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ABSTRACT

Introduction: Our aim was to evaluate patient
adherence and persistence with citrate-free
adalimumab (ADA-CF), introduced in 2018 to
reduce injection-site pain, compared with
citrate-containing adalimumab (ADA-C).
Methods: This was a retrospective cohort study
using a US claims database (IBM� MarketScan�

Commercial and Medicare Supplemental
Claims Database) from February 2018 to Jan-
uary 2020. Patients at least 18 years of age who
were naı̈ve to adalimumab 6 months before the
index date (date of first adalimumab claim) and
with at least 12 months of continuous medical
and pharmacy coverage were eligible for the
study. Adherence was assessed by determining
the proportion of days covered (PDC) and the
percentage of patients with PDC C 80% during
the 12-month follow-up period. Persistence was
evaluated by measuring the rate of discontinu-
ation and days to discontinuation (i.e., time on

treatment) from the index date over the
12-month follow-up period. Continuous
adherence outcomes (PDC) were evaluated
using linear regression models. Binary adher-
ence outcomes (PDC C 80%) were assessed
using logistic regression models. Kaplan–Meier
analysis and Cox proportional hazards models
were used to assess persistence outcomes.
Results: There were 2195 and 1005 patients in
the ADA-CF and ADA-C cohorts, respectively,
with most using adalimumab for rheumatoid
arthritis (ADA-CF 29.7%, ADA-C 27.2%) and
psoriasis (ADA-CF 24.5%, ADA-C 31.9%). Sig-
nificantly greater adherence was achieved with
ADA-CF compared with ADA-C (mean PDC
[standard deviation] 0.68 [0.30] vs 0.61 [0.32],
P\ 0.0001). A significantly greater percentage
of patients receiving ADA-CF (47.2%) vs ADA-C
(39.6%) had PDC C 80% (P\0.0001). The dis-
continuation rate was significantly lower for the
ADA-CF cohort (46.4%) compared with ADA-C
(55.9%, P\0.0001), resulting in a 27% lower
likelihood of discontinuation during the
12-month follow-up period (hazard ratio 0.73;
95% confidence interval 0.66, 0.82; P\0.0001)
and longer time on treatment (260 vs 232 days,
P\ 0.0001).
Conclusion: Adherence and persistence are
significantly improved with ADA-CF compared
with ADA-C.
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Key Summary Points

Why carry out this study?

In 2018, citrate-free adalimumab was
introduced to reduce injection-related
pain.

Adherence and persistence were compared
between citrate-free and citrate
adalimumab.

What was learned from this study?

Significantly greater adherence was found
with citrate-free vs citrate adalimumab.

Significantly better persistence was shown
with citrate-free vs citrate adalimumab.

Reducing injection-site pain could
potentially lead to better adherence and
persistence.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.13200950.

INTRODUCTION

Adalimumab is an anti-tumor necrosis factor
(TNF) monoclonal antibody, initially approved
in 2002, for the treatment of several immune-
related inflammatory diseases by subcutaneous
injection [1]. The original formulation of adal-
imumab contains citrate (ADA-C), which is an
inactive ingredient and is associated with
injection-related pain [2–5]. One consequence
of the use of citrate and its associated injection-
site pain is the potential of reduced adherence
and persistence [6–8], which could lead to

treatment failure and accelerated disease pro-
gression [9].

In August 2018, a citrate-free formulation of
adalimumab (ADA-CF) was made available in
the USA [1]. Additional changes made to the
ADA-C formulation to reduce injection-site
pain included reduction of the injection vol-
ume from 0.8 mL to 0.4 mL and the use of a
smaller needle (29 vs 27 gauge) [10]. Injection
volume and needle size and sharpness have
been previously associated with injection-site
pain [5, 11–13].

In a randomized crossover comparison of the
ADA-CF and ADA-C formulations, there was
clinically relevant and statistically significantly
lower immediate injection-site pain among
patients who received ADA-CF compared with
those who received ADA-C [10]. Patients who
received ADA-CF versus ADA-C had a mean
difference of - 2.48 (95% confidence interval
[CI] - 2.97 to - 2.00; P\0.001) in patient-re-
ported injection-related pain immediately after
injection, as measured by visual analog scale of
0–10 cm [10]. ADA-CF was also shown to have a
similar safety and tolerability profile compared
with ADA-C [10].

Whether ADA-CF would lead to greater
adherence and persistence compared with
ADA-C is not known in clinical practice. Such
information is important because of the conse-
quences of poor adherence and persistence on
patient outcomes, which include treatment
failure and accelerated progression of disease
[9]. In this study, we evaluated the adherence
and persistence of adalimumab-naı̈ve patients
initiating either the ADA-CF or ADA-C formu-
lations in clinical practice over a 1-year period
using data from a US administrative claims
database.

METHODS

Study Design and Patients

This was a retrospective cohort study using the
IBM� MarketScan� Commercial and Medicare
Supplemental Claims Database for the period
from February 2018 to January 2020. The data-
base consists of data obtained from several
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million individuals annually, including
employees and their spouses and dependents
who are covered by employee-sponsored private
health insurance and retirees covered by Medi-
care in the USA [14]. Employer-sponsored pri-
vate health insurance plans included those from
preferred provider, exclusive provider, and
health maintenance organizations, as well as
point-of-service, indemnity, and consumer-di-
rected health plans [14]. Medical claims were
linked to patient-level enrollment information
and outpatient prescription drug claims [14].
Patient data were de-identified and met the
Health Insurance Portability and Accountability
Act of 1996 requirements to ensure patient
anonymity [14].

Patients at least 18 years of age who were
naı̈ve to adalimumab within 6 months before
the index date (first claim for adalimumab in
August 2018 and beyond) with at least one
claim based on a National Drug Code (Table 1 in
the electronic supplementary material) for
ADA-CF or ADA-C for the respective cohorts
were eligible. Additional eligibility require-
ments included having continuous medical and
pharmacy benefits for at least 6 months before
and 12 months after the index date (12-month
follow-up period). Patients were excluded if
they had any claim for ADA-C (for those using
ADA-CF) or ADA-CF (for those using ADA-C) in
the 12-month follow-up period, had negative or
missing days of supply for adalimumab, or had
an adalimumab J-code claim in the 12-month
follow-up period.

Outcomes

Adherence was assessed by determining the
proportion of days covered (PDC) and the per-
centage of patients with PDC C 80% during the
12-month follow-up period in the ADA-CF and
ADA-C cohorts. PDC was defined as the number
of days covered by the index medication during
the 12-month follow-up period divided by
365 days.

Persistence was evaluated by measuring the
rate of discontinuation and time on treatment
(i.e., days to discontinuation from the index
date) in the 12-month follow-up period.

Discontinuation was defined as at least a 60-day
continuous gap after fulfillment of days’ supply
in the previous adalimumab claim. A continu-
ous gap of at least 60 days was chosen on the
basis of a review of previous literature evaluat-
ing biologic treatment patterns in psoriatic
arthritis [15–17].

Statistical Methods
Demographic and baseline characteristics mea-
sured in the 6-month period before the index
date were summarized with descriptive statistics
(mean, standard deviation for continuous end-
points, and n [%] for categoric endpoints).
These characteristics included age, sex, Charl-
son comorbidity index, disease indication,
payer type, and use of prior advanced therapies.
Disease indications were identified using the
International Classification of Diseases, Tenth
Revision, Clinical Modification (ICD-10-CM)
diagnosis codes (Table 2 in the electronic sup-
plementary material) for immune-mediated
diseases adalimumab is approved to treat (e.g.,
ankylosing spondylitis, Crohn’s disease,
hidradenitis suppurativa, plaque psoriasis, pso-
riatic arthritis, rheumatoid arthritis, ulcerative
colitis, and uveitis). Linear regression models
adjusted for baseline characteristics were used
to compare continuous outcomes of PDC and
time (days) on treatment between both cohorts.
Logistic regression models adjusted for baseline
characteristics were used to compare binary
outcomes of adherence (percentage of patients
with PDC C 80%) and treatment discontinua-
tion between both cohorts.

Persistence outcomes assessed as time to
discontinuation were compared using Kaplan–
Meier analysis, log-rank test, and Cox propor-
tional hazards models adjusted for baseline
characteristics. Hazard ratios and 95% CIs gen-
erated from the Cox model were estimated for
the likelihood of treatment discontinuation. A
two-sided alpha error level of 0.05 was used to
indicate statistical significance in all analyses.
Sample selection and creation of analytic vari-
ables were performed using the Instant Health
Data platform (Panalgo, Boston, MA, USA).
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RESULTS

Patients

There were 2195 patients in the ADA-CF cohort
and 1005 patients in the ADA-C cohort who
met the study criteria (Fig. 1). Baseline charac-
teristics between the two cohorts were similar,
including the proportion of patients receiving
prior advanced therapies (Table 1). The greatest
proportion of patients using either formulation
of adalimumab was for the treatment of rheuma-
toid arthritis (ADA-CF 29.7%, ADA-C 27.2%) and
psoriasis (ADA-CF 24.5%, ADA-C 31.9%)
(Table 1).

Adherence for Patients Receiving ADA-CF
Versus ADA-C

Patients who received ADA-CF had significantly
greater adherence during the 12-month follow-
up period compared with those who received
ADA-C, with a mean (standard deviation) PDC
of 0.68 (0.30) compared with 0.61 (0.32)

(P\0.0001) (Fig. 2a). The percentage of
patients with a PDC C 80% was significantly
greater by 19.2% with ADA-CF compared with
ADA-C (47.2% vs 39.6%, P\0.0001). (Fig. 2b).

Persistence for Patients Receiving ADA-CF
Versus ADA-C

Persistence on adalimumab was significantly
better for patients who received ADA-CF versus
ADA-C based on the 12-month discontinuation
rate and time on treatment (Fig. 3). The dis-
continuation rate was significantly lower by
17% in the ADA-CF cohort compared with
ADA-C (46.4% vs 55.9%, P\0.0001) (Figs. 3a
and 4). This difference resulted in a 27% lower
likelihood that a patient would discontinue
treatment during the 12-month follow-up per-
iod for the ADA-CF cohort versus the ADA-C
cohort (hazard ratio 0.73; 95% CI 0.66, 0.82;
P\ 0.0001). Consequently, patients who
received ADA-CF were on treatment for a sig-
nificantly longer time (28 days) than patients
who received ADA-C (260 vs 232 days,

Fig. 1 Study population selection. ADA-C adalimumab citrate formulation, ADA-CF adalimumab citrate-free formulation,
pts patients
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P\ 0.0001) (Fig. 3b) during the 12-month fol-
low-up period.

DISCUSSION

In this study, we evaluated whether ADA-CF, a
new formulation of adalimumab developed to
reduce injection-site pain, was associated with
greater adherence and persistence compared
with ADA-C in clinical practice. To the best of
our knowledge, this is the first study evaluating
patient adherence and persistence patterns
between those receiving ADA-CF versus ADA-C.

We determined that patients who received
ADA-CF had significantly greater adherence
compared with ADA-C, with a 19.2% higher
percentage of patients with a PDC C 80%. Per-
sistence was also better for patients who
received ADA-CF compared with ADA-C, with
patients having a 17% lower discontinuation
rate and a greater length of time on the medi-
cation. The adherence and persistence results
with ADA-CF versus ADA-C were also consistent
across rheumatology (i.e., rheumatoid arthritis,
psoriatic arthritis, ankylosing spondylitis), der-
matology (i.e., psoriasis, hidradenitis suppura-
tiva), and gastroenterology (i.e., ulcerative

Table 1 Baseline demographics and clinical characteristics

Adalimumab citrate-free (N = 2195) Adalimumab citrate (N = 1005)

Age, mean (SD), years 46.0 (13.1) 46.0 (12.9)

Sex, n (%)

Female 1361 (62.0) 571 (56.8)

Male 834 (38.0) 434 (43.2)

Charlson comorbidity index, mean (SD) 0.62 (0.88) 0.65 (0.99)

Payer, n (%)

Commercial 2129 (97.0) 974 (96.9)

Medicare 66 (3.0) 31 (3.1)

Disease indication, n (%)a

Ankylosing spondylitis 143 (6.5) 53 (5.3)

Crohn’s disease 332 (15.1) 128 (12.7)

Hidradenitis suppurativa 125 (5.7) 66 (6.6)

Psoriasis 538 (24.5) 321 (31.9)

Psoriatic arthritis 411 (18.7) 155 (15.4)

Rheumatoid arthritis 653 (29.7) 273 (27.2)

Ulcerative colitis 255 (11.6) 107 (10.6)

Uveitis 84 (3.8) 43 (4.3)

Prior advanced therapies, n (%)a,b 480 (21.9) 206 (20.5)

SD standard deviation
a C 1 claim within 6 months before the index date
b Includes abatacept, anakinra, apremilast, baricitinib, brodalumab, certolizumab pegol, etanercept, golimumab, guselkumab,
infliximab, ixekizumab, natalizumab, risankizumab-rzaa, rituximab, sarilumab, secukinumab, tildrakizumab-asmn, tocilizu-
mab, tofacitinib, upadacitinib, ustekinumab, and vedolizumab
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colitis, Crohn’s disease) disease indications
(data not shown).

Nonadherence to medications, particularly
injectable treatments, is a major issue that can
lead to poorer health outcomes, increased
mortality, and greater healthcare resource

utilization and costs [18–21]. Therefore, devel-
oping formulations that can lead to greater
adherence and persistence with injectable treat-
ments is highly important for improving
patient outcomes. This point is particularly rel-
evant for anti-TNF therapies, for which

Fig. 2 Adherence of patients receiving adalimumab
citrate-free versus citrate formulations. a Mean PDC.
b Percentage of patients with PDC C 80%. *P\ 0.0001
based on linear regression model (PDC) and logistic
regression model (PDC C 80%). Linear and logistic

regression models adjusted for age, sex, Charlson comor-
bidity index, disease indication, payer type, and biologic-
naı̈ve status. PDC proportion of days covered, SD standard
deviation

Fig. 3 Rate of discontinuation and time on treatment for
patients receiving adalimumab citrate-free versus citrate.
a Discontinuation rate. b Time on treatment. *P\ 0.0001
based on logistic regression model (discontinuation rate)

and linear regression model (time on treatment). Linear
and logistic regression models adjusted for age, sex,
Charlson comorbidity index, disease indication, payer
type, and biologic–naı̈ve status. SD standard deviation
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nonadherence rates are greater than 40%
[22–24]. Consequently, there is a critical need to
develop strategies to promote patient adherence
for all injectables, including anti-TNF therapies.

One such strategy being employed by
AbbVie, the manufacturer of adalimumab, is a
patient support program (PSP) that is being
provided free of charge to patients receiving
adalimumab [22]. The PSP assists patients with
medication costs, nurse support, injection
training, medication training, and pen disposal
[22]. In a longitudinal, retrospective cohort
study of 2386 patients performed prior to the
introduction of ADA-CF, patients who received
ADA-C and were in the PSP (n = 1199) had 14%
greater adherence in the 12-month follow-up
period compared with patients not in the PSP
(n = 1187, 67.0% vs 58.8%, P\ 0.001) [22].
Additionally, the discontinuation rate was 14%
lower for the patients in the PSP compared with
those not in the PSP (39.7% vs 46.2%,
P = 0.001) [22]. These findings suggest the PSP
could provide additional improvements in
adherence and persistence for patients receiving
ADA-CF in the PSP compared with those not in
the PSP.

One important factor that influences patient
adherence and persistence is injection-site pain
[6–8], an adverse event that occurs in 12% of
patients who receive ADA-C [25]. In a survey of
patients receiving subcutaneous biologic ther-
apy for rheumatoid arthritis, 41% of patients
discontinued treatment at least in part because

of injection experience, which included
approximately 28% who reported injection-site
pain, burning, or discomfort during or after the
injection [6]. In an interview of healthcare
professionals, patient perception of pain and
needle size were among the highest perceived
barriers to adherence, with 39% and 28% of
respondents, respectively, naming these factors
for subcutaneous injections [7]. Another study
that evaluated the influence of factors on anti-
TNF treatment adherence found that lower
injection-site pain and skin perceptions were
significantly associated with the increased odds
of medication adherence (P = 0.0008) [8]. The
results from this current study support the
concept that by reducing injection-site pain,
one can significantly improve patient adher-
ence and persistence.

A strength of this study is the use of a large
patient population from the IBM� MarketScan�

Commercial and Medicare Supplemental
Claims Database to adequately evaluate the
adherence and persistence of patients receiving
different formulations of adalimumab. As this is
a payer claims database, a limitation of this
study was that there was no confirmation that
patients who were prescribed adalimumab
actually used the medication. Also, prescrip-
tions for adalimumab filled outside the claims
database were not captured. Additionally, rea-
sons for discontinuation were not collected in
the claims database and therefore were not
available. Furthermore, the generalizability of
these results is limited to patient populations
with either commercial insurance or Medicare.
Additional factors that could influence adher-
ence and persistence, such as clinician or
patient preference for a given formulation or
patient enrollment in a PSP and clinical
response to treatment, could not be captured or
evaluated.

CONCLUSION

Patients who received ADA-CF had significantly
greater adherence, fewer discontinuations, and
longer time on treatment compared with those
who received ADA-C. As improved adherence
and persistence are related to decreased

Fig. 4 Survival analysis of the time to discontinuation
with adalimumab citrate-free versus adalimumab citrate
formulations
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treatment failure and disease progression rates
[18–20], ADA-CF should be considered by clin-
icians over ADA-C when managing patients
with immune-mediated diseases. It will be of
interest in a future study to determine whether
such improvements lead to reduced treatment
failure and lower disease progression rates for
patients being treated with ADA-CF versus
ADA-C.
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