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CLINICAL  STUDIES

ABSTRACT
Objective. The study aimed at determining whether RA patients starting or stopping biosimilars differ in any regard from 
those starting or stopping originals.
Methods. Data on RA patients was obtained from the Romanian Registry of Rheumatic Diseases (RRBR) database between 
January 1st, 2022, and December 31st, 2022, encompassing all Romanian RA patients fulfilling the national criteria for bo/
bsDMARD initiation, continuation or switching.
Results. Etanercept and adalimumab predominated for initiations of biosimilars. Most entries on biosimilars originated 
from originals (including non-medical switches) and from bDMARDs without biosimilars. A historical effect of accumulation 
of patients was observed, manifested in the fact that originals still dominated the group of patients continuing their 
treatment, with the exception of infliximab, while biosimilars tended to be continued in younger patients and in patients 
with shorter disease duration. Cases categorized more severe by both patients, their doctors and their disease activity 
were preferably reserved for originals. In patients continuing their previous bDMARD, biosimilars exhibited higher DAS28 
and SDAI remission rates.
Conclusion. RRBR data from 2022 confirm the market rise of biosimilars in RA, but also physicians’ prudence in prescribing 
them to highly active cases. In the Romanian RA cohort, biosimilars are overall more effective in holding remission than 
originals.

Keywords: rheumatoid arthritis, Romanian Registry of Rheumatic Diseases, 
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INTRODUCTION

In Romania, the National Insurance House and its 
regional branches reimburse treatment of rheuma-
toid arthritis (RA) with both biological original dis-
ease-modifying anti-rheumatic drugs (boDMARDs) 
and their biosimilar molecules (bsDMARDs). Up to 
2022, there were two bsDMARD molecules for inflixi-
mab, available starting from 2015 (CT-P13 [1-3] and 
PF-06438179/GP1111 [4-6]), two biosimilars for etan-
ercept, available starting from 2017 (SB4 [7-9] and 
GP2015 [10-12]), seven biosimilars for adalimumab, 

available starting from 2019 (ABP501 [13-15]; FKB327 
[16-18]; GP2017 [19-21]; SB5 [22-24]; MSB11022 [25-
27]; CT-P17 [28-30] and AVT02 [31-33]), and a single 
biosimilar for rituximab, available since 2020 
(GP2013 [34-36]). Local market conditions did not as-
sure instant, simultaneous and unrestricted access to 
all of these biosimilars, some of which became com-
mercially unavailable. The national protocol for RA 
treatment does not restrict the use of bo/bsDMARDs, 
in the sense that a RA patient fulfilling the national 
criteria for initiating or switching treatment could re-
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ceive either an original or a biosimilar molecule, the 
decisions being left to the patient-doctor relationship. 

The specific national criteria to be fulfilled by RA 
cases for bDMARD reimbursement are more strin-
gent than the recommendations of the European 
Leagues against Rheumatism (EULAR) [37]. These na-
tional criteria for initiating modern treatment have 
been previously published elsewhere [38-40], they 
include fulfillment of the American College of Rheu-
matology (ACR) and EULAR criteria for classification 
of RA cases [41] and they require RA disease activity 
(high disease activity defined by DAS28, at least five 
swollen and painful joints and acute phase reactants 
above specified thresholds) in the context of failure 
of two distinct conventional synthetic DMARDs. Con-
tinuation of treatment requires efficacy criteria 
(reaching DAS28-defined remission or low disease 
activity - LDA) and the lack of significant adverse 
events (AE). The data form all RA patients in the 
country fulfilling the criteria of bDMARD initiation 
are collected and followed in the electronic database 
of the Romanian Registry of Rheumatic Diseases 
(RRBR). RRBR data input for each patient is per-
formed by all senior attending physicians in the 
country every 6 months, with the written informed 
consent of patients. Users record efficacy and safety 
information for RA patients initiating, continuing or 
switching their bDMARD treatment, thus creating a 
nation-wide prospective cohort study design. 

Since the last update on RRBR RA patients [38], the 
end of the SARS-CoV-2 pandemic and the national ap-
proval of multiple biosimilar molecules have created 
the premises for a new therapeutic setting which 
warrants exploration, especially in determining 
whether patients starting or stopping biosimilars dif-
fer in any regard from those starting or stopping orig-
inal.

METHODS

Data and patients
Data from the RRBR database was electronically 

retrieved between January 1st, 2022, and December 
31st, 2022, including demographics (sex; age), RA 
characteristics (date of diagnosis; rheumatoid factor 
- RF; anti-citrullinated protein antibodies - ACPA; 
ACR/EULAR 2010 classification criteria), RA activity 
(according to the Disease Activity Score – DAS28 
calculated with 4 variables [42,43], where remission 
was defined as DAS28 < 2.6; respectively according to 
the Simplified Disease Activity Index – SDAI [44], 
where remission was defined by SDAI ≤ 3.3) and RA 
treatment molecules (glucocorticoids, csDMARDs, 
bDMARDs). Each entry for an RA patient in the RRBR 
database can be defined as either an initiation (a 
bDMARD-naïve RA patient, fulfilling the national 
criteria for bDMARD treatment, will start treatment), 

a continuation (a patient with past experience of b/
tsDMARDs, fulfilling the national criteria for efficacy, 
will continue treatment in the absence of significant 
AE) or a switch (a patient with past experience of b/
tsDMARDs, failing the national criteria for efficacy, 
experiencing significant AE or for other documented 
reasons, such as transitioning non-medically to 
biosimilars, will change their previous molecule with 
any other drug, original or biosimilar).

Statistics
Data distribution normality was assessed using 

descriptive statistics, normality, stem-and-leaf plots 
and the Lillefors-corrected Kolmogorov-Smirnov 
tests. Continuous variables are reported as “mean ± 
standard deviation” if normally distributed, or as 
“median (minimum-maximum)” if non-normally dis-
tributed, while nominal variables are reported as 
“absolute frequency (percentage of group or sub-
group)”. The difference of continuous variables 
among subgroups were assessed by independ-
ent-sample t tests, while associations of dichotomous 
categorical variables were assessed using χ2 tests (in-
cluding post-hoc analysis for trichotomous variables 
such as use of glucocorticoids: none, bellow or above 
7.5 mg/day oral prednisone-equivalent), all per-
formed using IBM SPSS Statistics for Windows, ver-
sion 26.0 (IBM Corp., released 2019, Armonk, NY).

RESULTS AND DISCUSSION

Group characteristics
The overlapping groups of RA patients initiating a 

bo/bsDMARD (n = 195), continuing the previous treat-
ment with a bo/bsDMARD (n = 2559), switching their 
previous b/tsDMARD to a bo/bsDMARD (n = 294) or 
switching their previous bo/bsDMARD (n = 202) ex-
hibited the classical general characteristics of estab-
lished RA cohorts (Table 1): predominance of women, 
60 years of age in average, overweight, urban-dwell-
ing with low rates of employment and university ed-
ucation, around 10% smokers, with established dis-
ease, mostly RF and ACPA positive, with high rates of 
csDMARD treatment (especially methotrexate) and 
low levels of glucocorticoid treatment of patients ex-
posed to b/tsDMARDs.

Naïve patients initiating bo/bsDMARD
There were 195 initiations of bo/bsDMARDs dur-

ing 2022 (Table 1), of which 84.6% were on biosimi-
lars (Table 2), with a predominance of etanercept 
(61.0% of initiations) and adalimumab (30.3% of initi-
ations) on one hand, and of biosimilar etanercept 
(87.4% of etanercept initiations) and biosimilar adal-
imumab (78% of adalimumab initiations) on the oth-
er hand. Compared to patients initiated on any origi-



106 Romanian JouRnal of Rheumatology – Volume 32, no. 3, 2023

nal (n = 30), patients initiated on any biosimilar (n = 
165) had significantly lower global evaluations, both 
from the patient’s perspective (a median of 80 versus 
88 mm; p = 0.013) and from the physician’s perspec-
tive (a median of 70 versus 80 mm; p = 0.047), and a 
significantly higher prevalence of positive RF (89.0% 
compared to 76.7%; p = 0.045).

TABLE 1. Gender and clinical outcome of post laminectomy patients
initiations
(n = 195)

continuations
(n = 2559)

switch on
(n = 294)

switch off
(n = 202)

men
age (y)
BMI (kg/m2)
smoking
urban dwelling
university education
employed
disease duration (y)
RF positive
ACPA positive
EAM
csDMARDs
methotrexate
glucocorticoids
current DAS28
DAS28-remission
current SDAI
SDAI-remission
CRP (mg/L)
ESR (mm/h)

24.6%
59.9±10.2
27.3±5.8

13.3%
65.6%
21.5%
23.1%

5 (0-36)
86.2%
76.9%
17.9%
91.3%
44.1%
50.8%

6.3±0.9
0

42±13
0

26 (0-219)
55±25

17.4%
60.6±12.2
26.7±5.0

10.3%
64.3%
20.3%
23.0%
15±9

84.8%
66.4%
21.3%
95.2%
48.9%
1.7%

2.9±1.1
45.4%

6 (0-71)
28.8%

3 (0-199)
20 (0-150)

19.0%
61.4±10.6
26.6±5.1

8.8%
66.7%
15.3%
18.7%
15±9

89.5%
73.1%
20.7%
93.9%
36.7%
9.2%

4.7±1.4
8.8%

24±14
4.8%

9 (0-277)
39±27

18.3%
61.6±10.2
27.0±5.4

8.9%
66.8%
13.4%
18.3%
15±9

89.6%
69.8%
15.3%
96.0%
38.6%
7.5%

4.5±1.4
9.9%

21±14
6.4%

7.5 (0-277)
37±26

Notes: CRP normal < 5 mg/L; ESR normal < 20 mm/h; continuous variables are reported as 
“median (minimum-maximum)”; nominal variables are reported as “absolute frequency 
(percentage of group)”.
Abbreviations: ACPA - anti-citrullinated protein antibodies; BMI – body mass index; 
CRP – C-reactive protein; csDMARD - conventional synthetic disease-modifying anti-rheumatic 
drug; DAS – disease activity score; EAM – extra-articular manifestations; ESR – erythrocyte 
sedimentation rate; RA - rheumatoid arthritis; RF - rheumatoid factor;      
SDAI – simplified disease activity index; y – years.

TABLE 2.  Initiations of naïve patients during 2022 (n = 195)

adalimumab etanercept infliximab rituximab

number on molecule
% of initiations
number on original
original % of initiations
original % of molecule
number on biosimilar
biosimilar % of initiations
biosimilar % of molecule

59
30.3%

13
6.7%

22.0%
46

23.6%
78.0%

119
61.0%

15
7.7%

12.6%
104

53.3%
87.4%

8
4.1%

0
0
0
8

4.1%
100%

9
4.6%

2
1.0%

22.2%
7

3.6%
77.8%

TABLE 3.  Patients continuing their bo/bsDMARD during 2022 (n = 2559)

adalimumab etanercept infliximab rituximab

number on molecule
% of continuations
number on original
original % of continuations
original % of molecule
number on biosimilar
biosimilar % of continuations
biosimilar % of molecule

826
32.3%

623
24.3%
75.4%

203
7.9%

24.6%

1272
49.7%

800
31.3%
62.9%

472
18.4%
37.1%

80
3.1%

40
1.6%

50.0%
40

1.6%
50.0%

381
14.9%

348
13.6%
91.3%

33
1.3%
8.7%

Patients continuing 
bo/bsDMARD

During 2022, 2,259 patients 
continued their bo/bsDMARD 
(Table 1), 29.2% on biosimilars 
and 70.8% on original mole-
cules (Table 3). Again, etaner-
cept (49.7% of continuations) 
and adalimumab (32.3% of con-
tinuations) dominated the pre-
scription choices. Of note, half 
of the patients on infliximab 
(probably and effect of the poor 
commercial availability of the 
original), 37.1% of patients on 
etanercept and 24.6% of pa-
tients on adalimumab were on 
biosimilars. Compared to pa-
tients continuing original mole-
cules, those continuing biosimi-
lar molecules were significantly 
younger (59.1 years compared 
to 61.3 years; p < 0.001) and they 
exhibited other statistically sig-
nificant differences and associ-
ations (Table 4): higher mean 
body mass index (27.2 versus 
26.4 kg/m2; p = 0.001), higher 
mean physician global assess-
ments (22.1 versus 20.6 mm; p = 
0.046), higher mean previous 
DAS28 (3.5 versus 2.9; p < 0.001) 
and median previous SDAI (8.1 
versus 5.7; p < 0.001), lower 
mean RA disease duration from 
diagnosis (11.7 versus 16.9 
years; p < 0.001), higher preva-
lence of leflunomide treatment 
(45.6% versus 34.2%; p < 0.001), 
lower prevalence of methotrex-
ate treatment (42.8% versus 
51.5%; p < 0.001) and of urban 
dwelling (59.8% versus 66.2%; p 
= 0.002). Even though there 
were no significant differences 
in average DAS28 and SDAI, pa-
tients continuing a biosimilar 
had significantly higher preva-
lence of both DAS28 and SDAI- 

defined remission (52.4% compared to 42.5%, p < 
0.001; respectively 33.0% compared to 27.1%, = 0.002).

Patients switching to bo/bsDMARDs
During 2022, there were 294 switches to bo/bsD-

MARDs, 67 (22.8%) to an original molecule and 227 
(77.2%) to a biosimilar molecule. Of the patients 
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switching to an original, 19.4% were previous-
ly receiving an original, 22.4% a biosimilar and 
58.2% a bDMARDs without available biosimi-
lars. Correspondingly, of the patients switching 
to a biosimilar molecule, 59.5% were on an 
original, 17.2% on another biosimilar and 
23.7%% from bDMARDs without available bio-
similars. Compared to patients switching to an 
original (Table 5), those switching to a biosimi-
lar had a lower prevalence of men (15.0% ver-
sus 32.8%; p = 0.001), extra-articular manifesta-
tions (18.5% versus 28.4%; p = 0.080) and 
glucocorticoid treatment in doses above 7.5 
mg/day prednisone-equivalent (2.6% versus 
9.0%; p = 0.039), lower median acute phase re-
actants (CRP: 8 versus 15 mg/L; p = 0.043; ESR: 
31 versus 40 mm/h; p = 0.036) and tender and 
swollen joint counts (6 versus 8; p = 0.068, re-
spectively 2 versus 3; p = 0.120), and lower 
mean patient and physician global evaluations 
(49 versus 58 mm; p = 0.006; respectively 46 
versus 54 mm; p = 0.017) and composite indi-
ces (DAS28: 4.6 versus 5.1; SDAI: 22.3 versus 
27.6, p = 0.010 for both).

Patients switching off bo/bsDMARDs
During 2022, there were 202 switches off 

bo/bsDMARDs. Of note, 100 patients had a 
non-medical switch (Table 6), representing 
44.1% of switches to a biosimilar and 34.0% of 
switches in general. Compared to patients 
stopping their boDMARD (Table 7), patients 
stopping their bsDMARD had a higher preva-
lence of men (29.6% versus 14.2.%; p = 0.012) 
and of glucocorticoids in doses above 7.5 mg/
day prednisone-equivalent (9.3% versus 0.7%; 
p = 0.004), lower mean age (59.6 versus 62.4 
years; p = 0.061) and disease duration (10.4 
versus 17.2 years; p < 0.001), higher median 
tender and swollen joint counts (7 versus 6, p 
= 0.373; respectively 3 versus 2, p = 0.006) and 
acute phase reactants (CRP: 10.3 versus 5.9 
mg/L, p = 0.013, respectively 35 versus 28 
mm/h, p = 0.057).

TABLE 4. Differences and associations among continuations 
(n = 2559)

biosimilar
(n = 748)

original 
(n = 1811) p

age (y)
men
university education
urban dwelling
body mass index (kg/m2)
RA duration from onset (y)
RA duration from diagnosis (y)
tender joint count
swollen joint count
PtGA (mm)
PhGA (mm)
CRP (mg/L; normal < 5)
ESR (mm/h; normal < 20)
current DAS28
DAS28-remission
previous DAS28
current SDAI
SDAI-remission
previous SDAI
methotrexate
leflunomide
glucocorticoids (≤ 7.5 mg/day)

59.1 ± 11.7
19.4%
17.9%
59.8%

27.2 ± 5.1
13.0 ± 8.7
11.7 ± 8.2
2 (0-22)
0 (0-14)
25 ± 18
22 ± 17

3.1 (0-138.4)
21 (0-150)
2.9 ± 1.1

52.4%
3.5 ± 1.6

6.7 (0.1-46.5)
33.0%

8.1 (0.1-72.6)
42.8%
45.6%
2.0%

61.3 ± 12.3
16.6%
21.3%
66.2%

26.4 ± 4.9
18.2 ± 9.3
16.9 ± 8.9
1 (0-28)
0 (0-24)
24 ± 20
21 ± 18

3.0 (0-198.5)
20 (0-140)
2.9 ± 1.2

42.5%
2.9 ± 1.3

5.4 (0.1-71.3)
27.1%

5.7 (0.1-64.1)
51.5%
34.2%
0.9%

0.000
0.087
0.056
0.002
0.001
0.000
0.000
0.758
0.287
0.102
0.046
0.176
0.120
0.588
0.000
0.000
0.542
0.002
0.000
0.000
0.000
0.065

Notes: p values represent the significance of t, Mann Whitney and χ2 tests.
Abbreviations: CRP – C-reactive protein; DAS – disease activity score; 
ESR – erythrocyte sedimentation rate; LDA – low disease activity PhGA – physi-
cian global assessment; PtGA – patient global assessment; RA – rheumatoid 
arthritis; SDAI – simplified disease activity index; y – years.

TABLE 5. Differences and associations among patients switching to 
bo/bsDMARD (n = 294))

switch to 
biosimilar

(n = 67)

switch to 
original 

(n = 227)
p

men
extra-articular manifestations
tender joint count
swollen joint count
PtGA (mm)
PhGA (mm)
CRP (mg/L; normal < 5)
ESR (mm/h; normal < 20)
current DAS28
current SDAI
glucocorticoids (> 7.5 mg/day)

15.0%
18.5%

6 (0-28)
2 (0-18)
49 ± 25
46 ± 24

8 (0-157)
31 (2-130)
4.6 ± 1.4

22.3 ± 13.5
2.6%

32.8%
28.4%

8 (0-28)
3 (0-23)
58 ± 26
54 ± 24

15 (0-277)
40 (1-111)
5.1 ± 1.4

27.6 ± 14.8
9.0%

0.001
0.080
0.068
0.120
0.006
0.017
0.043
0.036
0.010
0.010
0.039

Notes: p values represent the significance of t, Mann Whitney and χ2 tests.
Abbreviations: CRP – C-reactive protein; DAS – disease activity score; 
ESR – erythrocyte sedimentation rate; PhGA – physician global assessment; 
PtGA – patient global assessment; RA – rheumatoid arthritis; SDAI – simplified 
disease activity index; y – years.

TABLE 6. Reasons for stopping bo/bsDMARD (n = 202)
reason for 
switch off

AE
(n = 13)

PNR
(n = 33)

SNR
(n = 51)

non-medical
(n = 100)

other
(n = 5)

biosimilar
original

6 (46.2%)
7 (53.8%)

19 (57.6%)
14 (42.4%)

21 (41.2%)
30 (58.8%)

6 (6.0%)
94 (94.0%)

2 (40.0%)
3 (60.0%)

Notes: variables are reported as “number of patients (percentage of subgroup)”; 
non-medical switch refers to changing an efficient and tolerated bo/bsDMARD with 
its/another biosimilar for cost reasons.
Abbreviations: AE – adverse event; bo/bsDMARD – biological original or biosimilar 
disease-modifying anti-rheumatic drugs; dPNR – primary non-responder; SNR – sec-
ondary non-responder.

 CONCLUSION 

The 2022 RRBR cohort allowed the ob-
servations of the predominance of etaner-
cept and adalimumab for initiations of bi-
osimilars, the fact that most entries on 
biosimilars originate from originals (in-
cluding non-medical switches) and from 
bDMARDs without biosimilars and the his-
torical effect of accumulation of patients 
manifested in the fact that originals still 
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TABLE 7. Differences and associations among patients switching 
from bo/bsDMARDs (n = 202)

switch off 
biosimilar

(n = 54)

switch off 
original 
(n =148)

p

age (y)
men
RA duration (y)
tender joint count
swollen joint count
CPR (mg/L; normal < 5)
ESR (mm/h; normal < 20)
WBC (/μL; normal > 4)
glucocorticoids >7.5 mg/day

59.6 ± 9.8
29.6%

10.4 ± 8.0
7 (0-24)
3 (0-20)

10.3 (0.3-276.6)
35 (5-130)
6.9 ± 2.5

9.3%

62.4 ± 10.3
14.2.%

17.2 ± 8.3
6 (0-28)
2 (0-23)

5.9 (0-162.8)
28 (2-130)
8.0 ± 3.2

0.7%

0.061
0.012
0.000
0.373
0.006
0.013
0.057
0.012
0.004

Notes: p values represent the significance of t, Mann Whitney and χ2 tests.
Abbreviations: CRP – C-reactive protein; ESR – erythrocyte sedimentation rate; 
RA – rheumatoid arthritis; WBC – white blood count; y – years.

dominate the group of patients continuing 
their treatment, with the exception of inflixi-
mab, while biosimilars tend to be continued in 
younger patients and in patients with shorter 
disease duration. Cases categorized more se-
vere by both patients, their doctors and their 
disease activity were preferably reserved for 
originals, whether initiating a naïve patient or 
medically switching to a bo/bsDMARD or 
switching off their previous bo/bsDMARD. In 
patients continuing their previous bDMARD, 
biosimilars exhibited higher DAS28 and SDAI 
remission rates. RRBR data from 2022 confirm 
the market rise of biosimilars.

Conflict of interest: none declared
Financial support: none declared

1. McKeage K. A review of CT-P13: an infliximab biosimilar. 
BioDrugs. 2014;28(3):313-21. doi: 10.1007/s40259-014-0094-1. 
PMID: 24723086.

2. Yoo DH, Hrycaj P, Miranda P, Ramiterre E, Piotrowski M, Shevchuk 
S, et al. A randomised, double-blind, parallel-group study to 
demonstrate equivalence in efficacy and safety of CT-P13 compared 
with innovator infliximab when coadministered with methotrexate 
in patients with active rheumatoid arthritis: the PLANETRA 
study. Ann Rheum Dis. 2013 Oct;72(10):1613-20. doi: 10.1136/
annrheumdis-2012-203090. Epub 2013 May 16. PMID: 23687260; 
PMCID: PMC3786641.

3. Park W, Hrycaj P, Jeka S, Kovalenko V, Lysenko G, Miranda P, et al. A 
randomised, double-blind, multicentre, parallel-group, prospective 
study comparing the pharmacokinetics, safety, and efficacy of CT-
P13 and innovator infliximab in patients with ankylosing spondylitis: 
the PLANETAS study. Ann Rheum Dis. 2013 Oct;72(10):1605-12. doi: 
10.1136/annrheumdis-2012-203091. Epub 2013 May 16. PMID: 
23687259; PMCID: PMC3786643.

4. Al-Salama ZT. PF-06438179/GP1111: An Infliximab Biosimilar. 
BioDrugs. 2018 Dec;32(6):639-642. doi: 10.1007/s40259-018-
0310-5. Erratum in: BioDrugs. 2018 Nov 15;: PMID: 30284704; 
PMCID: PMC6290860.

5. Cohen SB, Alten R, Kameda H, Hala T, Radominski SC, Rehman 
MI, et al. A randomized controlled trial comparing PF-06438179/
GP1111 (an infliximab biosimilar) and infliximab reference 
product for treatment of moderate to severe active rheumatoid 
arthritis despite methotrexate therapy. Arthritis Res Ther. 2018 Jul 
27;20(1):155. doi: 10.1186/s13075-018-1646-4. PMID: 30053896; 
PMCID: PMC6063022.

6. Palaparthy R, Udata C, Hua SY, Yin D, Cai CH, Salts S, et al. A ran-
domized study comparing the pharmacokinetics of the potential 
biosimilar PF-06438179/GP1111 with Remicade® (infliximab) in 
healthy subjects (REFLECTIONS B537-01). Expert Rev Clin Immunol. 
2018 Apr;14(4):329-336. doi: 10.1080/1744666X.2018.1446829. 
Epub 2018 Mar 12. PMID: 29504427.

7. Emery P, Vencovský J, Sylwestrzak A, Leszczynski P, Porawska W, 
Baranauskaite A, et al. 52-week results of the phase 3 randomized 
study comparing SB4 with reference etanercept in patients with 
active rheumatoid arthritis. Rheumatology (Oxford). 2017 Dec 
1;56(12):2093-2101. doi: 10.1093/rheumatology/kex269. PMID: 
28968793; PMCID: PMC5850652.

8. Cho IH, Lee N, Song D, Jung SY, Bou-Assaf G, Sosic Z, et al. Evaluation 
of the structural, physicochemical, and biological characteristics of 
SB4, a biosimilar of etanercept. MAbs. 2016 Aug-Sep;8(6):1136-55. 
doi: 10.1080/19420862.2016.1193659. Epub 2016 May 31. PMID: 
27246928; PMCID: PMC4968139.

9. Lee YJ, Shin D, Kim Y, Kang J, Gauliard A, Fuhr R. A randomized phase 
l pharmacokinetic study comparing SB4 and etanercept reference 

REFERENCES

product (Enbrel®) in healthy subjects. Br J Clin Pharmacol. 2016 
Jul;82(1):64-73. doi: 10.1111/bcp.12929. Epub 2016 May 2. PMID: 
26972584; PMCID: PMC4917797.

10. von Richter O, Skerjanec A, Afonso M, Sanguino Heinrich S, Poetzl 
J, Woehling H, et al. GP2015, a proposed etanercept biosimilar: 
Pharmacokinetic similarity to its reference product and comparison 
of its autoinjector device with prefilled syringes. Br J Clin Pharmacol. 
2017 Apr;83(4):732-741. doi: 10.1111/bcp.13170. Epub 2016 Dec 
16. PMID: 27790726; PMCID: PMC5346872.

11. Griffiths CEM, Thaçi D, Gerdes S, Arenberger P, Pulka G, Kingo K, 
Weglowska J; EGALITY study group; Hattebuhr N, Poetzl J, Woehling 
H, Wuerth G, Afonso M. The EGALITY study: a confirmatory, 
randomized, double-blind study comparing the efficacy, safety and 
immunogenicity of GP2015, a proposed etanercept biosimilar, vs. 
the originator product in patients with moderate-to-severe chronic 
plaque-type psoriasis. Br J Dermatol. 2017 Apr;176(4):928-938. doi: 
10.1111/bjd.15152. Epub 2017 Mar 1. PMID: 27787890.

12. Hofmann HP, Kronthaler U, Fritsch C, Grau R, Müller SO, Mayer 
R, et al. Characterization and non-clinical assessment of the 
proposed etanercept biosimilar GP2015 with originator etanercept 
(Enbrel(®)). Expert Opin Biol Ther. 2016 Oct;16(10):1185-95. doi: 
10.1080/14712598.2016.1217329. Epub 2016 Aug 16. PMID: 
27463856.

13. 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 
Mar;76(3):526-33. doi: 10.1136/annrheumdis-2015-208914. 
Epub 2016 Jul 27. PMID: 27466231; PMCID: PMC5445997.

14. Liu J, Eris T, Li C, Cao S, Kuhns S. Assessing Analytical Similarity of 
Proposed Amgen Biosimilar ABP 501 to Adalimumab. BioDrugs. 
2016 Aug;30(4):321-38. doi: 10.1007/s40259-016-0184-3. PMID: 
27461107; PMCID: PMC4972872.

15. Velayudhan J, Chen YF, Rohrbach A, Pastula C, Maher G, Thomas 
H, et al. Demonstration of Functional Similarity of Proposed 
Biosimilar ABP 501 to Adalimumab. BioDrugs. 2016 Aug;30(4):339-
51. doi: 10.1007/s40259-016-0185-2. PMID: 27422671; PMCID: 
PMC4972870.

16. Bush J, Kawakami K, Muniz R. A phase 1, randomized, open-
label, single-dose study to assess the relative bioavailability of a 
subcutaneous dose of FKB327 when administered using a prefilled 
syringe, a prefilled auto-injector, or a vial with disposable syringe 
in healthy subjects. BMC Pharmacol Toxicol. 2019 Dec 30;20(1):87. 
doi: 10.1186/s40360-019-0376-9. PMID: 31888742; PMCID: 
PMC6937755.

17. Al-Salama ZT. FKB327: An Adalimumab Biosimilar. BioDrugs. 
2019 Feb;33(1):113-6. doi: 10.1007/s40259-019-00335-8. PMID: 
30712241.

https://doi.org/10.1007/s40259-014-0094-1
https://doi.org/10.1136/annrheumdis-2012-203090
https://doi.org/10.1136/annrheumdis-2012-203090
https://doi.org/10.1136/annrheumdis-2012-203091
https://doi.org/10.1007/s40259-018-0310-5
https://doi.org/10.1007/s40259-018-0310-5
https://doi.org/10.1186/s13075-018-1646-4
https://doi.org/10.1080/1744666x.2018.1446829
https://doi.org/10.1093/rheumatology/kex269
https://doi.org/10.1080/19420862.2016.1193659
https://doi.org/10.1111/bcp.12929
https://doi.org/10.1111/bcp.13170
https://doi.org/10.1111/bjd.15152
https://doi.org/10.1080/14712598.2016.1217329
https://doi.org/10.1136/annrheumdis-2015-208914
https://doi.org/10.1007/s40259-016-0184-3
https://doi.org/10.1007/s40259-016-0185-2
https://doi.org/10.1186/s40360-019-0376-9
https://doi.org/10.1007/s40259-019-00335-8


109Romanian JouRnal of Rheumatology – Volume 32, no. 3, 2023

18. Puri A, Niewiarowski A, Arai Y, Nomura H, Baird M, Dalrymple I, 
et al. Pharmacokinetics, safety, tolerability and immunogenicity 
of FKB327, a new biosimilar medicine of adalimumab/Humira, 
in healthy subjects. Br J Clin Pharmacol. 2017 Jul;83(7):1405-15. 
doi: 10.1111/bcp.13245. Epub 2017 Mar 9. PMID: 28133772; 
PMCID: PMC5465341.

19. von Richter O, Lemke L, Haliduola H, Fuhr R, Koernicke T, Schuck E, et 
al. GP2017, an adalimumab biosimilar: pharmacokinetic similarity 
to its reference medicine and pharmacokinetics comparison of 
different administration methods. Expert Opin Biol Ther. 2019 
Oct;19(10):1075-83. doi: 10.1080/14712598.2019.1571580. Epub 
2019 Jan 30. PMID: 30698045.

20. Kronthaler U, Fritsch C, Hainzl O, Seidl A, da Silva A. Comparative 
functional and pharmacological characterization of Sandoz pro-
posed biosimilar adalimumab (GP2017): rationale for extrapolation 
across indications. Expert Opin Biol Ther. 2018 Aug;18(8):921-30. 
doi: 10.1080/14712598.2018.1495193. Epub 2018 Jul 16. PMID: 
29962245.

21. Heo YA. GP2017: An Adalimumab Biosimilar. BioDrugs. 2018 
Dec;32(6):635-38. doi: 10.1007/s40259-018-0318-x. PMID: 
30460599.

22. Frampton JE. SB5: An Adalimumab Biosimilar. BioDrugs. 2018 
Oct;32(5):507-510. doi: 10.1007/s40259-018-0307-0. PMID: 
30251234.

23. Shin D, Lee Y, Jeong D, Ellis-Pegler R. Comparative pharmacokinetics 
of an adalimumab biosimilar SB5 administered via autoinjector or 
prefilled syringe in healthy subjects. Drug Des Devel Ther. 2018 Nov 
5;12:3799-805. doi: 10.2147/DDDT.S169082. PMID: 30464411; 
PMCID: PMC6225915.

24. Shin D, Lee Y, Kim H, Körnicke T, Fuhr R. A randomized phase I 
comparative pharmacokinetic study comparing SB5 with reference 
adalimumab in healthy volunteers. J Clin Pharm Ther. 2017 
Dec;42(6):672-78. doi: 10.1111/jcpt.12583. Epub 2017 Jul 3. PMID: 
28675520.

25. Hercogová J, Papp KA, Chyrok V, Ullmann M, Vlachos P, Edwards 
CJ. AURIEL-PsO: a randomized, double-blind phase III equivalence 
trial to demonstrate the clinical similarity of the proposed 
biosimilar MSB11022 to reference adalimumab in patients with 
moderate-to-severe chronic plaque-type psoriasis. Br J Dermatol. 
2020 Feb;182(2):316-26. doi: 10.1111/bjd.18220. Epub 2019 Sep 
26. PMID: 31206593; PMCID: PMC7027805.

26. Magnenat L, Palmese A, Fremaux C, D‘Amici F, Terlizzese M, Rossi 
M, Chevalet L. Demonstration of physicochemical and functional 
similarity between the proposed biosimilar adalimumab 
MSB11022 and Humira®. MAbs. 2017 Jan;9(1):127-139. doi: 
10.1080/19420862.2016.1259046. PMID: 27854156; PMCID: 
PMC5240642.

27. Hyland E, Mant T, Vlachos P, Attkins N, Ullmann M, Roy S, 
Wagner V. Comparison of the pharmacokinetics, safety, and 
immunogenicity of MSB11022, a biosimilar of adalimumab, 
with Humira(®) in healthy subjects. Br J Clin Pharmacol. 2016 
Oct;82(4):983-93. doi: 10.1111/bcp.13039. Epub 2016 Jul 28. 
PMID: 27285856; PMCID: PMC5137823.

28. Shin YK, Han WY, Kim SJ, Kim KW, Roh JW, Lee JB, et al. Investigation 
of the Physicochemical and Biological Stability of the Adalimumab 
Biosimilar CT-P17. Adv Ther. 2021 Nov;38(11):5609-22. doi: 
10.1007/s12325-021-01929-x. Epub 2021 Oct 7. PMID: 34618346.

29. Kay J, Jaworski J, Wojciechowski R, Wiland P, Dudek A, Krogulec 
M, et al. Efficacy and safety of biosimilar CT-P17 versus reference 
adalimumab in subjects with rheumatoid arthritis: 24-week 
results from a randomized study. Arthritis Res Ther. 2021 Feb 
5;23(1):51. doi: 10.1186/s13075-020-02394-7. PMID: 33546755; 
PMCID: PMC7863328.

30. Davidson A, Brimhall D, Kay J, Keystone E, Lee SJ, Kim SH, et 
al. Randomised, phase I pharmacokinetic study of adalim-
umab biosimilar CT-P17 (40 mg/0.4 mL) by autoinjector and 
prefilled syringe in healthy subjects. Br J Clin Pharmacol. 2021 
Nov;87(11):4323-33. doi: 10.1111/bcp.14850. Epub 2021 May 
9. PMID: 33822406; PMCID: PMC8597139.

31. Wynne C, Schwabe C, Lemech C, Stroissnig H, Dias R, Sobierska J, 
et al. A randomized, adaptive design, double-blind, 3-arm, parallel 
study assessing the pharmacokinetics and safety of AVT02, a high-
concentration (100 mg/mL) Adalimumab biosimilar, in healthy 

adult subjects (ALVOPAD FIRST). Expert Opin Investig Drugs. 2022 
Sep;31(9):965-76. doi: 10.1080/13543784.2022.2035359. Epub 
2022 Feb 10. PMID: 35107050.

32. Kang C. AVT02: An Adalimumab Biosimilar. Clin Drug Investig. 
2022 Oct;42(10):875-8. doi: 10.1007/s40261-022-01196-w. Epub 
2022 Oct 1. Erratum in: Clin Drug Investig. 2022 Nov;42(11):1017. 
PMID: 36181655; PMCID: PMC9576660.

33. Feldman SR, Reznichenko N, Pulka G, Kingo K, George Galdava, 
Berti F, et al. Efficacy, Safety and Immunogenicity of AVT02 Versus 
Originator Adalimumab in Subjects with Moderate to Severe 
Chronic Plaque Psoriasis: A Multicentre, Double-Blind, Randomised, 
Parallel Group, Active Control, Phase III Study. BioDrugs. 2021 
Nov;35(6):735-48. doi: 10.1007/s40259-021-00502-w. Epub 2021 
Oct 16. PMID: 34657274; PMCID: PMC8520467.

34. da Silva A, Kronthaler U, Koppenburg V, Fink M, Meyer I, 
Papandrikopoulou A, et al. Target-directed development 
and preclinical characterization of the proposed biosimilar 
rituximab GP2013. Leuk Lymphoma. 2014 Jul;55(7):1609-17. 
doi: 10.3109/10428194.2013.843090. Epub 2014 Jan 24. PMID: 
24024472; PMCID: PMC4133973.

35. Visser J, Feuerstein I, Stangler T, Schmiederer T, Fritsch C, Schiestl 
M. Physicochemical and functional comparability between the 
proposed biosimilar rituximab GP2013 and originator rituximab. 
BioDrugs. 2013 Oct;27(5):495-507. doi: 10.1007/s40259-013-
0036-3. PMID: 23649935; PMCID: PMC3775154.

36. Lamanna WC, Heller K, Schneider D, Guerrasio R, Hampl V, Fritsch C, 
Schiestl M. The in-use stability of the rituximab biosimilar Rixathon®/
Riximyo® upon preparation for intravenous infusion. J Oncol Pharm 
Pract. 2019 Mar;25(2):269-278. doi: 10.1177/1078155217731506. 
Epub 2017 Sep 26. PMID: 28950806; PMCID: PMC6348458.

37. Smolen JS, Landewé RBM, Bergstra SA, Kerschbaumer A, Sepriano 
A, Aletaha D, et al. EULAR recommendations for the management 
of rheumatoid arthritis with synthetic and biological disease-
modifying antirheumatic drugs: 2022 update. Ann Rheum Dis. 
2023 Jan;82(1):3-18. doi: 10.1136/ard-2022-223356. Epub 2022 
Nov 10. Erratum in: Ann Rheum Dis. 2023 Mar;82(3):e76. PMID: 
36357155.

38. Codreanu C, Mogosan C, Popescu CC. Data from the Romanian 
Registry of Rheumatic Diseases for patients with rheumatoid 
arthritis treated with biologic and targeted synthetic disease-
modifying anti-rheumatic drugs during 2019. Ro J Rheumatol. 
2020;29(1):8-15. doi: 10.37897/RJR.2020.1.2.

39. Codreanu C, Popescu CC, Mogoșan C, Enache L, Daia S, Ionescu 
R, Opriș-Belinski D. Efficacy and safety of original and biosimilar 
etanercept (SB4) in active rheumatoid arthritis - A comparison 
in a real-world national cohort. Biologicals. 2019 Nov;62:27-32. 
doi: 10.1016/j.biologicals.2019.10.009. Epub 2019 Oct 24. PMID: 
31668853.

40. Popescu CC, Mogosan CD, Enache L, Codreanu C. Comparison 
of Efficacy and Safety of Original and Biosimilar Adalimumab in 
Active Rheumatoid Arthritis in a Real-World National Cohort. 
Medicina (Kaunas). 2022 Dec 15;58(12):1851. doi: 10.3390/
medicina58121851. PMID: 36557052; PMCID: PMC9784493.

41. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO 
3rd, et al. 2010 rheumatoid arthritis classification criteria: an 
American College of Rheumatology/European League Against 
Rheumatism collaborative initiative. Ann Rheum Dis. 2010 
Sep;69(9):1580-8. doi: 10.1136/ard.2010.138461. Erratum in: 
Ann Rheum Dis. 2010 Oct;69(10):1892. PMID: 20699241.

42. Fransen J, van Riel PL. The Disease Activity Score and the EULAR 
response criteria. Clin Exp Rheumatol. 2005 Sep-Oct;23(5 Suppl 
39):S93-9. PMID: 16273792.

43. Prevoo ML, van‘t Hof MA, Kuper HH, van Leeuwen MA, van 
de Putte LB, van Riel PL. Modified disease activity scores that 
include twenty-eight-joint counts. Development and validation 
in a prospective longitudinal study of patients with rheumatoid 
arthritis. Arthritis Rheum. 1995 Jan;38(1):44-8. doi: 10.1002/
art.1780380107. PMID: 7818570.

44. Smolen JS, Breedveld FC, Schiff MH, Kalden JR, Emery P, Eberl 
G, et al. A simplified disease activity index for rheumatoid 
arthritis for use in clinical practice. Rheumatology (Oxford). 2003 
Feb;42(2):244-57. doi: 10.1093/rheumatology/keg072. PMID: 
12595618.

https://doi.org/10.1111/bcp.13245
https://doi.org/10.1080/14712598.2019.1571580
https://doi.org/10.1080/14712598.2018.1495193
https://doi.org/10.1007/s40259-018-0318-x
https://doi.org/10.1007/s40259-018-0307-0
https://doi.org/10.2147/dddt.s169082
https://doi.org/10.1111/jcpt.12583
https://doi.org/10.1111/bjd.18220
https://doi.org/10.1080/19420862.2016.1259046
https://doi.org/10.1111/bcp.13039
https://doi.org/10.1007/s12325-021-01929-x
https://doi.org/10.1186/s13075-020-02394-7
https://doi.org/10.1111/bcp.14850
https://doi.org/10.1080/13543784.2022.2035359
https://doi.org/10.1007/s40261-022-01196-w
https://doi.org/10.1007/s40259-021-00502-w
https://doi.org/10.3109/10428194.2013.843090
https://doi.org/10.1007/s40259-013-0036-3
https://doi.org/10.1007/s40259-013-0036-3
https://doi.org/10.1177/1078155217731506
https://doi.org/10.1136/ard-2022-223356
https://doi.org/10.37897/RJR.2020.1.2%0D
https://doi.org/10.1016/j.biologicals.2019.10.009
https://doi.org/10.3390/medicina58121851
https://doi.org/10.3390/medicina58121851
https://doi.org/10.1136/ard.2010.138461
https://doi.org/10.1002/art.1780380107
https://doi.org/10.1002/art.1780380107
https://doi.org/10.1093/rheumatology/keg072

