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Introduction/Study objectives: FKB327 is a biosimilar of the adalimumab reference product. Studies in healthy subjects and 
patients with rheumatoid arthritis demonstrated biosimilarity between FKB327 and the reference product in safety profile, effi-
cacy and immunogenicity. FKB327 formulation excipients diff er from the citrate-containing formulation of the reference product, 
and injection-site pain diff erences have been reported. The current analysis examines pooled data to assess the amount of injec-
tion-site pain resulting from injecting FKB327 using a pre-filled syringe, autoinjector, or vial/syringe versus the reference product. 
Methods: Data from four studies were pooled to compare injection-site pain upon subcutaneous administration of FKB327 versus 
the reference product. Pooled data were analysed to compare FKB327 with the reference product and to compare the autoinjec-
tor, pre-filled syringe and vial/syringe.
Results: Data were analysed from 2007 assessments in 1,001 subjects. A linear mixed model of the injection-site pain visual ana-
logue scale score across all studies showed a 12.6-point lower pain score for FKB327 versus the reference product (95% confidence 
interval, –14.3 to –10.8; p < 0.001). The autoinjector pain score was 4.4 points lower than the vial/syringe (95% confidence interval, 
–5.9 to –2.8; p < 0.001) and 1.7 points lower than the pre-filled syringe (95% confidence interval, –3.3 to –0.1; p = 0.035). No statisti-
cally significant diff erences were identified for gender, age, body weight, needle gauge, or injection site. 
Conclusion: FKB327 showed less injection-site pain compared with the reference product. No statistically significant diff erences 
were seen in injection-site reactions or related adverse events between FKB327 and the reference product or among FKB327 
injection methods. 

Systematic analysis of injection-site pain and 
reactions caused by subcutaneous administration 
of the adalimumab biosimilar FKB327 versus the 
adalimumab reference product via diff erent 
delivery methods

Introduction/Study objectives
Adalimumab, a recombinant human monoclonal antibody 
against tumour necrosis factor-alpha, is indicated for the treat-
ment of patients with rheumatoid arthritis; juvenile idiopathic 
arthritis; psoriatic arthritis; ankylosing spondylitis; hidradeni-
tis suppurativa; plaque psoriasis; adult and paediatric Crohn’s 
disease; ulcerative colitis in adults; and non-infectious interme-
diate, posterior and panuveitis in adult patients [1, 2]. Injection-
site reactions (ISRs) are commonly reported with biological 
therapies [3, 4]. Local ISRs are estimated to affect 12% to 37% 
of patients treated with adalimumab [5, 6]. Local ISRs include 
erythema, pruritus, pain, infl ammation, rash, induration, itch-
ing and oedema [5], potentially causing patients stress, ner-
vousness, reduced quality of life, and a negative impact on 
willingness to self-administer and adhere to medication [7]. ISRs 
typically occur during the first month of treatment, last for 3 to 
5 days, and commonly resolve without additional therapy [5]. 
Most ISRs caused by adalimumab are mild to moderate and 
generally do not require drug discontinuation; but may lead to 
patient discomfort [2]. Risk factors for having hypersensitivity 

reactions depend on both the drug and the individual patient 
characteristics, i.e. disease for which the treatment is indicated, 
the patient’s immune status, and the concomitant treatments 
received [4, 8]. 

Among ISRs, injection-site pain (ISP) is an important element 
that has been reported with some biologicals due to several 
factors, including formulation, needle size, anatomic region of 
injection, and buffer [9]. Patient injection experience may be a 
significant factor in the selection of biological treatment and in 
discontinuing therapy to avoid pain and discomfort [10]. Among 
patients with rheumatoid arthritis, ISP can have an impact on 
treatment adherence, which is often suboptimal in routine clini-
cal practice [11, 12]. 

The stability of the formulation of biologicals is improved by 
using additives such as buffers, amino acids and sugars. An 
association between ISP and the use of citrate as a buffer has 
been previously described [9]. Excipients are designated by the 
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regulatory authorities to be inactive and not considered the 
 primary, biologically active ingredient [13]. Excipients in mono-
clonal antibody therapies are intended to stabilize the active 
protein from manufacturing until its use by the patient [13]. It 
has been hypothesized that ISRs associated with products con-
taining excipients are a result of the complement activation-
derived infl ammatory mediators; degradation of the excipient 
may be the causative factor [13]. 

Subsequently, it has been reported that the citrate-containing 
formulation (CCF) of the adalimumab reference product (RP), 
which was initially approved in the European Union, the US, 
and other countries, may be associated with ISP. The formula-
tion excipients of the biosimilar product, FKB327, differ from 
those of the CCF-RP in that it does not contain citrate, and 
differing ISP with subcutaneous injection has been reported. 
FKB327 and the RP are formulated such that the pH of both 
products is approximately 5.2 [2, 14]. The primary objective of 
this analysis was to comprehensively characterize ISP and ISRs 
among patients with moderate-to-severe rheumatoid arthritis 
and healthy subjects treated with FKB327 compared with CCF-
RP. The current analysis also examines pooled data from these 
studies comparing the amount of ISP resulting from injecting 
FKB327 using a pre-filled syringe (PFS), an autoinjector (AI), or 
a vial with regular syringe (RS) versus the CCF-RP. 

Methods
Study design 
Data were derived from four randomized studies (FKB327-001, 
-002, -003, and -004) evaluating the efficacy, safety profile and 
pharmacokinetics (PK) of FKB327 in patients with rheumatoid 
arthritis and healthy subjects. The studies were conducted from 
April 2013 to January 2018. The designs of these studies have 
been previously published [15, 16] and the designs are available at 
clinicaltrials.gov (FKB327-002 [NCT02260791; EudraCT No.: 2014-
000109-11] and -003 [NCT02405780; EudraCT No.: 20140000110-
61] studies [dx.doi.org/10.17504/protocols.io.3r2gm8e]).

The studies were conducted in accordance with the Declara-
tion of Helsinki and International Conference on Harmoniza-
tion Guidelines for Good Clinical Practice. Study protocols were 
reviewed and approved by an independent ethics committee 
or institutional review board for each study centre. Written 
informed consent was obtained from all subjects and patients 
before study entry.

Studies 001 and 004
Study 001 was a randomized, double-blind, parallel-group 
phase I study comparing the safety profile and PK in healthy 
adult subjects after a single-dose of the study drug. Subjects 
were randomized to receive 40 mg of FKB327, the EU CCF-RP, 
or the US CCF-RP in a 1:1:1 ratio. The study drug was adminis-
tered subcutaneously in the abdomen using identical syringes 
with 25-G 5/8 needles that had been pre-filled by pharmacy 
staff and labelled such that it was not possible to distinguish 
between FKB327 and either of the CCF-RPs. 

FKB327-004 was a randomized, active-controlled, single-blind, 
parallel-group phase I clinical pharmacology study evaluating 

the safety profile and PK in Japanese healthy male subjects 
after a single-dose of the study drug. Subjects were random-
ized to receive 40 mg of either FKB327 or the CCF-RP in a 
1:1 ratio. FKB327 PFS with a 29-G needle and CCF-RP with 
27-G needle were administered subcutaneously in the abdo-
men. In both studies, PK was assessed by evaluation of serum 
concentrations of adalimumab. The safety profile was assessed 
by evaluation of safety laboratory tests, physical examination, 
vital signs, and electrocardiograms. In both studies, ISP and ISRs 
were assessed within 30 minutes of subcutaneous dosing and 
were monitored for 24 hours and 8 days or 4 days after single-
dosing, respectively.

Studies 002 and 003
Study 002 was a multicentre, randomized, double-blind, paral-
lel-arm, active-comparator phase III equivalence study to evalu-
ate efficacy and safety profile similarity in patients with active 
rheumatoid arthritis. Patients were randomized in a 1:1 ratio to 
receive a 40-mg injection subcutaneously in the abdomen or 
thigh of either FKB327 (using a vial with RS and 30-G needle) 
or the CCF-RP (using a PFS and 27-G needle) every other week 
for 24 weeks. 

This was followed by Study 003, a phase III open-label exten-
sion study, which consisted of two parts (Period I and Period 
II). In Period I, patients were rerandomized to receive either 
FKB327 (administered via PFS with 29-G needle) or CCF-RP 
(administered via PFS with 27-G needle) for 30 weeks, so that 
two-thirds of the patients continued the same treatment they 
had received in the preceding study and one-third received 
the alternate treatment. In Period II, patients were treated with 
FKB327 (single arm) for an additional 46 weeks. All patients 
outside the US were introduced to the FKB327 AI (using a 29-G 
needle) during Period II of this study.

Assessment of injection-site pain 
Pain at the injection site was assessed using a 100-mm visual 
analogue scale (VAS) score. In all four studies, subjects were 
asked to determine the extent of their pain by placing a small 
vertical mark on a horizontal line, with the left endpoint sig-
nifying ‘no pain’ and the right endpoint signifying ‘intolerable 
pain’. Subjects were able to see their previous responses to 
reduce variability. In the single-dose studies (Studies 001 and 
004), assessments of ISP were performed immediately after 
dosing and at 0.5, 1, 12, and 24 hours post-dose. In the mul-
tiple-dose studies (Studies 002 and 003), assessments of ISP 
were performed within 30 minutes of administration of the 
first dose. 

Assessment of injection-site reactions
For all the studies, study staff applied light pressure at the injec-
tion site and recorded any tenderness, erythema and induration. 
The size of ISRs was measured along the longest axis.

Local reactions were assessed within 30 minutes of dosing 
according to the US Food and Drug Administration ‘Guidance 
for industry on skin irritation and sensitization testing of generic 
transdermal drug products’ as follows [17]:
• 0 = no evidence of irritation
• 1 = minimal erythema, barely perceptible
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• 2 = definite erythema, readily visible; minimal oedema or 
minimal papular response

• 3 = erythema and papules
• 4 = definite oedema
• 5 = erythema, oedema and papules
• 6 = vesicular eruption
• 7 = strong reaction spreading beyond test site.

In the single-dose studies (001 and 004), assessment of ISRs was 
performed immediately after dosing and at 12, 24, 48, 72 and 96 
hours after injection; in addition, assessment of ISRs was per-
formed at 192 hours in Study 001. In the multiple-dose studies 
(002 and 003), assessments were performed within 30 minutes 
of administration of the first dose.

Statistical analysis 
The analysis set included all the healthy subjects in the 
 single-dose studies (assessment immediately after dosing) and all 
the patients in the multiple-dose studies (assessment within 
30 minutes of dosing) who received the study drug and had 
≥ 1 assessments of ISP and/or ISRs. Data from the four studies 
were pooled to compare FKB327 with the CCF-RP, the FKB327 
methods of administration, i.e. PFS, AI, or vial with RS; and 
injection sites, i.e. abdomen or thigh. The comparison of the 
ISP VAS scores of FKB327 versus the CCF-RP was performed by 
using the linear mixed model with 8 fixed effects, consisting of 
subject population (healthy subject or patient with rheumatoid 
arthritis), age (< 50 years or ≥ 50 years), gender, race, ethnicity, 
body weight (< 70 kg or ≥ 70 kg), device (PFS, AI, or vial with 
RS), and treatment (FKB327 or CCF-RP), as well as two random 
effects: country and subject. 

This analysis also evaluated the impact on ISP of differences in 
needle gauge (25 G, 27 G, 29 G, and 30 G) used in the vari-
ous injections. The comparisons between FKB327 presentations 
and injection sites were performed using the same model. The 
thresholds of age and body weight were determined based on 
the median of actual data. 

The results of the linear mixed model for the ISP VAS scores 
were reported with least squares means, 95% confidence inter-
vals (CIs), and p values, where appropriate. The significance 
level of 5%, i.e. p < 0.05, indicated statistical significance. 
For Studies 002 and 003 in patients with rheumatoid arthritis, 
adverse events (AEs) related to ISRs were analysed by expo-
sure-adjusted incident rate (per 100 patient-years) due to differ-
ent treatment exposures between FKB327 and the CCF-RP, or 
among FKB327 methods of administration across the studies. All 
the analyses were performed by using SAS® version 9.1 (Cary, 
NC, US) or higher. 

Results
Patient demographics 
Data analysed included a total of 2,007 assessments in 1,001 
subjects and patients. The demographic and background data 
from the randomized subjects and patients with ISP data are 
shown by study in Table 1. 

Injection-site pain  
Injection-site pain in individual studies
In Study 001, immediately after dosing, subjects who received 
the EU- and US-sourced CCF-RP reported more ISP than sub-
jects who received FKB327. Mean VAS scores were 5.5, 12.9, 
and 18.4 for the FKB327, EU CCF-RP, and US CCF-RP treat-
ment groups, respectively. At all other time points, the VAS pain 
scores were similar across the treatment groups. 

In Study 004, immediately after dosing, the VAS pain score was 
also lower in the FKB327 treatment group than in the CCF-RP 
treatment group. Mean VAS pain scores were 5.2 and 29.8 in the 
FKB327 and CCF-RP treatment groups, respectively. Thereafter, 
no substantial differences were observed in the VAS pain scores 
between the treatment groups. 

In Study 002, at Day 1, patients in the FKB327 treatment group 
reported less pain than patients in the CCF-RP treatment group. 
Mean VAS scores were 9.3 and 20.2 in the FKB327 and CCF-RP 
treatment groups, respectively. 

In Study 003, at Week 0, patients in the FKB327 treatment group 
reported less pain than patients in the CCF-RP treatment group. 
At Week 0 of Study 003, the mean VAS ISP score was slightly 
higher among patients who received the CCF-RP compared with 
patients who received FKB327 (12.9 vs 6.2). The mean VAS ISP 
score was slightly lower in patients who switched from the CCF-
RP to FKB327 compared with those who received continuous 
treatment with the CCF-RP in Studies 002 and 003 (4.9 vs 11.1; see 
Table 2). Inversely, the mean VAS ISP score was slightly higher 
in patients who switched from FKB327 to the CCF-RP compared 
with those who received continuous FKB327 treatment (16.3 vs 
6.8). At Week 30 of Study 003, the total mean VAS ISP score was 
5.2, without any difference among treatment groups, because all 
patients were dosed with FKB327 via AI or PFS.

Of the 507 patients who switched to the AI device in Period II 
of Study 003, 423 patients had an ISP VAS score recorded at the 
time of switch. The mean VAS score did not change in patients 
who switched from the PFS device to AI device (F-F-F, 6.7-5.2; 
RP-F-F, 4.4-5.7), although it decreased in patients who switched 
from the CCF-RP to FKB327-AI  (F-RP-F, 15.4-4.1; RP-RP-F, 7.4-
4.5; see Table 3).

Pooled analysis of injection-site pain visual analogue scale score
Because we observed numerical differences in ISP VAS score 
between patients treated with FKB327 and CCF-RP, we pooled 
the data from all four studies to increase the number of subjects 
and assess for statistical significance. A linear mixed model of 
the ISP VAS score for FKB327 versus the CCF-RP across all four 
studies showed a 12.6-point improvement (95% CI, –14.3 to 
–10.8; p < 0.001; see Table 4). The AI showed a 4.4-point lower 
VAS pain score compared with the RS (95% CI, –5.9 to –2.8; p < 
0.001). The AI showed a 1.7-point lower VAS pain score com-
pared with the PFS (95% CI, –3.3 to –0.1; p = 0.035). No statisti-
cally significant differences in ISP were identified for gender, 
age, body weight, population (healthy subject or patient), and 
injection site (thigh or abdomen). Although the difference in ISP 
VAS score was significant among races, the majority of subjects 
and patients were white. 
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A forest plot of the mean treatment difference of VAS scores 
showed favourability toward FKB327 over the CCF-RP in most 
subpopulations except for some countries and races, due to 
wide variability of 95% CI in a small number of subjects in the 
subpopulation, see Figure 1.  

Because of the differences in needle gauge used among the 
studies, we included needle gauge differences (25 G to 30 G) in 
the analysis. No statistically significant impact of needle gauge 
on pain VAS was observed (p = 0.786). Significantly lower pain 
VAS scores among those treated with FKB327 persisted even 
when needle gauge was included in the analytical model (–13.1; 
p < 0.001). 

Injection-site reactions 
Single-dose studies
In Study 001, the majority of subjects (94.4%) did not expe-
rience irritation at the injection site. Of the 10 subjects who 

experienced minimal erythema immediately post-dose, more 
subjects in the EU CCF-RP and US CCF-RP treatment groups 
(5 subjects [8.3%] and 4 subjects [6.7%]) experienced irrita-
tion than in the FKB327 treatment group (1 subject [1.7%]). 
Subjects receiving EU CCF-RP and US CCF-RP experienced 
more irritation and ISP immediately post-dose than those 
receiving FKB327. No subjects, including those experienc-
ing minimal erythema immediately post-dose, had any evi-
dence of irritation at subsequent time points (from 12 hours 
post-dose). In Study 004, the majority of subjects did not 
show any evidence of local site reactions. Local site reac-
tions were reported slightly more frequently in the CCF-RP 
treatment group (9 subjects [13.8%]) than in the FKB327 
treatment group (3 subjects [4.6%]) throughout the assess-
ment period. In Study FKB327-004, ISR was reported in 12 
(9.2%) subjects.

  Table 1: Summary of demographic and background data by study (number of patients)

 Study FKB327-001 Study FKB327-004 Study FKB327-002/003 Total

FKB327 CCF-RP FKB327 CCF-RP FKB327 CCF-RP FKB327 CCF-RP

Study visit Day 1 60 120 65 65 324 321 449 506

At first dose in Period I of  
extension study 

– – – – 288 285 288 285

At first dose in Period II of 
extension study 

– – – – 479 – 479 –

Subject type Healthy subjects 60 120 65 65 – – 125 185

Patients with rheumatoid 
arthritis

– – – – 1091 606 1091 606

Device Vial with regular syringe 60a 120a – – 324d 0 384 120

Auto-injector – – – –  424*b 0 424 –

Pre-filled syringe – – 65b 65c 343b 606c 408 671

Gender Female 2 8 – – 840 475 842 483

Male 58 112 65 65 251 131 374 308

Age category < 50 years 56 96 65 65 400 213 521 374

≥ 50 years 4 24 – – 691 393 695 417

Race Asian 6 17 65 65 5 1 76 83

Black/African American 14 17 – – 9 5 23 22

Other 6 3 – – 145 87 151 90

White 34 83 – – 930 513 964 596

American Indian/Alaska Native – – – – 2 – 2 0

Weight 
category

< 70 kg 19 39 56 56 451 273 526 368

≥ 70 kg 41 81 9 9 640 333 690 423

The number of injection-site pain assessments in subjects with injection-site pain data collected immediately after injection at Day 1.
a25-G 5/8 needle used.
b29-G needle used.
c27-G needle used.
d30-G needle used.
*Data for 1 patient with an unscheduled visit were included in the systematic analysis of injection-site pain.

CCF: citrate-containing formulation; RP: reference product.
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observed in ISRs between the 
FKB327 and CCF-RP treatment 
groups or as a result of switch-
ing treatments. 

Adverse events related to 
injection-site reactions 
Single-dose studies
In Study 001, injection-site hae-
matoma was one of the most 
common treatment-emergent AEs. 
Injection-site haematoma was 
reported for more subjects in the 
FKB327 treatment group (n = 4; 
6.7%) than in the EU CCF-RP (n 
= 1; 1.7%) and US CCF-RP (n = 
2; 3.3%) treatment groups. In 
Study 004, ISRs were reported in 
3 (4.6%) subjects who received 
FKB327 and 9 (13.8%) subjects 
who received the CCF-RP.

Discussion
Advancements in the devel-

opment of biologicals have provided improvements in local 
bioavailability and tolerability, as well as in maintaining drug 
stability against degradation or aggregation [18]. An asso-
ciation between ISP and the use of citrate as a buffer has 
been previously reported [9]. FKB327 was developed with-
out citrate, which differs from the CCF-RP. In these studies, 
the adalimumab biosimilar FKB327 was associated with clini-
cally significantly less ISP (12.6-point VAS score improvement) 
immediately after the first study drug dose than the CCF-RP. 
It has been reported that the minimum clinically significant 
difference in VAS pain score on a 100-mm scale is 9 mm to 10 
mm, regardless of gender, age, or cause of pain [19, 20]. There-
fore, the 12.6-point improvement in VAS pain score in subjects 
receiving FKB327 is a clinically meaningful change compared 
with those receiving the CCF-RP. In addition, advancements in 
the methods of delivery of adalimumab may also result in lower 

ISP than the standard vial 
with RS. In these stud-
ies, FKB327 delivered via 
AI showed a 4.4-point 
lower VAS pain score 
compared with the vial 
with RS and a 1.7-point 
lower VAS pain score 
compared with the PFS, 
although the small dif-
ference is not considered 
clinically meaningful [19, 
20], while achieving simi-
lar PK and safety profiles. 
This suggests that the AI 
may be the preferred 
method of delivery for 
FKB327 when consider-
ing ISP.

Table 2:  Summary of injection-site pain VAS scores: safety analysis set 

F-F-F
N = 216

F-RP-F
N = 108

RP-F-F
N = 108

RP-RP-F
N = 213

Treatment in FKB327-002 Week 0 (baseline) FKB327 FKB327 CCF-RP CCF-RP

n 
Mean (SD) 

197
9.6 (14.4)

96
10.4 (17.4)

95
19.1 (22.1)

191
20.7 (23.3)

Treatment in FKB327-003 Week 0 (Week 24) FKB327 CCF-RP FKB327 CCF-RP

n 
Mean (SD) 

194
6.8 (10.6)

98
16.3 (22.7)

94
4.9 (7.4)

187
11.1 (16.2)

Treatment in FKB327-003 Week 30 (Week 54) FKB327 FKB327 FKB327  FKB327

n 
Mean (SD) 

158
5.6 (9.8)

84
3.9 (7.8)

76
5.9 (10.0)

161
5.1 (10.7)

F-F-F, patients treated with FKB327 in the double-blind, rerandomized, and OLE phases of the study; F-RP-F, patients 
treated with FKB327 in the double-blind, RP in the rerandomized, and double switched back to FKB327 in the OLE phase 
of the study; RP-F-F, patients treated with RP in the double-blind, and FKB327 in the rerandomized and OLE phases of 
the study; RP-RP-F, patients treated with RP in the double-blind and rerandomized phases of the study, and FKB327 in 
the OLE phase of the study.

CCF: citrate-containing formulation; F: FKB327; OLE: open-label extension; RP: reference product; SD: standard deviation; VAS: visual 

analogue scale.

Table 3:  Summary of injection-site pain VAS scores for patients starting auto-injector: safety analysis set 

F-F-F
N = 216

F-RP-F
N = 108

RP-F-F
N = 108

RP-RP-F
N = 213

Total
N = 645

Patients starting the AI, n (%) 165 (76.4) 91 (84.3) 83 (76.9) 168 (78.9) 507 (78.6)

Week 0 in Period I FKB327-PFS CCF-RP FKB327-PFS CCF-RP

n
Mean (SD) 

148
6.7 (10.1)

82
15.4 (20.2)

70
4.4 (7.0)

150
7.4 (9.8)

450
8.2 (12.6)

AI start in Period II FKB327-AI FKB327-AI FKB327-AI FKB327-AI

n 
Mean (SD)

138
5.2 (8.7)

74
4.1 (8.2)

69
5.7 (10.0)

142
4.5 (9.0)

423
4.8 (9.0)

F-F-F, patients treated with FKB327 in the double-blind, rerandomized, and OLE phases of the study; F-RP-F, patients treated with 
FKB327 in the double-blind, RP in the rerandomized, and double-switched back to FKB327 in the OLE phase of the study; RP-F-F, 
patients treated with RP in the double-vblind, and FKB327 in the rerandomized and OLE phases of the study; RP-RP-F, patients 
treated with RP in the double-blind and rerandomized phases of the study, and FKB327 in the OLE phase of the study.

AI: auto-injector; CCF: citrate-containing formulation; F: FKB327; OLE: open-label extension; PFS: pre-filled syringe; RP: reference product; SD: standard 

deviation; VAS: visual analogue scale.

Multiple-dose studies
The number of patients with ISRs and the nature of the 
reactions are presented in Table 5. A small number of 
patients with ‘minimal erythema, barely visible reaction’ 
was reported in the multiple-dose studies (3.1% at Week 
0 of Study 002, 4.7% at Week 0 of Period I, and 2.7% at 
Week 30 of Period II of Study 003). Reports of ‘defini-
tive erythema, readily visible reaction’ were low (0.8% 
at Week 0 of Study 002, 0.3% at Week 0 of Period I, and 
0.7% at Week 30 of Period II of Study 003). No events were 
judged as ‘definite oedema’, ‘ erythema, oedema and papules’,  
‘vesicular eruption’, or ‘strong reaction spreading beyond 
test site’,  nor were there any severe ISRs in the FKB327 or 
CCF-RP treatment groups. Overall, the number of patients 
with an ISR was very low. No important differences were 



GaBIJournal
Generics and Biosimilars Initiative Journal

© 2020 Pro Pharma Communications International. All rights reserved

Volume 9  |  2020  |  Issue 3  |  113GaBI Journal | www.gabi-journal.net

ORIGINAL RESEARCH
Biosimilars for Healthcare Professionals

In survey-based studies directed toward healthcare providers 
(HCPs) or consumers, 69% of all HCPs reported a preference for 
the use of an AI compared with a traditional syringe and  needle [21]. 
HCPs identified benefits for administering injections using an AI, 
including ease of use, more consistent dosing, faster administra-
tion, and fewer needle-stick injuries. In addition, 90% of HCPs 
thought patients would be more adherent to therapy using an 
AI, which was supported by 86% of women who reported they 
would be more likely to adhere to therapy using an AI. A phase 
II study designed to compare the usability of an etanercept 
biosimilar via PFS and AI demonstrated that 81.1% of patients 
preferred the AI, 7.5% preferred the PFS, and 11.3% had no 
preference [22]. The AI was preferred in terms of all categories 
investigated, including convenience, ease of use, safety profile, 
time to administer injection, and decreased pain.

Additional benefits of using an AI include helping patients 
to overcome needle anxiety [23], allowing for use in patients 
with functional deficits [24], and improving treatment adher-
ence and persistence [25]. AIs represent an alternative option to 
oral administration and the requirement for the use of vials and 
syringes. Benefits of AIs include a design wherein the needle 
is not visible, ease of use and a low level of associated pain. 
Together, these benefits of using an AI are thought to promote 
adherence and persistence of treatment.

A difference in administration between FKB327 and the CCF-
RP was the needle gauge used. The FKB327 PFS and AI were 
manufactured with a 29-G needle, whereas the CCF-RP PFS con-
tained a 27-G needle. Of importance, in the current study, the 
clinically meaningful differences in pain VAS scores between 
FKB327 and the CCF-RP persisted when we included needle 
gauge in the analytical model, demonstrating that needle gauge 
played no role in the differences in ISP observed between 
FKB327 and the CCF-RP.

A survey-based study investigating needle performance and 
patient preference for administration of glatiramer acetate for 
multiple sclerosis treatment revealed that significantly fewer 
patients reported problems after 30 days of use (including fewer 
injection-site experiences) and more patients preferred the 29-G 
needle overall compared with a 27-G needle [26]. In a study 
investigating 30-G needles versus 32-G needles for injection 
of botulinum toxin type A, the average injection pain scores 
were nominally but not significantly different in the arm or the 
face [27]. Furthermore, there were no clinically significant differ-
ences in pain associated with needle type following arm injec-
tions, with no significant differences in the character of clinically 
important pain. A Cochrane review demonstrated low-quality 

Figure 1:  Mean VAS treatment difference: subgroup analyses of injection-site pain immediately after day 1 injection

n1 n2
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FKB327-001
FKB327-002 & -003

FKB327-004
PFS

Syringe
Healthy volunteer

RA patient
<50 yrs
≥50 yrs
Female

Male
<70 kg
≥70 kg
Asian

Black or African American
Other
White

Hispanic or Latino
Not Hispanic or Latino

10.1
–10.1

24.5
–11.8

–6.9
–15.2
–10.1
–12.6

9.7
–11.2
–11.1
–11.9
–10.4
–23.7
–12.1
–12.6

–9.2
17.3
–9.8

(14.9, 5.3)
(–11.7, –8.5)
(30.6, 18.4)
(–14.1, –9.5)
(–10.0, –3.8)
(–19.1, –11.3)
(–11.7, –8.5)
(–14.7, –10.5)
(11.7, 7.8)
(–13.0, –9.4)
(–13.6, –8.6)
(–14.0, –9.8)
(–12.4, –8.4)
(–29.5, –17.9)
(–24.8, 0.7)
(–17.3, –7.8)
(–10.7, –7.7)
(21.3, 13.4)
(–11.3, –8.3)

CCF-RP: citrate-containing formulation-reference product; CI: confidence interval; FKB327-001, Study 001; FKB327-002, Study 002; FKB327-003, Study 003; FKB327-004, Study 004; kg: kilogram; 

mm: millimeter; n1: number of observations in FKB327 group; n2: number of observations in RP group; PFS: pre-filled syringe; RA: rheumatoid arthritis; RP: reference product; VAS: visual 

analogue scale; yrs: years.

Table 4:  Results from linear mixed model of VAS (mm)

Mean difference in 
VAS (95% CI)

p value

Pooled data of FKB327 and CCF-RP (n = 2,007)

FKB327 (vs CCF-RP) –12.6 (–14.3 to –10.8) < 0.001

Pooled data of FKB327 (n = 1,216)

AI (vs PFS) –1.7 (–3.3 to –0.1) 0.035

AI (vs vial with RS) –4.4 (–5.9 to –2.8) < 0.001

PFS (vs vial with RS) –2.6 (–4.3 to –1.0) 0.002

Thigh (vs abdomen) –0.4 (–2.3 to 1.4) 0.632

AI: autoinjector; CCF: citrate-containing formulation; CI: confidence interval; PFS: pre-filled 

syringe; RP: reference product; RS: regular syringe; VAS: visual analogue scale.
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evidence that a wide needle (23 G) may slightly reduce pain 
associated with a vaccination procedure in 1,135 healthy infants 
compared with a narrow needle (25 G); however, these differ-
ences were thought to be too small to be of practical impor-
tance [28]. In a randomized crossover comparison of ISP with 40 
mg/0.4 mL (29-G needle) or 40 mg/0.8 mL (27-G needle), signif-
icantly lower injection-related pain immediately after injection 
was reported for the 40 mg/0.4 mL formulation [29]. However, 
it is unclear whether the pain reduction was most attributable to 
differences in composition, volume and/or needle size. 

In the current study, significantly decreased ISP was reported 
with FKB327 compared with CCF-RP, which may be due to the 
citrate buffer that is present in CCF-RP but not in FKB327, as 
an association between citrate buffer and ISP has been demon-
strated previously [9]. Results have shown that a citrate-free for-
mulation of the RP was associated with significantly decreased 
ISP [29, 30]. Therefore, the results of the current study sup-
port previous findings demonstrating an association between a 
decreased level of ISP and citrate-free formulations.

This study has a number 
of limitations. The sys-
tematic analysis presented 
requires combining data/
events across a number 
of different studies, which 
may introduce bias. More-
over, each study used dif-
ferent patients, sites and 
administration devices such 
that the results of the sys-
tematic analysis may not 
be as valid as the individ-
ual results from each trial. 
Some of the studies were 
of short duration, and the 
concern over pain from a 
single injection may be dif-
ferent from ongoing pain 
associated with longer-
term administration. The 
timing of ISP assessment 
may also limit the conclu-
sions of this analysis based 
on variability of measure-
ment immediately after 
injection (Studies 001 and 
004) or within 30 minutes 
after injection (Studies 002 
and 003), resulting in the 
potential for pain resolu-
tion within this time frame. 

Conclusions
FKB327 (citrate-free for-
mulation adalimumab bio-
similar) showed clinically 
significantly less ISP com-
pared with the CCF-RP.

No statistically significant differences were observed in ISRs 
or AEs related to ISRs between FKB327 and the CCF-RP or 
among FKB327 methods of administration. The lower ISP score 
observed with FKB327 delivered via an AI compared with a vial 
and RS or a PFS suggests FKB327, especially when delivered 
via AI, can result in less ISP than the CCF-RP. This is important, 
because ISRs and ISP can interfere with patients adhering to 
injectable medications as prescribed.

For patients
Biosimilars are drugs that act in a similar way compared with 
the reference product but may have small differences in ingredi-
ents. Drug ingredients and needle size may affect the amount of 
injection-site pain that is experienced when the drug is injected 
into the skin. This paper tested the difference in injection-site 
pain between the biosimilar drug, FKB327 and the reference 
product, and differences in pain with a pre-filled syringe, an 
autoinjector, and a vial/syringe. The study found that patients 
reported lower pain scores with FKB327 compared with the 
reference product, and lower pain scores were reported with 

Table 5:  Summary of injection-site reactions: safety analysis set, n (%)

F-F-F
N = 216

F-RP-F
N = 108

RP-F-F
N = 108

RP-RP-F
N = 213

FKB327-002 Week 0 (Baseline)

Patients with injection-site assessment 214 (99.1) 108 (100.0) 106 (98.1) 211 (99.1)

Assessment result

0 (No evidence of irritation) 209 (97.7) 100 (92.6) 99 (93.4) 204 (96.7)

1 (Minimal erythema, barely perceptible) 5 (2.3) 3 (2.8) 5 (4.7) 7 (3.3)

2  (Definite erythema, readily visible; minimal 
oedema or minimal papular response)

0 4 (3.7) 1 (0.9) 0

3 (Erythema and papules) 0 1 (0.9) 1 (0.9) 0

FKB327-003 Week 24 overall

Patients with injection-site assessment 214 (99.1) 107 (99.1) 108 (100.0) 210 (98.6)

Assessment result

0 (No evidence of irritation) 201 (93.9) 103 (96.3) 103 (95.4) 200 (95.2)

1 (Minimal erythema, barely perceptible) 12 (5.6) 3 (2.8) 5 (4.6) 10 (4.8)

2  (Definite erythema, readily visible; minimal 
oedema or minimal papular response)

1 (0.5) 1 (0.9) 0 0

FKB327-003 Week 54 overall

Patients with injection-site assessment 179 (82.9) 98 (90.7) 91 (84.3) 184 (86.4)

Assessment result

0 (No evidence of irritation) 175 (97.8) 94 (95.9) 90 (98.9) 174 (94.6)

1 (Minimal erythema, barely perceptible) 3 (1.7) 3 (3.1) 0 9 (4.9)

2  (Definite erythema, readily visible; minimal 
oedema or minimal papular response)

1 (0.6) 1 (1.0) 1 (1.1) 1 (0.5)

F-F-F, patients treated with FKB327 in the double-blind, rerandomized, and OLE phases of the study; F-RP-F, patients treated 
with FKB327 in the double-blind, RP in the rerandomized, and double switched back to FKB327 in the OLE phase of the study; 
RP-F-F, patients treated with RP in the double-blind, and FKB327 in the rerandomized and OLE phases of the study; RP-RP-F, 
patients treated with RP in the double-blind and rerandomized phases of the study, and FKB327 in the OLE phase of the study.

F: FKB327; OLE: open-label extension; RP: reference product.



GaBIJournal
Generics and Biosimilars Initiative Journal

© 2020 Pro Pharma Communications International. All rights reserved

Volume 9  |  2020  |  Issue 3  |  115GaBI Journal | www.gabi-journal.net

ORIGINAL RESEARCH
Biosimilars for Healthcare Professionals

the autoinjector. These findings mean that receiving FKB327 
injections with an autoinjector leads to lower amounts of pain 
and side effects that may help to make it easier to continue 
treatment with this drug.

Clinical trials registration
FKB327-001 – EU Clinical Trials, EudraCT No.: 2012-005140-23, 
 protocols.io, registered 12 July 2019, www.protocols.io/view/
systemic-analysis-of-injection-site-pain-caused-by-3r2gm8e/
abstract 
FKB327-002 – National Institutes of Health (NIH) US National 
Library of Medicine, NCT02260791, prospectively registered 29 
July 2014, https://clinicaltrials.gov/ct2/show/NCT02260791
FKB327-003 – NIH US National Library of Medicine, 
NCT02405780, prospectively  registered 17 March 2015, https://
clinicaltrials.gov/ct2/show/NCT02405780
FKB327-004 – protocols.io, registered 12 July 2019, www.proto-
cols.io/view/systemic-analysis-of-injection-site-pain-caused-by-
3r2gm8e/abstract
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