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Abstract
Background/Objective Baricitinib is a selective and reversible Janus kinase (JAK) inhibitor indicated for the treatment of 
adult patients with moderately to severely active rheumatoid arthritis (RA) who have had an inadequate response to one 
or more tumor necrosis factor inhibitors (TNFis) and has been shown to improve multiple clinical and patient-reported 
outcomes. However, it is unclear what the budgetary impact would be for US commercial payers to add baricitinib to their 
formulary and how the efficacy of baricitinib compares to other disease-modifying antirheumatic drugs (DMARDs) with a 
similar indication.
Methods A budget impact model (BIM) was developed for a hypothetical population of 1 million plan members that com-
pared a world without and with baricitinib. A retrospective observational study was carried out to estimate market utiliza-
tion of advanced therapies. Number needed to treat (NNT) and cost per additional responder were calculated for American 
College of Rheumatology (ACR) 20%/50%/70% improvement criteria (ACR20/50/70) response outcomes combining cost 
estimates from the BIM and efficacy values from a network meta-analysis (NMA). The model included costs related to drug 
acquisition and monitoring costs.
Results Adding baricitinib would save a commercial payer $US169,742 for second-line therapy and $US135,471 for third-
line therapy over a 2-year time horizon (all costs correspond to 2019 US dollars). Cost savings were driven by baricitinib 
drawing market share away from more expensive comparators. The NMA, based on nine studies, found no statistically 
significant differences in the median treatment difference between baricitinib and comparators except for versus a conven-
tional synthetic DMARD (csDMARD), and thus NNT versus a csDMARD was similar. The cost per additional responder 
for baricitinib in patients with inadequate response to a TNFi was substantially lower than all other treatments for all three 
ACR response criteria at 12 weeks (ACR20: $US129,672; ACR50: $US237,732; ACR70: $US475,464), and among the 
lowest at 24 weeks (ACR20: $US167,811; ACR50: $US259,344; ACR70: $US570,557).
Conclusions Baricitinib, compared to other DMARDs, was a less expensive option (− $US0.01 incremental cost per member 
per month in second- and third-line therapy over a 2-year time horizon) with comparable efficacy in patients with inadequate 
response to TNFi. Adding baricitinib to formulary would likely be cost saving for US payers and expands treatment options 
for these patients.

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s4027 3-019-00829 -x) contains 
supplementary material, which is available to authorized users.

 * Elizabeth Wehler 
 beth.wehler@iqvia.com

Extended author information available on the last page of the article

1 Introduction

Rheumatoid arthritis (RA) is a systemic and chronic inflam-
matory disease of unclear etiology [1]. It leads to a progres-
sive and destructive polyarthritis and is characterized by 
chronic pain and joint destruction that usually progress from 
distal to more proximal joints [1]. RA affects approximately 
1.3 million people in the USA [2].

In the last decade, management of RA patients has shifted 
from controlling symptoms to preventing and controlling 
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Key Points for Decision Makers 

Baricitinib is a less expensive treatment option for 
rheumatoid arthritis (RA) patients who have had an 
inadequate response to one or more tumor necrosis factor 
inhibitors and shows similar efficacy to other treatment 
options.

The cost per additional responder was lowest for barici-
tinib at 12 weeks and among the lowest at 24 weeks.

Use of baricitinib could lower RA treatment costs from a 
healthcare payer perspective and provides an additional 
treatment option for patients.

to another therapy with a different mechanism of action is 
likely more cost effective than switching from one TNFi to 
another TNFi [19].

Baricitinib is an oral selective and reversible JAK inhibi-
tor (categorized as a tsDMARD) indicated for the treatment 
of adult patients with moderately to severely active RA who 
have had an IR to one or more TNFis [20]. Baricitinib has 
been shown to be effective in RA patients who have had an 
IR to one or more TNFis, other bDMARDs, or both [21], 
with improvement in multiple clinical measures and patient-
reported outcomes and a rapid onset of action as early as 
1 week from baseline compared with placebo [6, 22, 23]. 
The introduction of baricitinib in the US market broad-
ens the availability of RA treatment choices for TNFi-IR 
patients, thereby potentially alleviating the burdens already 
described. However, it is unclear what the budgetary impact 
would be for US payers to add baricitinib within the context 
of current market dynamics. Nor is it clear what the com-
parative effectiveness of baricitinib is relative to treatments 
with a similar indication.

This study provides results from a budget impact model 
(BIM) that forecasts the fiscal implications of adding 
baricitinib to a formulary that already includes several 
treatment options available in the US (i.e., subcutaneous 
biologics [etanercept, adalimumab, abatacept, golimumab, 
tocilizumab, certolizumab pegol, and sarilumab] and JAK 
inhibitors [tofacitinib]). Comparative effectiveness was 
determined using number needed to treat (NNT) and cost 
per additional responder, which leveraged treatment costs 
from the BIM and American College of Rheumatology 
(ACR) 20%/50%/70% improvement criteria (ACR20/50/70) 
response outcomes reported from a network meta-analysis 
(NMA).

2  Methods

2.1  Estimating the Budgetary Consequences 
of Adding Baricitinib

A BIM was developed to estimate the budgetary con-
sequences of the use of baricitinib for the treatment of 
TNFi-IR patients from the perspective of a US healthcare 
commercial payer. The model used a comparative cost 
determination framework where costs were calculated 
based on a world without and with baricitinib following 
modeling best practices [24]. The model was developed 
using Microsoft Office  Excel® (Microsoft Corp., Red-
mond, WA, USA) to estimate the current evidence-based 
US costs of treating adult patients with moderately to 
severely active RA who have had an IR to one or more 
TNFis, as well as to understand the value of baricitinib 
in RA.

damage [3]. With the availability of biologic disease-mod-
ifying antirheumatic drugs (bDMARDs), which includes 
tumor necrosis factor (TNF) inhibitors (TNFis) and non-
TNFis, and targeted synthetic disease-modifying antirheu-
matic drugs (tsDMARDs), which includes Janus kinase 
(JAK) inhibitors, treatment guidelines recommend a ‘treat-
to-target’ approach in which the goals of treatment are to tar-
get remission or low disease activity and maintain remission 
[4]. Recommendations suggest patients begin with disease-
modifying antirheumatic drug (DMARD) monotherapy, and, 
should disease activity remain moderate or high, switch to 
combination traditional DMARDs, or add a TNFi, non-TNF 
biologic, or tofacitinib [4]. This approach has been shown to 
lead to better health outcomes and quality of life [3].

Despite the availability of various treatment options and 
evidence supporting early and aggressive treatment, there 
are still significant challenges in the current management 
of patients with RA [4, 5]. For example, many patients have 
an inadequate response (IR) to their treatment, which can 
include lack of efficacy and/or treatment intolerance [4, 6]. 
Barriers to optimizing treatment exist for both patients and 
physicians, which can delay the use of new treatment options 
and thus increase the risk of irreversible joint damage. For 
inadequate responders, dose escalation of TNFis provides 
minimal clinical benefit and may increase the risk of adverse 
events (AEs) [7]. Furthermore, when an incomplete response 
to TNFis occurs, cycling through treatments of the same 
mechanism of action has been shown to result in diminished 
treatment response [8–11].

The economic consequences resulting from an IR to 
treatment are substantial, with several studies reporting that 
patients who have an IR generate approximately twice the 
total healthcare costs on average than those who do achieve 
remission or low disease activity [12–15]. Additionally, dos-
ing escalation for biologics are associated with higher total 
annualized healthcare expenditures [16–18] and switching 
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2.1.1  Target Population

To quantify the target population eligible for baricitinib each 
year, epidemiologic and claims-based studies were leveraged. 
The model started with a hypothetical population of 1 million 
plan members, of which 774,000 (77.4%) were estimated as 
adults based on 2017 US Census estimates [25]. An annual 
RA prevalence of 0.53% [2] and incidence of 0.04% [26] 
were applied to arrive at 4420 RA patients in year 1 and 4737 
in year 2. It was assumed that 88.35% of patients were treated 
with DMARDs [27], and 19.17% of them were treated with 
TNFis [28]. The model also considered that 47.5% had an IR 
(ESM Online Resource Table 3) [29].

2.1.2  Market Utilization

A retrospective observational study using data from the Tru-
ven Health MarketScan Research data warehouse was con-
ducted to assess market share of advanced therapies in RA 
by line of therapy, including TNFis (adalimumab, certoli-
zumab pegol, etanercept, golimumab, and infliximab), non-
TNFis (abatacept, rituximab, sarilumab, tocilizumab, and 
anakinra), and JAK inhibitors (tofacitinib). The line of ther-
apy was determined by evaluating the number of advanced 
therapies prior to the index therapy during a 6-year history. 
Data retrieval focused on the period from 1 January 2017 to 
31 December 2017. Patients included in the analysis were 
selected based on criteria shown in Fig. 1. After applying the 
inclusion/exclusion criteria, 20,384 patients were included in 
the analysis. See Electronic Supplementary Material (ESM) 
Online Resource Table 1 for patient characteristics of the 
final sample.

Utilization data stratified by line of therapy were used 
in the BIM to explore budgetary implications of treatments 
either by second-line after a conventional synthetic DMARD 
(csDMARD) (after TNFi use) or third-line after a csD-
MARD (after TNFi and use of another advanced therapy). 
Table 1 shows the market utilization data that were used 
in the BIM. The output from the claims-based study was 
reweighted to only include the comparators of interest.

To calculate future market utilization, it was assumed that 
baricitinib would take market shares equi-proportionally 
from all included market comparators. The market uptake 
of baricitinib was forecasted by the manufacturer anchored 
to the market share of tofacitinib at launch (i.e., not current 
uptake), the other comparator in its class. In addition to the 
market utilization retrieved from the claims-based study, the 
BIM also allowed methotrexate to be used as combination 
therapy. By default, the model assumed that 65% of patients 
on non-csDMARDs regimens used methotrexate while the 

remaining 35% received monotherapy [30, 31]. Additionally, 
the BIM assumed that 88.8% of methotrexate users (used in 
combination with primary therapy) received methotrexate 
orally with the remainder receiving intravenous methotrex-
ate. This value was derived from claims data and provided 
by the manufacturer.

2.1.3  Cost and Resource Use

The model calculated the total annual cost per patient by sum-
ming costs related to drug acquisition and monitoring costs 
(Table 2). All costs correspond to 2019 US dollars. The model 
assumed all administration was self-administered (subcutane-
ous or oral treatments) and therefore no administration costs 
were applied [32–40]. Drug acquisition costs for all treatments 
were calculated based on drug dosing and unit costs (2019 
Wholesale Acquisition Cost) data from Medispan Price Rx 
[41]. In the base case, rebates were assumed to be zero and 
patient cost sharing and dispensing fees were not included. 
Dosing was based on product prescribing information (PI) and 
accounted for loading doses or altered dosing patterns when 
patients first initiate therapy as well as dose escalation based 
on published literature (ESM Online Resource Table 2). Dose 
escalation was assumed to occur 6 months after treatment ini-
tiation and patients were assumed to continue at the escalated 
dose for the duration of the model [36, 42–45].

Per the ACR RA guidelines and product PIs, patients 
on RA treatment require safety monitoring, which can 
be broken into four time periods: baseline, < 3 months, 
3–6 months, and 6–12 months. For each timeframe, and for 
each treatment, a set of required monitoring resources were 
itemized and unit costs applied. Resource use in the 6- to 
12-month range was assumed to apply for the duration of the 
model. Given limited data availability for the commercial 
perspective, physician fees and laboratory fees were based 
on national payment rates per the Centers for Medicare Ser-
vices (CMS) physician fee schedule and the CMS laboratory 
fee schedule [46, 47]. A summary of inputs used in the BIM 
is provided in the ESM Online Resource Tables 3 and 4.

AEs were not included in the model for several reasons. 
First, AEs have not been found to be significant model driv-
ers in previous RA health technology assessments and have 
sometimes been excluded given the assumption that there is 
no difference in the safety profiles of bDMARDs [48]. Sec-
ond, a previously published BIM in RA excluded AEs due 
to heterogeneity in AE reporting [49]. Finally, even if AEs 
were included, the RA-BEACON trial results show that the 
impact would be low [6].
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2.2  Response Rates for Number Needed to Treat 
(NNT) and Cost per Additional Responder: 
Systematic Literature Review and Network 
Meta‑Analysis

ACR20/50/70 response rates were derived from a system-
atic literature review (SLR) and NMA. The SLR and NMA 
aimed to identify and synthesize clinical effectiveness evi-
dence of treatments for the moderate-to-severe TNFi-IR 

RA patients from randomized controlled trials published 
between 1999 and December 2017. While the SLR and 
NMA included a full spectrum of treatments, the NNT and 
cost per additional responder calculations presented here 
include only subcutaneous or oral treatments relevant to the 
USA. Furthermore, safety endpoints were not included as 
part of the NMA, as most studies allowed the use of rescue 
therapy for the control arm if a certain treatment response 
was not observed. In general, safety endpoints are only 

Fig. 1  Claims-based study criteria. aNon-diagnostic is a claim that 
is not for a diagnostic test (laboratory, radiology). DMARDs disease-
modifying antirheumatic drugs, ICD-9-CM International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification, ICD-10-CM 

International Classification of Diseases, Tenth Revision, Clinical 
Modification, RA rheumatoid arthritis. Asterisk represents any subse-
quent codes under the particular major code heading
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reported for the whole duration of the study and not at inter-
mediate endpoints, such as week 12. As a result, reporting 
of, for example, discontinuation and AEs are confounded 
with the occurrence of rescue therapy. The details of the 
SLR can be found in ESM Online Resources Tables 5, 6, 
and Fig. 1. In summary, a total of 10,008 citations were 
identified after removing duplicates and were screened for 
inclusion, of which 322 studies were included in the SLR. 
These 322 studies consisted of a mix of RA populations 
including csDMARD-naive, csDMARD including metho-
trexate IR (MTX-IR), MTX-IR, and TNFi-IR patients. Of 
these, only nine studies included the TNFi-IR population 
and met the inclusion criteria for the NMA (Table 3) [6, 
50–76]. The quality assessment of studies was performed to 
standards recommended by the National Institute for Health 
and Care Excellence (NICE) and the Centre for Reviews and 
Dissemination [77, 78].

The NMA estimated between-treatment differences in 
ACR20/50/70 response (median difference, 95% credible 
interval [Cr-Int]). A Bayesian mixed-treatment comparison 
using a simultaneous model consisting of baseline and treat-
ment effects was conducted as described in the NICE Deci-
sion Support Unit (DSU) [79]. Fixed- and random-effect 
models were fitted. However, random-effect models were 
unstable and did not converge, and therefore fixed-effects 
models were chosen as the primary approach. Extensive sen-
sitivity analyses were pre-planned. Given the limited number 
of studies, only independent baseline models and frequentist 
models could be performed. The main analyses are presented 
for the 12- and 24-week timepoints as the median differ-
ence in ACR20, ACR50 and ACR70 response rates, and 
only consider the 2 mg dose of baricitinib, which is the dose 
approved in the USA. For the NNT and cost per additional 
responder calculations, results from the probit simultaneous 
fixed-effects models were used. See Table 4 for a description 
of the baseline characteristics of the studies included in the 
NMA and ESM Online Resource Fig. 2 for further details 
on the NMA results.

2.2.1  NNT and Cost per Additional Responder

NNT and cost per additional responder were calculated for 
the ACR20/50/70 response at 12 and 24 weeks. The ACR 
criteria measure response to treatment, defined by both 
improvement in the number of tender and number of swollen 
joints, and improvement in three of the following five crite-
ria: patient’s global assessment, physician’s global assess-
ment, functional ability measure, visual analog pain scale, 
and erythrocyte sedimentation rate or C-reactive protein [80, 
81]. A response of ACR20/50/70 corresponds to a percent-
age improvement between two timepoints. The treatments 
in the NNT and cost per additional responder calculations 
focused only on those products that compete directly with 

Table 1  Estimated market share data from the claims-based study

csDMARD conventional synthetic disease-modifying antirheumatic 
drug, TNFi tumor necrosis factor inhibitor
a Utilization data stratified by line of therapy were used in the budget 
impact model to explore budgetary implications of treatments either 
by second line after csDMARD (after TNFi use) or third line after 
csDMARD (after TNFi and use of another advanced therapy)

Treatment  optiona Second line (%) Third line (%)

Abatacept 15.5 24.1
Adalimumab 26.7 8.9
Certolizumab pegol 5.4 7.7
Etanercept 21.5 7.9
Golimumab 7.3 9.2
Sarilumab 0.0 0.0
Tocilizumab 8.7 16.6
Tofacitinib 14.9 25.6
Total 100.0 100.0

Table 2  Total annual costs by 
treatment per patient

a The annual costs presented here assume 88.8% methotrexate use in combination with the primary therapy 
based on manufacturer data from a claims analysis

Treatment option Annual costs per patient ($US; 2019 values)

Treatmenta Monitoring Total

Year 1 Year 2 Year 1 Year 2 Year 1 Year 2

Abatacept 57,256 57,256 229 94 57,485 57,349
Adalimumab 72,768 72,768 260 128 73,027 72,896
Baricitinib 28,110 28,110 240 94 28,350 28,204
Certolizumab pegol 65,242 56,587 292 128 65,534 56,715
Etanercept 72,767 72,767 260 128 73,027 72,895
Golimumab 62,848 62,848 260 128 63,107 62,976
Sarilumab 86,735 86,735 255 123 86,990 86,859
Tocilizumab 26,918 27,902 255 123 27,173 28,026
Tofacitinib 58,579 58,579 240 94 58,818 58,672
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baricitinib and are listed in Table 5. Note that for some com-
parators only either 12- or 24- week trial endpoints were 
available for the NMA.

The NNT was calculated as the inverse of the difference 
in response rate between each treatment and csDMARD at 
12 and 24 weeks (i.e., 1/[Intervention − csDMARD]). Cost 
per additional responder was calculated as the first-year cost 
of each treatment, as derived from the BIM, multiplied by 
the NNT versus csDMARD. The first-year costs assumed all 
patients on each treatment were also taking methotrexate to 
match the clinical data used in the NMA.

2.3  BIM Base‑Case and Sensitivity Analyses

The BIM considered two base-case scenarios as derived from 
the claims-based study market utilization: Base Case 1—
market share for second-line therapy after csDMARD; and 
Base Case 2—market share for third-line therapy after a csD-
MARD. Since baricitinib can be used for patients who have 
an IR to one or more TNFis, it can be used across multiple 
lines of downstream treatment. For each scenario, the model 
calculated total costs, cost per member per month (PMPM), 
cost per member per year, cost per patient per month, and 
cost per patient per year over a 2-year time horizon.

A one-way sensitivity analysis was conducted for all 
parameters, including inputs for market adoption, epidemi-
ology, dose escalation, and administration. These variables 
were varied by 20% iteratively. In addition, a scenario with 
updated 2018 Early View MarketScan data for populating 
market shares was considered.

All analyses were from the US commercial healthcare 
payer perspective.

3  Results

3.1  Budget Impact Analysis Results: Base Case

Based on the population cascade estimates, 356 patients 
were eligible for baricitinib in year 1 and 381 patients were 
eligible in year 2, an increase of 25 due to the inclusion of 
incident patients in year 2. Given the projected market share 
of baricitinib (0.2% in year 1, 1.1% in year 2), the number 
of baricitinib-treated patients in each year was relatively 
low, with one and four patients in a hypothetical 1 million-
member plan, respectively. The addition of baricitinib for 
the treatment of moderate-to-severe RA for patients with 
an IR to TNFi therapy would be cost saving to the commer-
cial payer (net budget impact: − $US169,742 [− 0.37%] for 
second-line therapy after a csDMARD and − $US135,471 
[− 0.33%] for third-line therapy after a csDMARD; Table 6). 

The cost saving result in both the second-line and third-line 
was driven by baricitinib drawing market shares away from 
more expensive comparators. Third-line market shares pro-
duced slightly lower cost savings than second-line market 
shares as patients were assumed to have higher use of inex-
pensive therapies with less use of products such as adali-
mumab and etanercept. Nonetheless, both scenario results 
showed that shifting to a less expensive therapy option 
(baricitinib) produced cost savings.

3.2  NNT and Cost per Additional Responder

The NMA found that there were no statistically significant 
differences in ACR response median treatment differences 
between baricitinib and the other comparators included 
in this analysis at weeks 12 and 24 except for versus csD-
MARD (see Fig. 2).

Table 5 presents the NNT versus csDMARD and cost 
per additional responder per treatment. The NNT was low-
est overall for ACR20 than for ACR50 and ACR70, which 
reflects the declining response rate with an increasing thresh-
old for response. At 12 weeks, the NNT did not differ con-
siderably within each response criteria, ranging from 3.9 to 
5.3 for ACR20, 6.3 to 10.0 for ACR50, and 12.5 to 20.0 for 
ACR70. Similarly, at 24 weeks the NNT did not differ con-
siderably for ACR20 (range of 3.3–5.9) and ACR50 (range 
of 4.8–9.1), although for ACR70 there was a wider range of 
NNT values (9.1–20.0). Given that the median treatment dif-
ference was not statistically significantly different for barici-
tinib versus other comparators (except for a csDMARD), 
NNT point estimates within each response criteria should be 
interpreted cautiously. Use of the 95% Cr-Ints in scenarios 
to test model sensitivity produced similar trends.

At 12 weeks, the cost per additional responder for barici-
tinib was substantially lower than for all other treatments 
for all ACR response criteria. At 24 weeks, tocilizumab 
had the lowest cost per additional responder followed by 
baricitinib for ACR20 and ACR50. For ACR70 at 24 weeks, 
tocilizumab and abatacept had the lowest cost per additional 
responder followed by baricitinib. Tocilizumab and barici-
tinib produced the low costs per additional responder due to 
their relatively low price.

3.3  Sensitivity Analysis

Sensitivity analyses revealed that the most influential varia-
bles across the results were epidemiological inputs including 
plan size, percentage adults (target population), percentage 
treated with DMARDs, percentage treated with first TNFi, 
and the percentage of patients with TNFi-IR (see Fig. 3 in 
the ESM Online Resource). However, the model results 
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remained robust across all one-way sensitivity analyses, as 
total cost and incremental PMPM values remained negative 
(cost saving). When considering updated 2018 real-world 
market shares, results trends remained similar.

4  Discussion

The results of this study illustrate that baricitinib is a cost-
saving treatment option for US payers. The efficacy of 
baricitinib was comparable to other subcutaneous biologics 
(abatacept, golimumab, tocilizumab, certolizumab pegol, 
and sarilumab) and tofacitinib (JAK inhibitor) and is less 

Table 5  Number needed to treat and cost ($US; 2019 values) per additional responder

ACR  American College of Rheumatology, ACR20/50/70 American College of Rheumatology 20%/50%/70% improvement criteria, csDMARD 
conventional synthetic disease-modifying antirheumatic drug, N/A not applicable, NMA network meta-analysis, NNT number needed to treat, NR 
not reported
a The annual costs presented here assume 100% methotrexate use in combination with the primary therapy
b Median ACR response rate estimated from the NMA (simultaneous fixed-effects, probit model)

Treatment option Annual cost 
($US)a

12 weeks 24 weeks

Response 
rate (%)b

NNT vs. 
csDMARD

Cost per additional 
responder ($US)

Response 
rate (%)b

NNT vs. 
csDMARD

Cost per addi-
tional responder 
($US)

ACR20
 Abatacept 57,663 49.0 3.85 221,782 49.0 3.45 198,839
 Adalimumab 73,205 NR N/A N/A NR N/A N/A
 Baricitinib 28,528 45.0 4.55 129,672 37.0 5.88 167,811
 Certolizumab pegol 65,711 42.0 5.26 345,849 NR N/A N/A
 Etanercept 73,205 NR N/A N/A NR N/A N/A
 Golimumab 63,285 43.0 5.00 316,426 41.0 4.76 301,358
 Sarilumab 87,168 49.0 3.85 335,262 44.0 4.17 363,200
 Tocilizumab 27,350 NR N/A N/A 50.0 3.33 91,168
 Tofacitinib 58,996 46.0 4.35 256,506 NR N/A N/A
 csDMARD N/A 23.0 N/A N/A 20.0 N/A N/A

ACR50
 Abatacept 57,663 24.0 6.25 360,395 27.0 5.00 288,316
 Adalimumab 73,205 NR N/A N/A NR N/A N/A
 Baricitinib 28,528 20.0 8.33 237,732 18.0 9.09 259,344
 Certolizumab pegol 65,711 18.0 10.00 657,114 NR N/A N/A
 Etanercept 73,205 NR N/A N/A NR N/A N/A
 Golimumab 63,285 19.0 9.09 575,319 20.0 7.69 486,809
 Sarilumab 87,168 24.0 6.25 544,800 23.0 6.25 544,800
 Tocilizumab 27,350 NR N/A N/A 28.0 4.76 130,240
 Tofacitinib 58,996 21.0 7.69 453,818 NR N/A N/A
 csDMARD N/A 8.0 N/A N/A 7.0 N/A N/A

ACR70
 Abatacept 57,663 10.0 12.50 720,790 13.0 9.09 524,211
 Adalimumab 73,205 NR N/A N/A NR N/A N/A
 Baricitinib 28,528 8.0 16.67 475,464 7.0 20.00 570,557
 Certolizumab pegol 65,711 7.0 20.00 1,314,228 NR N/A N/A
 Etanercept 73,205 NR N/A N/A NR N/A N/A
 Golimumab 63,285 7.0 20.00 1,265,703 9.0 14.29 904,073
 Sarilumab 87,168 10.0 12.50 1,089,601 10.0 12.50 1,089,601
 Tocilizumab 27,350 NR N/A N/A 13.0 9.09 248,641
 Tofacitinib 58,996 9.0 14.29 842,805 NR N/A N/A
 csDMARD N/A 2.0 N/A N/A 2.0 N/A N/A
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expensive. Given comparable response rates across TNFis, 
JAKs, and non-TNFis, NNT values versus csDMARD were 
also similar across treatments. Baricitinib had the lowest 
cost per additional responder across all three ACR criteria 
at 12 weeks due to its comparable efficacy and low relative 
cost. At 24 weeks, baricitinib was second to tocilizumab for 
ACR20 and ACR50, and third to tocilizumab and abata-
cept for ACR70. Efficacy differences between baricitinib 
and tocilizumab are likely explained by differences in the 
underlying study populations and should be interpreted with 
caution. Tocilizumab reported a better response rate than 
baricitinib, although this may be due to differences in the 
study population. The patient population in the baricitinib 
trial had a longer duration of disease (14 years vs. 11.1 years 
for tocilizumab), higher proportion on prior non-TNFi (40% 
vs. 0% for tocilizumab), and a higher proportion on more 
than three biologics than the other trials included in the 
NMA (29% vs. value not reported for tocilizumab) [6, 53].

The NMA results are consistent with prior NMAs con-
ducted in the TNFi-IR population, published before the 
availability of baricitinib, in that they also showed compa-
rable efficacy across bDMARDs and tocilizumab [82–84]. 
A more recent NMA that included baricitinib 4 mg (the 
approved dose in the European Union [85]), which was 
conducted as part of a technology appraisal guidance by 
NICE [48], also drew similar conclusions about comparable 
efficacy [86]. In that NMA, tocilizumab plus csDMARDs 
also showed better response rates than all other treatments 
(using the European League Against Rheumatism [EULAR] 
response criteria), although clinical experts highlighted that 
the tocilizumab trial had different characteristics than the 
trials for the other treatments and deemed tocilizumab to 
have similar efficacy to other bDMARDs [48].

Two prior BIMs related to the TNFi-IR population were 
published before the availability of baricitinib. The first 
BIM estimated the 5-year budget impact of sarilumab to US 
healthcare commercial payers by considering a patient popu-
lation with moderate-to-severe RA and IR to csDMARDs or 
TNFis [49]. Overall, the analysis found that sarilumab was 

cost saving with a lower treatment cost and consistent dos-
ing. The analysis highlighted the need for lower cost options 
in RA and the importance of considering claims-based anal-
yses to understand real-world trends. While the second BIM 
was not directly comparable to the one presented here given 
differences in structure and purpose, the results are still rel-
evant and insightful. In 2018, Claxton et al. [87] (an update 
of Claxton et al. [88]) investigated the economic impact of 
treatment cycling with DMARDs versus using a JAK inhibi-
tor (tofacitinib) directly following methotrexate, or after 
methotrexate and one or two previous TNFis. The authors 
report that tofacitinib directly following methotrexate was 
associated with the lowest total 2-year costs, PMPM costs, 
and costs per ACR20/50 responder versus adalimumab and 
etanercept. Their study supports the notion that switching 
to another therapy with a different mechanism of action is 
potentially more cost saving than switching from one TNFi 
to another TNFi.

This study had several limitations that should be consid-
ered when interpreting the results. First, for the BIM, there 
was a lack of data on the number of patients who were csD-
MARD IRs among treated patients with moderate-to-severe 
RA. This value was derived from a retrospective analysis of 
the Corrona Rheumatoid Arthritis Disease Registry and was 
calculated as those with worsening or sustained moderate 
to high disease activity among those who initiated TNFis in 
the index period. This value was included in a one-way sen-
sitivity analysis and did not impact trends. Second, current 
market share data are based on an analysis using commercial 
claims data, which tends to under-represent the 65 + popula-
tion and may not fully represent the csDMARD-IR popu-
lation. Although the Truven Health MarketScan Research 
data are a limited sample, they do cover the entire US popu-
lation, allowing for greater generalizability to the USA as 
opposed to using site-specific or regional data. Third, the 
BIM calculated drug acquisition costs based on assumptions 
on dosing and dose escalation. While dose escalation occurs 
on a per-patient basis, the model sought to capture these 
changes on overall costs over time using the best available 

Table 6  Budget impact model 
results

All costs correspond to 2019 US dollars
csDMARD conventional synthetic disease-modifying antirheumatic drug, PMPM per member per month, 
PMPY per member per year, PPPM per patient per month, PPPY per patient per year

Model result Base Case 1: second-line after csD-
MARD ($US)

Base Case 2: third-line after csD-
MARD

Year 1 Year 2 Year 1–2 Year 1 Year 2 Year 1–2

Overall cost to plan − 24,688 − 145,053 − 169,742 − 19,718 − 115,753 − 135,471
PMPM 0.00 − 0.01 − 0.01 0.00 − 0.01 − 0.01
PMPY − 0.02 − 0.15 − 0.08 − 0.02 − 0.12 − 0.07
PPPM − 6 − 32 − 19 − 5 − 25 − 15
PPPY − 69 − 380 − 230 − 55 − 304 − 184
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(a) Posterior median difference in ACR20 response rate (with 95% credible interval) of BARI 2 mg + csDMARD relative to active treatment at 12 
weeks (simultaneous fixed-effects probit model)a
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csDMARD
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SARI 200-mg + csDMARD

 21.2% [ 10.5%; 31.3%]

 -4.2% [-17.9%;  9.1%]

  1.7% [-12.5%; 15.5%]

-1.2% [-15.3%; 12.7%]

  3.0% [ -8.2%; 14.4%]

-3.9% [-16.6%;  8.6%]

 MTD    [95% Cr-Int]     

(b) Posterior median difference in ACR50 response rate (with 95% credible interval) of BARI 2 mg + csDMARD relative to active treatment at 12
weeks (simultaneous fixed-effects probit model)a
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12.7% [ 4.4%; 23.8%]

-3.1% [-14.5%; 7.0%]

1.2% [-9.4%; 11.7%]

-0.9% [-12.1%; 9.7%]

2.0% [-5.8%; 11.2%]

-2.8% [-13.2%; 6.8%]

MTD    [95% Cr-Int]     

(c) Posterior median difference in ACR70 response rate (with 95% credible interval) of BARI 2 mg + csDMARD relative to active treatment at 12
weeks (simultaneous fixed-effects probit model)a
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Posterior median difference (with 95% Credible Interval)
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0.6% [-5.5%; 6.8%]
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1.0% [-3.2%; 6.8%]
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Fig. 2  ACR forest plots. a Posterior median difference in ACR20 
(a), ACR50 (b), and ACR70 (c) response rate (with 95% cr-Int) of 
BARI 2  mg + csDMARD relative to active treatment at 12  weeks 
(simultaneous fixed-effects probit model) and Posterior median differ-
ence in ACR20 (d), ACR50 (e), and ACR70 (f) response rate (with 
95% cr-Int) of BARI 2  mg + csDMARD relative to active treatment 
at 24 weeks (simultaneous fixed-effects probit model). Differences > 0 
are in favor of BARI 2 mg + csDMARD, with the graph quantifying 

the median difference in ACR response in % for BARI 2 mg + csD-
MARD relative to each comparator. ABA abatacept, ACR  American 
College of Rheumatology, ACR20/50/70 American College of Rheu-
matology 20%/50%/70% improvement criteria, BARI baricitinib, Cr-
Int credible interval, csDMARD conventional synthetic disease-modi-
fying antirheumatic drug, CZP certolizumab pegol, GOL golimumab, 
MTD median treatment difference, TCZ tocilizumab, TOFA tofaci-
tinib, SARI sarilumab
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evidence from the literature. Finally, for the NMA, cross-
study heterogeneity and the small number of studies on clini-
cal performance limit the ability to draw clear conclusions. 

Testing the effect of heterogeneity and for overall robustness 
though planned sensitivity analyses was not feasible due to 
the sparseness of the data.

(d) Posterior median difference in ACR20 response rate (with 95% credible interval) of BARI 2 mg + csDMARD relative to active treatment at 24 
weeks (simultaneous fixed-effects probit model)a
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Posterior median difference (with 95% Credible Interval)
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(e)Posterior median difference in ACR50 response rate (with 95% credible interval) of BARI 2 mg + csDMARD relative to active treatment at 24
weeks (simultaneous fixed-effects probit model)a
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(f) Posterior median difference in ACR70 response rate (with 95% credible interval) of BARI 2 mg + csDMARD relative to active treatment at 24
weeks (simultaneous fixed-effects probit model)a

aDifferences >0 are in favor of BARI 2-mg + csDMARD, with the graph quantifying the median difference in ACR response in % for BARI 2-mg + csDMARD relative to each comparator.

ABA: abatacept; ACR: American College of  Rheumatology; BARI: baricitinib; csDMARD: conventional synthetic disease-modifying antirheumatic drug; Cr-Int: credible interval; CZP: certolizumab 
pegol; GOL: golimumab; MTD: median treatment difference; TCZ: tocilizumab; TNFi: tumor necrosis factor inhibitor; TOFA: tofacitinib; SARI: sarilumab
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Fig. 2  (continued)
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5  Conclusion

Baricitinib, compared with tsDMARDs and bDMARDs 
in the TNFi-IR population in this analysis, is a less expen-
sive option with similar efficacy. Adding baricitinib to a 
formulary would likely be cost saving for US payers and 
expands treatment options for adult patients with moderately 
to severely active RA who have had an IR to one or more 
TNFis.
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