
����������
�������

Citation: Becciolini, A.; Parisi, S.;

Caccavale, R.; Bravi, E.; Lumetti, F.;

Andracco, R.; Volpe, A.; Gardelli, L.;

Girelli, F.; Di Donato, E.; et al.

Adalimumab and ABP 501 in the

Treatment of a Large Cohort of

Patients with Inflammatory Arthritis:

A Real Life Retrospective Analysis. J.

Pers. Med. 2022, 12, 335. https://

doi.org/10.3390/jpm12030335

Academic Editor: Henrik Galbo

Received: 4 February 2022

Accepted: 18 February 2022

Published: 23 February 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Personalized 

Medicine

Article

Adalimumab and ABP 501 in the Treatment of a Large Cohort of
Patients with Inflammatory Arthritis: A Real Life
Retrospective Analysis
Andrea Becciolini 1,* , Simone Parisi 2 , Rosalba Caccavale 3, Elena Bravi 4, Federica Lumetti 5,
Romina Andracco 6, Alessandro Volpe 7, Lucia Gardelli 8, Francesco Girelli 8, Eleonora Di Donato 1,
Daniele Santilli 1 , Gianluca Lucchini 1, Maria Chiara Ditto 2 , Ilaria Platè 4, Eugenio Arrigoni 4,
Flavio Mozzani 1, Michele Riva 1, Antonio Marchetta 7, Enrico Fusaro 2 , Gilda Sandri 9 , Carlo Salvarani 9,
Marino Paroli 3 and Alarico Ariani 1

1 Rheumatology Unit, Department of Medicine and Internal Medicine, University Hospital of Parma,
43121 Parma, Italy; eleonoradidonato@ymail.com (E.D.D.); dsantilli@ao.pr.it (D.S.);
gianluca.lucchini76@gmail.com (G.L.); fmozzani@ao.pr.it (F.M.); mriva@ao.pr.it (M.R.);
atendoro@gmail.com (A.A.)

2 Rheumatology Unit, Department of General and Specialistic Medicine, Azienda Ospedaliero-Universitaria,
Città della Salute e della Scienza di Torino, 10126 Turin, Italy; simone.parisi@hotmail.it (S.P.);
mariachiaraditto@gmail.com (M.C.D.); fusaro.reumatorino@gmail.com (E.F.)

3 Department of Medical-Surgical Sciences and Biotechnologies, Sapienza University of Rome, Polo Pontino,
04100 Latina, Italy; rosalba_caccavale@yahoo.it (R.C.); marino.paroli@uniroma1.it (M.P.)

4 Department of Rheumatology, Ospedale Guglielmo da Saliceto, 29121 Piacenza, Italy;
bravielena@yahoo.it (E.B.); ilariaplate@gmail.com (I.P.); e.arrigoni@ausl.pc.it (E.A.)

5 Rheumatology Unit, Azienda USL of Modena and AOU Policlinico of Modena, 41100 Modena, Italy;
fedelumetti@gmail.com

6 Distretto Socio Sanitario ASL 1 Imperiese, 18001 Imperia, Italy; r.andracco@libero.it
7 Rheumatology Unit, IRCCS Sacro Cuore Don Calabria, 37024 Negrar, Italy;

alessandro.volpe@sacrocuore.it (A.V.); antonio.marchetta@sacrocuore.it (A.M.)
8 Internal Medicine Unit, GB Morgagni Hospital, 47121 Forli, Italy; lucia.gardelli@auslromagna.it (L.G.);

fgirodoc@gmail.com (F.G.)
9 Rheumatology Unit, University of Modena and Reggio Emilia, 41100 Modena, Italy;

gilda.sandri@unimore.it (G.S.); carlo.salvarani@unimore.it (C.S.)
* Correspondence: beccio@yahoo.it

Abstract: The recent introduction of ABP 501, an adalimumab biosimilar, in the treatment of rheumatic
diseases was supported by a comprehensive comparability exercise with its originator. On the other hand,
observational studies comparing adalimumab and ABP 501 in inflammatory arthritis are still lacking. The
main aim of this study is to compare the clinical outcomes of the treatment with adalimumab, both the
originator and ABP 501, in a large cohort of patients affected by autoimmune arthritis in a real life setting.
We retrospectively analysed the baseline characteristics and the retention rate in a cohort of patients who
received at least a course of adalimumab (originator or ABP 501) from January 2003 to December 2020.
We stratified the study population according to adalimumab use: naive to original (oADA), naive to
ABP 501 (bADA) and switched from original to ABP 501 (sADA). The oADA, bADA and sADA groups
included, respectively, 724, 129 and 193 patients. In each group, the majority of patients had a diagnosis of
rheumatoid arthritis. The total observation period was 9805.6 patient-months. The 18-month retentions rate
in oADA, bADA and sADA was, respectively, 81.5%, 84.0% and 88.0% (p > 0.05). The factors influencing
the adalimumab retention rate were an axial spondylarthritis diagnosis (Hazard Ratio (HR) 0.70; p = 0.04),
switch from oADA to ABP 501 (HR 0.53; p = 0.02) and year of prescription (HR 1.04; p = 0.04). In this
retrospective study, patients naive to the adalimumab originator and its biosimilar ABP 501 showed the
same retention rate. Patients switching from the originator to biosimilar had a higher retention rate, even
though not statistically significant, when compared to naive.
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1. Introduction

The treatment of inflammatory arthritides, such as rheumatoid arthritis (RA), axial
spondylarthritis (axSpA) and psoriatic arthritis (PsA), has deeply changed in the last
two decades due to the introduction of biological disease-modifying antirheumatic drugs
(bDMARDs). The first bDMARDs utilized in clinical practice for the treatment of RA, axSpA
and PsA were the tumour necrosis factor alpha inhibitors (TNFi) [1]. Randomised controlled
trials and observational real-world studies highlighted that TNFi use in inflammatory
arthritides was able to control disease activity, improve patients’ quality of life and reduce
damage progression [2]. In recent years, as the originator bDMARDs’ patents expired, less
expensive biosimilar drugs have emerged. To date, biosimilars of three TNFi (infliximab,
etanercept and adalimumab (ADA)) have been approved in rheumatology by European
Medicines Agency (EMA). ABP 501, an ADA biosimilar, was approved in March 2017 for
the same reference product rheumatological indication. ABP 501 was demonstrated to be
similar in structure, function and pharmacokinetics to its originator in preclinical and phase
I clinical trials [3–5]. Furthermore, a phase III equivalence study was carried out in 526 RA
patients highlighting a comparable efficacy and safety [6]. Finally, the subsequent open-
label extension study included 467 RA patients and demonstrated the long-term efficacy
and safety of ABP 501 even in those previously treated with the reference product [7].

Despite the evidence from registration studies, the external validity of randomised
controlled trials may be significantly hindered by stringent inclusion and exclusion criteria,
thus limiting its generalisability to real-world clinical practice [8]. In this perspective, the
implementation of biosimilars in real-life practice is still a subject of controversy among
rheumatologists. Therefore, large real-life observational studies are warranted to evaluate
the effectiveness of ABP 501. In observational registries, the retention rate is considered
a reliable indicator of treatment effectiveness since it is committed to drug efficacy and
safety. To date, only few real-world data have been published concerning the use of ABP
501, mainly in the context of inflammatory bowel diseases and psoriasis [9–13]. With the
exclusion of these reports, no other data on ABP 501 use in both reference product-naive
and experienced inflammatory arthritides patients are available. The main aim of this large
multicentre observational retrospective study is to verify if the adalimumab retention rate
is similar in RA, axSpA and PsA naive patients (both to original and ABP 501 biosimilar)
and in those who switched from original to ABP 501 biosimilar.

2. Materials and Methods

The BIRRA (BIologics Retention Rate Assessment) observational retrospective study
was carried out following the Declaration of Helsinki principles and approved by the
local Ethics Committee (Comitato Etico dell’Area Vasta Emilia Nord, protocol code 34713,
approved on 28 August 2019).

2.1. Patients

We included patients with a clinical diagnosis of RA, PsA and axSpA from eight
rheumatology units in Italy. All patients received ADA, both originator or biosimilar (ABP
501), between 1 January 2003 and 31 December 2020. Inclusion criteria were: age > 18 years,
starting and last ADA treatment date known. The reasons for ADA interruption were
classified as primary inefficacy, secondary inefficacy, switch (from originator to ABP 501)
and adverse events (e.g., infections, cancer onset, neurological or cardiological diseases,
death, etc.).

For each patient, we collected demographic data, pharmacological therapy (i.e., csD-
MARDs or concomitant corticosteroid use at initiation of ADA treatment) and autoimmune
profile (i.e., presence/absence of rheumatoid factor (RF) and anti-cyclic citrullinated peptide
antibody (ACPA) in RA or human leukocyte antigen B27 (HLA-B27) positivity in axSpA).
Enrolled patients were clustered in three groups: naive to ADA when receiving originator
(oADA group), naive to ADA when receiving ABP 501 (bADA group), switcher from
originator to ABP 501 (sADA group). The sADA group was composed of patients who had
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switched from originator to biosimilar in accordance with the indications of sustainability
proposed by the Italian drugs agency (AIFA—Agenzia Italiana del Farmaco).

2.2. Statistical Analysis

Descriptive data were presented by medians (interquartile range) for continuous data
or as numbers (percentages) for categorical data. Differences between groups were analysed
with a two-tailed chi-square or Kruskal–Wallis test. The ADA retention rate was considered
the interval of time in which the patients received the treatment regardless of dosing or
administration changes. Subjects in remission were censored at the last date in which they
received ADA. Retention rate curves were computed by the Kaplan–Meier method and
compared statistically by a stratified log rank test.

A Cox regression analysed the effect on the retention rate of the following risk factors:
age, sex, disease duration, diagnosis (RA, PsA or axSpA), ADA received (original, ABP 501,
both naive and switched), and year of ADA prescription. Statistical significance was set at
p-value < 0.05.

All analyses were performed using Medcalc statistical software, version 18.2.1 (Med-
Calc Software Ltd., Ostend, Belgium).

3. Results
3.1. Baseline Clinical Characteristics

The enrolled patients in the oADA, bADA and sADA numbered 724, 129 and 193,
respectively; the total observation period was 9805.6 patient-months. The median periods of
observation in the three groups of patients were, respectively, 37.7 (12.7–81.7), 10.3 (4–14.8)
and 12.9 (8.3–15.8) months. The groups were different in terms of age (oADA patients
were slightly younger), disease prevalence (RA and PsA were less and more common,
respectively, in bADA than in the other two groups) and duration (sADA had the longest).
For more details, see Table 1.

Table 1. Cohort characteristics.

oADA Group bADA Group sADA Group p Value

N 724 129 193 -

M:F 300:424 42:87 88:105 >0.05 ◦

Age, median (IQR) (years) 53.9
(43.6–63.5)

56.0
(45.7–67.0) 57.7 (50.3–69.7) <0.05 +

Disease duration, median
(IQR) (years)

4.3
(1.4–11.0)

3.6
(1.4–9.8)

12.6
(7.5–19.6) <0.05 +

Diagnosis, n (%)
- RA
- PsA
- AxSpA

311 (43.0%)
216 (29.8%)
197 (27.2%)

40 (31.0%)
52 (40.3 %)
37 (28.7%)

79 (40.9%)
48 (24.9%)
66 (34.2%)

<0.05 ◦

Line, n (%)
- 1
- 2
- 3 +

521 (71.9%)
146 (20.2%)
57 (7.9%)

89 (69.0%)
28 (21.7%)
12 (9.3%)

0 (0)
138 (71.5%)
55 (28.4%)

<0.05 ◦

Data are reported as median and interquartile range (IQR) and frequencies (number and %). RA = rheumatoid
arthritis; PsA = psoriatic arthritis; AxSpA = axial spondylarthritis; oADA = naive to ADA when receiving the
originator; bADA = naive to ADA when receiving ABP 501; sADA = switcher from originator to ABP 501.
Line = line of biologic treatment. ◦ chi-square test; + Kruskal–Wallis test.

3.1.1. RA Cohort

Four hundred and thirty RA patients were enrolled, 311 in the oADA group, 40 in
the bADA group and 79 in the sADA group. The majority, 327 (76%), were females. The
median age was 60.8 (51.5–69.1) years, whereas the median disease duration was 9.1 (3–16.5)
years. Patients in the oADA group were younger, whereas the ones in the sADA group had
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a longer disease duration. The highest ACPA positivity prevalence was in bADA, while
csDMARDs and corticosteroid use in sADA were less common than in bADA and oADA.
For more details, see Table 2.

Table 2. RA cohort characteristics.

oADA Group bADA Group sADA Group p Value

N 311 40 79 -

M:F 77:234 5:35 21:58 >0.05 ◦

Age, median (IQR) (years) 59.3
(49.6–67.6)

59.9
(51.5–67.2)

66.5
(56.5–78.5) <0.05 +

Disease duration, median
(IQR) (years)

6.4
(2.4–15.5)

5.7
(2.4–11.9)

14.5
(9.4–23.8) <0.05 +

RF positive, % 50.2% 50.0% 39.2% >0.05 ◦

ACPA positive, % 54.7% 57.5% 40.5% <0.05 ◦

Line, n (%)
- 1
- 2
- 3 +

208 (66.9%)
75 (24.1%)
28 (9.0%)

26 (65.0%)
9 (22.5%)
5 (12.5%)

0 (0%)
50 (63.3%)
29 (36.7%)

<0.05 ◦

csDMARDs association, % 60.5% 72.5% 53.2% <0.05 ◦

steroid association, % 54.7% 72.5% 39.2% <0.05 ◦

Data are reported as median and interquartile range (IQR) and frequencies (number and %). oADA = naive to
ADA when receiving the originator; bADA = naive to ADA when receiving ABP 501; sADA = switcher from
originator to ABP 501. Line = line of biological treatment. ◦ chi-square test; + Kruskal–Wallis test.

3.1.2. PsA Cohort

Three hundred sixteen PsA patients were enrolled, 216 in the oADA group, 52 in
the bADA group and 48 in the sADA group. The majority, 160 (50.6%), were females.
The median age was 54.3 (45.1–62.9) years, whereas the median disease duration was
4.4 (1.6–10) years. Patients in the oADA group were younger, whereas the ones in the
sADA group had a longer disease duration. For more details, see Table 3.

Table 3. PsA cohort characteristics.

oADA Group bADA Group sADA Group p Value

N 216 52 48 -

M:F 108:108 18:34 30:18 <0.05 ◦

Age, median (IQR) (years) 53.4
(43.0–60.1)

61.3
(50.3–68.9)

55.7
(46.9–65.2) <0.05 +

Disease duration, median
(IQR) (years)

3.5
(1.2–8.0)

4.5
(1.2–7.6)

12.6
(5.8–19.1) <0.05 +

Line, n (%)
- 1
- 2
- 3 +

163 (75.5%)
40 (18.5%)
13 (6.0%)

34 (65.4%)
12 (23.1%)
6 (11.5%)

0 (0%)
38 (79.2%)
10 (20.2%)

<0.05 ◦

csDMARDs association, % 35.2% 42.3% 41.7% >0.05 ◦

Data are reported as median and interquartile range (IQR) and frequencies (number and %). oADA = naive to
ADA when receiving the originator; bADA = naive to ADA when receiving ABP 501; sADA = switcher from
originator to ABP 501. Line = line of biological treatment. ◦ chi-square test; + Kruskal–Wallis test.

3.1.3. AxSpA Cohort

Three hundred axSpA patients were enrolled, 197 in the oADA group, 37 in the bADA
group and 66 in the sADA group. The majority, 171 (57%), were males. The median age
was 49.3 (40.8–57.5) years, whereas the median disease duration was four (1.1–10) years.
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Patients in the bADA group were younger, whereas the ones in the sADA group had a
longer disease duration. The HLA-B27 positivity prevalence was lowest in the bADA
group. For more details, see Table 4.

Table 4. AxSpA cohort characteristics.

oADA Group bADA Group sADA Group p Value

N 197 37 66 -

M:F 115:82 19:18 37:29 >0.05 ◦

Age, median (IQR) (years) 48.4
(39.7–56)

46.0
(41.1–56.1)

53.2
(46.1–61.6) <0.05 +

Disease duration, median
(IQR) (years)

2.2
(0.4–8.1)

3.0
(1.1–8.1)

10.3
(6.5–13.6) <0.05 +

HLAB27 positive, % 73.1% 54.0% 74.2% >0.05 ◦

Line, n (%)
- 1
- 2
- 3 +

150 (76.1%)
31 (15.8%)
16 (8.1%)

29 (78.4%)
7 (18.9%)
1 (2.7%)

0 (0%)
50 (75.8%)
16 (24.2%)

<0.05 ◦

Data are reported as median and interquartile range (IQR) and frequencies (number and %). oADA = naive to
ADA when receiving the originator; bADA = naive to ADA when receiving ABP 501; sADA = switcher from
originator to ABP 501. Line = line of biological treatment. ◦ chi-square test; + Kruskal–Wallis test.

3.2. Drug Survival

The 18-month retention rate of ADA in the overall cohort of patients was 82.6%. The
18-month retention rates of ADA in RA, PsA and axSpA patients were 81.9%, 81.1% and
85.2%, respectively, without statistically significant differences. The Kaplan–Meier curve in
Figure 1 shows the different 18-month retention rates in the groups of patients according
to oADA, bADA and sADA. sADA were more persistent than bADA and oADA (88.0%,
84.0% and 81.5%, respectively; p > 0.05).
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3.3. Reasons for Discontinuation

Overall, 158 ADA treatments were interrupted. The reasons for treatment interruption
were secondary inefficacy (76, 48.1%), primary inefficacy (60, 38%) and adverse events (22,
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13.9%). Among the adverse events, the most frequent were cutaneous reactions (n = 8)
followed by serious infections (n = 3), neoplasia (n = 3: melanoma (n = 1), uterine cancer
(n = 1), prostate cancer (n = 1)), malaise (n = 3), injection site reaction (n = 2), alopecia
(n = 1), autoimmune complication (systemic lupus erythematosus, n = 1) and neurologic
complication (n = 1). In the oADA group, 45 patients interrupted the treatment due to
primary inefficacy, 62 due to secondary inefficacy and 18 due to adverse events. In the
bADA group, six patients interrupted the treatment due to primary inefficacy, six due to
secondary inefficacy and one due to adverse events. In the sADA group, nine patients
interrupted the treatment due to primary inefficacy, eight due to secondary inefficacy and
three due to adverse events.

3.4. Predictors of ADA Discontinuation

A Cox regression was used to analyse predictors of ADA discontinuation in our cohort
of patients. The Cox regression identified the following factors as influencing the retention
rate: axSpA diagnosis (Hazard Ratio 0.70, 95% Confidence Intervals (CI) 0.49–0.99; p = 0.04),
switch from oADA to ABP 501 (HR 0.53, 95% CI 0.31–0.90; p = 0.02) and year of prescription
(HR 1.04, 95% CI 1.01–1.08; p = 0.04).

4. Discussion

To the best of our knowledge, this is the first study to evaluate the retention rate
of ABP 501 in a large cohort of real-life patients with RA, PsA and axSpA, both naïve
and ADA-experienced. Overall, we retrospectively analysed 1046 patients treated with
ADA, 322 of whom were treated with ABP 501. The 18-month retention rates for oADA,
bADA and sADA were 81.5%, 84% and 88%, respectively, although without a significant
difference. The 18-month ADA drug survival is comparable to those reported previously
in similar real-life studies [14–16]. Our results highlight the overall good drug persistence
of ABP 501 in both inflammatory arthritides patients who are naïve and experienced to
ADA. In particular, ABP 501 patients switching from originator to biosimilar showed a
high retention rate that was comparable to the ones reported for other ADA biosimilars
such as GP2017 and SB5 [17].

In our cohort of patients, as expected, sADA showed a longer disease duration and a
higher age, since it included patients previously treated with the originator. Interestingly, the
bADA group included relatively fewer patients with RA, and we hypothesise that this may
be due to the greater availability of treatments for RA when compared to PsA and axSpA.

Among RA patients, those in the sADA group had a significantly lower frequency of
combination treatment with csDMARDs. This is in accordance with previous observations
that up to one-third of patients treated with bDMARDs experience dose reduction or
discontinuation of csDMARDs during the first two years of treatment [18]. RA patients
in the sADA group were less frequently treated with corticosteroids. This finding may be
due to these patients having been on a stable regimen with ADA originator prior to the
medication switch. We observed a relatively lower prevalence of HLA-B27 positivity in the
bADA group. This might be related to the slightly higher frequency of female patients in
this group [19].

The most frequent reason for ADA treatment discontinuation in the three groups
was inefficacy, similar to what has been reported in previous real-life observational stud-
ies [20–22]. In particular, secondary inefficacy, i.e., loss of response after an initial clinical
improvement, was the main cause of treatment discontinuation in our cohort of patients.
On the other hand, adverse events leading to ADA treatment interruption were relatively
less common. In particular, the transition from ADA originator to ABP 501 appeared to be
safe and well-tolerated.

Finally, we analysed the factors associated with drug survival with a Cox regression.
We found that patients with axSpA were less likely to discontinue treatment with ADA.
This result is in line with reports from other large multicentric registries such as MonitorNet
and Nor-DMARD [23,24]. Moreover, patients switching from originator ADA to ABP 501
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showed a lower risk of treatment discontinuation. Observational data on both other ADA
biosimilars such as GP2017 and SB5 [17,25] and other TNFi biosimilars [26–30] showed that
switching from originator to biosimilar was tolerated generally well. The only other factor
associated with a negative effect on drug survival in our cohort of patients was the year of
ADA prescription. We observed that the discontinuation rates were higher in those patients
who started treatment in later years when compared to the ones who started treatment in
earlier years. This effect has also been reported for other TNFi [22,31], and we suggest that
this result could be influenced by the increasing number of treatments available for the
therapy of inflammatory arthritides and the adoption of treat-to-target strategies.

Our study has some limitations. The main limitation of our study lies in its observa-
tional retrospective design, leading to a possible selection bias stemming from including
patients with different discontinuation risks. However, we tried to minimise that risk by
analysing the possible role of other variables, beyond oADA, bADA and sADA treatment,
on drug survival. Another limitation of this study is that due to its retrospective design,
we do not have data related to disease activity levels and their trends in time. Similarly,
medication side effects besides the ones leading to treatment discontinuation were not
recorded. Furthermore, the relatively small sample size and unequal number of patients
treated with ADA or ABP 501, especially in some subgroups of inflammatory arthritides
patients, could be a cause of bias. Moreover, our study has a relatively short follow-up
period. Finally, given the retrospective observational nature of our study, we do not present
any data on ADA pharmacokinetics or levels of anti-drug antibodies, especially in the
population switching from originator to biosimilar.

In conclusion, our large retrospective study highlights that patients treated with ADA
originator or with its biosimilar ABP 501 have an overall similar drug survival and a
favourable safety profile. The main factors associated with a better drug survival were
axSpA diagnosis and the switch from ADA originator to ABP 501, whereas the year of
prescription seemed to have a negative effect. Further studies, especially in patients treated
for a longer duration with ABP 501, should be encouraged in order to confirm our results.

Author Contributions: A.B., S.P. and A.A. were involved in the conception and design of the study
and interpretation of results; A.A. and A.B. performed the statistical analysis; R.C., E.B., F.L., R.A.,
A.V., L.G., F.G., E.D.D., D.S., G.L., M.C.D., I.P., E.A., F.M., M.R., A.M., E.F., G.S., C.S. and M.P. were
involved in the recruitment of patients; all authors contributed to participating in the discussion of
the final draft and revising it critically for intellectual content; A.B. and A.A. prepared the first draft
of the paper. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by Comitato Etico dell’Area Vasta Emilia Nord (protocol code 34713,
approved on 28 August 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data can be made available from the corresponding author upon request.

Acknowledgments: The authors thank Anna Maria Gazzola for her support and valuable suggestions.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Dörner, T.; Strand, V.; Castañeda-Hernández, G.; Ferraccioli, G.; Isaacs, J.D.; Kvien, T.K.; Martin-Mola, E.; Mittendorf, T.; Smolen,

J.S.; Burmester, G.R. The role of biosimilars in the treatment of rheumatic diseases. Ann. Rheum. Dis. 2013, 72, 322–328. [CrossRef]
[PubMed]

2. Luchetti, M.M.; Benfaremo, D.; Gabrielli, A. Biologics in inflammatory and immunomediated arthritis. Curr. Pharm. Biotechnol.
2018, 18, 989–1007. [CrossRef] [PubMed]

3. Velayudhan, J.; Chen, Y.; Rohrbach, A.; Pastula, C.; Maher, G.; Thomas, H.; Brown, R.; Born, T.L. Demonstration of functional
similarity of proposed biosimilar ABP 501 to adalimumab. BioDrugs 2016, 30, 339–351. [CrossRef] [PubMed]

http://doi.org/10.1136/annrheumdis-2012-202715
http://www.ncbi.nlm.nih.gov/pubmed/23253920
http://doi.org/10.2174/1389201019666171226151852
http://www.ncbi.nlm.nih.gov/pubmed/29278210
http://doi.org/10.1007/s40259-016-0185-2
http://www.ncbi.nlm.nih.gov/pubmed/27422671


J. Pers. Med. 2022, 12, 335 8 of 9

4. Liu, J.; Eris, T.; Li, C.; Cao, S.; Kuhns, S. Assessing analytical similarity of proposed amgen biosimilar ABP 501 to adalimumab.
BioDrugs 2016, 30, 321–338. [CrossRef] [PubMed]

5. Kaur, P.; Chow, V.; Zhang, N.; Moxness, M.; Kaliyaperumal, A.; Markus, R. A Randomised, single-blind, single-dose, three-arm,
parallel-group study in healthy subjects to demonstrate pharmacokinetic equivalence of ABP 501 and adalimumab. Ann. Rheum.
Dis. 2017, 76, 526–533. [CrossRef]

6. Cohen, S.; Genovese, M.C.; Choy, E.; Perez-Ruiz, F.; Matsumoto, A.; Pavelka, K.; Pablos, J.L.; Rizzo, W.; Hrycaj, P.; Zhang, N.;
et al. Efficacy and safety of the biosimilar ABP 501 compared with adalimumab in patients with moderate to severe rheumatoid
arthritis: A randomised, double-blind, phase III equivalence study. Ann. Rheum. Dis. 2017, 76, 1679–1687. [CrossRef]

7. Cohen, S.; Pablos, J.L.; Pavelka, K.; Müller, G.A.; Matsumoto, A.; Kivitz, A.; Wang, H.; Krishnan, E. An open-label extension study
to demonstrate long-term safety and efficacy of ABP 501 in patients with rheumatoid arthritis. Arthritis. Res. Ther. 2019, 21, 84.
[CrossRef]

8. Wolfe, F. Why results of clinical trials and observational studies of antitumour necrosis factor (Anti-TNF) therapy differ:
Methodological and interpretive issues. Ann. Rheum. Dis. 2004, 63, ii13–ii17. [CrossRef]

9. Ribaldone, D.G.; Tribocco, E.; Rosso, C.; Armandi, A.; Vernero, M.; Bugianesi, E.; Astegiano, M.; Saracco, G.M.; Caviglia, G.P.
Switching from biosimilar to biosimilar adalimumab, including multiple switching, in Crohn’s disease: A prospective study. J.
Clin. Med. 2021, 10, 3387. [CrossRef]

10. Macaluso, F.S.; Cappello, M.; Busacca, A.; Fries, W.; Viola, A.; Costantino, G.; Magnano, A.; Vinci, E.; Ferracane, C.; Privitera, A.C.;
et al. SPOSAB ABP 501: A sicilian prospective observational study of patients with inflammatory Bowel disease treated with
adalimumab biosimilar ABP 501. J. Gastroenterol. Hepatol. 2021, 36, 3041–3049. [CrossRef]

11. Giunta, A.; Zangrilli, A.; Bavetta, M.; Manfreda, V.; Pensa, C.; Bianchi, L. A Single-centre, observational, retrospective, real-life
study evaluating adalimumab biosimilar ABP 501 in the Treatment of plaque-type psoriasis and psoriatic arthritis in originator-
naïve patients and in patients undergoing non-medical switch from originator. Curr. Med. Res. Opin. 2021, 37, 1099–1102.
[CrossRef]

12. Cingolani, L.; Barberio, B.; Zingone, F.; Ferronato, A.; Bertani, L.; Costa, F.; Bodini, G.; Demarzo, M.G.; Melatti, P.; Gubbiotti, A.;
et al. Adalimumab biosimilars, ABP501 and SB5, are equally effective and safe as adalimumab originator. Sci. Rep. 2021, 11, 10368.
[CrossRef] [PubMed]

13. Ribaldone, D.G.; Caviglia, G.P.; Pellicano, R.; Vernero, M.; Saracco, G.M.; Morino, M.; Astegiano, M. Effectiveness and safety of
adalimumab biosimilar ABP 501 in Crohn’s disease: An observational study. Rev. Esp. Enferm. Dig. 2020, 112, 195–200. [CrossRef]

14. D’Angelo, S.; Cantini, F.; Ramonda, R.; Cantarini, L.; Carletto, A.; Chimenti, M.S.; Delle Sedie, A.; Foti, R.; Gerli, R.; Lomater, C.;
et al. Effectiveness of adalimumab for the treatment of psoriatic arthritis: An italian real-life retrospective study. Front. Pharmacol.
2019, 10, 1497. [CrossRef]

15. Favalli, E.G.; Selmi, C.; Becciolini, A.; Biggioggero, M.; Ariani, A.; Santilli, D.; Fusaro, E.; Parisi, S.; Massarotti, M.; Marchesoni,
A.; et al. Eight-year retention rate of first-line tumor necrosis factor inhibitors in spondyloarthritis: A multicenter retrospective
analysis: Survival of TNF inhibitors over eight years in SpA. Arthritis Care Res. 2017, 69, 867–874. [CrossRef] [PubMed]

16. Favalli, E.G.; Pregnolato, F.; Biggioggero, M.; Becciolini, A.; Penatti, A.E.; Marchesoni, A.; Meroni, P.L. Twelve-year retention rate
of first-line tumor necrosis factor inhibitors in rheumatoid arthritis: Real-life data from a local registry: Long-term persistence on
infliximab, etanercept, and adalimumab. Arthritis Care Res. 2016, 68, 432–439. [CrossRef] [PubMed]

17. Nabi, H.; Georgiadis, S.; Loft, A.G.; Hendricks, O.; Andersen, M.; Chrysidis, S.; Colic, A.; Danebod, K.; Hussein, M.R.; Kalisz,
M.H.; et al. Comparative effectiveness of two adalimumab biosimilars in 1318 real-world patients with inflammatory rheumatic
disease mandated to switch from originator adalimumab: Nationwide observational study emulating a randomised clinical trial.
Ann. Rheum. Dis. 2021, 80, 1400–1409. [CrossRef]

18. Favalli, E.G.; Becciolini, A.; Biggioggero, M.; Bertoldi, I.; Crotti, C.; Raimondo, M.G.; Marchesoni, A. The role of concomitant
methotrexate dosage and maintenance over time in the therapy of rheumatoid arthritis patients treated with adalimumab or
etanercept: Retrospective analysis of a local registry. Drug Des. Dev. Ther. 2018, 12, 1421–1429. [CrossRef]

19. Neuenschwander, R.; Hebeisen, M.; Micheroli, R.; Bürki, K.; Exer, P.; Niedermann, K.; Nissen, M.J.; Scherer, A.; Ciurea, A.
Differences between men and women with nonradiographic axial spondyloarthritis: Clinical characteristics and treatment
effectiveness in a real-life prospective cohort. Arthritis Res. Ther. 2020, 22, 233. [CrossRef]

20. Stober, C.; Ye, W.; Guruparan, T.; Htut, E.; Clunie, G.; Jadon, D. Prevalence and predictors of tumour necrosis factor inhibitor
persistence in psoriatic arthritis. Rheumatology 2018, 57, 158–163. [CrossRef]

21. Lee, J.-W.; Kang, J.-H.; Yim, Y.-R.; Kim, J.-E.; Wen, L.; Lee, K.-E.; Park, D.-J.; Kim, T.-J.; Park, Y.-W.; Lee, S.-S. Predictors of switching
anti-tumor necrosis factor therapy in patients with ankylosing spondylitis. PLoS ONE 2015, 10, e0131864. [CrossRef] [PubMed]

22. Neovius, M.; Arkema, E.V.; Olsson, H.; Eriksson, J.K.; Kristensen, L.E.; Simard, J.F.; Askling, J. ARTIS study group drug survival
on tnf inhibitors in patients with rheumatoid arthritis comparison of adalimumab, etanercept and infliximab. Ann. Rheum. Dis.
2015, 74, 354–360. [CrossRef]

23. Scirè, C.A.; Caporali, R.; Sarzi-Puttini, P.; Frediani, B.; Di Franco, M.; Tincani, A.; Sinigaglia, L.; Sfriso, P.; Tirri, R.; Bellis, E.; et al.
Drug survival of the first course of Anti-TNF agents in patients with rheumatoid arthritis and seronegative spondyloarthritis:
Analysis from the MonitorNet Database. Clin. Exp. Rheumatol. 2013, 31, 857–863. [PubMed]

http://doi.org/10.1007/s40259-016-0184-3
http://www.ncbi.nlm.nih.gov/pubmed/27461107
http://doi.org/10.1136/annrheumdis-2015-208914
http://doi.org/10.1136/annrheumdis-2016-210459
http://doi.org/10.1186/s13075-019-1857-3
http://doi.org/10.1136/ard.2004.028530
http://doi.org/10.3390/jcm10153387
http://doi.org/10.1111/jgh.15590
http://doi.org/10.1080/03007995.2021.1923467
http://doi.org/10.1038/s41598-021-89790-4
http://www.ncbi.nlm.nih.gov/pubmed/33990652
http://doi.org/10.17235/reed.2020.6693/2019
http://doi.org/10.3389/fphar.2019.01497
http://doi.org/10.1002/acr.23090
http://www.ncbi.nlm.nih.gov/pubmed/27696735
http://doi.org/10.1002/acr.22788
http://www.ncbi.nlm.nih.gov/pubmed/26556048
http://doi.org/10.1136/annrheumdis-2021-219951
http://doi.org/10.2147/DDDT.S162286
http://doi.org/10.1186/s13075-020-02337-2
http://doi.org/10.1093/rheumatology/kex387
http://doi.org/10.1371/journal.pone.0131864
http://www.ncbi.nlm.nih.gov/pubmed/26176701
http://doi.org/10.1136/annrheumdis-2013-204128
http://www.ncbi.nlm.nih.gov/pubmed/23981363


J. Pers. Med. 2022, 12, 335 9 of 9

24. Heiberg, M.S.; Koldingsnes, W.; Mikkelsen, K.; Rødevand, E.; Kaufmann, C.; Mowinckel, P.; Kvien, T.K. The comparative one-year
performance of anti–tumor necrosis factor α drugs in patients with rheumatoid arthritis, psoriatic arthritis, and ankylosing
spondylitis: Results from a longitudinal, observational, multicenter study. Arthritis Rheum. 2008, 59, 234–240. [CrossRef]

25. Bruni, C.; Bitti, R.; Nacci, F.; Cometi, L.; Tofani, L.; Bartoli, F.; Fiori, G.; Matucci-Cerinic, M. Efficacy and safety of switching from
reference adalimumab to SB5 in a real-life cohort of inflammatory rheumatic joint diseases. Clin. Rheumatol. 2021, 40, 85–91.
[CrossRef] [PubMed]

26. Ditto, M.C.; Parisi, S.; Priora, M.; Sanna, S.; Peroni, C.L.; Laganà, A.; D’Avolio, A.; Fusaro, E. Efficacy and safety of a single switch
from etanercept originator to etanercept biosimilar in a cohort of inflammatory arthritis. Sci. Rep. 2020, 10, 16178. [CrossRef]

27. Abdalla, A.; Byrne, N.; Conway, R.; Walsh, T.; Mannion, G.; Hanly, M.; O’Sullivan, M.; Curran, A.M.; Carey, J.J. Long-term safety
and efficacy of biosimilar infliximab among patients with inflammatory arthritis switched from reference product. Open Access
Rheumatol. Res. Rev. 2017, 9, 29–35. [CrossRef]

28. Glintborg, B.; Ibsen, R.; Bilbo, R.E.Q.; Lund Hetland, M.; Kjellberg, J. Does a mandatory non-medical switch from originator to
biosimilar etanercept lead to increase in healthcare use and costs? A danish register-based study of patients with inflammatory
arthritis. RMD Open 2019, 5, e001016. [CrossRef]

29. Glintborg, B.; Sørensen, I.J.; Loft, A.G.; Lindegaard, H.; Linauskas, A.; Hendricks, O.; Hansen, I.M.J.; Jensen, D.V.; Manilo,
N.; Espesen, J.; et al. A nationwide non-medical switch from originator infliximab to biosimilar CT-P13 in 802 Patients with
inflammatory arthritis: 1-year clinical outcomes from the DANBIO registry. Ann. Rheum. Dis. 2017, 76, 1426–1431. [CrossRef]

30. Glintborg, B.; Loft, A.G.; Omerovic, E.; Hendricks, O.; Linauskas, A.; Espesen, J.; Danebod, K.; Jensen, D.V.; Nordin, H.; Dalgaard,
E.B.; et al. To switch or not to switch: Results of a nationwide guideline of mandatory switching from originator to biosimilar
etanercept. One-year treatment outcomes in 2061 patients with inflammatory arthritis from the DANBIO registry. Ann. Rheum.
Dis. 2019, 78, 192–200. [CrossRef]

31. Becciolini, A.; Lumetti, F.; Di Donato, E.; Giordano, S.; Santilli, D.; Mozzani, F.; Riva, M.; Lucchini, G.; Ariani, A. bDMARDs
Retention Rate in the Biosimilar Era: A Real-Life Monocentric Study. Eur. J. Rheumatol. 2021, 8, 109–110. [CrossRef] [PubMed]

http://doi.org/10.1002/art.23333
http://doi.org/10.1007/s10067-020-05199-w
http://www.ncbi.nlm.nih.gov/pubmed/32514676
http://doi.org/10.1038/s41598-020-73183-0
http://doi.org/10.2147/OARRR.S124975
http://doi.org/10.1136/rmdopen-2019-001016
http://doi.org/10.1136/annrheumdis-2016-210742
http://doi.org/10.1136/annrheumdis-2018-213474
http://doi.org/10.5152/eurjrheum.2020.20080
http://www.ncbi.nlm.nih.gov/pubmed/32910769

	Introduction 
	Materials and Methods 
	Patients 
	Statistical Analysis 

	Results 
	Baseline Clinical Characteristics 
	RA Cohort 
	PsA Cohort 
	AxSpA Cohort 

	Drug Survival 
	Reasons for Discontinuation 
	Predictors of ADA Discontinuation 

	Discussion 
	References

