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Real-world cost—effectiveness of infliximab
for moderate-to-severe rheumatoid
arthritis in a medium-sized city of China

Aim: To assess the cost-effectiveness of infliximab-containing therapy (ICT) for
moderate-to-severe rheumatoid arthritis (RA) in a medium-sized Chinese city.
Methods: A Chinese prospective cohort study comparing ICT (25 patients) versus
conventional disease-modified antirheumatic drugs (24 patients) for RA was used to
assess the cost—effectiveness of ICT. Results: The cohort study observed significantly
reduced disease activity score of 28 joints (coefficient -2.718, p < 0.001), improved
EQ-5D (coefficient 0.453, p < 0.001) and increased medical costs (coefficient 1.289,
p < 0.001) associated with ICT. The incremental cost-effectiveness ratio per gained
quality-adjusted life year for ICT versus disease-modified antirheumatic drugs was
1.897-times of the local gross domestic product per capita. Conclusion: Infliximab
was a favorable cost-effective alternative option for moderate-to-severe RA in a

medium-sized city of China.
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The prevalence of rheumatoid arthritis
(RA) in China is 0.2—0.37% [1]; RA is rec-
ognized as a major health problem in China
because of its substantial burden on patients,
patients’ families, healthcare system and
society [2]. Infliximab, a chimeric monoclo-
nal antibody specific for the key proinflam-
matory cytokine tumor necrosis factor, is
effective at relieving the signs and symptoms
of RA, as well as improving functional status
and preventing the progression of joint dam-
age [3.4]. Infliximab is the first biologic treat-
ment approved for RA in 2007 in China.
However, the access to biologics for RA is
limited in China. According to a large RA
treatment survey in 21 large tertiary hospi-
tals across China, the biologics treatment
rate was 10.2% [s].

Since the launch of infliximab in China, a
few studies were conducted in first-tier cities
in China. A large prospective cohort study
in Beijing observed that infliximab signifi-

cantly improved RA-related symptoms and
quality of life in patients (6]. A Phase II/I1I
randomized trial also demonstrated that inf-
liximab was superior to methotrexate (MTX)
and placebo regarding treatment response
defined by American College of Rheuma-
tology response criteria and disease activity
score of 28 joints (DAS28) in RA patients
living in Guangzhou [7]. Even though the
cost—effectiveness of infliximab relative to
conventional disease-modified antirheumatic
drugs (<(DMARD) was found to be accept-
able in Shanghai [8], one of the largest cities
in China, the economic gap associated with
city size in China could substantially impact
disease management and reimbursement pol-
icies, the two well-recognized driving factors
in the cost—effectiveness analysis. Thus, we
conducted this study to generate real-world
evidence to confirm the cost—effectiveness of
infliximab treatment for moderate-to-severe
RA in a medium-sized city in China.
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Table 1. Unadjusted comparisons of patient baseline characteristics between infliximab-containing therapy group

and the conventional disease-modified antirheumatic drugs treatment group.

Treatment group ICT (n = 25) cDMARD (n = 24) p-value
Mean/% SD Mean/% SD
Age (years) 57.5 11.7 62.4 11.9 0.154
Male gender (%) 28.0 - 20.8 - 0.742
Body weight (kg) 57.3 8.8 53.7 7.7 0.139
Marital status (%):
—Single 0.0 - 4.2 - 0.490
— Married 92.0 - 95.8 - 1.000
Health insurance plan (%):
— Urban workers 32.0 - 75.0 - 0.004
— Urban residents 32.0 - 12.5 - 0.171
— New rural cooperative 28.0 - 12.5 - 0.289
— Commercial 4.0 - 0.0 - 1.000
Occupation (%):
— State employee 8.0 - 0.0 - 0.490
— Employee of public company 0.0 - 0.0 - 1.000
— Employee of private company 4.0 - 0.0 - 1.000
- Self-employed 20.0 - 8.3 - 0.417
— Retired 32.0 - 62.5 - 0.047
— Unemployed 36.0 - 29.2 - 0.762
Comorbidities (%):
— Any comorbidities 36.0 - 41.7 - 0.773
— Hypertension 20.0 - 16.7 - 1.000
— Coronary heart disease 8.0 - 0.0 - 0.490
— Diabetes 4.0 - 8.3 - 0.609
— Hyperlipidemia 4.0 - 4.2 - 1.000
— Osteoarthritis 4.0 - 16.7 - 0.190
— Stroke 4.0 - 4.2 - 1.000
Baseline disease activity:
- Morning stiff time (min) 81.6 96.7 85.8 138.7 0.902
— DAS28 score 5.9 1.2 5.6 1.3 0.482
Baseline quality of life:
— EQ-5D utility value 0.5 0.2 0.5 0.3 0.589
— Physical health summary score of SF-12 30.3 6.3 30.5 6.1 0.919
— Mental health summary score of SF-12 38.2 10.9 325 7.5 0.038
Values that are bold indicate a p value of less than 0.05.
cDMARD: Conventional disease-modified antirheumatic drug; DAS28: Disease activity score of 28 joints; ICT: Infliximab-containing therapy; SD: Standard deviation.

Patients & methods
This prospective cohort study compared infliximab-  of China. The data collected from this observational

with a population of 3.88 million in the central-south

containing therapy (ICT) with cDMARD for disease
severity, quality of life and direct medical costs over
30-week follow-up time in moderate-to-severe RA
patients living in Zhuzhou, a typical medium-sized city

study was further applied to a cost—effectiveness model
comparing ICT with ¢cDMARD for moderate-to-
severe RA over lifetime horizon from the perspective
of a local public health system in Zhuzhou. The study
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Table 2. Unadjusted comparisons of the measured health outcomes, health resources utilization and

direct medical costs associated with the infliximab-containing therapy group and the conventional
disease-modified antirheumatic drugs treatment group over 30-week follow-up time.

Treatment group ICT (n = 25) cDMARD (n = 24) p-value
Mean SD Mean SD

Changes of health outcomes:

— DAS28 score -3.4 1.3 -1.1 1.1 < 0.001

— EQ-5D utility value 0.5 0.2 0.1 0.2 < 0.001

— Physical health summary score of SF-12 21.2 6.7 2.8 6.6 < 0.001

— Mental health summary score of SF-12 15.2 12.9 4.0 7.2 < 0.001

Health resource utilization:

— RA-related out-patient clinic visits 6.3 5.1 6.5 3.7 0.889

— RA-related hospital days 30.2 26.6 14.0 14.7 0.012

Direct medical costs:

— Drug costs ¥52,799 ¥12,440 ¥7788 ¥5016 <0.001

- Nondrug costs ¥7617 ¥3940 ¥7283 ¥2554 0.881

— Total costs ¥60,416 ¥11,680 ¥15,071 ¥4804 < 0.001

cDMARD: Conventional disease-modified antirheumatic drug; DAS28: Disease activity score of 28 joints; ICT: Infliximab-containing therapy;

RA: Rheumatoid arthritis; SD: Standard deviation.

protocol was reviewed and approved by the ethics
board of the Zhuzhou Hospital, where study patients
were enrolled.

Prospective cohort study comparing ICT with
cDMARD for real-world health outcomes &
direct medical costs

Patient enrollment started in the department of
rheumatology of Zhuzhou Hospital in July 2013.
The defined inclusion criteria were patients with age
above 18 years; patients with RA confirmed by 1987
American Society of Rheumatology diagnosis crite-
ria [9]; patients with moderate-to-severe RA that was
defined as DAS28 score >3.2; and, patients receiving
infliximab and/or cOMARD. cDMARD in this study
included azathioprine, cyclophosphamide, cyclo-
sporine, hydroxychloroquine, leflunomide, MTX and
sulfasalazine; patients gave their consents to partici-
pate in this study and also agreed to be regularly fol-
lowed up. In order to control potential bias, the study
excluded patients previously treated with biologics;
patients with other rheumatic diseases (Lyme disease,
psoriatic arthritis, spondyloarthropathy, systemic
lupus erythematosus, infectious or reactive arthritis,
or Reiter’s syndrome); or patients with any solid organ
or hematologic malignancies. The patient enroll-
ment time was 1 year (July 2013-June 2014), and
the enrolled patients were followed up for 30 weeks.
The follow-up assessments were conducted among all
enrolled patients according to the infliximab treatment

schedule, three starter doses at 0, 2 and 6 weeks and
every 8 weeks after the three starter doses. The treat-
ment dose of infliximab was 3 mg/kg per infusion.
The collected patient baseline characteristics included
patient demographics, insurance type, occupation,
comorbidity, DAS28 assessment, morning stiff time
and quality of life measured by EQ-5D and SF-12.
The follow-up assessment included DAS28 assess-
ment, quality of life measured by EQ-5D and SF-12,
and direct medical costs for treatments, inpatient care
and outpatient care.

Data conversion was conducted for DAS28 score,
EQ-5D-derived utility and SF-12 physical and mental
health summary scores. DAS28 score was calculated
using the collected data for the tender joint count, swol-
len joint count, erythrocyte sedimentation rate (mm/h)
and visual analog scale for general health (mm) [10].
The generated health state from EQ-5D question-
naire was converted to utility value using a Chinese
general population-based time trade-off values for
EQ-5D health states [11]. The collected SF-12 physical
and mental health summary scales were scored using
the regression weights for physical and mental health
derived from a US general population [12]. After the
data conversion, student’s ztest and Fisher’s exact test
were conducted to compare the two treatment groups
for patient baseline characteristics and measured
outcomes for DAS28, EQ-5D utility value, and the
physical and mental health summary scores of SF-12.
Wilcoxon rank sum test was performed to compare

Research Article

future science group

www.futuremedicine.com

207



Li, Wen, Cai et al.

Research Article

876'0 /8Z'6lL EVO'LC-
¢C8'0 00S°€EL €189l-
0€E'0 0T9'VS SCE6L-
EVE0 €/8°€E 68ETL-
€ELY'0 €1L6°0E LSTEL-
68C°0 [8L'€E 0S9°0L-
L80°0 CEL'LE 19L°C
Ol¥'0 ¥LL'SE TSTSL-
122’0 S69°0 06%°0-
9/6'0 L6L'LL 6¢S'LL-
L6l'0 9£S°0 8LLO-
L00'0> tvel'vZ  €6S9'8
Jsaddn  1amon

U190

anjea-d 30 %S6

210ds Alewwins
Yeay [erusw z}-4S jo sabueyd

8/8°0-

0000

LS9°L-

8¥9°LL

[47A]%

L€8'8

89G°LL

S8Y°LL

19Z°0L

eoLo

691°0-
60¢°0

6S9€°9L

wanye
-0)

‘Adesayy Buuieluod-gewixijpul ;1 D] ‘saulof 87 40 2103s AJIA1IDe 3seasiq :8ZSvA Bnup d11ewNay.Ilue PaljIpow-aseasip [eUOIUSAUOD :AYVING

¥62°0 ¢0C'€C 90v'L- 868°L
- - - 0000
¥98°0 9sv'¢cl 6¥SOl- ¥56°0
9/7°0 S60°€y PcCO'El- 9€0'SlL
vLL0 v66'6L SLL'GL- o'
S¢6'0 ¥66'SlL  €CSLL-  S9L°0-
P80 ¥0S'8L LZT'Sl- 79°L
6EV'0 ¢/LlL'le 099°6- 908'S
20L°0 LS6'CC 89/'GlL- S6S°€E
G850 LEE0 695°0- 6LLO-
0/t'0 6S99°LL  ¥89°S- 8€0°€E
6€EL'0 CEY'0 S90°0- €810
L00'0> 718G SZ0vlL 8l6'6L
Jsaddn  uamo
SITETRITTETe>) JUBDIID
anjea-d 30D %S6 -0D
2102s

Arewwns jedisAyd z1-4s jo abueyd

6CL0 8l¥'0 /8S50-
6690 L0€'0 6¥¥0-
vls'0 vILZ'L 6790
987°'0 TLL0 L8E0-
768°0 9850 GlS0-
LES'0 €2L0 S8€0-
€Sv7'0 689°0 0CE0-
097°'0 S98°0 90%'0-
G860 SGLO'0 SLOO-
¥85'0 8070 8SE'0-
£L.9°0 L00'0 O0LO0-
L00°0> /[¥9°0 090
J1addn J1amo7

JUSI}490D

anjea-d 401D %S6

¥80°0-

0000

1£0°0-

€620

9610

SE0°0

6910

5810

620

0000

S/0°0-
2¢00°0-

€S0

wenlyye
-0)

anjeA Ayjnn @s-03 jo abueyd

Auedwod
91eAuld jo
0LL'0 SLL'T ¥0E0-  90T'L 9afojdw3 -
Auedwod
dlqnd
- - - 0000 Jo @dAojdwg -
2afojdwa
0S€0 ¥19°0 L¥9'L- €190 91e1s —
(%) uonedni»Q
LV0°0 ¢S0°0- 6€0°9- SPO'E-  [elIdWWO)D -
aAnesadood
LyZ’0 0€L°0 0OLL'Z- 0660 [ednd MaN —
sjuapisal
87€'0 068'0 88€'C- 67.0- ueqin -
SI9MJOM
9500 8¥0°0 89C€- oL9’L- ueqin -
(%) ue|d adueunsul yijeaH
€10°0 68%'0- 665°€- PV0O'C- patueN -
¥20°'0 82€'0- Svl'v- LETT a|6uis -
(%) snieis [eren
(63)
907°0 €800 6L0°0-  7€0'0 1ybBram Apog -
(%)
€62°0 L9%°0 Ov¥'L- 06%°0- J9pudbaje -
9¥8'0 [Z0'0 CE0'0- €00°0- (s1edh) 9bV -
:Aydesbowaq
Q4vINag?
sn Adesayy
Bujuieluod
L00'0> GlLl'C- lZee-  8LLT -qewixijjul
Jaddn 1amo1
JUSPID0D  JUBDIYYD
anjer-d 4o %S6 -0) 3|qeneA
ainseaw
2102s 8zZSsv( Jo abueyd awodnQ

"SJ13S1193deIRYD dUl|aseq Juaed palds||od JO JuswWisSn(pe ||} J934E SSWO0dIN0 Y}jeay painseaw

Joj sbnip d13eWNaYJIIUR PAIJIPOW-ISEISIP [BUOIIUSAUO) snsian Adesayy Bulujeruod-qewixijjul buedwod sasAjeue uoissalbal Jeaul| ajdi3 N\ "€ d|qel

future science group

J. Comp. Eff. Res. (2017) 6(3)

208



Research Article

Real-world cost-effectiveness of infliximab for RA in chinese patients

SL0°0 OvL'0- 09L'L-
L09°'0 8680 ¥ESO-
v/S°0 TEO'LL S98'6C-
€190 6l57 6l8°€E-
l0S'0 ¥¥0'0 2Z00-
06L'0 99L°€lL 0S8'LL-
W0 o8l 6LLL-
907'0 vLLLZ 1ST9-
026'0 T/6'LL 86LEL-
LLF'0 908°LZ 0/8LL-
12L'0 T99°EL  ¥29'6-
Z61'0 LE9V 69S°LT-
LS9°0 880, 6.6°0L-
6LS°0 06LVL  ELvL-

1addn  1amon
1uaiyea0d
anjea-d oD %S6

210ds Alewwins
Y3jeay |epusw z|-4S jo sabueyd

059°0-

Z8lL°0

Ily'9-

059°0-

LL00

[4{\re
LoL’S

L9v°0l
€19°0-

896°L
6L0°C

997°8-

Sv6°L-

88¢E'¢E

UCTRIITE)
lou

‘Adelayy BuiuieluOd-qewIXIju| 1] D ‘SIulof 87 O 2103S ALIAIDR 85easId :87SYA ‘BNnJp d11ewNayJijue paljipow-aseasip [BUOIUSAUOD (Y VINGD

SLZ0 290  0SLO-
8€0°0 S£0°0- zTllL-
6500 989°0 S06'VE-
602’0 0L60 006°€E-
€650 €£0°0 8L0°0-
0£5°0 PEE'S 099°'SL-
GZ6'0 6LZ0L  LEE6-
SYL'0 L6817 OLVE-
1£0°0 2878l 0T80-
€650 LPl'LL S96°8l-
€2L°0 €SE0L  6LEL-
0020 TE9€ LSTI9l-
lSZ'0 8EL°0L  €L6'C-
v67'0 LTv'Zl  vL6E-

Jjaddn  uamon
1uaiyea0d
anjeA-d  Jo D %S6
9J400S

LETO

64570

oLLLL-

S6vL-

£00°0

€99°¢-
12474\

€LC6
LEL'8

606°€-
L£1S7)

LeEo-

88'¢

veey

UETRTINE)

-0)

Arewuwns |eaisAyd g1-4s jo abuey)

LLS'0 /LO'0 600°0-
7780 9100 0Z0°0-
7000 £Sv°0- 1Z9'L-
LSS0 9S0°0 ZOLO-
9/0'0 0000 Z00°0-
876'0 LLY'0 LLEO-
G89°0 ¥8£0 8ST0-
lSZ0 7S90 18L0-
1S8'0 S8Z0 ZvE0-
€65°0 L£9°0 TSEO-
656'0 L6T'0 €£8Z°0-
STV'0 66L°0 ¥SPO-
0lr’'0 9LE0 SELO-
0£6'0 8ST'0 18Z0-

J1addn  1amo7
1ua1}J20d
anjea-d  Jo D %S6

700°0

¢00°0-

LEO'L-

€20°0-

100°0-

£10°0
€900

9€C’'0
620°0-

&vlo
L0070

Lel'0-

1600

LL0"0-

SUEIRTINE)
IOU

anjea Ayjin gs-03 jo abueyd

ZL-4S 40 24005

Krewwns
yiesy
8l¥'0 t¢0°0 SS0°0- 910°0- |BJUBIN —
Z1-4S 40 24005
Aiewwns
yiesy
0080 6S0°0 L¥0°0- 9000 [es1shyd -
anjea
2100 9Ll 8850 zse'r Ann gs-03 -
:941] Jo Ayjenb suijaseg
L1000 8¢C°0- 0¢/0- ¥/¥'0- 9103s8ZSVA -
(urw) swn
LSS0 €00°0 200°0- 1000 $413s Buluio -
:A31A1308 Bseasip auljaseq
€850 LvS’l S68°0- €2€°0 0N —
LLO0 SPE0- 06C°C-  8LE'L- SIHMYMEO3ISO -
ejwapid
0000 89€'L- 8l6'E- EVIT- I149dAH -
S60°0 <CSL'0 cClL'L-  08L0- so1aqelq -
aseas|p 1Jeay
S¥9'0 SSl'L Gl8'L- 0EE0- Aseuouo) -
96€°0 €€5°0 78TL- YLEO0- uoOIsudLIRdAH -
S9111p1gJoW0d
2000 089'C S¢/0 c0L’L Auy -
(%) se1pigqiowod
6/¥'0 €6%'0 800°L- 8SC0- painey -
pakojdwa
oLz’0 LvE0 LOV'L- €EESO- -H9S -
:("3u0d 94) uonedndQ
Jaddn 1amor
JUSDIS0D  JUBDIYYD
anjea-d  Jo|d %S6 -0D |qenen
ainseaw
9402s 8ZSvQ jo abueyd awodnQ

*(3U0d) Sd13S149IdRIRYD BUl|aseq Judlled PaIdS||0d JO JUBWISN(PE [|N} J914E SDWO0IINO Y}|eay painseaw

40} sBNnup d13eWN3YJIIULR PIIFIPOW-ISEISIP |BUOIIUSAUOD sNsIaA Adeiay) Buluieiuod-qewixijjul buriedwod saskjeue uojssaibal seaul| a|diyni "€ s|qel

209

www.futuremedicine.com

future science group



Research Article Li, wen, Caietal.

the two treatments for the measured cost outcomes.
Multiple linear regression analyses were conducted for
the comparisons of ICT versus cDMARD for DAS28,
EQ-5D utility value, and SF-12 physical and mental
health summary scores after full adjustment of the col-
lected patient baseline characteristics. Multiple gen-
eralized linear regression analysis was conducted to
compare ICT with cDMARD for direct medical costs
after full adjustment of the obtained patient baseline
characteristics. The statistical significance defined in
these data analyses was two-sided p-value <0.05. SAS
9.2 (Cary, NC, USA) was used to perform the data

analyses described earlier.

Cost—effectiveness analysis comparing ICT with

cDMARD

A decision analytic model was constructed using
Markov model to simulate quality-adjusted life years
(QALY) and direct medical costs associated with ICT
or cDMARD over lifetime horizon in moderate-to-
severe RA patients in Zhuzhou. The patient cohort
in the prospective cohort study was taken as the
model cohort, which was assumed to continue ICT or
cDMARD beyond the 30-week follow-up time. Thus,
the impact of ICT and cDMARD on disease activ-
ity and quality of life at the 30th week were assumed
to remain until patients were deceased. The disease
analytic model did not simulate RA-related complica-
tions due to the paucity of evidence. Thus, the Mar-
kov model only included two health states, alive and
dead, in each model cycle, which was set as 1 year.
Both future health benefits and direct medical costs in
our model were discounted as 3% per annum to follow
the Chinese guideline for pharmacoeconomic evalua-
tion [13]. Multiple generalized linear regression analy-
ses derived from the prospective cohort study created
equations simulating the impact of age, gender and
treatment (ICT vs cDMARD) on outcome measures
(AS 28, EQ-5D utility and direct medical costs) in the
Markov model. Our prospective cohort study did not
have a follow-up longer enough to assess the impact
of DAS28 on mortality. Additionally, the impact of
DAS28 on mortality in Chinese RA patients was rarely
studied. Thus, the hazard ratio of mortality associ-
ated with high DAS28 score relative to low DAS28 in
our model was estimated from an extensive German
registry study comparing highly active disease (mean
DAS28 >5.1) versus persistently low disease activity
(mean DAS28 <3.2) for mortality risk in 8908 RA
patients over 31,378 patient-years [14]. Our model fur-
ther assumed that the patients with low disease activ-
ity were comparable as the Chinese general population
regarding mortality and the most recent age, and gen-
der-stratified life table of the Chinese general popula-

tion [15] was used as the reference for the mortality asso-
ciated with low disease activity of RA. The decision
analytic model was constructed in the 2013 Microsoft
Excel. The model input data applied to the cost—effec-
tiveness analysis can be found in Table 4, which sum-
marizes the results of the one-way sensitivity analyses
on the uncertainty of each model input.

The constructed decision analytic model was run to
perform the base case cost—effectiveness analysis to esti-
mate the incremental cost—effectiveness ratio (ICER)
per gained QALY for ICT relative to cDMARD in
our study cohort with moderate-to-severe RA from
the perspective of local healthcare payer in Zhuzhou.
One-way sensitivity analysis was performed to assess
the impact of uncertainty of each model variable on
the cost—effectiveness of ICT by varying the model
variables within their 95% ClIs or + 25% of their base-
line values. Probabilistic sensitivity analysis (PSA) was
performed using Monte Carlo simulation method with
5000 iterations in the decision analytic model under
the B-distributions of model variables. The generated
5000 ICERs from the simulations were plotted to esti-
mate the 95% credible interval. The cost—effectiveness
for ICT relative to cDMARD was converted to the
times of the local gross domestic product per capita
(GDPPC) in 2015 (RMB58,952 or US$8838) [16]
in Zhuzhou to compare with the cost—effectiveness
threshold (three-times of GDPPC) recommended
by both WHO [18] and Chinese pharmacoeconomic
evaluation guidelines [13].

Results

The study enrolled a total of 68 patients, including
37 patients receiving ICT and 31 patients receiving
cDMARD. After exclusion of 12 dropouts in the inf-
liximab group and 7 dropouts in the cDMARD group,
the final data analyses included 49 patients, 25 patients
receiving ICT (5 receiving infliximab monotherapy
and 20 receiving the combination of infliximab and
MTX) and 24 patients receiving cDMARD, which
included monotherapy with MTX (n = 3) and com-
bination treatments (n = 21). The patient enrollment
process is illustrated in Figure 1.

Comparisons of patient baseline characteristics
between ICT & cDMARD

The two treatment groups (ICT vs cDMARD) had
comparable patient baseline characteristics regarding
baseline morning stiff time, DAS28 score and EQ-5D
utility value (Table 1). However, the unadjusted com-
parisons did observe significant differences in some
patient baseline characteristics. For example, the inf-
liximab group was associated with significantly lower
proportion of patients with public urban worker insur-
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Table 4. Summary of one-way sensitivity analysis assessing the impact of uncertainty associated

with each model variable on the cost-effectiveness of infliximab-containing therapy relative to
conventional disease-modified antirheumatic drugs for moderate or severe rheumatoid arthritis.

medical costs

Model variable Baseline Range ICER per gained QALY (GDPPC)

Low value High value Forlow For high Difference
value value

Age (years) 59.9 56.6 63.2 1.666 1.672 0.006

Male proportion 0.245 0.145 0.383 1.664 1.678 0.014

Patient baseline DAS28 score 5.753 5.403 6.103 1.671 1.668 -0.003

Hazard ratio associated with mortality 2.43 1.64 3.61 1.821 1.549 -0.272

for high DAS28 score (5.1) vs low

DAS28 score (3.2)

DAS28 score reduction associated with 3.400 2.890 3.910 1.744 1.604 -0.14

ICT

DAS28 score reduction associated with 1.100 0.660 1.540 1.61 1.733 0.124

cDMARD

Annual discount rate for QALY 0.03 0 0.05 1174 2.039 0.866

Annual discount rate for direct 0.03 0 0.05 2.275 1.402 -0.873

Coefficients associated with variables in the multiple linear regression analysis for quality of life

Intercept 0.920 0.471 1.369 2.131 1.371 -0.759
ICT versus cDMARD 0.253 0.075 0.430 2.438 1.269 -1.169
Age -0.001 -0.006 0.004 2.03 1.417 -0.612
Male gender 0.041 -0.082 0.164 1.693 1.645 -0.048
DAS28 score -0.071 -0.141 -0.002 1.481 1.913 0.432

Coefficients associated with variables in the multiple generalized linear model for direct medical costs

Values that are bold indicate a p value of less than 0.05.

Intercept 7.967 7.329 8.604 0.882 3.156 2.274
ICT versus cDMARD 1.312 1.058 1.566 1.213 2.257 1.044
Age 0.000 -0.007 0.007 1.035 2.7 1.665
Male gender 0.065 -0.109 0.238 1.584 1.757 0.172
DAS28 score -0.037 -0.135 0.062 1.382 1.989 0.607

cDMARD: Conventional disease-modified antirheumatic drug; GDPPC: Gross domestic production per capita; ICER: Incremental
cost—effectiveness ratio; ICT: Infliximab-containing therapy; QALY: Quality-adjusted life year; RA: Rheumatoid arthritis.

ance plan (32 vs 75%, p = 0.004), significantly lower
proportion of retired patients (32 vs 62.5%, p = 0.047)
and significantly higher baseline mental health sum-
mary score of SF-12 (38.2 vs 32.5, p = 0.038). Multi-
ple logistic regression analysis for treatment selec-
tion observed a strong but nonsignificant association
between patient baseline DAS28 score and ICT in the
included patients (odds ratio [OR]: 11.048; p = 0.113).

Comparisons of health outcomes between ICT
& cDMARD

Unadjusted comparisons of the measured health out-
comes between the two treatment groups along the
30-week follow-up observed significantly faster decline

of the DAS28 score and significantly faster increases
in EQ-5D utility, and physical and mental health
summary scores of SF-12 associated with ICT group.
Additionally, the significant differences in DAS28,
EQ-5D utility, and physical and mental health sum-
mary score of SF-12 between the two treatment groups
started at week 2. The unadjusted comparisons of the
measured health outcomes between the two treatment
groups over the 30-week follow-up time are illustrated
in Figure 2. Further unadjusted comparisons of over-
all changes in the measured health outcomes over
the follow-up observed significantly reduced DAS28
(3.4 vs 1.1, p < 0.001), significantly increased EQ-5D
utility value (0.5 vs 0.1, p < 0.001), and significantly
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| 68 patients with moderate or severe RA giving consents to participate study |

| 37 patients receiving ICT |

| 31 patients receiving cDMARD |

¢ 12 missed follow-up assessment

Exclusion

Exclusion
¢ 7 missed follow-up assessment

Final inclusion in the ICT group (n = 25)

* Infliximab monotherapy (n = 5) .
» Infliximab plus MTX (n = 20)

Final inclusion in the cDMARD group (n =24)

e MTX plus leflunomide (n = 6)

Leflunomide plus total glucosides of

paeonia (n=6)

e MTX(n=3)

e Combination of MTX, leflunomide, and
total glucosides of paeoni (n=2)

e Combination of tripterygium wilfordii,
sulfasalazine, prednisone, and MTX (n=1)

e Combination of tripterygium wilfordii,
prednisone, and MTX (n=1)

*  Combination of leflunomide and
hydroxychloroquine (n=1)

e Combination of MTX, leflunomide, and
prednisone (n=1)

e Leflunomide (n=1)

* Combination of total glucosides of
paeonia and MTX (n=1)

Figure 1. The flow chart of patient enroliment process to create infliximab-containing therapy treatment group and conventional
disease-modified antirheumatic drugs group.
cDMARD: Conventional disease-modified antirheumatic drug; ICT: Infliximab-containing therapy; MTX: Methotrexate;
RA: Rheumatoid arthritis.

increased physical (21.2 vs 2.8, p < 0.001) and mental
health summary scores (15.2 vs 4.0, p < 0.001) of SF-12
in the patients receiving ICT treatment (Table 2).
Multiple linear regression analysis with full adjust-
ment of patient baseline characteristics confirmed the
significant reduction of DAS28 (coefficient -2.718,
p < 0.001) and significant increases of EQ-5D util-
ity (coefficient 0.453, p < 0.001) and SF-12 physical
(coefficient 19.918, p < 0.001) and mental health sum-
mary scores (coefficient 16.359, p < 0.001) associated
with ICT. The results of the multiple linear regression
analyses are summarized in Table 3.

Comparisons of direct medical costs between
ICT & cDMARD

Unadjusted comparisons of health resources utiliza-
tion associated with the two treatment groups observed
comparable out-patient visits but significantly longer
hospital stay length (30.2 vs 14.0 days, p = 0.012) asso-
ciated with ICT group. Additionally, the ICT group

was associated with significantly higher aggregated
direct medical costs over 30-week follow-up time than
the cDMARD group (RMB 60,416 vs RMB 15,071,
p < 0.001). The drug costs accounted for the increased
direct medical costs associated with ICT treatment
(RMB 52,799 vs RMB 7788, p < 0.001) as the two
treatment groups had comparable nondrug costs (RMB
7617 vs RMB 7283, p = 0.881) (Table 2). Multiple gen-
eralized linear model with full adjustment of patient
baseline characteristics confirmed significantly higher
direct medical costs (coefficient 1.289, p < 0.001) in
the patients receiving ICT.

Cost-effectiveness of ICT relative to cDMARD
for moderate-to-severe RA

The constructed disease analytic model with the
baseline values of model variables projected that
ICT could obtain additional 3.857 life years (14.174
vs 10.317 years) and 7.982 QALYs (13.609 vs 5.627
QALYs) when compared with cDMARD over life-
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time time horizon. However, ICT was associated with
higher lifetime direct medical costs (RMB 956,647
vs RMB 171,217, difference: RMB 785,430) than
cDMARD. The base case ICER per gained QALY
for ICT relative to cDMARD was RMB 98,395, or
1.669-times of the GDPPC in 2015, 55.6% of the
WHO cost—effectiveness threshold. One-way sen-
sitivity analyses indicated that the ICER per gained
QALY for ICT versus cDMARD ranged from 0.882
to 3.157 GDPPC when model variables varied within
their ranges (Table 4). The identified driving model
variables for the cost—effectiveness of ICT included
the impact of ICT on the utility value of EQ-5D
(ICER range: 2.438-1.269 GDPPC per gained
QALY) and the baseline direct medical costs asso-
ciated with severe RA (ICER range: 0.882-3.156
GDPPC per gained QALY). The distribution of the
generated 5000 ICERs in the PSA was slightly skewed
to better cost—effectiveness with 95% credible interval
from 0.504 to 5.936 GDPPC per gained QALY. The
proportion of being cost effective for ICT relative to
cDMARD was 82.1% if the willingness-to-pay was
3 GDPPC.

Discussion
This study includes a prospective cohort study and a
cost—effectiveness analysis assessing ICT for moderate-
to-severe RA patients living in a medium-sized city
of China. The observed improvement of health out-
comes associated with ICT in our study was consis-
tent with previous studies evaluating infliximab for
RA [17]. Based on the prospective cohort study, the cost
-effective analysis suggested that the ICT could be an
attractive treatment option for moderate-to-severe RA
in Zhuzhou, a typical medium-sized city of China.
Similar to previous studies reporting reduced dis-
ease activity associated with infliximab treatment for
moderate-to-severe RA, our multiple linear regression
analysis with adjustment for potential confounding
effects associated with patient baseline characteristics
confirmed the significant reduction of the DAS28
score by 2.7 when compared with cDMARD in our
prospective cohort study. The observed reduction of
DAS28-associated infliximab in our study was com-
parable with the observation in a Phase III trial, which
reported the infliximab treatment could reduce DAS28
by 2.4 from 6.7 to 4.3 over the same time horizon as
our study (30 weeks) [19]. Because RA disease activity
is strongly associated with economic disparity [20] and
the RA patients living in small or medium-sized cities
of China are likely to have higher activity disease due
to poorer management and limited health resources,
the treatment response to infliximab in our study
cohort was likely to be better than that in patients who

have been well managed in large cities.

Similar to the impact of infliximab on DAS28,
the improvement of the quality of life in our patients
receiving infliximab was substantial and significant.
Our study used two well-validated quality of life mea-
surement instruments, EQ-5D and SF-12, to demon-
strate the impact of infliximab on the overall quality
of life, physical function and mental health. The two
instruments showed good consistence to the reduction
of the DAS28 score in our prospective cohort study
by showing a similar trend of increasing EQ-5D util-
ity values, and physical and mental health summary
scores of SF-12. According to the study results, 30-week
treatment with infliximab could reduce DAS28 score
by 2.55, about 40% of the baseline DAS28 score. The
adjusted increase of EQ-5D utility value associated with
30-week infliximab treatment was 0.453, which made
the patients almost have a comparable quality of life as
general healthy people. The observed better treatment
response of EQ-5D to infliximab treatment in our
patients may suggest that the reduced disease activity
was likely to generate more health benefits contributing
to improving the overall quality of life further [21). Dif-
ferent from EQ-5D, SF-12 was designed to measure the
quality of life classified by physical function and mental
health [22]. According to our study results, SF-12 had
slightly different responses to infliximab treatment by
increasing the physical and mental health summary
scores by 52 and 37%, respectively, when compared
with the baseline. Because DAS28 score is mainly based
on the counts of tender and swollen joints, any reduced
DAS28 score should indicate the improvement of ten-
der and swollen joints and lead to improved physical
function, a significant contributor to quality of life.
Thus, the SF-12 results in our study confirmed that
the improved physical function but not mental health
accounts for the major improvement of the quality of
life associated with infliximab treatment.

Even though the improved health outcomes are sup-
posed to reduce health resources utilization and save
direct medical costs, our cost analysis did not observe
any trends of reducing health resources or direct medi-
cal costs in our patients receiving infliximab treatment.
We suspected that the current hospitalization-based
reimbursement policy in China could lead to hospi-
tal infliximab infusions that significantly extended
hospital stay length and offset the potential economic
benefits associated with improved health outcomes
in patients receiving infliximab. Thus, future stud-
ies should further clarify the potential confounding
effects associated with hospital-based reimbursement
policy on health resources utilization and explore a
more appropriate reimbursement mode that could
maximize potential economic benefits of infliximab.
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Figure 2. Unadjusted comparisons of measured health outcomes associated with each follow-up assessment over
30-week follow-up for infliximab-containing therapy versus conventional disease-modified antirheumatic drugs
(see facing page). (A) DAS28 score. (B) Utility value of EQ-5D. (C) Physical health summary score of SF-12.

(D) Mental health summary score of SF-12.

cDMARD: Conventional disease-modified antirheumatic drug; DAS28: Disease activity score of 28 joints;

ICT: Infliximab-containing therapy; SD: Standard deviation.

Even though infliximab treatment was associated moderate-to-severe RA patients living in medium-sized
with high acquisition costs and also increased health cities of China from the cost—effectiveness perspective.
resources utilization related to current hospital-based According to the cost—effectiveness analysis based on
reimbursement policy in our study cohort, infliximab  the real-world data from our cohort study, the base case
treatment would be an acceptable treatment option for  estimation of ICER per gained QALY for infliximab
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relative to cDMARD was about half of the recom-
mended cost—effectiveness threshold. The PSA further
suggested that the chance of infliximab therapy being
cost effective was 82.1% under the recommended cost—
effectiveness threshold (three-times of local GDPPC).
Given the fact that our cost—effectiveness analysis did
not take into account potential health benefits and eco-
nomic benefits associated with potentially reduced RA-
related complications in patients receiving infliximab,
the cost—effectiveness of infliximab could be even more
attractive in moderate-to-severe RA patients living in

medium-sized cities of China. Additionally, the external
validity of our cost—effectiveness analysis was confirmed
by a previous cost—effectiveness analysis assessing inflix-
imab for moderate-to-severe RA in Shanghai, China 3]
and also in European countries [22] and the USA [23].
Our study has several major limitations that could
bias our study results. First, the small sample size and
nonrandomization design of our prospective cohort
study could not minimize the uncertainty and con-
founding effects associated with outcome measure-
ment. Additionally, selection bias could exist in our
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study as our patients receiving infliximab, which was
much costlier than cDMARD, were likely to have a
higher income than those receiving cDMARD. The
RA patients with higher social economic status could
have better response to quality of life [2425]. Thus,
the potential confounding effects associated with
these factors could make the observed improvement
of EQ-5D utility value associated with infliximab
(0.453) in our prospective cohort study higher than
the estimation in previous studies (over 0.20) [26.27].
Second, our study was unable to obtain accurate infor-
mation for medical costs associated with patient visits
to other hospitals and clinics. The missing information
for direct medical costs in other clinic settings could
substantially bias the comparisons of direct medical
costs between the two treatment groups. Third, SF-12
physical and mental health summary scores in our
study were calculated using the weights based on US
general population due to the lack of the reference for
the Chinese population. Thus, system bias could exist
in the calculation of the SF-12 results. Fourth, our
prospective cohort study did not meet all data needs of
a robust cost—effectiveness analysis. For example, our
prospective cohort study only followed up the enrolled
patients for 30 weeks, which was not longer enough to
observe the impact of the two treatments on mortal-
ity, the main driving factor in the cost—effectiveness.
Our study had to use a German RA registry study for
the estimation of the hazard ratio of mortality associ-
ated with severe RA. Additionally, our model assump-
tion on the maintained treatment effects beyond the
follow-up time did not factor the real-world setting in
which treatment compliance usually drops over time.
Our cost—effectiveness analysis did not simulate the
RA-related complications, which could be reduced by
long-term use of infliximab treatment [2829]. Thus,
caution is needed when leveraging the estimated cost—
effectiveness of infliximab treatment in our study for
decision making. Finally, our study was unable to con-
duct head-to-head comparisons among all treatments

in our study cohort because the sample size associated
with each treatment was unlikely to have sufficient
power to detect any differences in the measured out-
come measures. The observed effects associated with
ICT (mixed with infliximab monotherapy and inflix-
imab combination treatment) and cDMARD mixed
with all nonbiologic medications could have limited
generalizability to address the differences in mea-
sured outcomes between two specific medications for
moderate-to-severe RA.

Conclusion

Our study confirmed the significantly reduced dis-
ease activity and improved quality of life associated
with infliximab when compared with cDMARD for
moderate-to-severe RA in a medium-sized city in
China. Additional cost—effectiveness analysis sug-
gested that infliximab treatment was a favorable cost—
effective alternative option for moderate-to-severe RA
patients living in the medium-sized cities of China.
However, future studies with larger sample size and
better study design are needed to confirm our study
findings that could be biased by small sample size and
nonrandomization design.
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Executive summary

medium-sized city of China

arthritis.

arthritis in a medium-sized city of China

Superior effectiveness of infliximab for moderate-to-severe rheumatoid arthritis was confirmed in a

e Similar to previous studies reporting superior treatment effectiveness of infliximab for moderate-to-severe
rheumatoid arthritis in western countries, our study confirmed the significantly reduced disease severity and
improved quality of life in Chinese patients receiving infliximab for their moderate-to-severe rheumatoid

Infliximab was associated with an acceptable cost-effectiveness for moderate-to-severe rheumatoid

¢ Infliximab treatment was projected to gain more health benefits and cost more than cDMARD over lifetime
horizon in Chinese moderate-to-severe rheumatoid arthritis patients living in a medium-sized city of China.
The incremental cost—effectiveness ratio per gained QALY for infliximab relative to cDMARD was about half of
the WHO cost-effectiveness threshold, the three times of the 2015 local GDPPC.
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