjective complaints (arthralgia and fatigue) were the main reason for biosimilar
discontinuation. Furthermore, among those who discontinued CT-P13 due to a perceived lack of efficacy, tender joint
count and PtGA scores worsened relative to baseline. In contrast, swollen joint count and C-reactive protein were stable.
Interestingly, most patients who discontinued CT-P13 (79%) restarted infliximab, decreasing the number of tender joints
and the PtGA and lowering disease activity scores. Authors suggested that the discontinuation of CT-P13 due to
subjective health complaints might be explained by nocebo or incorrect causal attribution effects.®

Kay et al’® demonstrated the equivalence efficacy to CT-P17 (Yuflyma®; Celltrion Healthcare Hungary, Budapest,
Hungary) at week 24 to reference adalimumab in 648 patients with moderate-to-severe active RA despite methotrexate
treatment. Overall safety profiles were similar between groups. SF-36 scores increased from baseline to week 24 in both
groups. At week 24, mean change from baseline in the SF-36 physical component score was 7.86 for CT-P17 and 8.21
for adalimumab. Similarly, mean change from baseline in the SF-36 mental component score was 5.87 for CT-P17 and
6.58 for adalimumab. The extension study’' (week 52) demonstrates comparable efficacy, PROMs scores changes,
pharmacokinetics, safety, and immunogenicity among subjects with RA who continued treatment with CT-P17, or
adalimumab, or who switched from adalimumab to CT-P17. Mean changes from baseline in SF-36 physical component
scores were 9.63, 10.70, and 9.74 in the continued CT-P17, continued adalimumab, and switched to CT-P17 groups,
respectively. Analogous mean changes from baseline in SF-36 mental component scores were 5.90, 7.73, and 7.19.”!

Codreanu et al®® compared the efficacy and safety of SB4 to etanercept in a real-life national cohort. The study
included 242 RA patients from the Romanian Registry of Rheumatic Diseases. Results showed that etanercept and SB4
have equivalent efficacy and safety at six months of treatment. Although patients on SB4 tended to have higher PtGA
(35.7 mm vs 30.7 mm; p = 0.077) and lower mean CRP levels (3.6 mg/L vs 5.6 mg/L, p = 0.071), these differences were
not statistically significant. The authors could not assess PROMs (eg, HAQ-DI, SF-36, or EQ-5D) because of the lack of
data in the registry.

In Germany, Kiltz et al’? retrospectively evaluated the effectiveness of non-medical switching from etanercept to SB4
in adult patients with rheumatic diseases. HAQ-DI mean scores remain stable in RA and Psoriatic arthritis patients from
baseline (1.2 SD 0.7) to 12 and 24 weeks (1.3 SD 0.7). Interestingly, in this study, there was no difference in any outcome
at 24 weeks related to the fact that patients were or were not informed about switching to a biosimilar. In another study,
Maucksch et al”® reported that most patients (426/492; 86.5%) with AR and Spondyloarthritis treated with SB4 were
satisfied or very satisfied with the SB4 pre-filled pen (based on a 5-point Likert scale).

Bruni et al’* described the efficacy of SB5 (Imraldi®; Biogen, Hillerod, Denmark) after switching from adalimumab
in 19 patients with RA. At three months of switching, there was no significant difference in ptGA (2.85 vs 2.96), VAS for
pain (2.86 vs 2.5), and HAQ-DI (0.32 vs 0.35) compared to baseline scores. Similar results were observed at six months,
except for the HAQ-DI. Compared to the baseline, there was a statistically significant decrease in HAQ-DI scores (0.32
vs 0.11, p = 0.02).

Nocebo Effect in Biosimilar Discontinuation
Although data from RCTs were positive, open-label and real-world studies revealed high discontinuation rates of therapy,
mainly for subjective worsening of disease activity or non-specific adverse events.”” In a systematic review, the median
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discontinuation rates for any reason were 14.3% in observational studies compared with 6.95% in RCTs.”® Because
biosimilars withdrawal was closely associated with non-specific complaints, several authors suggest that the nocebo
effect is probably the best explanation for biosimilar’s discontinuation.'**”-"7"”® The nocebo effect is the worsening of
symptom induction by pharmacological or non-pharmacological treatments.>’® The nocebo responses may result from
patients’ negative expectations and not the pharmacologic action of the biosimilar itself.”

A significant barrier to the uptake of biosimilar medicines is misinformation and mistrust from patients and health-
care professionals.®? Patients’ preferences regarding switching remain important but are often not considered fully. The
available data indicate that some RA patients may be more susceptible to nocebo effects, especially in patients with non-
medical switching, suggesting that knowledge of a switch to a biosimilar product may have affected treatment
efficacy.>’7**® Switching between a reference biologic and a biosimilar for non-medical reasons may generate negative
sentiment in those unwilling or reluctant to change.

Nocebo effects may be influenced by the patient’s perception of the medicines; some patients hold negative
perceptions and might feel reluctant to accept or refuse to change if they consider biosimilar as second-choice drugs
or drugs of lower quality.>®®' On the other hand, some patients may consider the lower price of biosimilars as an
indication of lower quality.®'"%

In addition, health-care workers’ perception of biosimilars may influence patients to develop the nocebo effect.

Physician’s and nursing staff communications might contain unintentional negative suggestions that may trigger
a nocebo response.”” Earlier studies suggest some physicians mistrust biosimilars or are not fully confident in their
use.'?
Patients’ perspectives and the variability in patient preferences highlight the need to individualize treatment choices in
RA.>* Even without objective clinical evidence of inflammation, patients who are considered to have an active disease
(higher scores on PtGA) have higher discontinuation rates of biosimilars. PROMs provide unique information on the
impact of biosimilar treatment from the patient’s perspective. Shared decision-making processes between RA patients
and their clinicians are associated with good disease response, increased biosimilars’ acceptance, and reducing the
nocebo effect.??%7>-80

There are several limitations of these analyses, which can influence the validity of the reported results. Despite its
importance, there is scarce literature surrounding the impact of biosimilars in PROMs, especially in open-label studies.
Several studies that evaluated the efficacy and safety of biosimilars were excluded from this review because they did not
include PROMs as outcome measures. The total number of open-label studies, including PROMs as outcome measures,
was lower than that of RCTs. Most of the studies included in this review only present data descriptively. No hypothesis
testing was performed to determine whether the results of PROMs scores were significantly different between patients
treated with biosimilars and patients treated with reference products. Studies included in this review were not powered to
detect differences in PROMs scores between treatment groups. Actually, no study has considered the effect of biosimilars
on PROMs as a primary outcome. The available information suggests that the nocebo effect is the most likely cause for
the withdrawal of biosimilars. However, there is not yet a study designed to evaluate this association.

PROMSs data may help in the selection of optimal treatment, patient’s symptom experience, and treatment satisfaction.
The information provided by PROMs can help physicians, and future patients evaluate the efficacy, safety, and patient’s
experience with the treatment and thus select the best treatment promoting shared decision-making. Future studies are
necessary aimed to demonstrate differences in PROMs scores among biosimilars and reference products. Similarly, further
studies are needed to evaluate the association between the nocebo effect and continuation rates of biosimilars DMARD:s.

Conclusions
Biosimilars expand therapeutic options for RA patients, and their use is increasing worldwide, especially in European
countries. Growing evidence from clinical trials and real-world registries demonstrate that TNFis biosimilars are
effective and safe as reference biologics. Similarly, available data suggest that switching from the originator drug to
a biosimilar tends to be effective.

There is scarce literature surrounding the impact of biosimilars in PROMs, especially in open-label studies. In real-
life studies, biosimilars have a higher discontinuation rate than reference products. TNFis biosimilars treatment efficacy
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in RA depends on disease activity and other factors such as PtGA and fatigue. The nocebo effect is the best explanation

for biosimilar’s discontinuation.
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