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OBJECTIVE The lack of randomized controlled trials comparing biologics for the treatment of juvenile
idiopathic arthritis (JIA) has led to wide variation in treatment approaches. The objective of this study is
to compare the efficacy and safety of abatacept, adalimumab, and etanercept in JIA patients treated at a

tertiary pediatric institution.

METHODS This was a single-center, retrospective chart review of patients initiated on abatacept,
adalimumab, or etanercept from December 1, 2015, to August 31, 2018, at Monroe Carell Jr. Children’s

Hospital at Vanderbilt (VCH). The primary outcome was the change in the Physician Global Assessment
(PGA) score after 4 to 6 months of biologic therapy. Secondary outcomes included change in laboratory
markers of JIA disease activity, change in the number of joints with active disease or limitation of motion,
reduction in corticosteroid dose, adverse effects, adherence among patients who have their medications

filled at the institution’s specialty pharmacy, and reason for discontinuation of therapy.

RESULTS A total of 139 patients were included, with a median age of 13 years. Most patients, 80.6%,
experienced a reduction in their PGA score after starting biologic therapy. There was not a statistically
significant difference among the agents (p = 0.64). Adverse effects were reported in only 26.6% of
patients, with the most frequent being injection site reactions or pain (n = 35). Ultimately, 32% of patients
discontinued biologic therapy with a lack of efficacy being the most common reason.

CONCLUSIONS Abatacept, adalimumab, and etanercept were not significantly different in efficacy and safety

for the treatment of JIA at this single institution.

ABBREVIATIONS ACR, American College of Rheumatology; JIA, juvenile idiopathic arthritis; NSAIDs, non-
steroidal anti-inflammatory drugs; PedACR, Pediatric American College of Rheumatology Criteria; PGA,
Physician Global Assessment; VCH, Monroe Carell Jr. Children’s Hospital at Vanderbilt
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Introduction

According to the American College of Rheumatology
(ACR) recommendations for the treatment of juvenile
idiopathic arthritis (JIA), the escalation of therapy de-
pends on the active joint count, level of disease activity,
and presence or absence of prognostic factors.! When
the active joint countis less than or equal to 4 in patients
without poor prognostic features and low disease activ-
ity, monotherapy with non-steroidal anti-inflammatory
drugs (NSAIDs) is recommended. Otherwise, intra-
articular glucocorticoid injection is recommended as
initial therapy. When the active joint count is greater
than 4 in patients with moderate to high disease activity
and poor prognostic features, methotrexate in addition
to NSAIDs is preferred. Use of a biologic agent is not
considered until there is continued disease activity after
use of these initial treatments.?

There are no randomized controlled trials comparing

biologics for the treatment of JIA. This has led to wide
variation in treatment approaches among pediatric
rheumatologists across the United States.® Horneff et
al* performed an observational cohort study of German
patients with polyarticular JIA receiving adalimumab,
etanercept, or tocilizumab. These biologics showed
comparable efficacy when looking at Juvenile Dis-
ease Activity Score and improvement in the Pediatric
American College of Rheumatology Criteria (PedACR).
Etanercept was used as the first-line biologic in 95.5%
of patients, and there were no significant differences in
efficacy between first-line and second-line biologics. A
systematic review completed by Shepherd et al® to as-
sess the clinical effectiveness of etanercept, abatacept,
adalimumab, and tocilizumab also found these biologics
to be similar for the treatment of polyarticular JIA. The
aim of this study is to compare the efficacy and safety of
abatacept, adalimumab, and etanercept in JIA patients
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Table 1. Criteria for Physician Global Assessment

Calculation in Patients With Juvenile Idiopathic
Arthritis

Points Criteria
0 - No active joints
1 - Extremity pain, inflammation, swelling, erythema,
or tenderness
« Stiffness hindering daily activities
- Decrease in active joint count but still 21 active
joint
2 « Increase or no change in active joint count

treated at Monroe Carell Jr. Children’s Hospital (VCH)
in the Pediatric Rheumatology Clinic.

Materials and Methods

Patients were identified by using prescription history
and diagnosis code data from the electronic medical
record. Data were collected through retrospective
chart review of patients receiving care through the
Pediatric Rheumatology Program at our institution.
All JIA patients started on abatacept, adalimumab, or
etanercept from December 1, 2015, to August 31, 2018,
were eligible for inclusion. Patients were excluded if
they had a primary diagnosis other than JIA for the
indication of biologic therapy, age greater than 18 years
at time of initiation, or no return clinic visit within 4 to
6 months after initiation of the biologic agent. Four to
6 months was chosen to give patients a comparable
follow-up period while also taking into account the
ACR recommendations that therapy may be escalated
after this period. Only data from the first biologic agent
during the study period were included for analysis; all
subsequent changes in biologic therapy were excluded
to preserve the independence of the data. Switching
biologic agents is recommended by the ACR when es-

calation of therapy is warranted. Prior biologic therapy
was not a part of the exclusion criteria in an effort to
have a patient population most representative of that
in current practice.

Baseline characteristics collected were age at initiation
of biologic therapy, sex, race, weight, JIA type, duration
of JIA, rheumatoid factor positivity, prior biologic use, and
concomitant therapy at initiation of biologic. The primary
outcome assessing the efficacy of abatacept, adalim-
umab, and etanercept was the change in the Physician
Global Assessment (PGA) score after 4 to 6 months of
biologic therapy. This measure was chosen because it
is part of the PedACR, a widely accepted measure of
response to treatment, and could be determined solely
from chart review.® A PGA scoring system was developed
for this project with input from the Vanderbilt pediatric
rheumatology providers (Table 1) and is based on a
5-point scale denoting the severity of patient symptoms
for JIA, where higher scores represent worse status and
a score of zero denotes no active joints. Symptoms were
designated the following point totals: extremity pain (1
point); inflammation of extremities including extremity
swelling, erythema, or tenderness (1 point); stiffness
hindering daily activities (1 point); a decrease but not a
complete suppression in the number of active joints (1
point). An increase or no change in the number of ac-
tive joints counted as 2 points. Scores were calculated
by using information provided in notes from clinic visits
prior to initiation of biologic therapy (baseline) and at the
4-to 6-month follow-up visit. Symptoms were commonly
charted by the provider; however, their omission was
interpreted as an absence of symptoms.

Secondary outcomes included change in laboratory
markers of JIA disease activity, change in the number
of joints with active disease or limitation of motion,
reduction in corticosteroid dose, adverse effects, ad-
herence among patients who have their medications
filled at the institution’s specialty pharmacy, and reason

Figure 1. Participant flow diagram.

(N =233)

Eligible Patients With JIA

A 4

Abatacept

Excluded (n=94)

A

> 18 yrs (n=9)

Started prior to study (n=15)

Did not return to clinic visit (n=65)
Primary diagnosis other than JIA (5)

(n=11)

Adalimumab
(n=49)

Etanercept
(n=79)

A

158 J Pediatr Pharmacol Ther 2021 Vol. 26 No. 2 www.jppt.org



Goettel, AM et al

Biologic Agents in Juvenile Idiopathic Arthritis

Table 2. Summary of Baseline Characteristics by Biologic Agent

Abatacept
(n=11)

Age, median, yr 137
Female, n (%) 8 (73)
Caucasian, n (%) 7 (64)
JIA type, n (%)

Oligoarticular 5 (45)

Polyarticular 6 (55)

Systemic 0 (0)
Duration of JIA, n (%)

<2yr 5 (46)

2-5yr 1(9)

5-10 yr 2 (18)

>10 yr 3(27)
Prior biologic, n (%) 2 (18)
Time on therapy, median, days 322

Adalimumab Etanercept p value
(n=49) (n=79)

13.9 121 0.8
36 (73) 56 (71) 0.95
38(78) 60 (76) 0.35
18 (37) 33(42) 0.95
30 (61) 45 (57)

1(2) 1(1)

25 (51) 62 (78) 0.002
10 (20) 6 (8)
12 (25) 6 (8)

2(4) 5(6)

23 (47) 5 (6) <0.001

343 419 0.35

JIA, juvenile idiopathic arthritis

for discontinuation of therapy. The specific laboratory
markers assessed were erythrocyte sedimentation rate
and C-reactive protein, which may indicate underlying in-
flammation not visible on physical examination.” Adverse
effects of interest were local injection site reactions or
pain, infections, autoimmune disorders, and malignancy.
Adherence was assessed by using a proportion-of-days-
covered calculation with the date of the first fill used as
the start of the observation window and the date of the
follow-up visit, the end of the window. Prescribing trends
were assessed by appropriateness of starting biologic
dose, based on the package insert and escalation of
current biologic therapy at follow-up visits.

To analyze the primary outcome of follow-up PGA
score, the full model was fit by using proportional odds
logistic regression with medication, age, race, weight,
JIA type, time from baseline visit to follow-up, prior use
of biologic, and baseline PGA score as covariates. Dif-
ferences in adverse effects between the biologics were
analyzed by using Pearson chi-squared test. For baseline
characteristics, continuous variables were analyzed by
using the Kruskal-Wallis test, while Pearson chi-squared
test was used on categorical variables. A p value of 0.05
was considered significant. Descriptive statistics were
used to describe the remainder of the results.

Results

During the study period, 233 patients were started
on abatacept, adalimumab, or etanercept through the
Pediatric Rheumatology Clinic. After patients were
excluded for various reasons, a total of 139 patients
were included in the final analysis (Figure 1). Fifteen
patients received multiple biologic therapies during

the study period; however, only the first instance of
a biologic agent during this period was included for
analysis. Refer to Table 2 for a summary of baseline
characteristics by biologic agent. The p values listed in
this table reflect a global analysis of the 3 groups and
cannot be interpreted individually. The median age of
patients was 13 years with a median weight of 47.1 kg.
Most patients were female (72%) and white (76%). The
median time on biologic therapy was 383 days, and
the distribution of JIA type was 58.3% polyarticular,
40.3% oligoarticular, and 1.4% systemic. Of the 105
patients with available rheumatoid factor information,
only 12% had positive findings. Most patients were
not on scheduled NSAID or corticosteroid therapy
when biologic therapy was started at 69% and 60%,
respectively. For those patients receiving corticosteroid
therapy, the median dose was 7.5 mg of prednisone
equivalents/day and 76% of patients received the oral
formulation. However, methotrexate use was common,
with 76% of patients receiving this medication at initia-
tion of biologic, and 86% of these patients using the
injectable formulation. Most patients were started on
a biologic less than 2 years following diagnosis of JIA
(66%). Patients receiving adalimumab were more likely
to have previous exposure to a different biologic (47%).

For the primary outcome, 80.6% of patients expe-
rienced an improvement in their PGA score after 4 to
6 months of biologic therapy (Figure 2). The median
change in PGA score was -1 for abatacept and adali-
mumab and -2 for etanercept, resulting in an overall
change of —2. The multiple regression model found a
higher age and baseline PGA score to be significant.
For each 1-year increase in age, the odds of having
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Figure 2. Change in PGA score at follow-up.
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a higher follow-up PGA score was 115 times higher
(p < 0.036; 95% Cl, 1.01-1.32). Each 1-unit increase in
baseline PGA score was associated with a 1.67-fold
increase in the odds of having a higher follow-up score
(p=0.007;95% ClI, 115—-2.42). There was no statistically
significant difference in follow-up PGA scores among
the 3 agents (p = 0.640). No other covariates included
in the full model were significantly associated with the
follow-up PGA score.

Most patients also experienced a reduction in the
number of joints with active disease at follow-up (Figure

3). The median erythrocyte sedimentation rate and the
C-reactive protein level were lower after initiation of
biologic therapy, with a change from 23 mm/hr to 8.5
mm/hr and 11 mg/L to 0.7 mg/L, respectively. Of the 55
patients receiving any formulation of corticosteroid
therapy at baseline, only 9 remained on therapy at
follow-up. The starting dose of biologic therapy was
appropriate in 89.2% of patients, and the dose or fre-
quency was escalated in only 10% of patients at the 4-to
6-month follow-up, increasing to 20% at the last visit
prior to the end of the study period or discontinuation

Figure 3. Joints with active disease.
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Table 3. Incidence of Adverse Effects

Adverse Effect Abatacept (n = 11),

n (%)
Local injection site reactions/pain 1(9)
Infections 0 (0)
None 10 (91)

Adalimumab (n = 49), Etanercept (n = 79), p value
n (%) n (%)
15 (31) 19 (24) 0.31
2(4) 1 -
33(67) 59 (75) 0.26

of therapy. Adverse effects were uncommon, and there
was no statistically significant difference among bio-
logic agents (Table 3). Notably, there were no reported
cases of autoimmune disorders or malignancy. Patients
who had their medications filled at Vanderbilt Specialty
Pharmacy (n = 74) demonstrated good adherence, with
a median proportion of days covered of 0.96. There was
no statistically significant difference between biologic
agents (p = 0.54). Biologic therapy was discontinued in
32% of patients for reasons listed in Table 4, the most
common being lack of efficacy.

Discussion

Adalimumab, abatacept, and etanercept were not
found to be different in regard to safety and efficacy for
the treatment of JIA at this single institution. Not only
did the PGA decline in the time frame of 4 to 6 months,
but also the active joint count similarly decreased.
Laboratory markers of continued disease activity were
also reduced from biologic initiation to follow-up. The
results of this study aligned with the well-documented
efficacy of these agents for this rheumatologic disease
and previous indirect comparisons.2*°

For the treatment of JIA at this institution, etanercept
was the most commonly prescribed biologic with adali-
mumab being more likely to be used second line. Most
patients received an adequate trial of biologic therapy
at approximately 1 year despite 32% of patients discon-
tinuing the biologic for various reasons. Most patients
were appropriately on methotrexate as an additional
disease-modifying antirheumatic drug. The addition of
biologic therapy allowed for weaning or discontinuation
of corticosteroid therapy, likely due to improvement in
disease activity. This is desired given the known adverse
effects of corticosteroids and allowed for reservation for
acute flares of disease. Most patients were not receiving
corticosteroids at the time of biologic initiation, which
reflects the department’s steroid-sparing practice. NSAID
use may be underreported because only scheduled use
was included since the frequency of as-needed NSAIDs
was not well documented. The low incidence of rheuma-
toid factor positivity was expected because it excludes
the diagnosis of oligoarticular JIA and most children with
polyarticular JIA are rheumatoid factor negative.®® Lack
of efficacy was the most common reason for biologic
discontinuation in this study, which was also observed
in the study performed by Horneff et al.* Similarly, very
few patients discontinued their biologic owing to ad-

verse effects. The lack of cases of autoimmune disease
or malignancy was reassuring and provides additional
data regarding serious adverse effects associated with
these agents.

One of the strengths of this study was that it included
patients from a large academic medical center. The
Vanderbilt Pediatric Rheumatology Department aver-
ages approximately 100 patient visits per week on
the main campus. The study period of almost 3 years
allowed for patients to be followed up for long-term
adverse effects. In addition, fill data through Vanderbilt
Specialty Pharmacy enabled us to assess adherence
for a subset of patients. This indirect comparison of 3
biologic therapies for the treatment of JIA adds to the
preexisting evidence supporting their use. Providers
may continue to prescribe biologics, based on patient-
specific factors, given their comparable efficacy.

This study also had multiple limitations, the first being
it was a retrospective chart review. The recent approval
of subcutaneous abatacept limited the number of pa-
tients who were eligible for inclusion and thus compari-
son. It is unknown if the frequent use of adalimumab
as a second-line biologic resulted in an underestima-
tion of its efficacy. The lower discontinuation rate may
speak to its utility in treating refractory cases of JIA.
This study was not powered to detect a difference in
discontinuation rates between the 3 biologic agents.
It is important to note inefficacy as a discontinuation
reason was up to the provider’s or patient’s interpreta-
tion. The absence of a statistically significant difference
in the primary outcome argues against a difference in
the discontinuation rates. The most common reason for
exclusion was the time to follow-up visit not occurring
within the 4- to 6-month time frame. Standardization
of the first follow-up visit may allow for a larger com-
parison to be performed. For this study, the PGA score
was calculated on chart review and not by the provider
during the office visit. Furthermore, the PGA score itself
is not a validated measure of JIA disease activity. With
the documentation of the PGA score becoming more
common practice at VCH, a study using this measure
for efficacy in the future may be easier to complete.
Adding the PGA score to the note template used in
the Pediatric Rheumatology Clinic may help promote
documentation of this measure at all visits. The ultimate
goal would be documentation of all components of the
PedACR to assess response to treatment.

The results of this study provide directions for future
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Table 4. Reasons for Discontinuation of Therapy

Reason Abatacept (n =4), n
Major side effect 0
Non-adherence 0
Inefficacy 4
Full course completed 0

Insurance change/mandate 1

Adalimumab (n=6), n Etanercept (n = 35), n

1 3
1 6
4 26
0

0 0

JIA research. Future comparisons of efficacy will be
warranted once there is a larger proportion of pediatric
patients receiving subcutaneous abatacept. Includ-
ing only patients with no prior biologic exposure may
provide more information as to which agent should
be used first line. The reformulation of adalimumab as
citrate-free has increased patient satisfaction owing to
decreased pain with injection. Providers may now use
adalimumab preferentially over etanercept for this rea-
son along with the potential for increased compliance
owing to its every 2-week dosing frequency.

Conclusions

Most patients included in this study experienced an
improvement in their PGA score after starting abata-
cept, adalimumab, and etanercept regardless of which
biologic they received. These 3 biologics were largely
well tolerated with most patients experiencing no ad-
verse effects. Unfortunately, lack of efficacy was the
most common reason for biologic discontinuation. From
these results, prescribers should continue to prescribe
a particular biologic, based on patient-specific factors,
until future data suggest otherwise.
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