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ABSTRACT
Objectives  This study aimed to analyse the cost–utility 
and budget impact of adding tocilizumab to the standard 
treatment for patients with refractory systemic juvenile 
idiopathic arthritis (sJIA) in Thailand.
Design  Economic evaluation using a decision-analytical 
model.
Setting  Thailand.
Participants  Patients with refractory sJIA who were ≥2 
years old.
Methods  The use of tocilizumab as an add-on therapy 
to standard treatment was compared with standard 
treatment alone. A simulated health state transition 
model was used to estimate the lifetime costs and 
health outcomes from a societal perspective. Direct 
medical costs were collected from tertiary hospital 
databases while direct non-medical costs were derived 
from interviews. Health-related quality of life (QoL) was 
measured using the proxy version of three-level EuroQol 
five-dimensional questionnaire (EQ-5D-3L). Future costs 
and outcomes were discounted at an annual rate of 3%. 
The base case population was patients aged 9.41 years 
old at refractory disease onset. The results were reported 
as incremental cost-effectiveness ratios (ICER) in US 
dollar (USD). One-way and probabilistic sensitivity analysis 
were conducted to investigate parameter uncertainty. The 
5-year budget impact was estimated from a governmental 
perspective.
Results  The ICER of standard treatment plus tocilizumab 
was US$35 799 per quality-adjusted life-year (QALY) 
gained compared with standard treatment alone, which 
was not cost-effective at the threshold of US$5128 per 
QALY gained. The estimated 5 years budget impact was 
approximately US$4.8 million.
Conclusions  The use of standard treatment plus 
tocilizumab was not cost-effective in the Thai context, 
which has limited data. However, there is currently no 
second-line treatment for refractory sJIA in the Thai 
National List of Essential Medicines; thus, patients must 
receive higher doses of standard treatment which can 
cause many side effects. In contrast, tocilizumab showed 
obvious efficacy in clinical trials in improving treatment 
response and QoL. Therefore, the price of tocilizumab 

should be negotiated to reduce the financial impact on the 
healthcare system.

INTRODUCTION
Systemic juvenile idiopathic arthritis (sJIA) 
is a subtype of JIA, which is related to the 
predominant abnormality of an innate 
immune system. However, its pathophys-
iology and triggers remain unknown.1–3 
Considering the 2014 International League 
of Associations for Rheumatology (ILAR) 
classification criteria, sJIA occurs before the 
16th birthday and persists for at least 6 weeks. 
The main characteristics include systemic 
features (ie, quotidian fever, salmon rash, 
hepatosplenomegaly, lymphadenopathy, peri-
tonitis, pericarditis and pleuritis), arthritis 
and elevated inflammatory markers.1 4 5 
Although the mortality rate of sJIA is unclear, 
it can lead to life-threatening complications, 
such as macrophage activation syndrome 

Strengths and limitations of this study

►► This multicentre study is the first economic evalu-
ation of tocilizumab use in patients with refracto-
ry systemic juvenile idiopathic arthritis (sJIA) in 
Thailand. Data were collected from tertiary hospitals 
where paediatric rheumatologists provide treatment 
to patients with sJIA.

►► This study was conducted to inform the subcom-
mittee for the development of the National List of 
Essential Medicines in Thailand.

►► The real-world data were necessary to investigate 
effectiveness of tocilizumab as an add-on therapy, 
which might be underestimated.

►► The initial Markov model containing functional im-
pairments could not be employed due to the limit-
ed data of patients with irreversible Steinbrocker’s 
class III/IV during the data collection period.
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(MAS), massive pericardial effusion and low quality of life 
(QoL).4 6–9 The epidemiology of sJIA is currently unclear. 
A systemic review showed that the global prevalence and 
incidence of JIA were 20.5/100,000, 95% CI 19.8 to 21.3 
and 7.8/100,000, 95% CI 7.6 to 8.1, respectively,10 while 
the proportions of sJIA to JIA were 5%–10% in North 
America and Europe, and 25%–50% in Asia.11 In Thai-
land, a retrospective study over a 15-year period from 
1997 to 2012 in a single referral centre indicated that sJIA 
contributes to 33.8% of JIA.12

In Thailand, the National List of Essential Medicines 
(NLEM) is a pharmaceutical reimbursement list used by 
three main public health schemes: Universal Coverage 
scheme, Civil Servant Medical Benefit Scheme and 
Social Health Insurance.13 The current version (2019) of 
NLEM includes six categories. The A, B and C categories 
are the first-line, second-line and third-line medicines, 
respectively. The D category comprises medicines with 
high costs that are used for specific diseases and must be 
prescribed by subspecialists and pharmacists who must 
conduct a drug-use evaluation whenever prescribed. 
The E(1) category includes medicines under special 
programmes adopted by the government sector that 
require monitoring and evaluation, while the E(2) cate-
gory includes medicines with a high cost that are used 
in specific cases, and are restricted in use because they 
must be prescribed by specific specialists. This medi-
cine group is defined as special-access items that require 
financial allocation from health insurance schemes to be 
accessible.14

The standard treatment used for sJIA under the NLEM 
are non-steroidal anti-inflammatory drugs (NSAIDs), 
systemic corticosteroids and non-biological disease-
modifying antirheumatic drugs (DMARDs). Although 
these medicines are included in the A–D categories of 
the Thai NLEM, there are some limitations, including 
inadequate efficacy in some patients with sJIA and serious 
side effects, particularly the long-term effects of corti-
costeroids among children.14 15 Patients with sJIA who 
have an inadequate response to standard medicines 
often progress to refractory sJIA, which requires biolog-
ical agents for add-on therapy. The American College of 
Rheumatology (ACR) recommends a variety of biological 
therapies for sJIA with active systemic features, including 
interleukin-1 receptor antagonists (anakinra, canaki-
numab, rilonacept), interleukin-6 receptor antagonists 
(tocilizumab) and tumour necrosis factor-alpha inhibi-
tors (adalimumab, etanercept, infliximab).

However, tocilizumab is the only biological agent avail-
able for treating patients with refractory sJIA in Thailand 
because of its efficacy, safety, labelled indication and avail-
ability.16 Unfortunately, tocilizumab can cost more than 
US$3846 for the first 3 months, which may cause financial 
risks for patients’ households.17 Moreover, the evidence 
for the cost-effectiveness of tocilizumab are limited, espe-
cially in Thailand. According to our systematic review, five 
conference abstracts have been published, but no full-text 
articles are available.18–22

Due to the limitations of standard treatment for refrac-
tory cases and the obvious efficacy of tocilizumab in terms 
of inactive disease and improving physical functions and 
health-related QoL according to clinical trials,23 24 the 
Working Group of National Experts’ on NLEM selec-
tion: orthopaedics and arthrides subgroup proposed 
moving tocilizumab to the NLEM E(2) category (ie, a 
special-access item). To that end, the NLEM subcom-
mittee requires both cost-effectiveness and budget impact 
evidence to inform their decision making. This study aims 
to analyse the cost–utility and budget impact of tocili-
zumab used in patients with refractory sJIA as an add-on 
therapy to standard treatment.

METHODS
This study was conducted in compliance with the second 
edition of the Guidelines for Health Technology Assess-
ment (HTA) in Thailand25 and the Thai HTA process 
guideline,26 which stipulated that research protocols must 
be considered and approved by the Health Economic 
Working Group under the NLEM Subcommittee.27 More-
over, stakeholders’ meetings were organised to consider 
the methodology and the preliminary results, which 
included paediatric rheumatologists, rheumatologists, 
Thai Rheumatism Association, policy-makers, healthcare 
insurers and representatives of pharmaceutical compa-
nies.16 28

Study design
A model-based economic evaluation using a Markov 
model was developed in Microsoft Excel (Microsoft, 
Redmond, Washington, USA) to estimate the incre-
mental cost-effectiveness ratio (ICER) in terms of cost 
per quality-adjusted life year (QALY) with a discount rate 
of 3% per annum for both costs and outcomes from a 
societal perspective. The ICER was then compared with 
a cost-effectiveness threshold of US$5128 per QALY 
gained. The standard treatment combined with tocili-
zumab was compared with the existing standard treat-
ment without tocilizumab from a societal perspective. 
The data for the clinical conditions, health outcomes (ie, 
life years and QALYs) and costs were collected from seven 
tertiary hospitals between November 2018 and February 
2019 using two main data sources, including medical 
records and interviews. The clinical conditions data were 
used for survival analyses to generate transitional proba-
bilities because the treatment options, dosages, regimens, 
outcome measurements and study population of this 
study differed from those of clinical studies based on our 
findings from systematic review (see online supplemen-
tary table S1).

Intervention and comparators
According to the Thai NLEM, the standard treat-
ment or standard medicines used for refractory sJIA 
are NSAIDs (eg, naproxen, ibuprofen and indometh-
acin), systemic corticosteroids (eg, prednisolone and 
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methylprednisolone) and non-biological DMARDs (eg, 
sulfasalazine, methotrexate and hydroxychloroquine). 
In this observational study, tocilizumab as an add-on 
therapy to standard treatment was compared with stan-
dard treatment alone. Generally, tocilizumab was initially 
prescribed at an 8–12 mg/kg/dose every 2 weeks, which 
was subsequently adjusted according to the variety of indi-
vidual patients’ clinical responses. Thus, the cost calcu-
lations for the tocilizumab course was designed during 
the stakeholders’ meeting16 according to the best prac-
tice in the case that tocilizumab was available for every 
patient who needed it. The patients’ weights for dosage 
calculation were obtained from the weight-for-age in the 
normative reference data for weight, height, and nutri-
tional indices for children and adolescents in the Thai 
population (age range, 1 day to 19 years) as applied from 
the Thai Ministry of Public Health guidelines.29 Addition-
ally, the patients could receive only one course of tocili-
zumab in a lifetime.16 28 In cases of relapse, patients would 
receive the standard treatment alone with a higher dosage 
in comparison with the dose for general sJIA treatment.

Target population
This cost–utility analysis focused on patients with refrac-
tory sJIA who were ≥2 years old, who were diagnosed with 
sJIA according to the ILAR classification of JIA,1 30 and 
had an inadequate response to the standard treatment, 
including NSAIDs, systemic corticosteroids and non-
biological DMARDs.16 An inadequate response to stan-
dard treatment is defined as uncontrollable disease after 
receiving all of the following therapies: (1) maximum dose 
of any NSAIDs for at least 1 month; (2) one or more types 
of non-biological DMARDs in case of sJIA with systemic 
features, and at least two types of non-biological DMARDs 
in case of sJIA without systemic features for 6 months 
and (3) unable to discontinue or reduce dose of systemic 
corticosteroids to 0.5 mg or less of a prednisone equiv-
alent per kilogram per day following 6 months of treat-
ment.16 23 In this study, the base case population included 
patients with refractory sJIA who were aged 9.41 years old 
when refractory disease occurred. This age was the mean 
age at refractory disease onset for 43 Thai patients from 
seven tertiary hospitals (table 1). In addition, a subgroup 
analysis of patients with refractory disease onset at 15 
years old was also employed. This age was chosen because 
the duration of tocilizumab treatment was around 2 years 
and the maximum age of patients in the clinical trial was 
17 years old.23

Considering the epidemiological data in the absence of 
a national data registry for sJIA in Thailand, the number 
of patients with refractory sJIA was estimated using several 
data sources, which were verified by stakeholders’ meet-
ings. sJIA occurs before patients are 16 years old1 and the 
labelled indication for use of tocilizumab in Thailand 
is for patients aged ≥2 years old31 while the randomised 
trial of tocilizumab in sJIA was conducted in patients 
aged 2–17 years old.23 Therefore, the possible target 
population was Thai people aged 2–17 years old, which 

comprised 12 597 816 people in 2017.32 Due to the lack 
of information, the epidemiological data for JIA applied 
in this study were from Oman, which is also an Asian 
country. The prevalence and incidence rates for JIA were 
0.02% and 0.002% per year, respectively. The proportion 
of sJIA to JIA in Thailand was 33.8% according to a retro-
spective study from 1997 to 2012,12 while the proportion 
of refractory sJIA was around 20.09% based on our data 
collection from seven tertiary hospitals. Thus, the number 
of patients with refractory sJIA was 171 cases in 2017, with 
17 new cases annually.

Model structure
The model stimulated the progression of patients with sJIA 
with active disease (AC) to inactive disease (IN), remis-
sion (RM) and death with lifetime horizon and 3-month 
cycle length. Patients transitioned to different health 
states depended on their clinical symptoms (systemic 
features and/or arthritis), laboratory results (erythrocyte 

Table 1  Baseline demographic and clinical characteristics 
of patients with refractory sJIA

Characteristic n=43

Male sex—no (%) 21 (48.83)

Age—years old (SD) 9.41 (3.76)

Duration of sJIA—years (SD) 6.08 (3.94)

Duration of refractory sJIA—years (SD) 4.26 (3.21)

Patients’ conditions at onset of refractory sJIA

 � Clinical manifestations

 � �  Systemic features—no (%) 15 (34.88)

 � �  Arthritis—no (%) 29 (67.44)

 � Steinbrocker’s Functional Class

 � �  Class I/II—no (%) 37 (86.04)

 � �  Class III/IV—no (%) 6 (13.96)

Health insurance schemes

 � Universal coverage scheme—no (%) 39 (90.70)

 � Civil Servant Medical Benefit Scheme—no (%) 1 (2.33)

 � Patient self-payment—no (%) 1 (2.33)

 � Disability benefits—no (%) 2 (4.64)

No of events*

 � Standard treatment alone—total no (%) 122 (100)

 � �  Active disease to inactive disease—no (%) 67 (54.92)

 � �  Inactive disease to active disease—no (%) 53 (43.44)

 � �  Inactive disease to remission—no (%) 2 (1.64)

 � Standard treatment plus tocilizumab—total 
no (%)

88 (100)

 � �  Active disease to inactive disease—no (%) 46 (52.27)

 � �  Inactive disease to active disease—no (%) 40 (45.45)

 � �  Inactive disease to remission—no (%) 2 (2.27)

*There is no progress from remission to active disease according 
to the medical record review.
sJIA, systemic juvenile idiopathic arthritis.
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sedimentation rate and/or C-reactive protein) and medi-
cation status (on or off medications) as shown in the 
online supplementary table S2. Additionally, the Wallace 
criteria for inactive disease and clinical remission were 
applied to the definitions of inactive disease and remis-
sion health states (see details on the Wallace criteria in 
online supplementary table S3).33 Both patients with 
inactive disease and remission had normal laboratory 
results and no clinical symptoms, but their medication 
status and period of medication discontinuation were 
different. Particularly, in case of on medication or off 
medication for less than 1 year, patients would be defined 
as inactive disease, while patients with remission had to 
stop medication for at least 1 year. Stakeholders initially 
suggested including long-term effects, which are func-
tional impairments indicating by irreversible Steinbrock-
er’s functional class III/IV, defined as limited to little or 
none of the duties of usual occupation or self-care for 
class III, and incapacitated, largely or wholly bed-ridden 
or confined to a wheelchair with little or no self-care for 
class IV (figure 1A). Nevertheless, the data availability was 
not adequate for analysing this factor, that is, only three 
patients with irreversible status of Steinbrocker’s func-
tional class III/IV were found during the data collection 
period. Finally, the health state with functional impair-
ments was removed (figure 1B).

Model assumptions
The following assumptions were applied to the Markov 
model.
1.	 A parametric survival analysis was employed to extrap-

olate survivor function beyond the period observed in 
this study in order to estimate transitional probabilities 
for a life-time horizon.

2.	 Since the mortality rate of refractory sJIA is inconclu-
sive, the probability of death due to this disease was 
adopted for the active disease health state only. For 
IN and RM health states, the mortality does not differ 
from the general population in Thailand.

3.	 The probability of relapse would begin after the first 
5 years of remission as it conforms to data from our sys-
tematic review and expert consensus in stakeholders’ 
meetings.

4.	 Owing to the inadequate number of patients with 
refractory sJIA, direct non-medical costs and utility 
scores were assumed to be equal to those of patients 

with general sJIA who were in the same health state 
(figure 1A).

Model inputs
All model inputs including transitional probabilities, cost 
variables and utility scores are shown in tables 2 and 3. 
The transitional probabilities and direct medical costs 
were derived from the data from patients with refractory 
sJIA, while direct non-medical costs and utility scores 
were collected from both patients with general sJIA and 
patients with refractory sJIA.

Transitional probabilities
Transitional probabilities were required for the Markov 
model to simulate the events of patients entering each 
health state and were generated using data of clinical 
conditions from medical records of 43 patients with 
refractory sJIA (table 1). These data were collected as a 
retrospective comparative study (level III),34 which was 
compared between two arms, that is, standard treatment 
alone and standard treatment plus tocilizumab. A para-
metric survival analysis was then applied and parametric 
distributions were used to describe the time to event, 
including Exponential, Weibull and Gompertz distribu-
tions according to the fitting model using Akaike infor-
mation criterion, Bayesian information criterion and 
graphical visualisation (table 2). The formulas for each 
distribution are available in the online supplementary 
table S4. Particularly, the coefficient for the covariate of 
patient’s age at refractory disease onset (age coefficient) 
and constant for baseline hazard were related to lambda, 
but the coefficient was taken into account only if statisti-
cally significant. Besides this, the probability of transition 
from remission to active disease (relapse) was derived 
from a systematic review (see online supplementary 
tables S5 and S6) because there were no data available for 
patients in a remission state turning to an active disease 
state according to the medical record review. The proba-
bility of death due to other causes was estimated from the 
WHO’s 2015 life table for Thailand.35

Cost variables
A social perspective was applied in this study. The cost 
components included direct medical and non-medical 
costs in the US dollar (USD). Direct medical costs include 
diagnosis and treatment costs. The price of tocilizumab 
was quoted from the National Drug Information under 
the Thai Food and Drug Administration.36 The cost 
of one course of tocilizumab treatment was calculated 
according to the model option. Apart from the cost of 
a new intervention, the cost of medicines and other 
services for both refractory sJIA and other conditions 
(ie, complications of refractory sJIA and adverse events 
of treatment) were covered. The cost of medicines was 
divided into two groups. The first group comprised cost 
of standard medicines or standard treatment, which 
included NSAIDs, systemic corticosteroids and non-
biological DMARDs. The second group consisted of the 

Figure 1  Markov model structure.
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Table 3  Input parameters (ie, costs and utility parameters) used in the Markov model*

Parameters Distribution

Standard 
treatment

Add-on 
tocilizumab

Data sourcesMean SE Mean SE

Direct medical costs (USD)  �   �

 � Cost of tocilizumab (TCZ)  �  Regimen:
Stakeholders’ consensus
TCZ’s price:
Thai FDA

 � Price of TCZ 80 mg/ 4 mL per one vial – – – 162 –

 � Cost of TCZ per one course  �

 � TCZ IV every 2 weeks for 6 months – – – 7778 –

 � TCZ IV every 3 weeks for 3 months – – – 2593 –

 � TCZ IV every 4 weeks for 3 months – – – 1945 –

 � TCZ IV every 6 weeks for 3 months – – – 1296 –

 � TCZ IV every 8 weeks for 6 months – – – 1945 –

 � Total cost – – – 15 556 –

 � Cost of standard medicines†  �  Medical record

 � Health state AC (IPD) Gamma 68 57 8 4

 � Health state AC (OPD) Gamma 45 10 46 16

 � Health state IN (OPD) Gamma 46 12 51 46

 � Cost of other medicines‡  �  Medical record

 � Health state AC (IPD) Gamma 85 54 64 23

 � Health state AC (OPD) Gamma 10 2 58 27

 � Health state IN (OPD) Gamma 100 90 13 7

 � Cost of services  �  Medical record

 � Health state AC (IPD) Gamma 276 65 276 65

 � Health state AC (OPD) Gamma 61 7 61 7

 � Health state IN (OPD) Gamma 63 13 63 13

 � Health state RM (OPD) Gamma 5 0 5 0

Direct non-medical costs (USD)§  �   �

 � Total cost for 1 OPD visit Gamma 53 7 53 7 Interview

 � Total cost for 1 IPD visit Gamma 60 10 60 10

 � Extra cost for the first year¶ Gamma 17 6 17 6

Hospital visits  �   �

 � Frequency of IPD visits per 3 months  �  Medical record

 � Health state AC Gamma 0.04 0.01 0.40 0.01

 � Duration between each OPD visit (days)  �  Medical record

 � Health state AC Gamma 45.22 4.43 34.93 6.09

 � Health state IN Gamma 58.58 3.79 48.77 9.49

 � Health state RM Gamma 204.75 36.75 204.75 36.75

Utility parameters  �   �

 � Health state AC (n=31) Gamma 0.714 0.051 0.714 0.051 Interview

 � Health state IN (n=50) Gamma 0.886 0.021 0.886 0.021

 � Health state RM (n=8) Gamma 0.937 0.042 0.937 0.042

Continued
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cost of other medicines which were used for the treat-
ment of other conditions as mentioned above, including 
MAS, severe infections (ie, sepsis and pneumonia) and 
eye problems (ie, cataracts and glaucoma). Nonetheless, 
some specific adverse events of tocilizumab, especially 
infections, were not separately considered in this study 
because patients with tocilizumab treatment also received 
high-dose corticosteroids and DMARDs. Thus, the cause 
of infection could not be isolated to tocilizumab alone. 
The cost variables were collected from four tertiary 
hospital databases based on their willingness and were in 
the form of charges that were converted to costs using the 
ratio of cost to charge of 1.63.25 Moreover, direct medical 
costs were converted to cost of the year 2018 by using the 
Thai consumer price index37 and categorised by treat-
ment options, health states and hospital departments (ie, 
inpatient department (IPD) and outpatient department 
(OPD) (table  3). As for the direct non-medical costs, 
including food, travel and accommodation expenditures, 
the data were obtained through face-to-face interviews 
with caregivers at seven tertiary hospitals (n=89) and 
categorised by hospital departments as well. In addition, 
the cost of each OPD and IPD visit was multiplied by the 
number of IPD and OPD visits to calculate the direct cost 
per one cycle (3 months).

Utility scores
Primary data collection was performed at seven hospi-
tals to estimate the health utility weights (0=death and 
1=full health) of each health state. These utility scores 
were measured using EQ-5D-3L (EuroQoL registration 
ID 26707; EuroQoL, Rotterdam, the Netherlands), which 
consisted of five dimensions including mobility, self-care, 
usual activities, pain/discomfort and anxiety/depres-
sion.38 The caregiver was interviewed to rate the patient’s 
health-related QoL instead of the patients themselves 
because the target population of this study was patients 
who were ≥2 years old (n=89). On the same day of the 
caretaker interview, physicians assessed patients’ disease 
activity and complications to identify their health states 
as well. Utility was then derived from the Thai EQ-5D-3L 
value set.39 However, utility scores were not calculated 
separately according to treatment groups due to the 

limited number of patients during the primary data collec-
tion period. Therefore, the utility score values were 0.714 
for active disease, 0.886 for inactive disease and 0.937 for 
remission (table 3). As for disutility due to complications 
and adverse events, it was not taken into account because 
there was no difference between two groups owing to the 
small number of patients in this study, and the causes of 
complications and adverse events could not be differenti-
ated as mentioned in the ‘cost variables’ session.

Uncertainty analysis
One-way and probabilistic sensitivity analysis were 
conducted to investigate parameter uncertainty. In the 
one-way sensitivity analysis, model parameters, such 
as costs, utilities and visit numbers, were adjusted by a 
95% CI according to the Bayesian interval method. The 
results of the one-way sensitivity analysis were presented 
in a tornado diagram. As for the probabilistic sensitivity 
analysis, a Monte Carlo simulation was run 5000 times 
using Microsoft Excel (Microsoft). Random sampling of 
the model parameters were based on data distribution 
(tables  2 and 3): (1) beta distribution for transitional 
probabilities and utility scores because the values were 
ranged 0–1; (2) gamma distribution for cost variables 
because these parameters must be positive values and 
(3) log-normal distribution for survival parameters. The 
results were presented as a cost-effectiveness acceptability 
curve.

Budget impact analysis
The budget impact analysis was employed to predict the 
potential financial impact of the adoption of tocilizumab 
as add-on therapy for the first 5 years using a govern-
mental perspective; thus, only direct medical costs were 
considered. The total number of patients with refractory 
sJIA in Thailand was estimated using epidemiological 
data to obtain the aforementioned target population. 
Additionally, various percentages of access to healthcare 
services, including 100%, 50% and 25%, were adjusted 
according to the maximum possibility, the expert 
consensus in stakeholders’ meetings16 28 and the medical 
record review, respectively.

Parameters Distribution

Standard 
treatment

Add-on 
tocilizumab

Data sourcesMean SE Mean SE

*All costs in the year 2018 (US$1=THB31.20 in February 2020).
†Standard medicines (standard treatment) including NSAIDs (eg, naproxen, ibuprofen and indomethacin), systemic corticosteroids (eg, 
prednisolone and methylprednisolone) and non-biological DMARDs (eg, sulfasalazine, methotrexate and hydroxychloroquine).
‡Other medicines including medicines for macrophage activation syndrome, severe infections (ie, sepsis and pneumonia) and eye problems 
(ie, cataracts and glaucoma).
§Direct non-medical costs including additional food and travel expenses of patients and parents, and income loss of parents.
¶Extra cost for the first year including cost of house renovation, wheelchairs and patient beds.
AC, active disease; Add-on tocilizumab, standard treatment plus tocilizumab; DMARD, disease-modifying antirheumatic drug; FDA, Food 
and Drug Administration; IN, inactive disease; IPD, inpatient department; IV, intravenous; NSAID, non-steroidal anti-inflammatory drug; OPD, 
outpatient department; RM, remission; SE, standard error; Standard treatment, standard treatment alone; USD, US dollar.

Table 3  Continued
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Patient and public involvement
No patient involved.

RESULTS
Model validation
The model structure, inputs and outputs were assessed 
by face validity in the stakeholders’ meeting for consid-
eration of the preliminary results.16 28 The predicted 
survival curve of patients with refractory sJIA receiving 
standard treatment alone compared with those receiving 
tocilizumab as an add-on therapy to standard treatment 

and the general population was shown in figure  2 for 
both the base case and subgroup analysis.

Cost–utility analysis
The model simulated the lifetime of patients with refrac-
tory sJIA for the base case. The total lifetime costs and 
QALYs of using standard treatment alone and adding 
tocilizumab to standard treatment are shown in table 4. 
The ICER was US$35 799 per QALY gained, which was not 
cost-effective compared with the Thai cost-effectiveness 
threshold of US$5128 per QALY gained. In the subgroup 
analysis, an increase in ICER could be seen in the group 
of disease occurring at 15 years old, accounting for 
US$53 301 per QALY gained.

Uncertainty analysis
In the one-way sensitivity analysis, the most influential 
parameter was the discount rate for outcome followed 
by the price of tocilizumab 80 mg/4 mL for one vial and 
the transitional probability of relapse after remission for 
15 years onward. However, there was no parameter range 
that could change ICER to the cost-effective result or 
values <US$5128 per QALY gained (figure 3).

In the probabilistic sensitivity analysis, the cost-
effectiveness acceptability curves representing the prob-
ability of both treatment options at different ceiling 
thresholds for cost-effectiveness are indicated in figure 4. 
At the cost-effectiveness threshold of US$5128 per QALY 
gained, the current standard treatment could become 
cost-effective (95%). However, if the threshold was 
US$35 799 per QALY gained, both treatment options were 
potentially equally cost-effective. Additionally, the results 
of subgroup analysis showed that if the patients receiving 
tocilizumab as add-on therapy were 15 years old, the 
possibility of new interventions to be cost-effective at the 
cost-effectiveness threshold would decrease compared 
with standard treatment.

Figure 2  Survival prediction modelling for base case and 
subgroup analysis. sJIA, systemic juvenile idiopathic arthritis.

Table 4  Results of costs, health outcomes and ICER of using tocilizumab as add-on therapy to standard treatment compared 
with standard treatment alone*

Options
Total cost†
(USD)

Life years‡
(years)

QALYs†
(years)

ICER
(USD/QALY gained)

Base case analysis (refractory disease onset at 9.41 years old)

Standard treatment 20 547 30.43 12.42 35 799

Add-on tocilizumab 47 139 31.98 13.16

Incremental value 26 592 1.55 0.74

Subgroup analysis (refractory disease onset at 15 years old)

Standard treatment 25 068 41.97 14.88 53 301

Add-on tocilizumab 59 765 43.28 15.53

Incremental value 34 697 1.32 0.65

*The results were obtained from probabilistic model stimulating 5000 times.
†Discounted values.
‡Undiscounted values, life year at birth.
Add-on tocilizumab, standard treatment plus tocilizumab; ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life years; 
Standard treatment, standard treatment alone; USD, US dollar.
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Budget impact analysis
The estimated number of Thai patients with refractory 
sJIA was 171 cases, with an incidence rate of 17 cases per 
year. However, the data from medical records indicate that 
the current access rate to healthcare services was approx-
imately 25%. Meanwhile, the stakeholders predicted 

that this access rate might reach 50% after tocilizumab is 
included in the NLEM.

The total budget for each treatment option in all 
scenarios was illustrated in table 5. To provide tocilizumab 
as add-on treatment for every patient (100% access rate), 
the Thai government must allocate an additional budget 
of approximately US$2.5 million for the first year, which is 
higher than for other years due to the number of patients 
based on the prevalence and frequency of tocilizumab 
given in the first year. The additional budget could then 
be decreased to around US$0.9 million for the second 
year and around US$0.5 million for the last 3 years. Thus, 
the budget impact would be US$4.8 million for the 5-year 
budget impact or around US$1 million for the annual 
average budget impact. In addition, other scenarios 
including 25% and 50% access rates led to a lower addi-
tional budget impact, that is, US$1.4 and US$2.4 million 
of 5-year budget impacts, respectively.

DISCUSSION
This study was the first economic evaluation of tocili-
zumab use in a refractory sJIA and multicentre study that 
collected data from tertiary hospitals where paediatric 
rheumatologists were providing treatment for patients 
with sJIA in Thailand.

The results indicated that using tocilizumab as an 
add-on therapy for refractory sJIA was not cost-effective 
according to the ICER of US$35 799 per QALY gained, 
which was higher than the Thai cost-effectiveness 
threshold of US$5128 per QALY gained. Investing in 
this health technology requires an additional budget 
of around US$1 million per year to cover 100% of the 
patients with refractory sJIA. In addition, the first three 
parameters affecting the cost-effectiveness results were 
the discount rate for outcome, the price of tocilizumab 
80 mg/4 mL and the transitional probability of relapse 
after remission for ≥15 years.

According to our systematic review, five studies of 
economic evaluations of tocilizumab used for sJIA treat-
ment were found in conference proceedings,18–22 but no 
full articles were available (see online supplementary 
tables S7 and S8). All of these studies showed the cost-
effectiveness of tocilizumab in their countries. The target 
population of these studies were sJIA or refractory sJIA, 
but the interventions and comparative factors varied 
according to the different clinical practice guidelines 
for each country. In four of the five studies,18–20 22 tocili-
zumab was used alone or followed by other biological 
agents, such as etanercept, adalimumab and abatacept, 
compared with placebo, methotrexate, prednisolone or 
other biologics. These treatments differ to the Thai clin-
ical practice, which is to use standard treatment including 
NSAIDs, steroids and DMARDs, with tocilizumab as an 
add-on therapy. In addition, three of the five studies20–22 
indicated that the efficacy used in their studies were 
obtained from the double-blind, placebo-controlled, 
randomized phase III TENDER trial (WA18221),23 and 

Figure 3  Tornado graph showing the results of one-way 
sensitivity analysis. This figure indicates the parameters with 
the largest effect on ICER (USD per QALY gained) when they 
are varied individually. ICER, incremental cost-effectiveness 
ratio; QALY, quality-adjusted life-year; USD, US dollar.

Figure 4  Cost-effective acceptability curve of base case 
and subgroup analysis. This shows the probabilities of 
each option being cost-effective at a given ceiling ratio. The 
dashed line represents the cost-effectiveness thresholds 
of 5128 USD per QALY gained in the adoption of health 
interventions in Thailand. QALY, quality-adjusted life-year; 
USD, US dollar.

https://dx.doi.org/10.1136/bmjopen-2020-037588
https://dx.doi.org/10.1136/bmjopen-2020-037588
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JIA ACR responses and the absence of fever were used 
as efficacy outcomes. These outcomes were interme-
diate and there was no clinical study revealing the final 
outcomes, such as morbidity and mortality, because the 
duration of the study was only 48–102 weeks.23 24

There were three main limitations in this study. First, 
the data from medical records in some hospitals were 
insufficient to calculate the JIA ACR response while the 
Thai HTA guidelines recommended deriving the input 
parameters from the Thai patients’ data. Therefore, the 
stakeholders agreed to use the disease status adapted 
from Wallace criteria,33 including inactive disease and 
remission. Second, no randomised controlled trial (RCT) 
matched the outcomes of interest. Therefore, obtaining 
real-world data was necessary for the effectiveness of 
tocilizumab as add-on therapy, otherwise its effectiveness 
would be underestimated because the patients could not 
access the best standard practice of using tocilizumab due 
to financial barriers leading to delayed tocilizumab treat-
ment for most patients, resulting in poor outcomes.40 
Therefore, the results cannot be generalised to all patients 
with refractory sJIA. Likewise, the inclusion criteria of 
RCTs were different from those of this study. In RCTs, 
patients with active systemic JIA for at least a 6-month 
duration and had inadequate response to NSAIDs and 
systemic corticosteroids were included. However, patients 
in this observational study had a longer duration of 
failure towards the standard treatment. This meant that 
the clinical conditions of patients in this study were more 
severe than RCTs. Thus, the results of this study could 
not be compared with RCTs.23 24 Third, the initial Markov 

model containing functional impairments could not be 
employed due to limited data because only three patients 
with an irreversible status of Steinbrocker’s class III/IV 
were identified during the data collection period.

POLICY RECOMMENDATIONS
Internationally, the UK National Health Service provides 
tocilizumab for patients with sJIA as a benefit under a 
patient-access scheme, which discounts all invoices for 
tocilizumab. Meanwhile, the Australian Government’s 
Pharmaceutical Benefits Scheme subsidises tocilizumab 
treatment for severe active JIA, including sJIA and other 
subtypes.

In the low-income to middle-income country context, 
price negotiation is an important approach to increase 
access to high-cost essential medicines.41 Although 
tocilizumab is not cost-effective at its current price, it is 
necessary for patients with refractory sJIA because of the 
absence of an effective treatment in the NLEM. Thus, a 
price-negotiation process in the development of the Thai 
NLEM should be performed using rebates, risk-sharing 
arrangements or managed entry agreements to ensure 
the affordability of government budget holders in the 
healthcare system.

Moreover, tocilizumab should be included in a special-
access programme for NLEM in the government sector 
because tocilizumab use and health outcomes should 
be monitored evaluated in a real-world setting. There 
are three benefits if tocilizumab can be included in this 
programmes: (1) patients with refractory sJIA can access 

Table 5  Estimated total and incremental budgets for base and scenario cases*

Scenarios Year

Total budget (USD) Incremental budget (USD)

Standard 
treatment

Add-on 
tocilizumab

1-year budget 
impact

5-year budget 
impact

Average budget 
impact per year

25% access 1 46 741 802 172 755 431 1 410 302 282 060

2 34 269 303 088 268 819

3 35 627 160 323 124 697

4 36 436 165 269 128 833

5 37 473 169 996 132 523

50% access 1 93 481 1 339 748 1 246 266 2 440 596 488 119

2 69 625 527 654 458 028

3 73 036 309 653 236 617

4 75 318 321 043 245 725

5 78 012 331 971 253 959

100% access 1 185 876 2 663 917 2 478 041 4 788 419 957 684

2 137 468 1 035 224 897 756

3 143 626 597 723 454 097

4 147 570 619 029 471 459

5 152 373 639 438 487 066

*The results were obtained from a government perspective.
Add-on tocilizumab, standard treatment plus tocilizumab; Standard treatment, standard treatment alone; USD, US dollar.



11Kittiratchakool N, et al. BMJ Open 2020;10:e037588. doi:10.1136/bmjopen-2020-037588

Open access

tocilizumab as soon as they are diagnosed, resulting in 
a better outcome and an improvement in the QoL for 
both patients and their families40; (2) according to the 
special-access programme requiring monitoring and eval-
uation, the data collection could be controlled with fewer 
confounding factors and more homogeneity, which would 
lead to more reliable efficacy, safety and cost-effectiveness 
and (3) the NLEM Subcommittee will be able to recon-
sider efficacy, cost-effectiveness, drug price and afford-
ability if tocilizumab should continue to be available in 
the NLEM.
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