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Cost-Minimization Analysis of Biologic Disease-Modifying Antirheumatic Drugs
Administered by Subcutaneous Injections in Patients with Rheumatoid Arthritis
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ABSTRACT

Background: The subcutaneous formulation of biologic disease—modifying antirheumatic drugs (DMARDs) was preferred due to
favored self—administration and would be an economical treatment option for patients with rheumatoid arthritis, This study was to
compare the economic impact of biologic DMARDs administered by subcutaneous injection in patients with rheumatoid arthritis who
had inadequate response to conventional DMARDs, Methods: The cost—minimization analysis was conducted to estimate the
lifetime health care costs of treatment sequences with subcutaneous biologic DMARDs as first—line therapy from a health care
system perspective, The Markov model was developed to represent the transitions through treatment sequences based on
American College of Rheumatology response rate and discontinuation rate. The health care costs comprised the cost of
medications, administration, dispensing, outpatient visits, test/diagnostic examination, palliative therapy and treatment of serious
infection, All costs were expressed in 2016 Korean Won (KRW) and discounted at 5%, Results: The mean lifetime health care cost
per patient was lowest in the etanercept sequence, which was estimated at KRW 63,441,679, The incremental costs of the treatment
sequence started with adalimumab, golimumab, abatacept, and tocilizumab were KRW 7,985,730, KRW 4,064,669, KRW 2,869,947,
and KRW 4,282 833, respectively, relative to etanercept sequence, These differences in costs mainly were attributable to
medication costs, One—way and probabilistic sensitivity analyses confirmed that etanercept represented the option with the lowest
cost compared with comparators, Conclusion: This study found that etanercept is likely a cost—saving treatment option among
subcutaneous biologic DMARDs in patients with rheumatoid arthritis,

KEY WORDS: Biologic disease—modifying antirheumatic drugs, rheumatoid arthritis, subcutaneous injection, cost—minimization
analysis
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Fig. 1. Treatment sequence included in model. Abbreviations: ADL (Adalimumab); ETN (Etanercept); GLM (Golimumab); ABT
(Abatacept); TCZ (Tocilizumab); RTX (Rituximab); MTX (Methotrexate); SC (subcutaneous); IV (intravenous).

Table 1. Characteristics of model cohort and clinical model
parameter.

Variable Value
Characteristics of the model cohort
Age, years®! 52
Proportion of males! 0.168
Weight, kg??) 60.546
Probability of discontinuation
First-ine freatment
First cycle(< ACR20)% 0.248
Subsequent cycles?! 0.178
Second-line treatment? 0.345
Third-ine treatment?) 0.723
Mortality risk of RA patients vs. general population?”)  1.540
Probability of serious infection per cycle3?
ADL 0.025
ETN 0.017
GLM 0.027
ABT 0.016
TCZ 0.031
RTX 0.018

Abbreviations: ACR (American College of Rheumatology); RA (Rheu-
matoid Arthritis); ADL (Adalimumab); ETN (Etanercept); GLM (Goli-
mumab); ABT (Abatacept); TCZ (Tocilizumab); RTX (Rituximab)
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Fig. 2. Diagram of treatment state transition in Markov model. Discontinuation due to lack of efficacy or adverse effect. PFollow-up
freatment sequence: Patients in the first 6 months of follow-up freatment failure move to the next treatment line in the freatment
sequence. Patients not responding 3 line therapy move to padliiative care sequence and remain.
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Palliative therapy®ll= methotrexate, leflunomide, cyclosporin,
hydroxychloroquine, sulfasalazine, azathioprine®} 22 con-
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Table 2. Treatment and serious infection related costs per cycle.
Estimates, KRW

Variable

Medication costs®!?

ADL + MTX 5,576,792
ETN + MTX 3,905,377
GLM + MTX 4,741,968
ABT + MTX 4,575,948
TCZ + MTX 4,837,274
RTX + MTX 5,212,496
Palliative therapy
First cycle 621,398
Subsequent cycles 608,770
Administration and dispensing costs®
ADL/ETN/GLM/ABT/TCZ + MTX
First cycle 34,231
Subsequent cycles 19,790
RTX + MTX 46,704
Palliative therapy 48,720
Outpatient visit34
ADL/ETN/GLM/ABT/TCZ + MTX
First cycle 71,886
Subsequent cycles 35,943
RTX + MTX 47,924
Palliative therapy 47,924
Test/diagnostic examination¥)
Laboratory test 136,612
Radiography 11,305
Bone densitometry 19,664
Palliative treatment-related(exclude medication)
costs 161,174
Serious infection-related costs®!+3?
ADL + MTX 57,971
ETN + MTX 39,042
GLM + MTX 62,822
ABT + MTX 36,676
TCZ + MTX 74,416
RTX + MTX 42,828

Abbreviations: KRW (Korean won); ADL (Adalimumab); ETN (Etaner-
cept); GLM (Golimumab); ABT (Abatacept); TCZ (Tocilizumab); RTX
(Rituximalb); MTX (Methotrexate)
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Table 3. Distribution and input value assumption for probabilistic analysis.

Variable Distribution Input value
Characteristics of the model cohort
Age, years Normal (i, 6%, 62>0 52, 13.6
Proportion of males Beta (o, B), a,f>0 140, 695
Probability of discontinuation
First-line treatment
First cycle(< ACR20)
ADL, ETN, GOL Beta (o, B), o,p>0 2.89, 0.86
ABT Beta (o, B), >0 3.40, 1.19
TCZ Beta (o, B), >0 3.37, 117
Subsequent cycles Beta (o, B), o, >0 12.97, 59.91
SecondHine treatment Beta (o, B), o, >0 10.14, 19.24
Third-ine tfreatment Beta (a, B), a,f>0 3.71, 1.42
Cost
Outpatient visits
First cycle
ADL, ETN, GOL, ABT, TCZ Gamma (o, B), a,p>0 1, 71,886
RTX, Paliative care Gamma (o, ), ap>0 1, 47,924
Subsequent cycle
ADL, ETN, GOL, ABT, TCZ Gamma (o, B), ap>0 1, 35,943
RTX, Palliative care Gamma (o, B), a,f>0 1, 47,924
Administration, dispensing
First cycle
ADL, ETN, GOL, ABT, TCZ Gamma (o, B), a,p>0 1, 34,231
RTX Gamma (o, B), >0 1, 46,703
Palliative care Gamma (o, B), a,f>0 1, 48,270
Subsequent cycle
ADL, ETN, GOL, ABT, TCZ Gamma (o, B), ap>0 1, 19,790
RTX Gamma (o, ), afp>0 1, 46,703
Palliative care Gamma (o, ), afp>0 1, 48,720
Test/diagnostic examination,
Blood tests Gamma (o, B), a,f>0 1, 45,619
Biochemical laboratory tests Gamma (o, B), a,f>0 1, 90,993
Radiographic test Gamma (a, B), o,f>0 1, 11,305
Bone density test Gamma (o, ), afp>0 1, 19,664
Treatment of serious infection Gamma (o, ), afp>0 1, 2,366,167
Palliative therapy
Intra-articular corticosteroid injection Gamma (a, B), o,p>0 1, 58,824
Knee and hip total joint arthroplasty Gamma (o, B), a,p>0 1, 1,450
Physiotherapy, oriental medicine, and other alternative medicines Gamma (o, B), af>0 1, 100,900

Abbreviations: ACR (American College of Rheumatology); RA (Rheumatoid Arthritis); ADL (Adalimumab); ETN (Etanercept); GLM (Golimumab);

ABT (Abatacept); TCZ (Tocilizumab); RTX (Rituximab)

(probabilistic sensitivity analysis)2 4=3§ 3} T}
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Table 4. Results of base-case analysis and one-way sensitivity analyses.

Total healthcare costs (Unit:KRW)

Variables
ETN + MTX ADL + MTX GLM + MTX ABT + MTX TCZ + MTX
Base case 63,441,679 71,427,409 67,506,349 66,311,626 67,724,512
A vs ETN + MTX (%) 7.896,302 (12.6) 4,064,669 (6.4) 2,869,947 (4.9) 4,282,833 (6.8)
Discount rate
0.0% 98,841,375 107,594,518 103,296,651 101,969,849 103,518,510
A vs ETN + MTX (%) 8,753,143 (8.9) 4,455,276 (4.5) 3,128,474 (3.2) 4,677,135 (4.7)
3.0% 73,646,715 81,913,965 77,854,539 76,611,502 78,074,148
A vs ETN + MTX (%) 8,266,980 (11.2) 4,207,823 (5.7) 2,964,787 (4.0) 4,427,433 (6.0)
7.5% 54,650,969 62,324,396 58,556,679 57,415,448 58,773,099
A vs ETN + MTX (%) 7,673,428 (14.0) 3,905,710 (7.1) 2,764,500 (5.1) 4,122,131 (7.5)
Time Horizon
5yr 35,181,500 42,320,432 38,815,157 37,771,543 39,034,608
A vs ETN + MTX (%) 7,138,932 (20.3) 3,633,656 (10.3) 2,590,043 (7.4) 3,853,107 (11.0)
10yr 46,891,832 54,786,988 50,910,400 49,732,044 51,128,905
A vs ETN + MTX (%) 7.895,156 (16.8) 4,017,543 (8.6) 2,840,212 (6.1) 4,235,829 (9.0)
20yr 56,946,486 64,931,255 61,010,646 59,816,118 61,228,833
A vs ETN + MTX (%) 7,984,769 (14.0) 4,064,181 (7.1) 2,869,632 (5.0) 4,282,347 (7.5)
Mortality risk of RA patients
compared to general people
Not related (RR=1) 65,164,732 73,170,941 69,239,825 68,041,607 69,458,115
A vs ETN + MTX (%) 8,006,209 (12.3) 4,075,093 (6.3) 2,876,875 (4.4) 4,293,383 (6.4)
Probability of discontinuation
ACR 20
Parameter of Buckley 2015
Maximum 63,627,863 71,775,514 67,774,949 66,564,459 68,005,993
A vs ETN + MTX (%) 8,147,651 (12.8) 4,147,086 (6.5) 2,936,596 (4.6) 4,378,130 (6.9)
Minimum 63,338,957 71,235,351 67,358,155 66,172,132 67,569,212
A vs ETN + MTX (%) 7,896,394 (12.5) 4,019,198 (6.3) 2,833,175 (4.9) 4,230,255 (6.7)
Parameter of Strand 2013 65,288,330 71,472,765 68,436,155 68,359,839 69,255,512
A vs ETN + MTX (%) 6,184,434 (9.5) 3,147,825 (4.8) 3,071,509 (4.7) 3,967,182 (6.1)
Medication cost of ADL
30% reduction in medication cost 63,441,679 63,551,743 67,506,349 66,311,626 67,724,512
A vs ETN + MTX (%) 110,064 (0.2) 4,064,669 (6.4) 2,869,947 (4.5) 4,282,833 (6.8)

Abbreviations: KRW (Korean won); ETN (Etanercept); ADL (Adalimumab); GLM (Golimumab); ABT (Abatacept); TCZ (Tocilzumab); MTX (Methotr-

exate); RR (Relative risk); ACR (American College of Rheumatology)
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Fig. 3. Diagram of probabilitistic seneitivity analysis. Box diagram
illustrating incremental cost distributions obtained in the 10,000
simulations probabilistic sensitivity analysis where the boxes rep-
resent the standard deviation values, the horizontal lines within
the boxes represent the mean values and the ends of both lines
represent the maximum and minimum values.
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