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Abstract
Background and objective This study aimed to determine the cost-effectiveness of Tocilizumab (TCZ) compared 
with Adalimumab (ADA) in patients with Rheumatoid Arthritis (RA), who had not responded to methotrexate (MTX), 
from a societal perspective in Iran.

Method To conduct the cost-utility analysis, using an individual microsimulation Markov model, a hypothetical 
cohort of 1,000 patients was evaluated over a lifetime horizon. The efficacy and safety of each treatment were 
estimated using the American College of Rheumatology (ACR) criteria to determine the continuation or switching of 
treatment every six months. Treatment responses were captured based on Health Assessment Questionnaire (HAQ) 
scores and mapped into utility values to determine QALY gained for each treatment. All direct and indirect costs 
associated with the disease and perspective were included according to societal perspective. Deterministic and 
Probabilistic sensitivity analyses were performed to assess the robustness of the model.

 Results The result of the study estimated that TCZ is a more cost-effective treatment option, with a probability 
of 76%. TCZ was associated with a higher cost ($6,990 versus $6,608) and higher QALYs gained (4.24 versus 3.95) 
compared to ADA with an incremental cost-effectiveness ratio (ICER) of USD 1,301, which is below the willingness-to-
pay threshold of 1,448 USD in Iran.

 Conclusion This study provides convincing evidence of the cost-effectiveness of TCZ compared to ADA in the 
treatment of active severe RA in Iran.
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Background
Rheumatoid Arthritis (RA) is a prevalent immune system 
and provocative disease that causes pain, swelling, stiff-
ness, dynamic joint damage, and other systemic effects 
[1]. In 2020, around 17.6  million people with RA were 
diagnosed worldwide, representing the age-standardized 
global prevalence rate of 208·8 cases per 100,000 popula-
tion, and a 14·1% increase since 1990. The prevalence of 
RA in Iran was reported to be 89 in 100,000 in 2020, with 
women being more likely to be affected than men [2]. On 
the other hand, the financial burden of RA in Iran was 
estimated at $ 3.7 billion PPP in 2019 [3].

The purpose of treating RA is to reduce the severity 
of joint damage, deformity, and changes in joint shape 
that can lead to disability and even premature death [4]. 
Treatment of RA includes medication, physical or occu-
pational therapy, patient education, weight manage-
ment, and if necessary surgical procedures [5]. Under the 
American College of Rheumatology (ACR) guidelines, 
the first approach to RA treatment usually involves the 
use of conventional disease-modifying antirheumatic 
drugs (cDMARDs). Of these medications, methotrex-
ate (MTX) is usually the most commonly recommended. 
If MTX is not tolerated, other cDMARDs may also be 
considered. In patients with more severe RA (lasting six 
months or longer), a biologic DMARD (bDMARDs) is 
often added to the usual treatment [6].

Recent research indicates that discontinuation of cer-
tain agents is common due to various reasons such as 
intolerance or inadequate efficacy [7]. While tumor 
necrosis factor-alpha (TNF-α) inhibitors are often the 
first choice for eligible patients, other bDMARDs have 
shown comparable effectiveness when used alongside 
MTX after cDMARDs fail in RA treatment [8]. Tocili-
zumab (TCZ), a humanized monoclonal antibody target-
ing the interleukin-6 receptor, has demonstrated efficacy 
in treating moderate-to-severe active RA in adults who 
do not respond adequately to TNF-α inhibitor therapy [9, 
10].

The ADACTA trial compared the efficacy of adali-
mumab (ADA) and TCZ in RA patients who could not 
continue MTX treatment. Results from this 24-week, 
multicenter, double-blind trial showed that TCZ mono-
therapy was more effective in alleviating RA symptoms 
compared to ADA monotherapy [11].

Apart from efficacy, safety, and patient adherence, con-
sidering the cost of treatment is crucial. RA is a chronic 
condition that can impose significant economic burdens 
on patients, both directly and indirectly, due to lifelong 
treatment requirements. Previous studies have shown 
that drug expenses make up a considerable portion of 
direct RA-related costs [3]. Thus, choosing the most cost-
effective therapeutic approach in this era is essential. 
Hence, this study aims to assess the cost-effectiveness of 

TCZ monotherapy compared to ADA monotherapy in 
severe active RA patients who are eligible for bDMARDs 
and are unable to continue MTX.

Method
Model structure
In this study, we utilized a microsimulation Markov 
model to assess the cost-utility of TCZ compared to ADA 
in managing RA using TreeAge 2022 software as shown 
in Fig. 1. Our analysis focused on a hypothetical cohort 
of 1,000 patients with severe active RA and inadequate 
responses to MTX.

To conduct the cost-utility analysis, we considered 
treatment outcomes and costs associated with TCZ 
(8  mg/kg intravenously every 4 weeks) monotherapy 
versus ADA (40  mg subcutaneously every other week) 
monotherapy from a societal perspective. Given the 
chronic nature of RA, we employed a lifetime horizon to 
encompass all relevant costs and outcomes [12].

Based on ACR criteria, patients were evaluated every 
six months to determine treatment continuation or tran-
sition. The ACR criteria, including ACR20, ACR50, and 
ACR70, serve as standardized measures for assessing 
treatment efficacy in RA studies [1, 13, 14]. Our model 
incorporated variations in disease severity using the 
Health Assessment Questionnaire (HAQ) scores, a com-
monly used patient-reported instrument in musculoskel-
etal disorders [15].

Each level of response in terms of ACR20, ACR50, and 
ACR70, corresponds to a change in the HAQ disabil-
ity score. On the other hand, a decrease in HAQ score 
indicates improvement in RA symptoms [14]. Patients 
who are categorized as initial responders, continue treat-
ment, while non-responders transit to the next treatment 
option. In the case of treatment failure, patients receive 
palliative care, with disease severity assumed to increase 
consistently over time [16, 17].

The health outcomes were assessed in terms of QALY 
gained. The costs are collected in Iranian Rial currency 
but all costs were presented in US dollars (USD) with an 
exchange rate of USD 1 = 290,000 Iranian Rials (Table 1). 
According to the literature, both costs and QALYs were 
discounted at a rate of 5.8% [18]. The final result was pre-
sented as an incremental cost-effectiveness ratio (ICER), 
which was then compared against the Iranian willing-
ness-to-pay (WTP) threshold range of 1 Gross Domestic 
Product (GDP) per capita, which was 1,448 USD [19].

Model inputs
Clinical efficacy & safety
ADACTA is a head-to-head clinical trial that has pro-
vided valuable insights into the efficacy and safety of TCZ 
and ADA showcasing significant reductions in patient 
pain and disease progression [11]. Hence, data on the 
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proportion of patients achieving ACR 20/50/70 for each 
treatment sequence were obtained from the ADACTA 
trial, as presented in Table 2. ACR response rates, cate-
gorized as cumulative categories in clinical trials, signify 
patients’ improvement from baseline. Those achieving 
at least a 20% improvement were classified as ACR20, 
50% as ACR50, and 70% as ACR70. The calculation of 
the proportion of patients in each response category 
excluded rates from higher ACR groups. Non-respond-
ers, who failed to achieve ACR20, were identified within 
six months or upon withdrawal progressed to subsequent 
treatments in the predefined sequence [26, 27].

A previous study showed that the number of patients 
who experienced serious adverse events did not differ 
significantly between TCZ and ADA treatments [29]. 

Therefore, potential adverse effects were not considered 
in our model like in a similar study [14].

Mortality
The mortality rate in RA correlates with disease sever-
ity, suggesting that treatments improving disease sever-
ity may positively impact mortality rates. We determined 
mortality rates by incorporating the association between 
initial mortality rates and HAQ scores reported by Wolfe 
et al. [30]. Additionally, mortality rates were adjusted for 
RA-associated disability using Iranian lifetable estimates. 
Finally, we applied an equation similar to the previous RA 
model to estimate RA-specific mortality rates [30, 31].

Equation 1: RA-specific mortality rate

Fig. 1 Overview of the RA lifetime model. Abbreviations: ACR, American College of Rheumatology; ADA, Adalimumab, HAQ, Health Assessment Ques-
tionnaire; MTX, methotrexate; TCZ, Tocilizumab
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RA specific mortality rate

= general mortality × 1.33HAQ

Health-related quality of life
The HAQ, utilized to evaluate patients’ functional 
and physical conditions, with a lower score indicating 
improved functional and physical status, plays a crucial 
role in predicting mortality probability, quality of life, 
hospitalization, treatment discontinuation, and costs. 
Discontinuing treatment results in the HAQ score revert-
ing to baseline until the next treatment cycle. Patients 

entering the model had an average baseline HAQ score 
of 1.6. The change in HAQ score by ACR response level 
is detailed in Table  1. We utilized regression equations 
to convert HAQ into Utility, mapping data onto EQ-5D 
[32–34] (Eq. 2).

Equation  2: EQ-5D utility scores based on HAQ 
scores.

 
EQ− 5D =

{
1 if y > 0.883

y otherwise

Table 1 Key model parameters
Item Value Distribution
• Patient characteristics [14, 20, 21]
 Age (y), mean (SD) 60 (13.4) Normal
 Body weight (kg), mean (SD) 77 (3.8) Normal
 Starting HAQ score, mean (SD) 1.65 (0.168) Normal
 Disease duration, mean (SD) 6.1 (0.8) Normal
 Sex: female, % 80 Normal
• HAQ score change by ACR response levels (6 months), mean (SD) [14, 20]
 Non-responder −0.11 (0.056) Normal
 < ACR20 −0.44 (0.056) Normal
 ACR20-50 −0.76 (0.092) Normal
 ACR > 70 −1.07 (0.179) Normal
 Palliative care 0.03 (0.005) Normal
• Hospital days per year by HAQ score, mean [14]
 0.0–0.5 0.26 -
 0.6–1.0 0.13 -
 1.1–1.5 0.51 -
 1.6–2.0 0.72 -
 2.1–2.5 1.86 -
 2.6–3.1 4.16 -
• Probability of Nonresponse [1, 22]
 ADA 0.5 Beta
 ETC 0.29 Beta
 RTX 0.49 Beta
 TCZ 0.34 Beta
• Proportion of lack of efficacy [23–25]
 ADA 15% -
 ETC 30% -
 RTX 40% -
 TCZ 18% -
• Other inputs
 Cost discount rate 5.8% -
 Utility discount rate 5.8% -

Table 2 ACR Response Rates in 6 months
Absolute ACR Response Rates at 6 Months (Percent) Reference
ACR score ACR < 20 20 < ACR < 50 50 < ACR < 70 ACR > 70
Tocilizumab 34 18 15 33 [11]
Adalimumab 50 22 10 18 [11]
Etanercept 29 32 24 15 [28]
Rituximab 49 24 15 12 [26]
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where y = 0.967− 0.115× HAQ

−0.036× HAQ2 − 0.484× V ASpain
100

+0.019× Age−54.32
10

+ 0.006× (Age−54.32
10

)
2

−0.047× male+ 0.030 + 0.011

Resource utilization and costs
Considering the societal perspective, all direct and 
indirect costs associated with the disease, including 
medication, diagnosis, hospitalization, follow-up care, 
rehabilitation, transportation, and productivity loss, were 
captured. Unit costs were sourced from national data-
bases and country-specific tariffs and then converted to 
represent costs per 6-month cycle, as outlined in Table 3. 
Patient costs were calculated by averaging weighted 
expenses from both private hospitals (20%) and public 
ones (80%). Similarly, outpatient costs were determined 
by averaging weighted expenses from the private sector 
(35%) and public (65%) based on Iranian National Health 
Accounts. In addition to direct medical costs, the model 
accounts for transportation costs and productivity loss 
from a societal perspective. Productivity loss costs were 
estimated based on the minimum daily wage in Iran, 
which was 7.5 USD. The main reason for productivity 
loss in RA is patients’ hospitalization, which could hap-
pen in any disease state. When a patient is hospitalized, 
the cost of productivity loss is applied to the model as the 
minimum daily wage of an employee in 2022 in Iran mul-
tiplied by the number of hospitalized days. The number 
of hospitalized days is mentioned in Table 1.

Transportation costs were calculated considering travel 
within the city, assuming that patients did not require 

travel to other cities due to the widespread availability of 
medical facilities and healthcare providers throughout 
the country.

Sensitivity analysis
To address uncertainties in the study, both determinis-
tic and probabilistic sensitivity analyses were conducted 
to examine the robustness of the model results. A tor-
nado diagram was generated to illustrate the sensitivity 
levels of parameters, ranging from most to least sensi-
tive within a ± 20% interval. This involved systematically 
altering critical parameters to assess their impact on the 
model’s outcomes.

In order to assess the uncertainty of all parameters 
simultaneously, a probabilistic sensitivity analysis (PSA) 
was conducted using a second-order Monte Carlo simu-
lation. It was assumed that the baseline HAQ, patients’ 
age at onset, and HAQ decline related to ACR response 
followed a normal distribution. Furthermore, all costs 
were incorporated into the model using a gamma distri-
bution, while probabilities were represented in the form 
of a beta distribution.

Results
Base case analysis
According to the model’s projections (Table 4), the total 
costs over a lifetime horizon for the TCZ and ADA were 
estimated at $6,990 and $6,608 per patient, respectively. 
Furthermore, the average quality-adjusted life years 
(QALYs) gained for TCZ treatment were 4.24, com-
pared to 3.95 for ADA. From a societal perspective, 
TCZ incurred an additional cost of $382 per patient but 

Table 3 Cost inputs
Cost Item Description Unit cost $ Total cost ($ 6 months) Distribution
Treatment-related costs -
TCZ 162 mg every other week 42.3 544.45 -
ADA 40 mg every other week 34.5 500.4 -
ETC 50 mg SC Once weekly 25.1 648.8 -
RTX 1000 mg IV, repeat after 2 weeks 128.3 574.3 -
Palliative care weighted mean costs of cDMARDs, prednisolone, and celecoxib NA 48.44 -
Diagnostic examination
Laboratory tests:
LFT and CBC

Every 2 months 8.46 25.39 -

Bone densitometry Annually 17.17 8.58 -
Chest X-ray Annually 5.72 2.86 -
Radiography Annually 3.43 1.71 -
Tuberculin test Annually 0.16 -
Other medical Cost
Hospitalization (per day) (SD) Based on the HAQ score 31.82 (6.9) Based on HAQ score Gamma
Intra-articular corticosteroid 30% of patients on Palliative care 11.73 11.73 -
Mab Infusion Based on treatment 8.01 Based on treatment -
Psychotherapist 30% of patients on Palliative care every 3 months 8.15 16.3 -
Abbreviations: ADA, Adalimumab; cDMARDs, conventional Disease-Modifying Antirheumatic Drugs; CBC, Complete Blood Count; ERT, Etanerecpt; HAQ, Health Assessment 
Questionnaire; IV, Intra Venous; LFT, Liver Function Tests; RTX, Rituximab; TCZ, Tocilizumab
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demonstrated a superiority of 0.29 QALY compared to 
ADA. The Incremental Cost-Effectiveness Ratio (ICER) 
obtained in this study was $1,301, which falls below the 
assumed willingness-to-pay threshold of 1 GDP per Cap-
ita in Iran, which was 1,448 USD. Consequently, TCZ 
emerges as a cost-effective treatment option compared to 
ADA.

Sensitivity analysis
Given that most variables in the model are represented 
with their distributions, a Probabilistic Sensitivity Analy-
sis (PSA) was conducted with a hypothetical sample size 
of 1000 to assess the probability of TCZ being the cost-
effective option compared to ADA. Being in the first 
quadrant, TCZ emerges as the cost-effective choice with 
a probability of 76% (Figs. 2 and 3).

As depicted in the Tornado diagram (Fig. 4), the most 
sensitive model parameters include the prices of TCZ 
and ADA, the percentage of patients who respond or 
do not respond to the treatments, and the lag time to 
the efficacy of TCZ and ADA. These factors emerged as 

crucial contributors to the sensitivity of the model, influ-
encing the outcomes to a significant extent, in the range 
of ± 20% changes. The influences of other parameters on 
the results were almost negligible.

Moreover, given the sensitivity of the model to the 
prices of both drugs, a two-way sensitivity analysis for 
these variables was deemed necessary. As illustrated in 
Fig.  5, ADA could be an alternative to TCZ in terms of 
cost-effectiveness if its price is reduced.

Discussion
The study conducted a thorough cost-effectiveness analy-
sis comparing TCZ and ADA for treating severe active 
RA in Iran. By integrating data from the ADACTA study 
and employing a microsimulation Markov model, the 
aim was to inform healthcare decision-makers about the 
economic implications of selecting between these two 
bDMARDs. The ADACTA clinical trial findings indi-
cated that TCZ outperformed ADA in alleviating severe 
active RA symptoms in patients eligible for bDMARDs 
and unable to continue MTX therapy. These findings sug-
gest TCZ, as a promising option for RA patients, offers 
a viable alternative to ADA. The trial outcomes provide 
valuable insights into the efficacy of these medications 
and their potential roles in managing RA [11].

The results of this study have significant implica-
tions for healthcare decision-makers tasked with effec-
tively allocating limited resources. By showcasing the 
cost-effectiveness of TCZ compared to ADA, this study 

Table 4 Model results
Strategy Cost ($) Incr 

Cost 
($)

Eff (QALYs) Incr Eff 
(QALYs)

ICER 
($/
QALYs)

ADA 6,608 382 3.95 0.29 1,301
TCZ 6,990 4.24
Abbreviations: ADA, Adalimumab; TCZ, Tocilizumab

Fig. 2 PSA diagram

 



Page 7 of 10Metghalchi et al. Cost Effectiveness and Resource Allocation           (2024) 22:82 

Fig. 4 Tornado diagram

 

Fig. 3 Acceptability curve
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provides compelling evidence for TCZ’s inclusion in RA 
treatment strategies in Iran. Results indicate that while 
TCZ incurs higher costs ($6,990 vs. $6,60), it also yields 
higher QALYs (4.24 vs. 3.95) compared to ADA. The 
ICER suggests that TCZ would be a cost-effective option 
compared to ADA at the Iran willingness-to-pay thresh-
old of 1,448 USD.

The results of this study are consistent with those of 
the ADACTA trial, demonstrating that TCZ monother-
apy is more effective than ADA monotherapy in reliev-
ing severe active RA symptoms. These results highlight 
TCZ’s potential as a promising therapeutic option for RA 
patients unresponsive to first-line treatment, MTX.

Our findings are aligned with similar studies from other 
countries. An Italian study, for example, demonstrated 
TCZ’s cost-effectiveness when used alongside MTX over 
a lifetime horizon, highlighting TCZ’s suitability both 
as an initial biologic therapy and as a switch option fol-
lowing anti-TNF-α failure [35]. Additionally, a recent 
study from Saudi Arabia showed that TCZ significantly 
improves quality of life and offers favorable economic 
value relative to ADA and Etanercept, reinforcing TCZ’s 
potential applicability within the healthcare context of 
Middle Eastern countries [36]. Supporting these results, 
an economic analysis conducted in the United States also 
found TCZ (8 mg/kg) to be more effective and cost-effi-
cient than ADA. In particular, TCZ demonstrated greater 
QALY gains relative to its incremental cost, making it a 
strong candidate for patients requiring alternatives to 

MTX. This U.S.-based study underscores TCZ’s ability to 
deliver clinically meaningful health improvements while 
remaining within acceptable cost-effectiveness thresh-
olds [14].

On the other hand, previous economic evaluation 
focusing on biological treatments for refractory RA was 
carried out in Iran and compared the cost-effectiveness 
of the TCZ plus MTX regimen to the infliximab plus 
MTX regimen over a 5-year period, suggesting infliximab 
as a cost-effective and feasible alternative to TCZ in the 
treatment of RA. However, it’s important to note that the 
short-term time horizon of the study could yield differ-
ent results if the model were extended to a lifetime hori-
zon. Additionally, the payer perspective used in the study 
could significantly impact cost calculations [37].

These findings are crucial as anti-TNF-α drugs typically 
serve as the initial treatment option for RA patients qual-
ifying for bDMARDs. Alongside the ADACTA trial and 
other relevant clinical studies, this research contributes 
to the growing literature emphasizing favorable clini-
cal and economic outcomes associated with TCZ, a new 
interleukin-6 receptor inhibitor for severe RA patients.

This study has several limitations, with the most sig-
nificant being the lack of head-to-head data for the 
entire treatment sequence. Currently, only the ADACTA 
trial has examined the monotherapy superiority of one 
bDMARD over another. However, due to the absence of 
direct head-to-head data, efficacy data for agents used 
later in the treatment sequence rely on mixed treatment 

Fig. 5 Two-way sensitivity analysis of the price of Tocilizumab and Adalimumab
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comparison results. It is recommended to update these 
findings as more head-to-head data becomes available. In 
our base case, we used the rates directly from ADACTA 
as the most reliable data for direct comparison [11].

While our model had limitations due to reliance on 
ACR rates and mean change in the HAQ score from 
baseline, we conducted an analysis based on fairly com-
parable patient groups at baseline. However, due to lim-
ited data, we were unable to evaluate the potential impact 
of patient variations at baseline. Additionally, it’s impor-
tant to note that the HAQ score may not fully reflect 
disease severity. Nevertheless, using the HAQ to inform 
costs and outcomes is a common approach in economic 
models for RA [40]. The model didn’t consider adverse 
effects from treatment; however, given the similar safety 
profiles of biologic DMARDs, their inclusion is unlikely 
to significantly impact results. Adverse effects costs were 
indirectly reflected through treatment discontinuation, 
leading to HAQ score increases and subsequent price 
increases. The model also indirectly accounted for qual-
ity of life reduction through HAQ score changes, mapped 
to the EQ-5D based on data obtained from TCZ clinical 
trials.

Conclusion
From a societal perspective, TCZ proved to be a cost-
effective treatment option compared to ADA with an 
ICER below the Iranian willingness to pay threshold. 
Decision-makers can use these results to optimize treat-
ment pathways, improve patient outcomes, and allocate 
healthcare resources efficiently. However, limitations 
of the study include dependence on modeled outcomes 
due to the lack of direct data for the entire treatment 
sequence, potential variation in patient characteris-
tics not captured in the model, and exclusion of adverse 
events associated with treatment.
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