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Objective: To estimate the 5-year budget impact (BI) on a US health plan of introducing sari-

lumab – a human immunoglobulin G1 anti-IL-6 receptor α monoclonal antibody – as combination 

treatment with conventional synthetic disease-modifying antirheumatic drugs (csDMARDs) or 

monotherapy in patients with moderate-to-severe rheumatoid arthritis (RA).

Methods: BI analysis was conducted from a commercial payer perspective. Treatment-eligible 

populations included adult patients with moderate-to-severe RA and inadequate response (IR) 

to csDMARDs or tumor necrosis factor (TNF)-α inhibitors-IR. All licensed biologic treatments 

recommended by the American College of Rheumatology guidelines were included.

Results: For a hypothetical plan of one million members, 409 csDMARD-IR and 345 TNF-IR 

patients were annually eligible for combination therapy and 226 csDMARD and TNF-IR patients 

for monotherapy with sarilumab. Based on 2018 US direct treatment costs, the introduction of 

sarilumab was estimated to save $526,424, $322,637 and $264,306 over 5 years for csDMARD-IR 

combination therapy patients, TNF-IR combination therapy patients, and csDMARD-IR/TNF-

IR monotherapy patients, respectively. As sarilumab absorbed a greater market share over the 

horizon, annual savings increased from years 1 to 5, $28,610 (–0.14%) to $194,646 (–0.83%) 

in csDMARD-IR, $16,986 (–0.11%) to $120,893 (–0.67%) in TNF-IR, and $14,256 (–0.13%) 

to $98,040 (–0.79%)  in monotherapy. One-way sensitivity analyses revealed that the model 

was most sensitive to variations in sarilumab adherence.

Conclusion: Total cost savings of introducing sarilumab to a health-care plan accrued from 

years 1 to 5, attributable to the lower treatment cost, stable dosing paradigm, and price parity 

for the two available doses (150 and 200 mg every 2 weeks) compared with alternative biologic 

DMARDs that have substantial variability in dose titration/schedules.
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Introduction
It is estimated that 1.5 million adults in the US have a diagnosis of rheumatoid arthritis 

(RA).1 Disease chronicity and need for long-term therapy create substantial lifetime 

humanistic burden to patients and economic burden to payers and society.2,3 Inadequate 

response (IR) or intolerance to treatment adds to the challenges of managing RA, and 

increases the associated burden.4,5

Treatment with conventional synthetic (cs) disease-modifying antirheumatic drug 

(DMARD) monotherapy (eg, methotrexate) forms the standard of care for treatment-

naïve RA patients. For patients with moderate-to-severe RA and IR to csDMARD 
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monotherapy (csDMARD-IR), a broad range of biologic 

DMARDs (bDMARDs) including tumor necrosis factor 

inhibitor (TNFi; adalimumab, certolizumab, etanercept, 

golimumab, and infliximab) and non-TNFi (abatacept, 

rituximab, sarilumab, and tocilizumab) treatments can be 

added.6 For patients who have IR and/or intolerance to one 

or more TNFi agents (TNF-IR), switching from one class of 

bDMARDs to another with a different mechanism of action, 

such as T- or B-cell inhibitors or IL-6 inhibitors, is suggested 

in RA treatment guidelines.6

Despite the number of treatment options available, patients 

may fail to respond to, maintain response to, or must stop 

therapy due to adverse events; therefore, new therapies con-

tinue to provide valuable options for patients with this chronic 

condition. Sarilumab is a human immunoglobulin G1 (IgG1) 

anti-IL-6 receptor α (anti-IL-6Rα) monoclonal antibody 

(IL-6 has been shown to contribute to inflammation and joint 

destruction in RA);7 Phase III studies have confirmed its effi-

cacy and safety in patients with RA as a monotherapy8 as well 

as in combination with methotrexate or other csDMARDs.9–11

Whereas disease cost offsets can potentially be realized 

from effective treatment,4 drug costs are responsible for a 

large share of the RA cost burden,12 and the budgetary con-

sequences of introducing any new treatment options to health 

systems are of concern to payers. In the face of health-care 

resource constraints, budget impact analysis enables evaluat-

ing the financial consequences of adopting and diffusing a 

health-care intervention for a target population, within a given 

health-care setting.13 The current budget impact analysis 

was conducted from a US commercial payer perspective to 

assess the financial consequences associated with the adop-

tion of sarilumab into commercial health-care formularies 

as combination therapy with csDMARDs or as monotherapy 

for patients with moderate-to-severe RA.

Methods
Model structure
A 5-year budget-impact model was constructed using Micro-

soft Excel 2007. A market-based approach was followed that 

first estimated the current or baseline annual budget of a 

health-care plan for treatment, assuming sarilumab was not 

commercially available. Certain market and pricing assump-

tions (summarized in Table S1), including the commercial 

availability of sarilumab, were then modified and the impact 

on annual budgets was projected. The budget impact is the 

difference between the projected and current (or baseline) 

estimated total cost over a 5-year time horizon for the phar-

macy, medical, or total health-care plan budgets.

Model inputs
Population
Sarilumab is indicated for the treatment of moderate-to-

severe active RA in adults who have had an IR to one or 

more DMARDs. Data supporting the efficacy and safety of 

sarilumab as monotherapy and combination therapy with 

csDMARDs have been previously reported.9–11,13 Two target 

populations consistent with the indication were considered 

for comparative analyses of the budget impact of sarilumab. 

These mutually exclusive populations comprised csDMARD-

IR patients (ie, biologic-naïve patients with IR to csDMARD) 

and TNF-IR patients (ie, patients with IR to TNFi). The model 

quantified the target populations for sarilumab on the basis 

of demographic and epidemiological assumptions applied to 

a starting hypothetical managed-care plan population of one 

million covered lives. The adult population (age ≥18 years) 

was based on 2017 US Census data estimates. An RA preva-

lence rate of 0.6% was based on published epidemiologic 

data of RA in US adults (Table 1).14

Among the 65.5% of patients with moderate-to-severe 

RA,15 approximately 93.6% of patients were currently receiv-

ing DMARD therapy.16 Three treatment settings were consid-

ered: 1) TNF-IR, 2) csDMARD-IR (in both of these settings, 

patients were treated with csDMARDs+ bDMARDs – ie, 

combination therapy), and 3) pooled csDMARD-IR and TNF-

IR monotherapy (csDMARD-IR or bDMARD-IR patients 

treated with bDMARDs alone). The final eligible target patient 

populations for the three treatment settings of interest (Table 1) 

were then based on the proportion of patients treated with either 

a csDMARD or bDMARD, as estimated via a retrospective 

database analysis of real-world prescription claims among 

treated patients (Adelphi Marketing Study, Sanofi, data on file).

The csDMARD-IR rate, defined as those who failed to 

meet American College of Rheumatology (ACR) 20 crite-

ria17 by Week 52, was based on data from three large pivotal 

trials: 53/212 (25%) from TEMPO,18 95/257 (37%) from 

PREMIER,19 and 126/274 (46%) from ASPIRE.20 Thus, 

overall, 36.9% (n=274/743) of treated patients failed to meet 

the ACR20 criteria (Table 1).

Market shares of treatments
The treatment comparators were based on the treatments 

recommended by the ACR guidelines,6 comprising non-TNF 

biologics, TNFi biologics, and Janus kinase (JAK) inhibitors. 

All licensed RA treatments that are currently on the market 

were included in each category. However, some RA treatments 

(eg, azathioprine, cyclosporine, minocycline, and gold) were 

excluded from the budget-impact analysis due to their absence 
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from the ACR guidelines.6 Market distributions by drug were 

based on current US market trends and reflect the anticipated 

primary comparators to sarilumab. Market-share estimates 

were derived from market forecast research (Sanofi/ Regeneron 

Pharmaceuticals, Inc., data on file), which estimated patient 

utilization by line of therapy, and patient utilization data from 

Decision Resources 2011 (Table 2). Due to the absence of 

market-share data, anakinra was excluded from the analyses. 

The sarilumab market share was assumed to be zero in the 

base-case scenario. In the projected scenario which illustrates 

the availability of sarilumab, the sarilumab adoption rates 

were assumed to be 0.50%, 1.00%, 1.50%, 2.00%, and 2.50% 

in years 1 through 5, respectively, of the total annual market 

share (Table 2). Due to the absence of data on market-share 

migration, it was assumed that the annual market shares for 

the comparator treatments were equi-proportionally reduced 

by the annual adoption rates for sarilumab, consistent with 

other budget-impact analyses of RA treatments.21

Treatment assumptions
The model does not assume treatment use over the entire 

5-year horizon; rather, a comparable 1-year duration of 

Table 1 Estimates of treatment-eligible population: demographic and epidemiological parameters and estimates of treatment-eligible 
populations

Parameter Year 1
n (%)

Year 2
n (%)

Year 3
n (%)

Year 4
n (%)

Year 5
n (%)

Source

Covered lives 1,000,000 1,000,000 1,000,000 1,000,000 1,000,000 (assumption)
adults 772,521 (77.3%) 774,104 (77.4%) 775,827 (77.6%) 777,291 (77.7%) 778,393 (77.8%) 29
Prevalence of Ra 4,635 (0.6%) 4,645 (0.6%) 4,655 (0.6%) 4,664 (0.6%) 4,670 (0.6%) 14
Moderate-to-severe Ra 
patients

3,038 (65.5%) 3,044 (65.5%) 3,051 (65.5%) 3,056 (65.5%) 3,061 (65.5%) 15

DMaRD-treated patients 2,843 (93.6%) 2,849 (93.6%) 2,855 (93.6%) 2,861 (93.6%) 2,865 (93.6%) 16
csDMARD patients
csDMaRD-treated 
patients

1,109 (39.0%) 1,111 (39.0%) 1,113 (39.0%) 1,116 (39.0%) 1,117 (39.0%) adelphi Marketing 
Study (Sanofi DOF, 
manuscript pending)

csDMaRD-iR patients 409 (36.9%) 410 (36.9%) 411 (36.9%) 412 (36.9%) 412 (36.9%) 18,19,30
TNFi patients
TnFi-treated patients 1,085 (38.2%) 1,087 (38.2%) 1,090 (38.2%) 1,092 (38.2%) 1,093 (38.2%) adelphi Marketing 

Study (Sanofi DOF; 
publication pending)

TnF-iR patients 345 (31.8%) 346 (31.8%) 346 (31.8%) 347 (31.8%) 348 (31.8%) 31
Pooled csDMARD and TNFi patients
csDMaRD- or TnFi-
treated patients

2,194 (77.2%) 2,198 (77.2%) 2,203 (77.2%) 2,207 (77.2%) 2,210 (77.2%) adelphi Marketing 
Study (Sanofi DOF; 
publication pending)

csDMaRD-iR or TnF-iR 
patients

754 (34.4%) 756 (34.4%) 757 (34.4%) 759 (34.4%) 760 (34.4%) 18,19,30,31

csDMaRD-iR and TnF-iR 
monotherapy patients

226 (30.0%) 227 (30.0%) 227 (30.0%) 228 (30.0%) 228 (30.0%) 32

Abbreviations: DMaRD, disease-modifying antirheumatic drug; iR, inadequate response; Ra, rheumatoid arthritis; TnFi, tumor necrosis factor inhibitor; csDMaRD, 
conventional synthetic disease-modifying antirheumatic drug; DOF, data on file.

 treatment (DOT) was assumed for all treatments, with the 

basis of this standardization due to the lack of real-world 

DOT data for sarilumab. Dosing requirements and infusion 

times were obtained from drug-prescribing information. For 

treatments administered according to body weight, the model 

assumed that all patients had an average weight of 81.8 kg, 

based on the national average weight of males and females in 

the US, taken from the National Center for Health Statistics.22 

TNF-IR and csDMARD-IR populations were assumed to be 

administered csDMARD combination therapy with metho-

trexate. Rates of methotrexate use were adopted from Chen 

et al (2016)23 for all treatments except sarilumab, which was 

assumed to be 100%, and tofacitinib, which was assumed to 

be a mid-point value of 50% due to lack of evidence.

Dose titration in RA treatment is commonly observed in 

real-world practice as patients and physicians strive to achieve 

and maintain treatment response in RA patients. Therefore, 

the model considers dose titration with the RA drugs. For 

sarilumab, 150 and 200 mg subcutaneous (SC) doses are 

available, and it was assumed that patients would begin 

sarilumab treatment with the 200-mg dose with an option to 

decrease to 150 mg if required as per the label. Dose-titration 
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Table 2 Estimates of treatment-eligible population: projected patient treatment distributions

Baseline
%, n

Year 1
projected
%, n

Year 2
projected
%, n

Year 3
projected
%, n

Year 4
projected
%, n

Year 5
projected
%, n

csDMARD-IR patients
non-TnFi biologics

abatacept (sC) 4.14%, 17 4.12%, 17 4.10%, 17 4.08%, 17 4.06%, 17 4.04%, 17
abatacept (iV) 2.95%, 12 2.93%, 12 2.92%, 12 2.90%, 12 2.89%, 12 2.87%, 12
Rituximab 3.01%, 12 3.00%, 12 2.98%, 12 2.97%, 12 2.95%, 12 2.94%, 12
sarilumab 0.00%, 0 0.50%, 2 1.00%, 4 1.50%, 6 2.00%, 8 2.50%, 10
Tocilizumab (sC) 2.48%, 10 2.47%, 10 2.46%, 10 2.44%, 10 2.43%, 10 2.42%, 10
Tocilizumab (iV) 1.55%, 6 1.54%, 6 1.54%, 6 1.53%, 6 1.52%, 6 1.51%, 6

TnFi biologics
adalimumab 25.89%, 106 25.76%, 105 25.63%, 105 25.50%, 105 25.37%, 104 25.24%, 104
Certolizumab pegol 4.17%, 17 4.15%, 17 4.13%, 17 4.11%, 17 4.09%, 17 4.06%, 17
Etanercept 26.18%, 107 26.05%, 107 25.92%, 106 25.79%, 106 25.66%, 106 25.53%, 105
golimumab (sC) 2.50%, 10 2.49%, 10 2.48%, 10 2.46%, 10 2.45%, 10 2.44%, 10
golimumab (iV) 4.38%, 18 4.36%, 18 4.33%, 18 4.31%, 18 4.29%, 18 4.27%, 18
Infliximab 17.51%, 72 17.42%, 71 17.33%, 71 17.25%, 71 17.16%, 71 17.07%, 70
Infliximab biosimilar 1.68%, 7 1.67%, 7 1.66%, 7 1.65%, 7 1.65%, 7 1.64%, 7

JaK inhibitors
Tofacitinib 3.56%, 15 3.54%, 15 3.52%, 14 3.51%, 14 3.49%, 14 3.47%, 14
Total 100.00%, 409 100.00%, 409 100.00%, 410 100.00%, 411 100.00%, 412 100.00%, 412

TNF-IR patients
non-TnFi biologics

abatacept (sC) 12.71%, 44 12.64%, 44 12.58%, 44 12.52%, 43 12.45%, 43 12.39%, 43
abatacept (iV) 9.04%, 31 8.99%, 31 8.95%, 31 8.90%, 31 8.86%, 31 8.81%, 31
Rituximab 9.24%, 32 9.19%, 32 9.15%, 32 9.10%, 32 9.06%, 31 9.01%, 31
sarilumab 0.00%, 0 0.50%, 2 1.00%, 4 1.50%, 5 2.00%, 7 2.50%, 9
Tocilizumab (sC) 7.61%, 26 7.57%, 26 7.53%, 26 7.50%, 26 7.46%, 26 7.42%, 26
Tocilizumab (iV) 4.76%, 16 4.73%, 16 4.71%, 16 4.68%, 16 4.66%, 16 4.64%, 16

TnFi biologics
adalimumab 14.95%, 52 14.88%, 51 14.81%, 51 14.73%, 51 14.66%, 51 14.58%, 51
Certolizumab pegol 2.41%, 8 2.40%, 8 2.38%, 8 2.37%, 8 2.36%, 8 2.35%, 8
Etanercept 15.12%, 52 15.05%, 52 14.97%, 52 14.90%, 52 14.82%, 51 14.75%, 51
golimumab (sC) 1.44%, 5 1.44%, 5 1.43%, 5 1.42%, 5 1.42%, 5 1.41%, 5
golimumab (iV) 2.53%, 9 2.52%, 9 2.50%, 9 2.49%, 9 2.48%, 9 2.47%, 9
Infliximab 10.11%, 35 10.06%, 35 10.01%, 35 9.96%, 34 9.91%, 34 9.86%, 34
Infliximab biosimilar 0.97%, 3 0.96%, 3 0.96%, 3 0.96%, 3 0.95%, 3 0.95%, 3

JaK inhibitors
Tofacitinib 9.11%, 31 9.06%, 31 9.01%, 31 8.97%, 31 8.92%, 31 8.88%, 31
Total 100.00%, 345 100.00%, 345 100.00%, 346 100.00%, 346 100.00%, 347 100.00%, 348

Combination therapy patients (pooled csDMARD-IR and TNF-IR)
non-TnFi biologics

abatacept (sC) 8.09%, 61 8.09%, 61 8.07%, 61 7.93%, 60 7.91%, 60 7.89%, 60
abatacept (iV) 5.70%, 43 5.70%, 43 5.69%, 43 5.68%, 43 5.67%, 43 5.66%, 43
Rituximab 5.84%, 44 5.84%, 44 5.82%, 44 5.81%, 44 5.67%, 43 5.66%, 43
sarilumab 0.00%, 0 0.53%, 4 1.06%, 8 1.45%, 11 1.98%, 15 2.50%, 19
Tocilizumab (sC) 4.77%, 36 4.77%, 36 4.76%, 36 4.76%, 36 4.74%, 36 4.74%, 36
Tocilizumab (iV) 2.92%, 22 2.9%, 22 2.91%, 22 2.91%, 22 2.90%, 22 2.89%, 22

TnFi biologics
adalimumab 20.95%, 158 20.69%, 156 20.63%, 156 20.61%, 156 20.42%, 155 20.39%, 155
Certolizumab pegol 3.32%, 25 3.32%, 25 3.31%, 25 3.30%, 25 3.29%, 25 3.29%, 25
Etanercept 21.09%, 159 21.09%, 159 20.90%, 158 20.87%, 158 20.69%, 157 20.53%, 156
golimumab (sC) 1.99%, 15 1.99%, 15 1.98%, 15 1.98%, 15 1.98%, 15 1.97%, 15
golimumab (iV) 3.58%, 27 3.58%, 27 3.57%, 27 3.57%, 27 3.56%, 27 3.55%, 27
Infliximab 14.19%, 107 14.06%, 106 14.02%, 106 13.87%, 105 13.83%, 105 13.68, 104
Infliximab biosimilar 1.33%, 10 1.33%, 10 1.32%, 10 1.32%, 10 1.32%, 10 1.32%, 10

(Continued)
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estimates for each of the other treatments considered the time 

to dose titration, the percentage of patients titrating, and the 

magnitude of dose titration (Table 3).

Adherence to treatment was assumed to impact the number 

of DMARD doses and administrations. The model considered 

that all patients were 100% adherent during the 8-week induc-

tion phase; however, adherence, after the induction phase, 

declined at rates specific to each treatment (Sanofi-Regeneron 

data on file: Decision Resources - Immune and Inflammatory 

Disorders Study: Rheumatoid Arthritis. 2011), reducing the 

volume of medication consumed during the maintenance phase.

Costs
Direct medical costs (reported in 2018 USD) associated 

with treatment were considered for analysis; these included 

individual wholesale acquisition costs (April 2018) of RA 

treatments and concomitant medications, administration 

costs, and individual drug-monitoring costs. Other direct 

medical costs such as outpatient visits were not included, as 

this resource use was anticipated to be similar across the treat-

ments and, therefore, contributory to non-differential costs. 

Moreover, adverse event costs were not included due to the 

heterogeneity of how severity is defined, such as for infec-

tions, and consequently valued, in the published literature.

Baseline
%, n

Year 1
projected
%, n

Year 2
projected
%, n

Year 3
projected
%, n

Year 4
projected
%, n

Year 5
projected
%, n

JaK inhibitors
Tofacitinib 6.10%, 46 6.10%, 46 5.95%, 45 5.94%, 45 5.93%, 45 5.92%, 45
Total 100.00%, 754 100.00%, 754 100.00%, 756 100.00%, 757 100.00%, 759 100.00%, 760

Monotherapy patients (pooled csDMARD-IR or TNF-IR)
non-TnFi biologics

abatacept (sC) 7.22%, 16 7.19%, 16 7.15%, 16 7.12%, 16 7.08%, 16 7.04%, 16
abatacept (iV) 5.14%, 12 5.11%, 12 5.09%, 12 5.06%, 12 5.03%, 12 5.01%, 11
Rituximab 5.25%, 12 5.23%, 12 5.20%, 12 5.17%, 12 5.15%, 12 5.12%, 12
sarilumab 0.00%, 0 0.50%, 1 1.00%, 2 1.50%, 3 2.00%, 5 2.50%, 6
Tocilizumab (sC) 4.33%, 10 4.30%, 10 4.28%, 10 4.26%, 10 4.24%, 10 4.22%, 10
Tocilizumab (iV) 2.70%, 6 2.69%, 6 2.68%, 6 2.66%, 6 2.65%, 6 2.64%, 6

TnFi biologics
adalimumab 21.96%, 50 21.85%, 49 21.74%, 49 21.63%, 49 21.52%, 49 21.41%, 49
Certolizumab pegol 3.54%, 8 3.52%, 8 3.50%, 8 3.48%, 8 3.46%, 8 3.45%, 8
Etanercept 22.20%, 50 22.09%, 50 21.98%, 50 21.87%, 50 21.76%, 50 21.65%, 49
golimumab (sC) 2.12%, 5 2.11%, 5 2.10%, 5 2.09%, 5 2.08%, 5 2.07%, 5
golimumab (iV) 3.71%, 8 3.69%, 8 3.68%, 8 3.66%, 8 3.64%, 8 3.62%, 8
Infliximab 14.85%, 34 14.78%, 33 14.70%, 33 14.63%, 33 14.55%, 33 14.48%, 33
Infliximab biosimilar 1.42%, 3 1.42%, 3 1.41%, 3 1.40%, 3 1.40%, 3 1.39%, 3

JaK inhibitors
Tofacitinib 5.55%, 13 5.53%, 13 5.50%, 13 5.47%, 12 5.44%, 12 5.42%, 12
Total 100.00%, 226 100.00%, 226 100.00%, 227 100.00%, 227 100.00%, 228 100.00%, 228

Abbreviations: DMaRD, disease-modifying antirheumatic drug; iR, inadequate response; iV, intravenous; JaK, Janus kinase; Ra, rheumatoid arthritis; sC, subcutaneous; 
TnF, tumor necrosis factor; TnFi, tumor necrosis factor inhibitor; csDMaRD, conventional synthetic disease-modifying antirheumatic drug.

Table 2 (Continued)

Individual drug costs reflected the health-care plan ben-

efit structure (eg, tier placement and patient cost-sharing 

schemes, such as co-payment amount or co-insurance rate) 

to more accurately represent the final cost to the commercial 

health-care plan. Except for methotrexate and prednisone, 

which were allocated to Tier 1 ($11.00 co-payment; 17.0% 

co-insurance) because of their available generic formula-

tions, all other comparators were allocated to “specialty 

tier” ($54.00 co-payment; 43.0% co-insurance)24 based on 

their cost exceeding $670 per month.25 National co-payment 

amounts for commercial health-care plan medical and phar-

macy benefits, by tier, were obtained from 2015 Kaiser Family 

Foundation (KFF) data.24 A dispensing fee of either $1.87 

for brands or $1.77 for generic products was implemented 

across all comparators except those administered intrave-

nously.26 In the base-case analysis, published wholesale 

acquisition costs (WAC) of drugs were utilized (Table 4). 

The compound annual growth rate for drug price increases 

levied by the manufacturer between 2013 and 2018 were 

calculated in order to estimate the projected annual price 

increases for each drug.

According to the 2015 ACR guidelines,6 RA patients with 

moderate or severe disease activity despite treatment with 

csDMARDs or biologic therapy are recommended low-dose 
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Table 3 Dose titration and combination treatment with methotrexate

Time to dose  
titration (weeks)

Percentage of 
patients titrating

Magnitude of dose 
titration from 
maintenance dose

Rate of combination 
treatment with 
methotrexate23

Non-TNFi biologics
sarilumab 12.0a 30.0% (Data on file) –25.0% 100.00%b

Tocilizumab (sC) 12.0a 65.0%c 100.0% 60.00%
Tocilizumab (iV) 12.0a 51.6%d 100.0%33 60.00%
abatacept (sC)e 0.0 0.0% 0.0% 80.81%
abatacept (iV) 0.0 0.0% 0.0% 80.81%
Rituximab 24.0a 56.0%34 –13.3%34 74.14%

TNFi biologics
Etanercept 17.635 2.8%36 15.5%36 71.25%
Infliximab 27.335 69.6%36 44.9%36 87.28%
adalimumab 22.4f 15.7%36 44.9%36 84.78%
Certolizumab pegol 22.4f 17.9%g 29.7%g 83.33%
golimumab (sC) 22.4f 17.9%g 29.7%g 83.33%
golimumab (iV) 22.4f 17.9%g 29.7%g 83.33%
Infliximab biosimilar 27.335 69.6%36 44.9%36 87.28%

JAK inhibitors
Tofacitinib 0.0 0.0% 0.0% 50.00%b

Notes: ain the absence of observational data estimating the average time to titration, it is assumed that patients titrate at their 3-month follow-up if they do not adequately 
respond or due to tolerability issues. bassumptions due to unavailability of data; for tofacitinib, 50% is the mid-point value. cRegeneron and Sanofi US Real World Actemra SC 
Dosing Study using Truven MarketScan Databases. 2016 (Data on file). dGNS TNF cycling predictive analytics project (data on file). eDose titration is not recommended for 
abatacept (package insert). fAssumption based on the average time to escalation of etanercept and infliximab.35 gWeighted average of etanercept, infliximab, and adalimumab 
derived from Joyce et al.36

Abbreviations: iV, intravenous; JaK, Janus kinase; sC, subcutaneous; TnF, tumor necrosis factor; TnFi, tumor necrosis factor inhibitor.

Table 4 Drug cost summary

Drug costs Dose Package size WAC Unit 
WAC 

Annual 
costa

Annual price 
increaseb

Net WAC with 
ICER specified 
discountsc

Non-TNFi biologics
abatacept (sC) 125.0 mg 4 syringes $4,131 $1,033 $57,359 13.5% $2892
abatacept (iV) 250.0 mg 1 vial $1,046 $1,046 $49,906 13.5% $732
Rituximab (iV) 100.0 mg 1 vial $835 $835 $50,863 5.0% $710
sarilumab (sC) 150.0 mg 2 syringes $3,159 $1,580 $43,317 5.3% $2,527
sarilumab (sC) 200.0 mg 2 syringes $3,159 $1,580 $41,208 5.3% $2,527
Tocilizumab (sC) 162.0 mg 1 syringe $985 $985 $40,117 8.4% $788
Tocilizumab (iV) 80.0 mg 1 vial $417 $417 $39,038 6.3% $333
TNFi biologics
adalimumab (sC) 40.0 mg 6 pens $14,616 $2,436 $73,542 14.9% $10,231
Certolizumab pegol (sC) 200.0 mg 3 syringe kits $12,132 $4,044 $68,232 9.9% $8,493
Etanercept (sC) 50.0 mg 4 syringes $4,872 $1,218 $59,953 16.4% $3,410
golimumab (sC) 50.0 mg 1 syringe $4,520 $4,520 $68,955 14.5% $3,164
golimumab (iV) 50.0 mg 1 vial $1,734 $1,734 $59,952 14.5% $1,213
Infliximab (IV) 100.0 mg 1 vial $1,168 $1,168 $37,228 8.3% $817
Infliximab (IV) biosimilar 100.0 mg 1 vial $889 $889 $28,332 8.3% $622
JAK inhibitors
Tofacitinib (Oral) 5.0 mg 60 tablets $4,099 $63 $46,213 15.5% $3,891
csDMARDs
Methotrexate 2.5 mg 100 tablets $236 $1 $1,139 0.0% not applicable
Concomitant medication:
Prednisone 10.0 mg 1 tablet $0.19 $0.19 $69 0.0% not applicable

Notes: aassuming full compliance, no fees, discounts or any patient out of pocket contributions. bBased on the compound annual growth rate for drug prices between January 
2013 to January 2016.37 cDiscounts: TnFi: 30%, CD-20 directed cytolytic antibody: 15%, T-cell inhibitors: 30%, il-6 inhibitors: 20%, JaK inhibitors: 5%.
Abbreviations: csDMaRD, conventional synthetic disease-modifying antirheumatic drug; iV, intravenous; JaK, janus kinase; sC, subcutaneous; TnFi, tumor necrosis factor 
inhibitor; WaC, wholesale acquisition cost. 
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glucocorticoids (≤10 mg/day of prednisone or equivalent); 

consequently, concomitant prednisone therapy costs were 

included in drug costs. In addition, costs of laboratory moni-

toring were included, on the basis of monitoring requirements 

published in the drug’s prescribing information; laboratory 

monitoring costs were based on the Medicare Clinical and 

Laboratory Fee Schedule.27

analyses
An analysis of the impact of sarilumab on pharmacy, 

medical, and total health-care budgets was conducted with 

annual and aggregated estimates up to Year 5. In addition, 

the average monthly costs per health-care plan member (ie, 

net per member per month [PMPM] costs) were evaluated. 

Furthermore, a scenario analysis was conducted where drug 

costs were net of class-level discounts as applied in the recent 

evidence report, Targeted Immune Modulators for Rheuma-

toid Arthritis: Effectiveness & Value issued by the Institute 

for Clinical and Economic Review (ICER).28 In this evalu-

ation, discounts were estimated by comparing average net 

prices for each agent over the four quarters of 2016 against 

its WAC. An average discount was then estimated for each 

drug class28: TNFi: 30%; CD-20 directed cytolytic antibody: 

15%; T-cell inhibitors: 30%; IL-6 inhibitors: 20%; and JAK 

inhibitors: 5% (Table 4).

One-way sensitivity analyses (OWSA) were conducted 

on the base-case budget impact to evaluate the effect to the 

model by varying input parameters within the range of ±20%. 

Base-case parameters included: sarilumab combination, 

sarilumab DOT, covered lives (Year 1), percentage adults 

(Year 1), prevalence of RA (Year 1), moderate-to-severe 

patients (Year 1), csDMARD-treated patients (Year 1), 

csDMARD-IR (Year 1), adalimumab compliance, and etan-

ercept compliance.

Results
Base-case analysis
For a hypothetical plan of one million members, the adult 

population increased from 772,521 in Year 1 to 778,393 in 

Year 5, with the prevalence of RA, including moderate-to-

severe RA, and DMARD use increasing proportionally over 

the horizon (Table 1). The prevalence of csDMARD and 

TNFi use along with csDMARD-IR and TNF-IR patient 

populations are shown in Table 1. The annual sarilumab-

eligible csDMARD-IR, TNF-IR, and monotherapy patient 

populations were estimated to be 409, 345, and 226 in Year 1, 

respectively, with a slight increase over time due to changing 

population demographics (Table 1).

Upon the introduction of sarilumab as an available treat-

ment for RA for those patients who have had an IR or who 

were intolerant to one or more DMARDs, the projected aver-

age annual pharmacy cost per patient per year (PPPY) over 

the 5-year horizon for sarilumab combination therapy was 

$36,949. Given equivalent cost per dose, the cost for sarilumab 

was stable despite titration. For comparators, PPPY treatment 

costs (taking into account titration) ranged from $24,063 for 

the infliximab biosimilar to $92,797 for etanercept (Figure 1).

As more patients in each of the patient populations 

received sarilumab treatment, total costs within a health plan 

decreased over the 5 years. In the csDMARD-IR population, 

savings grew from $28,610 (−0.14%) in Year 1 to $194,646  

(−0.85%) in Year 5 resulting in total savings of $526,424  

(0.49%) to the health-care plan over 5 years from the intro-

duction of sarilumab to the market (Figure 2A; Table S2A).

In the csDMARD-IR population, although additional 

monitoring requirements for sarilumab increased medical 

expenditures from $145 (2.40%) to $732 (1.19%) in years 

1 and 5, respectively, net savings were gained primarily 

from reduced costs of csDMARD, other bDMARD, JAK 

inhibitors, and concomitant medications ($27,638 [−0.14%] 

to $189,753 [−0.82%] in years 1 and 5, respectively), and 

decreased administration costs associated with IV thera-

pies ($1116 [−0.50%] to $5625 [−2.50%] in years 1 and 5, 

respectively) due to patient migration to sarilumab from the 

other available treatments. The average monthly cost per 

health-care plan member (ie, net PMPM cost savings) was 

neutral to moderately cost saving ($0.00 in Year 1 [−0.14%] 

and −$0.02 [−0.89%] in Year 5).

Similarly, for the TNF-IR treatment population, the 

base-case assumptions resulted in potential total health-

care plan cost savings of up to $322,637 (0.38%) over the 

5 years. Savings grew from $16,986 in year 1 to $120,893 

in Year 5, with relative savings increasing from 0.11% to 

0.67% ( Figure 2B; Table S2B). Furthermore, savings on a 

PMPM basis increased, from neutral ($0.00 [−0.11%]) in 

Year 1 to moderately cost-saving ($0.01 [−0.67%]) in Year 5. 

Additional monitoring requirements for sarilumab added 

to medical expenditures, $102 (0.18%) to $513 (0.91%) 

in years 1 and 5, respectively, and net savings were gained 

primarily from the reduced cost of other pharmaceuticals 

(−$15,947 [−0.10%] to −$115,658 [−0.66%]  in years 1 and 

5, respectively) and associated administration costs ($1141 

[−0.50%] to $5748 [−2.50%] in years 1 and 5, respectively).

When the csDMARD-IR and TNF-IR populations 

were pooled (combination therapy population), the total 

 health-care plan cost savings were $47,122 (−0.13%) in 
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Year 1, rising to $324,786 (−0.78%) in Year 5 (Figure 2C; 

Table S2C). As may be expected, these savings were primarily 

due to reduced cost of other treatment ($45,158 [−0.12%] 

to $314,895 [−0.77%] in years 1 and 5, respectively) and 

administration costs ($2215 [−0.50%] to $11,159 [−2.5%] 

in years 1 and 5, respectively).

In the pooled csDMARD-IR and TNF-IR monotherapy 

population, total health-care plan cost savings of up to 

$264,306 (−0.46%) accrued over 5 years; saving $14,256 

(−0.13%) in Year 1 to $98,040 (−0.79%) in Year 5 (Figure 2D; 

Table S2D). PMPM savings increased from neutral ($0.00 

[−0.13%]) in Year 1 to moderately cost-saving (−$0.01 

[−0.79%]) in Year 5. Additional monitoring requirements 

for sarilumab added to medical expenditures, $123 (2.09%) 

to $621 (10.44%) in years 1 and 5, respectively. Net savings 

accrued from reduced cost of other pharmaceuticals ($13,714 

[−0.13%] to $95,308 [−0.78%] in years 1 and 5, respectively), 

and administration costs ($664 [−0.50%] to $3348 [−2.50%] 

in years 1 and 5, respectively).

scenario analyses
After applying class-level discounts29 to the WAC of each 

treatment (Table 4), the model demonstrated a potential for 

continued cost savings with the introduction of sarilumab. 

Total health-care plan cost savings of up to $482,582  over the 

5 years ($25,702 [−0.15%] in Year 1 to $179,999 [−0.92%] 

Figure 1 annual per-patient treatment costs for years 1–5.
Note: all costs are presented in Us$.
Abbreviations: iV, intravenous; sC, subcutaneous.
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Infliximab
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$39,792
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in Year 5) were estimated in csDMARD-IR, up to $287,127  

over the 5 years for TNF-IR ($14,631 [−0.12%] in Year 1 to 

$109,030 [−0.74%] in Year 5) and $238,598 (0.50%) over 

the 5 years for monotherapy ($12,552 [−0.14%] in Year 1 to 

$89,451 [−0.86%] in Year 5). Compared with the scenario 

which did not consider the discounted drug prices, the esti-

mated savings were approximately 8–11% lower across the 

various populations.

sensitivity analysis
OWSA in Year 1 on all variables revealed that the model 

was most sensitive to variations in sarilumab adherence 

(Figure 3), with consistent results for both the csDMARD-IR 

and TNF-IR population models. When population variables 

were excluded from the OWSA, adherence and DOT vari-

ables showed the greatest impact on costs in both population 

models.

Discussion
The current budget-impact analysis evaluated the 1- to 5-year 

budgetary consequences to a US commercial health-care plan 

of adding sarilumab for the treatment of moderate-to-severe 

RA in patients who have IR to one or more DMARDs. The 

base-case considered a 2.50% RA sarilumab-adoption rate 

by Year 5, displacing the use of other RA treatments. In this 

base-case analysis, the addition of sarilumab to the formulary 
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Figure 2 Total costs and budget impact in years 1–5 for (A) csDMaRD-iR, (B) TnF-iR, (C) combination therapy, and (D) monotherapy populations.
Note: all costs are presented in Us$. 
Abbreviations: csDMaRD, conventional synthetic disease-modifying antirheumatic drug; iR, inadequate response; TnF, tumor necrosis factor.
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resulted in budgetary savings of up to 0.14% at Year 1 to 

0.83% at Year 5 in the csDMARD-IR population. Reduced 

costs were primarily due to the displacement of the more 

expensive biologics with sarilumab.

The stable dosing paradigm and price parity for the two 

available doses (150 and 200 mg every 2 weeks) of sarilumab 

underscore its economic value, as compared with alternative 

biologic products that have substantial variability in dose titra-

tion and schedules, and are more expensive at higher doses. 

The published data on dose titrations that informed the model 

indicated that upward titration was prevalent for most of the 

bDMARDs, with the magnitude of dose titration from the main-

tenance dose ranging from 15.50% for etanercept up to 100% 

for a portion of patients treated with tocilizumab (SC and IV).

OWSA on all variables in Year 1 shows that the model 

was most sensitive to variations in sarilumab adherence. 

When population variables were excluded, the model was 

most sensitive to variations in adherence and DOT, which 

directly impact the volume of drug utilized.

A limitation of the budget-impact analysis was the lack 

of real-world data on DOT for sarilumab and other biologic 

treatments. At the time of model development, this parameter 

was only informed by an assumption of equivalent DOT across 

treatments in the base-case. Future research is warranted to 

evaluate the true impact of DOT on costs when real-world data 

on sarilumab treatment duration are available. Furthermore, the 

analysis was based on published list prices for biologic drugs, 

although payers may receive confidential discounts and rebates 

from manufacturers. Although these rebates are not publicly 

available and could, therefore, not be included in the calcula-

tion, they may impact the findings of this analysis. However, 

a scenario with class-level discounts based on real-world pric-

ing data indicated28 that the beneficial impact of introducing 

sarilumab to a health-care plan budget would be sustained.

This budget-impact model has been conducted over a 

horizon of 5 years, and considered a number of important com-

pliance, titration, administration, and treatment-monitoring 

assumptions, in addition to the dynamic market-share factors, 

in evaluating the consequences of introducing sarilumab to 

a US commercial health-care plan – an approach that is rela-

tively more comprehensive than previous such evaluations in 

the US.21 The results of a budget-impact analysis of tofacitinib 

by Bhattacharya and Kamal21 are not comparable with our 

study, given the large difference in the evaluation approach, 

including their limited market basket to anti-TNFs only; 2013 

drug costs, which have increased significantly since then; and 

variations in the utilization rates, which impact the contribu-

tion of each drug to the overall costs.

Our analysis indicates that the introduction of sarilumab 

would be associated with potential cost savings as early 

as Year 1, primarily due to the displacement of the more 

expensive biologics for RA with this most recently available 

IL-6 inhibitor. The modeling approach adhered to published 

guidelines for good modeling practice12 and the scenario 

analysis aligned with costing assumptions applied in the 

recent ICER evaluation of targeted therapies.28 

Conclusion
Sarilumab provides a new option for non-responders to 

csDMARD or TNFi and opportunities for cost savings for 

patients who do not respond well to their initial treatment or 

are titrated with little clinical benefit.4 The information pre-

Figure 3 One-way sensitivity analyses on total costs for csDMaRD-iR (minimum and maximum of parameter range).
Note: all costs are presented in Us$.
Abbreviations: DOT, duration of treatment; csDMaRD, conventional synthetic disease-modifying antirheumatic drug; iR, inadequate response; Ra, rheumatoid arthritis.
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sented in this analysis may help inform formulary decision-

making for reimbursement of RA treatments, given the recent 

approval of sarilumab.

Acknowledgments
Medical writing assistance and editorial support, under 

the direction of the authors, were respectively provided 

by Gauri Saal, MA Economics, Sam Lewtas, MPharm, 

and Sinead Stewart of Prime (Knutsford, UK), funded by 

Sanofi/ Regeneron Pharmaceuticals, Inc. according to Good 

Publication Practice guidelines (http://annals.org/aim/

article/2424869). Sanofi/Regeneron sponsored the study and 

funded medical writing and editorial support. The sponsor 

was involved in the study design, collection, analysis, and 

interpretation of data, as well as data checking of information 

provided in the manuscript.

Author contributions
The authors had unrestricted access to study data and were 

responsible for all content and editorial decisions. All authors 

contributed to data analysis, drafting and revising the article, 

gave final approval of the version to be published, and agree 

to be accountable for all aspects of the work.

Disclosure
CPF and JM are employees of IQVIA, a company that 

received research funding for the current study from 

Regeneron Pharmaceuticals, Inc./Sanofi. CP is a former 

employee of, and current stockholder in, Sanofi and is a 

current employee and stockholder in ViiV Healthcare/

GlaxoSmithKline. WW is a former employee of, and cur-

rent stockholder in, Sanofi and is an employee of Regeneron 

Pharmaceuticals, Inc. AK, SB, and CC are current employees 

of, and stockholders in, Regeneron Pharmaceuticals, Inc. 

The authors received no honoraria related to the development 

of this publication. The authors report no other conflicts of 

interest in this work.

References
 1. Myasoedova E, Crowson CS, Kremers HM, Therneau TM, 

Gabriel SE. Is the incidence of rheumatoid arthritis rising?: results 
from Olmsted County, Minnesota, 1955–2007. Arthritis Rheum. 
2010;62(6):1576–1582.

 2. Birnbaum H, Pike C, Kaufman R, et al. Societal cost of rheumatoid 
arthritis patients in the US. Curr Med Res Opin. 2010;26(1):77–90.

 3. Shah A, St Clair EW. Rheumatoid arthritis. Harrison’s Principles of 
Internal Medicine. 19th ed. Kasper DL, Fauci AS, Hauser SL, editors. 
Vol. 2; 2015:2136–2149.

 4. Grabner M, Boytsov NN, Huang Q, et al. Costs associated with failure 
to respond to treatment among patients with rheumatoid arthritis initiat-
ing TNFi therapy: a retrospective claims analysis. Arthritis Res Ther. 
2017;19(1):92.

 5. Beresniak A, Gossec L, Goupille P, et al. Direct cost-modeling of 
rheumatoid arthritis according to disease activity categories in France. 
J Rheumatol. 2011;38(3):439–445.

 6. Singh JA, Saag KG, Bridges SL, et al. 2015 American College of 
Rheumatology Guideline for the Treatment of Rheumatoid Arthritis. 
Arthritis Rheumatol. 2016;68(1):1–26.

 7. Srirangan S, Choy EH. The role of interleukin 6 in the pathophysiology of 
rheumatoid arthritis. Ther Adv Musculoskelet Dis. 2010;2(5):247–256.

 8. Burmester GR, Lin Y, Patel R, et al. Efficacy and safety of sarilumab mono-
therapy versus adalimumab monotherapy for the treatment of patients with 
active rheumatoid arthritis (MONARCH): a randomised, double-blind, 
parallel-group phase III trial. Ann Rheum Dis. 2017;76(5):840–847.

 9. Strand V, Kosinski M, Chen CI, et al. Sarilumab plus methotrexate 
improves patient-reported outcomes in patients with active rheumatoid 
arthritis and inadequate responses to methotrexate: results of a phase 
III trial. Arthritis Res Ther. 2016;18:198.

 10. Genovese MC, Fleischmann R, Kivitz AJ, et al. Sarilumab Plus Metho-
trexate in Patients With Active Rheumatoid Arthritis and Inadequate 
Response to Methotrexate: Results of a Phase III Study. Arthritis 
Rheumatol. 2015;67(6):1424–1437.

 11. Fleischmann R, van Adelsberg J, Lin Y, et al. Sarilumab and Non-
biologic Disease-Modifying Antirheumatic Drugs in Patients With 
Active Rheumatoid Arthritis and Inadequate Response or Intolerance 
to Tumor Necrosis Factor Inhibitors. Arthritis Rheumatol. 2017;69(2): 
277–290.

 12. Sullivan SD, Mauskopf JA, Augustovski F, et al. Budget impact analysis-
principles of good practice: report of the ISPOR 2012 Budget Impact 
Analysis Good Practice II Task Force. Value Health. 2014;17(1): 
5–14.

 13. Burmester GR, Rubbert-Roth A, Cantagrel A, et al. Efficacy and 
safety of subcutaneous tocilizumab versus intravenous tocilizumab in 
combination with traditional DMARDs in patients with RA at week 97 
(SUMMACTA). Ann Rheum Dis. 2016;75(1):68–74.

 14. Centers for Disease Control and Prevention. Rheumatoid Arthritis (RA); 
2016. Available from: http://www.cdc.gov/arthritis/basics/rheumatoid.
htm. Accessed January 30, 2017.

 15. Decision Resources Group. Pharmacor Immune and Inflamma-
tory Disease: Rheumatoid Arthritis; 2015. Available from: https://
decisionresourcesgroup.com/report/246098-biopharma-rheumatoid-
arthritis-2015/. Accessed January 30, 2017.

 16. NCQA. DMARD Treatment Rate: Disease-Modifying Anti-Rheumatic 
Drug Therapy for Rheumatoid Arthritis; 2016. Available from: http://
www.ncqa.org/report-cards/health-plans/state-of-health-care-
quality/2016-table-of-contents/dmards. Accessed January 30, 2017.

 17. Pincus T, Strand V, Koch G, et al. An index of the three core data set patient 
questionnaire measures distinguishes efficacy of active treatment from 
that of placebo as effectively as the American College of Rheumatology 
20% response criteria (ACR20) or the Disease Activity Score (DAS) in a 
rheumatoid arthritis clinical trial. Arthritis Rheum. 2003;48(3):625–630.

 18. Klareskog L, van der Heijde D, de Jager JP, et al. Therapeutic effect of 
the combination of etanercept and methotrexate compared with each 
treatment alone in patients with rheumatoid arthritis: double-blind 
randomised controlled trial. Lancet. 2004;363(9410):675–681.

 19. Breedveld FC, Weisman MH, Kavanaugh AF, et al. The PREMIER 
study: A multicenter, randomized, double-blind clinical trial of combina-
tion therapy with adalimumab plus methotrexate versus methotrexate 
alone or adalimumab alone in patients with early, aggressive rheumatoid 
arthritis who had not had previous methotrexate treatment. Arthritis 
Rheum. 2006;54(1):26–37.

 20. Smolen JS, van der Heijde DM, St Clair EW, et al. Predictors of joint 
damage in patients with early rheumatoid arthritis treated with high-dose 
methotrexate with or without concomitant infliximab: results from the 
ASPIRE trial. Arthritis Rheum. 2006;54(3):702–710.

 21. Bhattacharya R, Kamal KM. Budget Impact Analysis of Tofacitinib for 
treatment of Rheumatoid Arthritis. J Arthritis. 2015;04(02):152.

 22. National Center for Health Statistics. Body Measurements. Avail-
able from: http://www.cdc.gov/nchs/fastats/body-measurements.htm. 
Accessed October 10, 2018.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com
http://annals.org/aim/article/2424869
http://annals.org/aim/article/2424869
http://www.cdc.gov/arthritis/basics/rheumatoid.htm
http://www.cdc.gov/arthritis/basics/rheumatoid.htm
https://decisionresourcesgroup.com/report/246098-biopharma-rheumatoid-arthritis-2015/
https://decisionresourcesgroup.com/report/246098-biopharma-rheumatoid-arthritis-2015/
https://decisionresourcesgroup.com/report/246098-biopharma-rheumatoid-arthritis-2015/
http://www.cdc.gov/nchs/fastats/body-measurements.htm


ClinicoEconomics and Outcomes Research 2018:10submit your manuscript | www.dovepress.com

Dovepress 
816

DovepressFerrufino et al

 23. Chen CI, Wei W, Blackburn S, Sullivan E, Piercy J. Trends and Factors 
Associated with Use of Biologic Agents As Monotherapy Among US 
Patients with Rheumatoid Arthritis [abstract]. Arthritis Rheumatol. 
2016;68(Suppl 10).

 24. Kaiser Family Foundation and Health Research & Educational Trust. 
Employer Health Benefits. 2015 Annual Survey; 2015. Available 
from: http://files.kff.org/attachment/report-2015-employer-health-
benefits-survey. Accessed January 30, 2017.

 25. Centers for Medicare & Medicaid Services. Announcement of Calendar 
Year (CY) 2017 Medicare Advantage Capitation Rates and Medicare 
Advantage and Part D Payment Policies and Final Call Letter; 2016. Avail-
able from: https://www.cms.gov/Medicare/Health-Plans/MedicareAdvtg-
SpecRateStats/Downloads/Announcement2017.pdf. Accessed October 10, 
2018.

 26. Pharmacy Benefit Management Institute. 2014-2015 Prescription 
Drug Benefit Cost and Plan Design Annual Report. 2016. Available 
from: https://www.pbmi.com/ItemDetail?iProductCode=2014-2015_
BDR&Category=BDR. Accessed November 22, 2017.

 27. Centers for Medicare & Medicaid Services. Clinical Laboratory Fee 
Schedule; 2016. Available from: https://www.cms.gov/medicare/
medicare-fee-for-service-payment/clinicallabfeesched/. Accessed Janu-
ary 30, 2017.

 28. Institute for Clinical and Economic Review. Targeted Immune Modula-
tors for Rheumatoid Arthritis: Effectiveness & Value; 2017. Available 
from: https://icer-review.org/wp-content/uploads/2016/08/NE_CEPAC_
RA_Evidence_Report_FINAL_040717.pdf. Accessed May 20, 2017.

 29. U.S. Census Bureau, Projections N.P; 2014. Available from: https://
www.census.gov/data/tables/2014/demo/popproj/2014-summary-tables.
html. Accessed October 23, 2018.

 30. REMICADE (infliximab) [prescribing information]. Horsham, PA: 
Janssen Biotech Inc; 2015. Available from: https://www.accessdata.
fda.gov/drugsatfda_docs/label/2013/103772s5359lbl.pdf. Accessed 
October 23, 2018.

 31. Strand V, Williams S, Miller PSJ, Saunders K, Grant S, Kremer JM. 
OP0064 Discontinuation of Biologic Therapy in Rheumatoid Arthritis 
(RA): Analysis from the Consortium of Rheumatology Researchers of 
North America (CORRONA) Database. Ann Rheum Dis. 2013;72(Suppl 
3):71–A72.

 32. Yazici Y, Shi N, John A. Utilization of biologic agents in rheumatoid 
arthritis in the United States: analysis of prescribing patterns in 16,752 
newly diagnosed patients and patients new to biologic therapy. Bull NYU 
Hosp Jt Dis. 2008;66(2):77–85.

 33. Pappas DA, John A, Curtis JR, et al. Dosing of Intravenous Tocilizumab 
in a Real-World Setting of Rheumatoid Arthritis: Analyses from the 
Corrona Registry. Rheumatol Ther. 2016;3(1):103–115.

 34. Ogale S, Hitraya E, Henk HJ. Patterns of biologic agent utilization 
among patients with rheumatoid arthritis: a retrospective cohort study. 
BMC Musculoskelet Disord. 2011;12:204.

 35. Ariza-Ariza R, Navarro-Sarabia F, Hernández-Cruz B, Rodríguez-
Arboleya L, Navarro-Compán V, Toyos J. Dose escalation of the anti-
TNF-alpha agents in patients with rheumatoid arthritis. A systematic 
review. Rheumatology. 2007;46(3):529–532.

 36. Joyce AT, Gandra SR, Fox KM, Smith TW, Pill MW. National and 
regional dose escalation and cost of tumor necrosis factor blocker 
therapy in biologic-naïve rheumatoid arthritis patients in US health 
plans. J Med Econ. 2014;17(1):1–10.

 37. Medi-Span Price Rx; 2017. Available from: https://pricerx.medispan.
com. Accessed October 10, 2018.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com
http://files.kff.org/attachment/report-2015-employer-health-benefits-survey
http://files.kff.org/attachment/report-2015-employer-health-benefits-survey
https://www.cms.gov/Medicare/Health-Plans/MedicareAdvtgSpecRateStats/Downloads/Announcement2017.pdf
https://www.cms.gov/Medicare/Health-Plans/MedicareAdvtgSpecRateStats/Downloads/Announcement2017.pdf
https://www.pbmi.com/ItemDetail?iProductCode=2014-2015_BDR&Category=BDR
https://www.pbmi.com/ItemDetail?iProductCode=2014-2015_BDR&Category=BDR
https://www.cms.gov/medicare/medicare-fee-for-service-payment/clinicallabfeesched/
https://www.cms.gov/medicare/medicare-fee-for-service-payment/clinicallabfeesched/
https://icer-review.org/wp-content/uploads/2016/08/NE_CEPAC_RA_Evidence_Report_FINAL_040717.pdf
https://icer-review.org/wp-content/uploads/2016/08/NE_CEPAC_RA_Evidence_Report_FINAL_040717.pdf
https://pricerx.medispan.com
https://pricerx.medispan.com


ClinicoEconomics and Outcomes Research 2018:10 submit your manuscript | www.dovepress.com

Dovepress 
817

Dovepress Budget impact of sarilumab in rheumatoid arthritis

Supplementary materials
Table S1 Model assumptions

Module Assumptions

general • The model calculates costs associated with the line of therapy during which a patient becomes eligible for sarilumab
Population • The TnF-iR and biologic-naïve csDMaRD-iR populations are mutually exclusive

• The model assumes a hypothetical plan population of one million covered lives
• The “TnFi or csDMaRD iR” is calculated using a weighted estimate of the TnF-iR and csDMaRD-iR population values

Market definition • The market basket comparators are based on DMaRD therapy utilization and recommendations from the aCR 2015 
guidelines

• The base-case market basket represents the total number of patients that are iR
• sarilumab adoption assumes market share is pulled proportionally from all comparators included in the market basket
• adherence was assumed to impact the number of DMaRD doses and administrations. it is assumed that all patients are 

100% compliant during the induction phase (first 8 weeks)
• adherence for oral products is assumed to reduce the volume of medication consumed
• in the base-case year, it is assumed that sarilumab market share is 0%
• csDMaRD combination therapy is assumed to be methotrexate in all cases
• Tofacitinib combination therapy rate is assumed to be 50% (mid-point value)

Treatment inputs • DOT conversion from months to weeks: 4.35 weeks per month (=365/12/7)
• induction dose and regular dose assumptions are reported separately to account for alternate loading doses and 

schedules during the first 8 weeks
Drug costs • Tier placement can vary by plan. all branded DMaRDs are assumed to be covered on Tier 3 (specialty). generic 

medications such as methotrexate and prednisone are assumed to be covered on Tier 1
• For orals, patient cost sharing is applied based on the refill frequency (days of supply)
• all products placed on a medical tier will be allocated to the Medical budget; all other products will be categorized 

under the Pharmacy budget
• For products with multiple prices, the lowest published WaC price was selected for each formulation
• Patients receiving IV therapy would require one office visit per infusion

Monitoring • It is assumed that monitoring tests/labs were conducted during scheduled office visits and, therefore, do not incur 
incremental office visit costs

Abbreviations: aCR, american College of Rheumatology; cs, conventional synthetic; DMaRD, disease-modifying antirheumatic drug; DOT, duration of treatment; iR, 
inadequate response; iV, intravenous; Ra, rheumatoid arthritis; TnFi, tumor necrosis factor inhibitor; WaC, wholesale acquisition cost.

Table S2 Budget impact by cost metric in years 1–5, in (A) csDMaRD-iR, (B) TnF-iR populations, (C) combination (pooled 
csDMaRD-iR and TnF-iR), and (D) monotherapy (csDMaRD-iR or TnF-iR)

Cost by metric Year 1 Year 2 Year 3 Year 4 Year 5 Years 1–5

(A) csDMARD-IR

DMARDs
Base-case $20,254,095 $20,824,169 $21,474,496 $22,205,356 $23,026,048 $107,784,164
Projected $20,226,459 $20,764,870 $21,378,464 $22,066,321 $22,836,306 $107,272,419
net −$27,636 −$59,299 −$96,033 −$139,035 −$189,742 −$511,744
Administration
Base-case $223,299 $223,756 $224,254 $224,677 $224,996 $1,120,982
Projected $222,182 $221,518 $220,890 $220,184 $219,371 $1,104,146
net −$1,116 −$2,238 −$3,364 −$4,494 −$5,625 −$16,836
Concomitant  
medications
Base-case $8,699 $8,717 $8,736 $8,752 $8,765 $43,668
Projected $8,696 $8,712 $8,729 $8,743 $8,753 $43,634
net −$3 −$5 −$7 −$9 −$12 −$35
Monitoring
Base-case $6,433 $6,446 $6,461 $6,473 $6,482 $32,295
Projected $6,677 $6,935 $7,196 $7,455 $7,711 $35,975
net $244 $489 $735 $982 $1,229 $3,680
Total costs
Base-case $20,547,268 $21,117,943 $21,768,924 $22,500,339 $23,321,449 $109,255,924
Projected $20,518,659 $21,056,693 $21,669,959 $22,357,386 $23,126,803 $108,729,500
net −$28,610 −$61,249 −$98,965 −$142,953 −$194,646 −$526,424

(Continued)
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Cost by metric Year 1 Year 2 Year 3 Year 4 Year 5 Years 1–5

(B) TnF-iR
DMARDs
Base-case $15,608,855 $16,031,438 $16,510,886 $17,046,450 $17,644,182 $82,841,812
Projected $15,592,910 $15,996,734 $16,453,889 $16,962,801 $17,528,531 $82,534,865
net −$15,945 −$34,705 −$56,997 −$83,649 −$115,651 −$306,948
Administration
Base-case $228,199 $228,667 $229,176 $229,608 $229,934 $1,145,585
Projected $227,058 $226,380 $225,738 $225,016 $224,186 $1,128,379
net −$1,141 −$2,287 −$3,438 −$4,592 −$5,748 −$17,206
Concomitant 
medications
Base-case $7,206 $7,220 $7,236 $7,250 $7,260 $36,173
Projected $7,204 $7,218 $7,233 $7,245 $7,254 $35,154
net −$2 −$2 −$3 −$5 −$6 −$9
Monitoring
Base-case $15,364 $15,395 $15,430 $15,459 $15,481 $77,128
Projected $15,520 $15,708 $15,900 $16,087 $16,267 $79,482
net $156 $313 $470 $628 $786 $2,354
Total costs
Base-case $15,899,992 $16,323,171 $16,803,268 $17,339,384 $17,937,532 $84,303,347
Projected $15,883,006 $16,286,381 $16,743,137 $17,251,548 $17,816,639 $83,980,711
net −$16,986 −$36,790 −$60,131 −$87,837 −$120,893 −$322,637

(C) Combination therapy (pooled csDMaRD-iR and TnF-iR)
DMARDs
Base-case $36,177,639 $37,182,732 $38,327,255 $39,610,950 $41,049,549 $192,348,125
Projected $36,132,484 $37,085,458 $38,169,098 $39,381,082 $40,734,673 $191,502,794
net −$45,155 −$97,274 −$158,157 −$229,868 −$314,876 −$845,331
Administration
Base-case $442,973 $443,881 $444,869 $445,708 $446,340 $2,223,771
Projected $440,758 $439,442 $438,196 $436,794 $435,182 $2,190,372
net −$2,215 −$4,439 −$6,673 −$8,914 −$11,159 −$33,399
Concomitant 
medications
Base-case $15,932 $15,965 $16,000 $16,031 $16,053 $79,981
Projected $15,929 $15,957 $15,989 $16,016 $16,035 $79,925
net −$3 −$8 −$11 −$15 −$19 −$56
Monitoring
Base-case $116,023 $116,260 $116,519 $116,739 $116,905 $582,446
Projected $116,274 $116,765 $117,277 $117,752 $118,172 $586,240
net $252 $504 $758 $1,013 $1,262 $3,794
Total costs
Base-case $36,752,567 $37,758,838 $38,904,643 $40,189,428 $41,628,848 $195,234,324
Projected $36,705,445 $37,657,622 $38,740,560 $39,951,644 $41,304,062 $194,359,332
net −$47,122 −$101,216 −$164,083 −$237,784 −$324,786 −$874,992
Cost by metric Year 1 Year 2 Year 3 Year 4 Year 5 Years 1–5
(D) Monotherapy (csDMaRD-iR or TnF-iR)
DMARDs
Base-case $10,746,634 $11,047,944 $11,391,063 $11,775,969 $12,207,397 $57,169,007
Projected $10,732,920 $11,018,425 $11,343,110 $11,706,334 $12,112,089 $56,912,879
net −$13,714 −$29,518 −$47,952 −$69,635 −$95,308 −$256,127
Administration
Base-case $132,892 $133,164 $133,461 $133,712 $133,902 $667,131
Projected $132,228 $131,833 $131,459 $131,038 $130,555 $657,112
net −$664 −$1,332 −$2,002 −$2,674 −$3,348 −$10,020

Table S2 (Continued)
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Cost by metric Year 1 Year 2 Year 3 Year 4 Year 5 Years 1–5

Concomitant 
medications
Base-case $4,780 $4,789 $4,800 $4,809 $4,816 $23,994
Projected $4,779 $4,787 $4,797 $4,805 $4,810 $23,978

net −$1 −$2 −$3 −$4 −$6 −$17

Monitoring
Base-case $5,902 $5,914 $5,927 $5,938 $5,947 $29,628
Projected $6,025 $6,161 $6,298 $6,434 $6,567 $31,486
net $123 $247 $371 $496 $621 $1,858
Total costs
Base-case $10,890,208 $11,191,811 $11,535,251 $11,920,429 $12,352,061 $57,889,760
Projected $10,875,951 $11,161,206 $11,485,664 $11,848,611 $12,254,022 $57,625,454
net −$14,256 −$30,605 −$49,586 −$71,818 −$98,040 −$264,306

Abbreviations: csDMaRD, conventional synthetic disease-modifying antirheumatic drug; DMaRD, disease-modifying antirheumatic drug; iR, inadequate response; TnF, 
tumor necrosis factor inhibitor.
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