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ABSTRACT

Introduction: In patients with rheumatoid
arthritis (RA), attaining remission or low disease
activity (LDA), as recommended by the treat-to-
target approach, has shown to yield improvement
in symptoms and quality of life. However, limited
evidence from real-world settings is available to
support the premise that better disease control is
associated with lower healthcare costs. This study
fills in evidence gaps regarding the cost of care by
RA disease activity (DA) states and by therapy.
Methods: This retrospective cohort study linked
medical and prescription claims from Optum
Clinformatics Data Mart to electronic health
record data from Illumination Health over 1/1/
2010–3/31/2020. Mean annual costs for payers
and patients were examined, stratifying on DA
state and baseline use of conventional synthetic
disease-modifying antirheumatic drugs

(csDMARDs), biologics, and targeted synthetic
(ts)DMARDs. Subgroup analysis examining
within-person change in costs pre- and post-ini-
tiation of new therapy was also performed.
Descriptive statistics, means, and boot-strapped
confidence intervals were analyzed by DA state
and by RA therapy. Furthermore, multivariate
negative binomial regression analysis adjusting
for key baseline characteristics was conducted.
Results: Of 2339 eligible patients, 19% were in
remission, 40% in LDA, 29% in moderate DA
(MDA), and 12% in high DA (HDA) at baseline.
Mean annual costs during follow-up were sub-
stantially less for patients in remission ($40,072)
versus those in MDA ($56,536) and HDA
($59,217). For patients in remission, csDMARD
use was associated with the lowest mean annual
cost ($25,575), tsDMARD was highest ($75,512),
and tumor necrosis factor inhibitor (TNFi)
($69,846) and non-TNFi ($57,507) were interme-
diate. Among new TNFi (n = 137) and non-TNFi
initiators (n = 107), 31% and 26% attained LDA/
remission, respectively, and the time to achieve
remission/LDA was numerically shorter in TNFi
vs. non-TNFi initiators. For those on biologics,
mean annual within-person medical and inpa-
tient costs were lower after achieving LDA/re-
mission, although pharmacy costs were higher.
Conclusions: Cost of care increased with
increasing DA state, with patients in remission
having the lowest costs. Optimizing DA has the
potential for substantial savings in healthcare

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s40744-022-00473-6.

J. R. Curtis � F. Xie � Y. Su � C. Clinton
University of Alabama at Birmingham, Birmingham,
AL, USA

K. M. Fox (&) � D. Collier
Amgen Inc., Thousand Oaks, CA, USA
e-mail: kathyfox@strategichealth.biz

H. Oko-osi
Gilead Sciences, Inc., Foster City, CA, USA

Rheumatol Ther (2022) 9:1329–1345

https://doi.org/10.1007/s40744-022-00473-6

http://orcid.org/0000-0003-2100-277X
https://doi.org/10.1007/s40744-022-00473-6
https://doi.org/10.1007/s40744-022-00473-6
https://doi.org/10.1007/s40744-022-00473-6
https://doi.org/10.1007/s40744-022-00473-6
http://crossmark.crossref.org/dialog/?doi=10.1007/s40744-022-00473-6&amp;domain=pdf
https://doi.org/10.1007/s40744-022-00473-6


costs, although may be partially offset by the
high cost of targeted RA therapies.

Keywords: Disease activity; Cost of care;
bDMARDs; tsDMARDs; csDMARDs; Tumor
necrosis factor inhibitors

Key Summary Points

Why carry out this study?

Real-world evidence available to support the
premise that better rheumatoid arthritis
(RA) disease control is associated with lower
medical healthcare costs is limited.

In this retrospective cohort study that linked
administrative claims from Optum
Clinformatics Data Mart to disease activity
measures in electronic health record data
from Illumination Health, we aimed to
describe the attainment of specific disease
activity state by RA therapy and quantify the
associated costs and healthcare utilization.

What was learned from the study?

The cost of care increased with increasing
disease activity. Patients in remission
incurred one-third less in total medical costs
compared with patients in high disease
activity (HDA) and 29% less compared with
those in moderate disease activity (MDA).
Similarly, patients in remissionhad51%and
56%lower inpatient costs compared to those
with MDA and HDA, respectively.

For patients who transitioned from
M/HDA to remission or low disease
activity (LDA), the mean annual
outpatient and inpatient costs were
approximately $5000 to $8000 lower,
depending on the therapy received.

Results from this analysis support the
treat-to-target approach that encourages
aggressive and appropriate treatment to
achieve improved disease control.
Reducing disease activity has the potential
for substantial savings in healthcare costs;
however, these savings may be partially
offset by increased pharmacy costs.

INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune
disorder affecting about 1–2% of the North
American population [1, 2]. Based on data from
2004 to 2014, the prevalence of RA in the U.S. is
relatively low, estimated at 0.41–0.54%, which
translates to approximately 1.3 million adults
[3]. However, its associated cost of care is high,
with an estimated annual cost of $19.3 billion
(in 2005 dollars) in the U.S. [4]. Current man-
agement guidelines from the American College
of Rheumatology recommend a treat-to-target
(T2T) approach that starts with conventional
synthetic (cs) disease-modifying antirheumatic
drugs (DMARDs) such as methotrexate, and
endorses advancing to biologic DMARDs
(bDMARDs; e.g., tumor necrosis factor inhibi-
tors [TNFis]) and targeted synthetic DMARDs
(tsDMARDs; e.g., Janus kinase inhibitors [JAKis])
if patients do not achieve low disease activity
(LDA) or remission. These therapies have been
shown to dramatically improve symptoms and
quality of life in a large proportion of RA
patients, with achieving disease remission, or at
least LDA being the goal of the treatment [5].
The possibility that better disease control, as
encouraged by a T2T approach, presents an
opportunity to not only improve clinical out-
comes but also to potentially lower healthcare
costs [6].

A limited amount of real-world evidence is
available to support the premise that better RA
disease control is associated with lower medical
healthcare costs. In a retrospective analysis
linking a large U.S. RA registry to fee-for-service
Medicare claims data, healthcare utilization and
cost savings of achieving remission or LDA in
comparison to moderate or high disease activity
(M/HDA) was quantified. Annual medical costs
were lower by more than $3000 for patients in
remission versus for patients with MDA [7]. As a
component of reduced healthcare utilization,
the incidence of hospitalizations was lowest for
patients in remission and highest for patients
with HDA [7]. In a separate analysis using the
same RA cohort, patients with M/HDA had sta-
tistically higher rates of hospitalizations (37.3
per 100 patient-years) and joint surgeries (20.8
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per 100 patient-years) compared with patients
in sustained remission (13.5 per 100 patient-
years for hospitalizations and 9.8 per 100
patient-years for joint surgeries) [8]. Rates for
patients with LDA/MDA were intermediate
between remission and HDA. This analysis
provided supportive data consistent with the
hypothesis that LDA may reduce RA-related
costs. However, the high multimorbidity profile
and older age of the cohorts linked to Medicare
data has uncertain generalizability to younger
and more typical RA patient cohorts. Moreover,
the cost analysis did not evaluate whether the
costs associated with an individual patient
decreased if they initiated a new RA therapy and
subsequently attained a lower disease activity
state. Therefore, our objective was to describe
the frequency of attainment of specific disease
states by RA therapy and quantify the associated
costs in a typical RA population with commer-
cial health insurance receiving care in routine
community practice settings.

METHODS

Study Overview

This was a retrospective observational cohort
study using medical and prescription claims
from the Optum Clinformatics Data Mart
(CDM) linked to rheumatology electronic
health records (EHR) in the Illumination Health
data warehouse. The Illumination Health
repository includes data from a national
rheumatology practice-based research network
(Bendcare, part of the OneFlorida? Clinical
Research Network Consortium [9], one of the
eight Clinical Research Networks that comprise
PCORnet [10]). Data residing in the Illumina-
tion Health data warehouse are curated from
more than 700 community rheumatology pro-
viders practicing throughout the United States.
In aggregate, it contains longitudinal patient-
level health plan claims data in addition to
disease activity scores and other clinical mea-
sures for RA. The study period spanned January
1, 2010, through March 31, 2020, or as the
intersection of the claims and EHR data (de-
scribed in subsequent sections) allowed.

Cohort Selection

Adults (i.e., C 18 years old) with a diagnosis of
RA as identified by at least two or more
rheumatologists’ diagnosis codes for RA using
International Classification of Diseases (ICD)–9
codes (714.0, 714.2, and 714.81) and ICD-10
codes (M05.*, M06.*, ignoring M06.1 and
M06.4) between January 1, 2010, and December
31, 2019, were eligible for the study. They were
also required to have at least 6 months of con-
tinuous coverage with pharmacy and medical
benefits in Optum CDM and at least two or
more rheumatologist visits in the EHR data with
a valid RA disease activity measurement in the
Illumination Health data warehouse. Although
there are several metrics by which clinical RA
disease activity can be measured [11], the Clin-
ical Disease Activity Index (CDAI) was preferred,
as it incorporates data from both patients and
rheumatology providers. Given that the CDAI is
typically only assessed at clinic visits, and based
on some quality metrics, may only be checked
once or twice a year [12], CDAI values in the
Illumination Health data warehouse were con-
sidered valid for up to 18 months after each
recorded measurement before censoring occur-
red. Lastly, patients had to have at least one
filled/administered medication claim for an RA
medication, defined as the index drug, and they
had to be continuously eligible in the health
plan for at least 6 months following the index
date (Optum CDM). Thus, patients were
required to have data from both sources to be
eligible for inclusion: CDAI and RA diagnoses
from the EHR, and RA diagnosis, health cover-
age and pharmacy claims data from Optum
CDM. Patients were excluded if they had any
diagnosis of other autoimmune and connective
tissue diseases (e.g., psoriatic arthritis, ankylos-
ing spondylitis, and other spondy-
loarthropathies, systemic lupus erythematosus,
scleroderma, dermatomyositis, polymyositis,
and primary systemic vasculitis) in the year
prior to the index date, and were censored if
there was a diagnosis for these during follow-up.
The study schema is described in Supplemen-
tary Fig. 1. The study protocol was approved by
the Advarra Institutional Review Board
(Pro00043329) and was conducted in
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accordance with the Health Insurance Portabil-
ity and Accountability Act compliance
requirements.

Index Date and Follow-up Periods

To establish a baseline period for covariate
assessment, the start of follow-up was anchored
at the index date, defined as the calendar date
that the patient met all inclusion/exclusion
criteria detailed above. Data in the 12 months
prior to the index date were used to establish
baseline demographic and clinical characteris-
tics, including disease activity state and costs,
with certain covariates (e.g., number of prior
b/cs/tsDMARDs used) assessed using all avail-
able prior data, to a maximum of 36 months.
Patients were censored at the time of loss of
enrollment in the health plan, the end of the
study period (March 31, 2020), or a gap of more
than 18 months since the most recent CDAI
value.

Data Sources

The study used data from the Optum CDM and
linked it to the Illumination Health Real-World
Evidence Platform. Optum CDM is derived from
a database of administrative health claims for
members of a large national managed care
company affiliated with Optum. The database
includes approximately 17–19 million annual
covered lives. The CDM data comprise both
commercial and Medicare Advantage health
plan data, including individuals over the age of
65 years.

The Illumination Health platform is an EHR-
based repository of real-world rheumatology
data from community rheumatology practices
representing more than 700 community
rheumatology providers utilizing one of two
commonly used EHR systems. The rheumatol-
ogy practices are spread across the US, and the
study population included in the study repre-
sents RA patients with commercial health
insurance. It captures clinical elements, ICD-10
diagnoses, procedures, current and past medi-
cations, and laboratory results. Patient-gener-
ated data were also included, including patient-

reported outcomes captured both in office and
out-of-office via mobile technologies (tablet app
and smartphone apps). Follow-up required
concurrent enrollment in the commercial
health plan that temporally overlapped with
the first and last visit in the EHR data.

Linking Data Sources

Linking of Optum CDM and Illumination
Health data elements was enabled by third-
party software designed for this purpose (Data-
vant). Data were tokenized and de-identified,
consistent with Expert Determination Certifier
recommendations. Records across data compo-
nents (e.g., medical claims, pharmacy claims,
and EHR) were then linked using the unique
token for each patient before the transfer of the
data file to the analytic research team. Patients
in the Illumination Health data warehouse were
linked to the Optum database, after which the
cohort selection criteria were applied. In addi-
tion to requiring overlapping enrollment in the
provider’s practice and the health plan, an
additional step to confirm the validity of the
linkage was applied. This step required at least
two RA diagnosis codes, at least one of which
had to occur on the exact same calendar date in
both datasets for the linkage to be considered
valid.

Exposure Variables

RA disease activity as the main exposure vari-
able was identified in the EHR data and was
assessed using the CDAI and classified as
remission (CDAI B 2.8), low (LDA, CDAI[ 2.8
and B 10), moderate (MDA, CDAI[10 and
B 22), and high (HDA, CDAI[ 22) [13, 14].
Exposure variables included the most recent
therapy prescribed to the patients for RA, prior
to the index date. The therapy groups were as
follows: csDMARDs: methotrexate, sul-
fasalazine, hydroxychloroquine, and lefluno-
mide as monotherapy or in combination with
other csDMARDs; TNFis: etanercept, adali-
mumab, certolizumab, golimumab, and inflix-
imab as monotherapy or in combination with
csDMARDs; non-TNFis: abatacept, rituximab,
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sarilumab, and tocilizumab as monotherapy or
in combination with csDMARDs; tsDMARDs:
tofacitinib, upadacitinib, and baricitinib (i.e.,
JAKi) as monotherapy or in combination with
csDMARDs; and ‘‘none’’ was defined as none of
the above treatments prescribed in the baseline
period, even though they met the RA cohort
inclusion criteria. National drug code and
healthcare common procedure coding system
codes were used to identify the medications
prescribed to these patients in the claims data.

Outcome Assessment

The primary outcome was healthcare costs for
different disease activity states. Costs were
obtained directly from the health plan and were
standardized prior to being made available to
the study team to avoid disclosure of propri-
etary information. This procedure was done by
the health plan prior to analysis to establish
standard costs that reflect the allowed payments
across all provider services. For example, pro-
fessional service rates were assigned using a
resource-based relative value scale approach.

Costs reflected those paid by the payer and
the patient, and included the estimated paid
amount, patient co-insurance, copayments, and
deductibles. Costs were grouped as medical
costs (outpatient physician visits, diagnostic
and laboratory services), inpatient costs (relat-
ing to hospitalization), and pharmacy costs,
which included both filled prescription medi-
cations and intravenous (IV) infusions (which
typically are categorized as medical costs, but
were reclassified so as to group RA medications
that bill under the medical benefit as drug-re-
lated costs). Total costs represented the sum of
these costs. To account for inflation, the study
team used the cost factors table provided by the
health plan [15]. The annual cost factor was
multiplied by the cost data for each specific year
and type of service to normalize to 2020 costs.
The secondary outcomes include the mean time
(in days) to achieve remission or LDA and the
mean time patients remained in remission or
LDA in a subgroup with M/HDA at the index
date.

Covariates

Covariates were assessed at the index date and
were used to characterize patients overall and
by the disease states described previously.
Covariates of interest included demographics,
clinical characteristics, and comorbidities
thought to potentially influence treatment
response (e.g., diabetes mellitus, chronic
obstructive pulmonary disease (COPD),
fibromyalgia, and depression) and those com-
mon to RA (e.g., cardiovascular disease and
osteoporosis). RA-related medications including
nonsteroidal anti-inflammatory drugs, opioids,
and glucocorticoids were also described.

Statistical Analysis

Overview
The primary analysis described the proportion
of patients in remission or LDA, including those
who started in a higher disease category and
achieved remission or LDA over time. The study
also assessed costs, overall and by baseline RA
therapy groups. Standardized mean differences
(SMDs) were used to compare exposure groups,
with SMDs[ 0.10 generally considered as being
clinically relevant [16]. Because disease activity
varies over time, disease activity as measured by
the CDAI was updated during follow-up daily,
as often as recorded in the EHR by the
rheumatology provider. Costs were attributed to
the CDAI disease activity category (remission,
low, moderate, and high) associated with each
person-day of follow-up, yielding time-based
cost intervals. For example, an RA patient
examined by a rheumatology provider and
recorded in the EHR as being in moderate dis-
ease activity would have all costs for that day,
and all subsequent costs until the next CDAI
measurement, accrue to the moderate disease
activity category. If at a subsequent rheuma-
tologist visit they moved to low disease activity,
then the subsequent costs would be attributed
to the low disease activity category. The CDAI
was updated, and healthcare costs were accrued,
on a person-day basis.
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Subgroup Analyses
An analysis of a subgroup of patients who were
in M/HDA at the index date and who subse-
quently started a new RA therapy described the
mean time in days to achieve remission or LDA.
Among those who achieved LDA or remission,
we also assessed the mean time in days in
remission or LDA before censoring. Finally,
because the associations between cost and dis-
ease activity did not provide direct evidence
that costs for any given individual might be
reduced if they attained LDA, we calculated a
within-person difference in costs by comparing
costs in the 6 months prior to initiating a new
therapy versus the costs 4–10 months post ini-
tiation. The 4- to 10-month time frame was
selected given that the onset of action of most
RA therapies yields a near-maximal benefit by
approximately 4 months [17–19].

Analytic Methods

Descriptive statistics were used to depict the
demographic and clinical characteristics of the
patients by disease activity and therapy group.
Frequencies and percentages were reported for
categorical variables. Means and standard devi-
ations, and medians and percentiles were pro-
vided for continuous variables. Given the
skewness of the data, log transformation was
considered, but given the nontrivial frequency
of zero costs, we bootstrapped confidence
intervals. Two hundred resamples using
replacement created a synthetic sample of the
same size as the original dataset. Confidence
intervals were estimated using the percentile
intervals of the mean value of the 200 repeti-
tions. Multivariable adjustment was done to
control for confounding by age, sex, and
comorbidities (ischemic heart disease, diabetes
mellitus, osteoporosis, COPD, depression, and
fibromyalgia), selected based on clinical
knowledge and avoiding factors that might be
causally related to RA disease activity or func-
tion, which might lead to overadjustment.
Adjusted costs were modeled using negative
binomial regression, with remission as the

referent category. All analyses were performed
using R Statistical Software (version 4.1.0) [20].

RESULTS

There were 36,498 patients with C 1 RA diag-
nosis code. After considering overlapping time
periods where patients had data from both data
sources, there were 2339 patients that met the
inclusion criteria for the final study cohort
(Fig. 1). A total of 344 patients were excluded
because they lacked C 6 months of follow-up in
the health plan data.

At baseline (Table 1), 440 patients were in
remission, 936 in LDA, 676 in MDA, and 287 in
HDA. Patients in the HDA cohort were slightly
younger (63 years compared with 69, 67, and
66 years for remission, LDA, and MDA cohorts,
respectively) and all cohorts had predominantly
female and Caucasian patients. Across disease
activity categories, approximately one-fourth to
one-half of the patients were younger than age
65 years, but all the study population (including
those above age 65) had commercial health
insurance. Approximately half of patients were
on csDMARDs (49.9–55.5% based on disease
activity category); 274 patients did not have any
DMARD use in the baseline period despite
meeting all inclusion criteria and were excluded
from the therapy analyses. Patients in HDA were
twice as likely to be on steroids and opioids
compared with those in remission. The mean
follow-up duration for patients in the study was
520 days.

Cost of Care by RA Disease Activity
and Therapy Group

The overall mean annual cost of RA care was
significantly higher for patients with MDA
($56,536) or HDA ($59,217) versus those in
remission ($40,072) or with LDA ($48,027).
Both total costs and each cost subtype were
lowest among those in remission and increased
with higher disease activity. For example, the
mean pharmacy totals, including prescriptions
and IV infusions, gradually increased with
higher disease activity ($20,045 for patients in
remission to $24,636 for patients with HDA)
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(Table 2, Supplementary Fig. 2). Medical costs
also were lowest for patients in remission
($16,032) compared with patients in LDA
($19,792), MDA ($24,838), or HDA ($25,414).

After adjusting for key baseline characteris-
tics, the mean annual total costs for patients in
LDA, MDA, and HDA were higher by $5183,
$10,080, and $13,304, respectively, than for
patients in remission (Table 2).

Comparing baseline therapy groups, annual
mean costs during follow-up period were lowest
for patients on csDMARDs ($34,683), highest
for patients on tsDMARDs ($93,771), and simi-
lar among TNFis and non-TNFis ($72,301 and
$68,420, respectively; Table 3). Figure 2 graphi-
cally describes medical and inpatient costs,
excluding pharmacy-related costs, and showed
that regardless of which RA therapy the patients
was receiving, those in remission or LDA had
lower costs than those in M/HDA. For patients
in remission, csDMARD use was associated with
the lowest mean total annual cost ($25,575),
tsDMARD was highest ($75,512), and TNFi
($69,846) and non-TNFi ($57,507) were
intermediate.

Subgroup Analysis of RA Patients
Initiating a New Therapy

The within-person cost analysis comparing
costs when patients were in M/HDA prior to
initiation of a new therapy versus 4–10 months
after initiation is shown in Table 4. There were
too few patients initiating tsDMARDs to be
included in this analysis; similarly, there were
too few patients initiating non-TNFis, so TNFi
and non-TNFi initiators were combined into a
single bDMARD category. Pharmacy total costs
for the bDMARD and csDMARD patients were
appreciably higher in the follow-up period, as
expected when people switch to more expen-
sive treatments (increased by $18,742 for indi-
viduals already on biologics, and $38,999 for
those who had been on csDMARDs). Both
medical costs without infusion and inpatient
costs were appreciably lower in the post-initia-
tion period than those in the baseline period.

The mean time to achieve remission/LDA
was similar for TNFi and tsDMARD initiators
(123 vs. 126 days), while the mean time for non-
TNFi initiators to reach remission/LDA was
slightly longer (149 days). The mean time in

Fig. 1 Flowchart of patient cohort attrition. CDAI Clinical Disease Activity Index, ICD International Classification of
Diseases, RA rheumatoid arthritis
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Table 1 Baseline characteristics of patient cohort stratified by CDAI disease activity category

Remission
(N = 440)

LDA
(N = 936)

MDA
(N = 676)

HDA
(N = 287)

SMD

Demographic

Age, years, mean (SD) 68.6 (11.2) 67.5 (12.0) 65.7 (12.2) 62.5 (12.1) 0.28

\ 65 years 108 (24.5) 294 (31.4) 250 (37.0) 154 (53.7) 0.33

Female, n (%) 330 (75.0) 714 (76.3) 568 (84.0) 236 (82.2) 0.14

Race/ethnicity, n (%) 0.25

White 279 (63.4) 528 (56.4) 352 (52.1) 164 (57.1)

Hispanic 40 (9.1) 85 (9.1) 61 (9.0) 39 (13.6)

Black 36 (8.2) 138 (14.7) 120 (17.8) 49 (17.1)

Asian 10 (2.3) 26 (2.8) 17 (2.5) 4 (1.4)

Unknown 75 (17.0) 159 (17.0) 126 (18.6) 31 (10.8)

RA therapy

Index drug, n (%) 0.14

csDMARDs 244 (55.5) 487 (52.0) 337 (49.9) 151 (52.6)

TNFis 90 (20.5) 201 (21.5) 136 (20.1) 49 (17.1)

Non-TNFis 48 (10.9) 108 (11.5) 93 (13.8) 33 (11.5)

tsDMARDs 17 (3.9) 26 (2.8) 32 (4.7) 13 (4.5)

None* 41 (9.3) 114 (12.2) 78 (11.5) 41 (14.3)

csDMARDs, n (%) 314 (71.4) 664 (70.9) 484 (71.6) 218 (76.0) 0.06

Methotrexate 228 (51.8) 450 (48.1) 284 (42.0) 141 (49.1) 0.10

Hydroxychloroquine 91 (20.7) 231 (24.7) 156 (23.1) 63 (22.0) 0.05

Leflunomide 35 (8.0) 75 (8.0) 116 (17.2) 47 (16.4) 0.18

Sulfasalazine 19 (4.3) 61 (6.5) 69 (10.2) 31 (10.8) 0.15

TNFis, n (%) 93 (21.1) 208 (22.2) 140 (20.7) 56 (19.5) 0.04

Etanercept 31 (7.0) 58 (6.2) 48 (7.1) 13 (4.5) 0.06

Adalimumab 26 (5.9) 60 (6.4) 40 (5.9) 18 (6.3) 0.01

Infliximab 18 (4.1) 60 (6.4) 28 (4.1) 7 (2.4) 0.10

Golimumab 14 (3.2) 20 (2.1) 16 (2.4) 10 (3.5) 0.05

Certolizumab 7 (1.6) 18 (1.9) 18 (2.7) 11 (3.8) 0.08

Non-TNFis, n (%) 50 (11.4) 112 (12.0) 99 (14.6) 37 (12.9) 0.05

Abatacept 26 (5.9) 68 (7.3) 54 (8.0) 11 (3.8) 0.10

Tocilizumab 14 (3.2) 30 (3.2) 27 (4.0) 14 (4.9) 0.05

Rituximab 10 (2.3) 17 (1.8) 19 (2.8) 10 (3.5) 0.06
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remission/LDA for patients receiving TNFis was
numerically longer compared with that for
those on non-TNFis and tsDMARDs (399 vs. 227
vs. 175 days).

Change in RA Disease Activity

The majority of patients remained in the same
disease activity stage from baseline to end of the
follow-up period (60–67% of patients in the on-
diagonal cells), however 25% went from LDA at
baseline to remission and 18% went from MDA

at baseline to LDA during follow-up (Supple-
mentary Table 1). Additionally, 177 patients
(37% of all those ending in remission) achieved
remission by end of follow-up, 123 (25%)
patients from LDA, 46 (10%) from MDA, and 8
(2%) from HDA (Supplementary Table 1).
Comparable results were shown when assessing
disease activity change by therapy group (Sup-
plementary Table 2), with most remaining in
the same disease state as baseline regardless of
the therapy. Similar proportions across each
therapy group went from M/HDA to LDA. Only

Table 1 continued

Remission
(N = 440)

LDA
(N = 936)

MDA
(N = 676)

HDA
(N = 287)

SMD

Sarilumab 0 (0.0) 3 (0.3) 4 (0.6) 4 (1.4) 0.10

tsDMARDs, n (%) 17 (3.9) 27 (2.9) 36 (5.3) 16 (5.6) 0.08

Tofacitinib 16 (3.6) 26 (2.8) 34 (5.0) 15 (5.2) 0.07

Upadacitinib 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 0.03

Baricitinib 0 (0.0) 1 (0.1) 3 (0.4) 1 (0.3) 0.06

Comorbidity, n (%)

COPD 83 (18.9) 167 (17.8) 151 (22.3) 52 (18.1) 0.06

Diabetes mellitus 75 (17.0) 177 (18.9) 158 (23.4) 60 (20.9) 0.09

Osteoporosis 74 (16.8) 151 (16.1) 133 (19.7) 38 (13.2) 0.09

Ischemic heart disease 44 (10.0) 109 (11.6) 71 (10.5) 23 (8.0) 0.06

Depression 39 (8.9) 109 (11.6) 123 (18.2) 55 (19.2) 0.18

Fibromyalgia 30 (6.8) 142 (15.2) 141 (20.9) 67 (23.3) 0.26

Concomitant medication, n (%)

Oral steroids 130 (29.5) 406 (43.4) 392 (58.0) 192 (66.9) 0.44

NSAIDs 89 (20.2) 251 (26.8) 226 (33.4) 101 (35.2) 0.19

Opioids 63 (14.3) 202 (21.6) 209 (30.9) 97 (33.8) 0.27

csDMARD conventional synthetic disease-modifying antirheumatic drug, CDAI Clinical Disease Activity Index, COPD
chronic obstructive pulmonary disease, HDA high disease activity, LDA low disease activity, MDA moderate disease
activity, NSAID non-steroidal anti-inflammatory drug, RA rheumatoid arthritis, SMD standard mean difference, with
those[ 0.10 considered clinically relevant differences, SD standard deviation, TNFi tumor necrosis factor inhibitor,
tsDMARD targeted synthetic disease-modifying antirheumatic drug
aNone = no DMARDs of any type in the baseline period
Demographics and comorbidities data were measured in the 12 months prior to the index date. RA therapy and con-
comitant medication data were measured in the 6 months prior to the index date
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10% or fewer patients started in HDA and stayed
there by the end of follow-up. The proportion of
patients who started in remission and LDA and
remained in remission and LDA by the end of
follow-up was appreciably higher, across
therapies.

DISCUSSION

In this analysis of RA patients receiving care in
community rheumatology practice settings,
lower disease activity, particularly remission,
was associated with lower healthcare costs.
Patients in remission incurred one-third lower
medical costs of care compared with patients in
HDA and 29% less medical costs compared with
those in MDA. Similarly, patients in remission

had 51% and 56% lower inpatient costs than
patients in MDA and HDA, respectively. For
individual patients who started in M/HDA who
subsequently attained LDA or remission, annual
outpatient and inpatient medical costs were
approximately $5000–$8000 lower, depending
on the therapy patients received.

The clinical benefits of attaining remission in
RA have been well described. For example, the
study of etanercept and methotrexate in com-
bination or as monotherapy (SEAM)-RA trial
recruited 371 RA patients receiving methotrex-
ate and etanercept that were in sustained
remission by the Simplified Disease Activity
Index (SDAI B 3.3) and randomized them to
continue both therapies or discontinue either
methotrexate or etanercept [21]. In the 253

Table 2 Mean annual costs during follow-up stratified by disease activity category

Remission Low disease Moderate disease High disease

Patient-years 641.9 1397.0 932.1 357.9

Medical, $, mean

(95% CI)

23,146.2

(23,075.1–23,217.2)

28,041.8

(27,990.5–28,093.2)

32,556.2

(32,482.7–32,629.6)

34,468.8

(34,351.7–34,586.0)

Medical without

infusion, $

16,032.0

(15,974.0–16,090.0)

19,792.4

(19,746.9–19,838.0)

24,837.9

(24,773.1–24,902.8)

25,413.7

(25,313.3–25,514.0)

IV infusion, $ 7114.2

(7074.2–7154.2)

8249.4

(8221.9–8276.9)

7718.2

(7684.7–7751.8)

9055.2

(8999.4–9111.0)

Inpatient, $ 3995.4

(3963.9–4,026.9)

6680.5

(6653.2–6707.8)

8138.6

(8101.0–8176.2)

9167.2

(9110.7–9223.7)

Pharmacy total,a $ 20,045.1

(20,004.3–20,085.8)

21,553.8

(21,525.9–21,581.6)

23,559.4

(23,525.2–23,593.5)

24,636.2

(24,579.5–24,692.8)

Pharmacy, $ 12,930.9

(12,923.7–12,938.0)

13,304.4

(13,298.7–13,310.0)

15,841.1

(15,834.0–15,848.2)

15,581.0

(15,569.0–15,592.9)

Total cost,b $ 40,072.4

(39,981.5–40,163.4)

48,026.7

(47,957.5–48,095.9)

56,535.9

(56,435.6–56,636.2)

59,217.0

(59,063.2–59,370.9)

Adjusted total cost,c $ Referent 5183.2

(4364.6–6001.8)

10,080.3

(9153.0–11,007.7)

13,303.6

(12,167.0–14,440.3)

Data shown as mean (95% CI) costs in dollars and estimated via bootstrapping, as described in the Methods section
CI confidence interval, IV intravenous
aPharmacy total = pharmacy ? IV infusion
bTotal cost = medical ? inpatient ? pharmacy
cAdjusted for age, sex, COPD, diabetes mellitus, osteoporosis, ischemic heart disease, depression, and fibromyalgia. Adjusted
cost differences were modeled with age set at its mean, sex set to female, and each of these comorbidities considered absent
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patients that sustained remission through a
24-week open-label period and met trial inclu-
sion criteria, the benefits on clinically assessed
RA and patient-reported outcomes were most
appreciable for those that remained in remis-
sion, which was approximately two-fold more
likely among patients who remained on etan-
ercept monotherapy rather than on
methotrexate monotherapy [22]. Several other
clinical trials and observational studies have
likewise demonstrated the clinical benefits of
remaining in remission [23–26]. A retrospective
study compared the long-term clinical, func-
tional, and cost outcomes in 471 Dutch patients
with early RA treated according to T2T strategy
and found that achieving early remission was
associated with better clinical and functional
outcomes, and lower healthcare costs. Patients

in remission at 2, 3, or 6 months had signifi-
cantly lower medication costs per patient over
the first 2 and 3 years of treatment, but no
notable differences in total healthcare resource
costs (hospital admissions and consultations)
were observed [26]. In another retrospective
cohort study of 335 U.S. RA patients, using data
from Optum EHR linked to claims from com-
mercial and Medicare advantage health plans,
Bergman et al., compared all-cause and RA-re-
lated costs and resource use over a 1-year period
in patients who achieved DAS28 or RAPID3-
based remission vs. those who did not achieve
remission, and found that the annual all-cause
total costs were significantly less in the remis-
sion cohort vs. non-remission cohort ($30,427
vs. $38,645), while the RA-related medical costs
were numerically lower in the remission cohort

Table 3 Mean annual costs during follow-up stratified by index RA therapy group

csDMARDs TNFis Non-TNFis tsDMARDs

Patient-years 1733.6 697.2 421.7 96.7

Medical, $, mean

(95% CI)

21,022.4

(20,984.6–21,060.2)

33,540.3

(33,459.0–33,621.6)

48,795.1

(48,674.9–48,915.2)

38,111.8

(37,815.3–38,408.2)

Medical without

infusion, $

18,683.5

(18,647.4–18,719.6)

19,698.9

(19,635.7–19,762.2)

23,016.6

(22,930.8–23,102.5)

35,730.3

(35,449.3–36,011.2)

IV infusion, $ 2338.9

(2323.4–2354.4)

13,841.4

(13,790.5–13,892.2)

25,778.4

(25,698.5–25,858.4)

2381.5

(2316.0–2447.1)

Inpatient, $ 6128.3

(6104.7–6151.8)

6722.6

(6680.0–6765.2)

7229.0

(7182.3–7275.6)

12,988.7

(12,815.4–13,161.9)

Pharmacy total,a $ 9871.0

(9855.2–9886.8)

45,879.8

(45,828.4–45,931.3)

38,174.5

(38,094.7–38,254.3)

45,052.1

(44,982.5–45,121.6)

Pharmacy, $ 7532.1

(7529.1–7535.1)

32,038.5

(32,027.8–32,049.1)

12,396.1

(12,386.9–12,405.3)

42,670.6

(42,642.7–42,698.4)

Total cost,b $ 34,682.8

(34,629.4–34,736.1)

72,301.4

(72,191.2–72,411.5)

68,420.1

(68,271.4–68,568.7)

93,771.0

(93,338.2–94,203.8)

Data shown as mean (95% CI) costs in dollars and estimated via bootstrapping, as described in the Methods section
Note that 380 person-years did not have RA DMARD use in the baseline period despite meeting all inclusion criteria
CI confidence interval, csDMARD conventional synthetic disease-modifying antirheumatic drug, IV intravenous,
RA rheumatoid arthritis, TNFi tumor necrosis factor inhibitor, tsDMARD targeted synthetic disease-modifying anti-
rheumatic drug
aPharmacy total = pharmacy ? IV infusion
bTotal cost = medical ? inpatient ? pharmacy
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vs. non-remission cohort ($8594 vs. $10,002)
[24]. An observational analysis of 1084 Cana-
dian RA patients assessed healthcare service
utilization costs using data from the Alberta
Biologics Pharmacosurveillance Program linked
with provincial physician billing claims, out-
patient visits, and hospitalizations in patients
using biologics for RA. That study reported the
mean annual healthcare service utilization cost
savings of $2391 and $2104 for those in sus-
tained remission (remission for C 1 year) and
those with non-sustained LDA (LDA
for\ 1 year) relative to the persistent M/HDA
group [23]. Finally, in a longitudinal and cross-
sectional analysis of 356 RA patients, Radner
et al., compared direct and indirect costs in
patients with different levels of disease activity
(remission, LDA, and M/HDA) classified
according to the SDAI scores and found signifi-
cant differences in direct and indirect costs
across disease activity levels with higher costs in
patients with M/HDA (mean annual total
directs costs in remission vs. LDA vs. M/HDA:
€1368 vs. €1643 vs. €2340) [25]. Results from
this analysis extend the evidence base showing

that medical costs for patients in remission are
lower than medical costs for those in higher
disease activity states, an outcome that may be
particularly compelling information for U.S.
health plans, payers, and stakeholders with
interest in value-based care in RA. Indeed, there
are few U.S.-based studies that have been able to
examine disease activity in relation to cost data
paid by payers or health plans [7, 24]. The
analysis conducted by Bergman et al. included
only 335 patients (n = 125 who ever went into
remission), all non-remission disease activity
categories were aggregated together (perhaps
due to sample size), disease activity was not
considered in a time-varying fashion, and the
DAS28-based definition of remission used was
more permissive than CDAI-based definition of
remission in the present study [24]. In another
prior analysis of U.S. RA registry data linked to
fee-for-service Medicare claims, patients were
older (mean age approximately 70 years) and
had a higher comorbidity profile than those in
the current analysis [7]. While the largest cost
driver in RA patients, biologic and targeted
therapy use [27], was not reported on a person-

Fig. 2 Mean annual medical and inpatient costs by index
RA therapy and follow-up stage disease activity. Note: the
above costs do not include pharmacy costs for outpatient
prescription drugs, nor those given by IV infusion and
billed as medical procedures. csDMARD conventional

synthetic disease-modifying antirheumatic drug, TNFi tu-
mor necrosis factor inhibitor, RA rheumatoid arthritis,
tsDMARD targeted synthetic disease-modifying antirheu-
matic drug
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time basis in that analysis, the annual costs for
patients in remission were $11,146 per year, a
crude difference of $9300 (1.83-fold) compared
with costs for those in HDA. This was compa-
rable with our observed difference in the ratio of
costs for those in HDA compared with remis-
sion, which was 1.48-fold ($59,217/$40,072)
different in this cohort. Finally, the Medicare-
based analysis did not quantify the cost savings
for individual patients who initiated a new RA
therapy while in MDA or HDA to assess cost
savings for those who achieved remission or
LDA, as evaluated in the present study.

Many published cost analyses in RA have not
been able to account for the influence of disease
activity. Results from a systematic literature
review of four studies found that among
patients receiving bDMARDs, the total direct
medical costs were $36,053 annually, and the
costs attributable to RA itself comprised more
than half that amount [28]. Our findings further
describe that the costs related to not only
treatment but also disease activity are appre-
ciably less expensive for patients in remission
than for patients in M/HDA. This finding was
observed regardless of the background therapy
(i.e., csDMARDs or b/tsDMARDs) received by
patients. Although not an explicit focus of our
analysis, prior work has also shown that failure
to respond to RA treatment is associated with
higher cost of care [29, 30], which should
motivate health plans and other payers to
authorize use of the most effective medications
as quickly as possible so as to maximize the
likelihood patients attain remission, or at least,
LDA. To the extent that precision medicine in
RA may allow more rational treatment selection
regarding the choice of initial biologic or tar-
geted therapy for individual RA patients [31],
cost savings would be expected.

The strengths of our work include represen-
tation of a large number of RA patients treated
in numerous and diverse community practice
settings, with an analysis of a unique data
source in which disease activity data as mea-
sured by rheumatology providers was linked
with cost data from health plans. Indeed,
although substantial economic literature exists
in RA, few U.S. studies have been able to com-
bine clinical disease activity measures with

health plan cost data. Nevertheless, results of
our study should be interpreted in light of its
design. Disease activity as measured by the
CDAI was updated only at rheumatology pro-
vider visits, which typically occur only a few
times per year and likely resulted in some mis-
classification of disease activity. The effect of
such misclassification likely would have atten-
uated differences between disease activity cate-
gories, yielding a conservative estimate.
Additionally, the number of person-years in
some exposure groups such as tsDMARDs were
small, leading to wide confidence intervals. This
analysis included but did not focus on comor-
bidities, which have been shown to relate to
costs in RA patients [32]. Thus, these results
may or may not generalize to younger patients
with few comorbidities. Finally, drug costs were
standardized by the health plan and do not
reflect rebates or fees (e.g., specialty pharmacy),
information that is typically considered propri-
etary information by health plans and makes it
difficult to compare with costs measured in
other datasets (e.g., Medicare or other com-
mercial health plans).

CONCLUSIONS

RA patients in lower disease activity, particu-
larly remission, had lower healthcare costs
across the spectrum of treatment options. In
addition to the clinical benefit of better disease
control, results from this analysis support T2T
guidelines that encourage aggressive and
appropriate treatment to attain better disease
control. Our findings provide insight into the
opportunity for cost savings for payers and
other stakeholders where financial incentives
might be better aligned along with removal of
administrative barriers such as burdensome
prior authorization requirements, to encourage
appropriate treatment escalation for patients
who are not in LDA or remission.
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