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Discussion: rTMS as an add-on treatment for depression has a bene-
ficial clinical effect compared to pharmacotherapy alone, with great-
er costs. However, ICER was very high suggesting that rTMS may 
not be cost-effective acute treatment for TRD patients in Finland. If 
the unit cost of the rTMS treatment can be reduced, the treatment 
could be cost-effective. The main limitation of this study was the 
short time horizon. In addition, modelling studies include assump-
tions, which contain uncertainty. 
Implications for Health Care Provision and Use: The cost- 
effectiveness of interventions depends on the health care decision- 
maker’s willingness to pay. rTMS can be effective in treating de-
pression; however, in high price level countries (high unit costs) 
with limited access to treatment, rTMS may not provide value for 
money for treating acute phase TRD patients, and it may not be rec-
ommended for public health care resources investments. It should 
be still noted that mental health conditions can be complex and have 
broad effects on an individual’s life. When conducting economic 
evaluations of mental health interventions, it is important to consid-
er productivity costs alongside direct medical costs.
Implications for Health Policies: Decisions and recommenda-
tions concerning allocating public funding should require economic 
evaluation of interventions. One method to support local decision- 
making can be localization and modelling studies when effective-
ness data is already available.
Implications for Further Research: Economic evaluation of inter-
ventions is more needed in the field of mental health to support sus-
tainable decision-making. Long-term data is also needed to ensure 
those decisions.

Received 26 February 2025; accepted 27 August 2025

Background 

Depressive disorders are among the leading causes of dis-
ease burden worldwide with remarkably high prevalence and 
disability causing effect.1,2 Yearly, over a third of European 
people struggle with mental health issues.3 In addition to high 
prevalence, major depression is a global burden due to its ear-
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Abstract

Background: Depression has a high prevalence worldwide and be-
cause of its recurrent nature, it represents a major economic burden 
on society. It is important to identify and evaluate effective treat-
ments to avoid the health disutilities and costs related to poor health. 
Repetitive transcranial magnetic stimulation (rTMS) is a neuromod-
ulatory technique which is clinically safe, non-invasive, and effec-
tive for major depressive disorder and it is used for treatment after at 
least two failed antidepressant medication trials. The availability of 
rTMS treatment is still limited in many countries. 
Aims of the Study: The main study objective was to evaluate the 
cost-effectiveness of add-on rTMS therapy compared with pharma-
cotherapy in patients with treatment-resistant depression in Finland 
from a societal perspective.
Methods: A one-year Markov-model with two-month cycles was 
analysed to compare costs and quality adjusted life years (QALYs). 
Medical and productivity costs were included in the analysis. The 
data for the model (transition probabilities, resource utilization, util-
ities) were sourced from published literature, a national unit cost 
report, and Finnish expert opinions. Incremental cost-effectiveness 
ratio was calculated. Uncertainty was assessed using univariate and 
multivariate probabilistic sensitivity analyses and scenario analyses.
Results: rTMS patients gained an average of 0.041 additional 
QALYs over one year time horizon with an incremental cost of 
3,514 € compared to pharmacotherapy alone. The result corre-
sponds to incremental cost-effectiveness ratio (ICER) of 85,133 € 
per QALY.  Sensitivity analysis points out that one of the key pa-
rameters relating to uncertainty and driving ICER is the high unit 
cost of rTMS treatment. 
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ly age of onset and high persistence.2 Major depressive disor-
der (MDD) is a persistent depression state, also called clinical 
depression. According to Finnish population surveys, yearly 
prevalence of clinically significant depression among adults 
and adolescents is around 5–7%.4, 5 There are effective ways 
of treating major depressive disorders, both pharmacological 
and other therapies, but there are numerous patients who do 
not respond to those first-line treatments. Antidepressants are 
an effective first-line treatment in depression, but roughly 30-
50% of MDD patients do not respond to antidepressants and 
many may only have a partial response.6–8 Patients not re-
sponding to two different treatment attempts with antidepres-
sants are classified as treatment resistant.9, 10 Treatment-resis-
tant depression (TRD) patients suffer from significantly low-
er quality of life, work productivity and activity impairment, 
and their  healthcare resource utilization is higher compared 
with non-TRD patients and the general population.11–13 

The costs of mental illness are considerable. The total 
costs of mental health issues in the EU countries have been 
estimated to be over 600 billion euros. Of this amount, 190 
billion is directly spent on health care, and another 170 bil-
lion on social security programmes. In addition, 240 billion 
euros represents the indirect costs due to lower employment 
and productivity, such as frequent and long sick leaves and 
in the long-term permanent work disability and disability 
pensions.14–17 It has been suggested that TRD is a significant 
driver of the societal costs of depressive disorders.15–17 Ac-
cording to a recent Finnish registry-based study, people with 
TRD had more health care utilization and work disability re-
sulting roughly two-fold cost burden compared to non-TRD 
patients.12 

Repetitive transcranial magnetic stimulation (rTMS) is a 
non-invasive neuromodulatory therapy method that stimu-
lates brain tissue with pulsed magnetic fields. It can be used 
as an alternative therapy for patients who have failed to re-
spond to adequate pharmacotherapy (i.e., TRD) or are unable 
to use medications. rTMS usually involves 30–45-min treat-
ment episodes once per day and the treatment cycle takes at 
least four weeks. Clinical practice guidelines recommend that 
options for treating TRD are psychotherapy, antidepressant 
medications, neuromodulatory therapies (as rTMS), and elec-
troconvulsive therapy (ECT).18–20 In many studies rTMS has 
been compared with ECT, but in practice they often are not 
equivalent treatment alternatives. ECT is commonly used for 
very difficult psychotic patients. In addition, ECT is a rare-
ly used therapy due to its major adverse events and limited 
availability.21  

rTMS therapy has been proven to be effective in the treat-
ment of depression.22, 23 Treatment effect has been indicated 
as an only treatment or as an add-on treatment with pharma-
cotherapy. In addition, it is effective in the treatment of com-
mon depression and also with TRD patients. It has also been 
suggested that alternative stimulation parameters (e.g. fre-
quency, number of sessions, number of magnetic pulses) are 
not associated with differential efficacy estimates. rTMS is a 
broadly tolerated treatment.24, 25 Response to rTMS treatment 
is relatively long (even 12 months) and it has been suggest-
ed that maintenance treatment may enhance the durability of 
medication effects.26 

Economic evaluation is required to enable decision-makers 
to identify the best options for the efficient use of resources in 
terms of treatment, care services or prevention.27 It involves 
comparing the costs and effectiveness of at least two alterna-
tive interventions28 and can be conducted through clinical tri-
als or decision-modelling. Trials and modelling studies have 
different roles but not in a competitive way. Economic analy-
sis based on clinical trials aims to generate cost-effectiveness 
information from trial measurements, and decision-models 
use parameters from published studies to simulate cost-effec-
tiveness.28 As more countries require economic evaluations 
to support healthcare decision-making (e.g. funding alloca-
tion decisions, reimbursement of medicines), there’s grow-
ing interest in whether evaluations conducted in one country 
can be applied in another. However, there are challenges in 
transferability of studies across countries, such as variation 
of cost structures and resource use, different clinical practices 
and treatment pathways and differences in population char-
acteristics and healthcare systems. Model-based economic 
evaluations allow the adaptation to local settings. Modelling 
introduces multiple advantages in localization studies, such 
as combining data from multiple sources (clinical trials, reg-
istries, expert opinions), exploring uncertainty using scenario 
analysis, and adapting to different settings using localized 
model estimates (costs, resource use, treatment practices).29

Several economic evaluations have been conducted on the 
cost-effectiveness of rTMS treatment compared to pharma-
cotherapy or ECT treatment. It seems that in general rTMS 
treatment can be considered a cost-effective way to treat TRD 
patients.23 However, many studies only report direct health 
care costs (e.g., 30,31) or compare the costs and effectiveness 
to ECT treatment costs (e.g., 32,33). There is little research on 
the long-term cost-effectiveness of rTMS, although a study 
by Voight et al.34 found that rTMS was dominant to antide-
pressants in all ages over the life of MDD patients. However, 
considering all TRD patient treatments, a recent review con-
cluded that there is insufficient cost-effectiveness data to as-
sure policymakers responsible for authorizing interventions 
and services in TRD.35 Since there is a lack of evidence in the 
Nordic context and only a few studies have considered in-
direct productivity costs in their analyses,32, 33 our modelling 
study provides additional information to address these gaps 
and produces information for decision-makers.

It is vital to note the considerable individual, economic and 
social burden of TRD. To reduce the burden of mental dis-
orders in all age groups, effective prevention and treatment 
programmes and government policies are essential. A lot 
of further work is required to manage and promote mental 
health.1, 14 Economic evaluation produces information to sup-
port rational decision-making to invest in actions that pro-
duce value for money. In Finland, the use of rTMS treatment 
is limited and its availability is poor, thus it is pertinent to 
examine whether its use should be expanded using public 
funds. In addition, transferability of international study re-
sults to different countries can be poor due, for example, to 
different health care systems and costs, and local adjustments 
must thus be made to reliably evaluate the cost-effectiveness 
of interventions in the target countries.29 Our objective was 
to evaluate the cost-effectiveness of add-on rTMS therapy 
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compared with pharmacotherapy in patients with TRD who 
have failed at least two adequate courses of antidepressant 
medications in the Finnish context from a societal perspective 
in a one-year time horizon. Our results will produce informa-
tion for decision-makers to support public funding allocation 
decisions in the treatment of TRD patients.  

Methods

Model Overview

A health state transition (Markov) model was used to evalu-
ate data on the costs and health effects of rTMS versus phar-
macotherapy over a year. The basic idea for the model (see 
Figure 1) was adapted from a previously internationally pub-
lished study36 and localized with Finnish healthcare system 
costs and treatment decision information. Further, our study 
was extended to include the societal perspective which con-
siders both direct (medical) and indirect (productivity losses) 
costs. In addition, our model did not include Electroconvul-
sive therapy (ECT), as was done in36 because of its marginal 
use in the Finnish health care system. The studied population 
was TRD patients defined as patients with MDD who have 
failed to respond to two adequate medicine therapies from 
two different classes of drugs. We did not apply a discount 
rate in the analysis, due to the short time horizon. This study 
was carried out at the initiative of the Council for Choices 
in Health Care in Finland that works in conjunction with the 
Ministry of Social Affairs and Health. The Council for Choic-
es in Health Care in Finland draws up guidelines and recom-
mendations on services that should be included in the range 
of public health services. The analysis is reported according 
to the Consolidated Health Economic Evaluation Reporting 
Standards (CHEERS) statement.37 

Data Sources

Our study began with searching PubMed databases for rel-
evant evidence, effectiveness and cost-effectiveness studies 
concerning rTMS treatment to provide a basis for our mod-
el structure. In addition, a manual search of the references 
for each identified article of interest was also completed for 
further information. Our search produced the applied model 
by Zemplényi et al.36 and we localized it with the Finnish 
health system and cost information. The model is well-suited 
for describing the current Finnish clinical situation regarding 
rTMS treatments. Other main sources of information in our 
study included other internationally published rTMS model-
ling studies, a national registry-based study, a unit cost report 
in Finland and expert appraisals. All model inputs are shown 
in Table 1.

Model Structure

A Markov model simulation was constructed and analyzed 
using Microsoft Excel. The model duration was one year with 
two-month cycles. This model duration was chosen due to 
natural course of the disease and the timeline is suitable for 
studying the course of health challenges of this kind in the 
acute treatment phase.36 Treatment response, treatment suc-
cess and relapses can be observed in one year time period. In 
addition, maintenance treatment is part of the treatment plan 
within one year.19, 22 Two-month cycle length was considered 
a suitable time for moving between relevant health states in 
the model, and potential response to a new treatment is of-
ten achieved in two months.19,38 In addition, there is a lack of 
long-term clinical data about rTMS treatment. Earlier litera-
ture has also employed similar time horizons, generally one 
to three years (e.g.30–32,36). Two main treatment strategies were 
considered in the model: rTMS and pharmacotherapy (stan-
dard antidepressant medications). rTMS therapy was consid-

Figure 1. Simplified Markov Decision-Analytic Model in rTMS Treatment Arm.*
*Adapted from Zemplényi et al.36
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Table 1. Model Inputs.

Description Base-case Distribution Sources and assumptions
Transition probabilities

Remission with drug therapy in first treatment triala 0.137 Beta 39,36

Remission with drug therapy in second treatment trialb 0.13 Beta 39,36

Remission with rTMS in first treatment trial 0.363 Beta 36

Remission with rTMS in second treatment trial 0.345 Beta 36

Partial remission drug therapy/rTMS in first treatment trial 0.168 Beta 39,36

Partial remission drug therapy/rTMS in second treatment trial 0.163 Beta 39,36

Relapse after remission drug therapy in first treatment trial 0.25 Beta 39,36

Relapse after remission drug therapy in second treatment trial 0.426 Beta 39,36

Relapse after partial remission drug therapy in first treatment trial 0.614 Beta 39,36

Relapse after partial remission drug therapy in second treatment trial 0.64 Beta 39,36

Relapse after maintenance rTMS 0.173 Beta 45,36

Relapse after no maintenance rTMS 0.494 Beta 45,36

Starting maintenance in first treatment trial 0.5 Beta Expert appraisalc

Retreatment with rTMS after relapse if there was no maintenance  
  rTMS therapy

0.79 Beta 36, Expert appraisalc

Retreatment with rTMS after relapse when there was a maintenance  
  rTMS therapy

0.78 Beta 36, Expert appraisalc

Getting hospitalized during acute episode 0.1 Beta Expert appraisalc

Health utilities
Remission 0.860 Gammad 46,30

Partial remission 0.710 Gammad 46,30

No response/acute 0.520 Gammad 46,30

Hospitalization 0.300 Gammad 46,30

Resource use and costs (2020 €)
rTMS
Unit cost per session 178 Gammad Helsinki University Hospital HUS 

& Kuopio University Hospital KYS
Number of acute sessions 20 Normald 42

Number of maintenance sessions 4 Normald 42

Antidepressants
Cost of starting in base case 181.48 Gammae 42, Expert appraisalc

Cost of changing treatment path (i.e., new antidepressant) 291.62 Gammae 42, Expert appraisalc

Cost per year 615 Gamma 42

Hospitalization
Average cost of mental illness hospitalization 4910.68 Gammae 42, supplement table 4

Productivity costs
Remissionf 274.03 Gammae 12,43, Assumptions of working ability
Partial remissionf 501.1 Gammae 12,43, Assumptions of working ability
No response/acutef 2525.83 Gammae 12,43, Assumptions of working ability

aFirst treatment trial = first acute treatment after two antidepressant trials have failed (TRD)
bSecond treatment trial = second (and all the next) acute treatments after the first treatment trial failed
cFinnish medical experts from the field of psychiatry
dStandard error assumed 10%
eStandard error assumed 20%
fInclude absenteeism (sick leaves, disability pensions)
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ered as an add-on with pharmacotherapy. The antidepressant 
selection includes selective serotonin reuptake inhibitors, tri-
cyclics, and a mix of other antidepressant medications. 

Five health states were used to represent clinical states and 
treatment paths of TRD patients; acute first treatment, remis-
sion, partial remission, switching to another treatment trial 
(acute next trial treatment if relapse/no-response) and death 
(Figure 1). Each health state was associated with costs and 
quality of life (health utility) measures, the latter representing 
a patient’s health and functionality. 

Patients move within the model between various health 
states according to their treatments (add-on rTMS or antide-
pressant alone), their response to treatment, and their chance 
of remission, partial remission, relapse, or death. Effective-
ness of the treatment or comparator is assessed as affecting 
the transition probabilities between the health states. Different 
treatment arms (rTMS or medication alone) affect transition 
probabilities with regard to remission/partial remission or re-
lapse and receipt of maintenance therapy, but probabilities for 
death or hospitalization remain the same in both treatment 
arms. The model considers maintenance rTMS with patients 
in remission and partial remission health states if rTMS treat-
ment was successful. The model assumes that other standard 
psychotherapies were the same in both treatment arms. The 
increased risk of hospitalization with MDD patients in both 
treatment arms (in relapse/no-response state) is also taken 
into account. For patients not responding to acute phase treat-
ments in both treatment arms, the next treatment path was 
a switch to another antidepressant medication. All transition 
possibilities in the model are presented in Figure 1. 

The model begins with acute first treatment state (rTMS). 
In the first cycle, a patient can proceed into remission or par-
tial remission state. Both remission and partial remission 
states include also the probability of gaining maintenance 
treatment with rTMS or not gaining maintenance therapy. In 
addition, a patient can proceed to the next treatment trial state 
(other treatment than rTMS, which is another medication), 
if no response from rTMS treatment has achieved in the first 
cycle. From the second cycle on, addition to previous states, 
a patient can proceed from remission and partial remission 
states back to acute first trial rTMS treatment state, if gaining 
a relapse and had previous response to rTMS treatment and 
will be treated again with rTMS. Within the remission and 
partial remission states, there are two substates based on the 
treatment through which the patient entered the state – either 
rTMS or the next treatment trial (i.e., medication). This al-
lows the model to retain information about whether remission 
or partial remission was achieved following rTMS or medica-
tion. Staying in the same state over the cycles (remission, par-
tial remission, acute next trial treatment) and death are also 
possible transition states. Detailed description of treatment 
paths is shown in Appendix, Figure A1.  

Health Outcomes, Effectiveness and Probabilities

The evaluated health outcome is the quality-adjusted life year 
(QALY), which is a commonly used health outcome in eco-
nomic evaluation. QALYs were estimated by combining the 
time a patient spends in each health state with the estimat-

ed utility values of health states. Health utility scores were 
derived from a previously published cost-utility analysis 
comparing rTMS to pharmacotherapy,30 as they completely 
matched the health states of the applied model (including util-
ity value for hospitalization). Due to the minor adverse events 
and the lack of precise data on adverse events of rTMS treat-
ment significantly affecting quality of life or costs, disutilities 
were not taken into account in the analysis. 

Effectiveness of the pharmacotherapy treatment arm was 
taken from the STAR*D study which reported outcomes for 
different depression patient groups, including TRD patients.39 
The effectiveness of rTMS was taken from the meta-analysis 
conducted by Zemplényi et al.36 The transition probabilities and 
treatment probabilities used in our analysis were derived from 
their applied paper,36 and some treatment decision probabilities 
were verified by Finnish specialists to match the Finnish sys-
tem. Information in the applied paper was derived from peer-re-
viewed and published studies and from a survey of psychiatric 
specialists, which Zemplényi et al.36 conducted in their study. 

Treatment effects diminished after a failed treatment trial 
(the second and all the following treatment trials). Mortality 
was assumed to be the same in all health states due to the lack 
of information about differences between health states. How-
ever, it has been suggested that depression patients have two-
fold mortality risk compared to general mortality in Finland40, 

41 and we have used that assumption in our model. 

Resource Use and Costs

Costs used in the analysis are shown in Table 1. The unit 
cost of rTMS treatment was calculated as the average of two 
Finnish university hospital unit prices (HUS Helsinki Uni-
versity Hospital and KYS Kuopio University Hospital). The 
unit cost includes equipment costs of treatment and cost of 
professionals’ time. We assumed 20 rTMS treatment sessions 
in an acute treatment phase and four sessions in maintenance 
treatment phase.42 The unit cost in Finland reflects general 
high price levels and is quite high compared to international 
rTMS treatment costs. In the pharmacotherapy treatment arm, 
treatment costs include a doctor visit for starting medication. 
The cost of changing to a new medication (if no response and 
moving on to the next treatment trial) consists of doctor’s vis-
its and follow-up. We used expert’s appraisal of the number 
of needed visits and follow-up concerning pharmacotherapy; 
two visits in specialized health care if switching to pharmaco-
therapy and one visit in starting the medication at the begin-
ning (base-case). Hospitalization was measured as the mean 
cost of hospitalization with a mental disorder. Costs of doctor 
visits and hospitalization were derived from a Finnish health 
and social care unit cost report.43 Antidepressant medication 
costs were estimated to be the same for all health states and 
estimated at a yearly level according to the study by Taipale 
et al.12 All costs are presented in 2020 euros. 

Indirect costs included in our analysis consisted of absen-
teeism costs (sick leave and long-term disability pension 
costs). Productivity costs were allocated to different health 
states according to the assumed working capability of de-
pressed patients. Patients in more functional health states (re-
mission/partial remission) had lower costs due to increased 
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capability to work. Patients in an acute treatment state and 
patients who continued with depression after unsuccessful 
treatment or had a relapse (non-responders/relapse) were as-
sumed unemployed and to incur the full cost of two months 
of absenteeism during one cycle. Costs of sick leave and 
disability pensions among Finnish TRD patients were taken 
from the registry-based study by Taipale et al.12 We applied 
the yearly productivity costs from the first year of gaining 
TRD. Sick leaves and disability pension costs were divided 
into each health state according to assumptions made based 
on the study by Dennehy et al.44 on the employment of de-
pressed people. We calculated and used assumptions about 
the proportion of patients who are employed and unemployed 
in remission/partial remission states and the proportion that 
are capable of working. According to those assumptions, 
we calculated a two-month cycle productivity cost for each 
health state in the model. 

Model Validation

Model validation was conducted using the Assessment of 
the Validation Status of Health-Economic decision-models 
(AdViSHE) tool47 and the TECHnical VERification (TECH-
VER) checklist.48 The main researcher (AKV) constructed 
the model’s mathematical structure, including equations, 
coding, and input parameters with the supervision and assis-
tance by the second author (ER). Internal consistency of the 
model was verified by confirming that all probabilities were 
within the zero to one range and that probabilities branched 
from a chance node summed to one. The rationality of the 
MDD health states, model structure and the time horizon 
were verified by Finnish experts from the field of psychiatry 
and health care (such as professors of psychiatry and senior 
medical doctor in clinical neurophysiology) from the expert 
committee on mental health, substance use and pain division 
from the Council for Choices in Health Care in Finland. The 
committee group consisted of around ten health care experts. 
The AdViSHE checklist can be found in the online Supple-
mentary Material.

Cost-Utility Analysis

The result of the cost-utility analysis is presented with the 
incremental cost per quality-adjusted life year. Incremental 
cost-effectiveness ratio (ICER) indicates the additional cost 
of rTMS intervention per additional QALY compared with 
antidepressants. The ICER was calculated by dividing the 
incremental costs and effectiveness of the investigated treat-
ment options. Treatment can be less costly and more effective 
than a comparator (treatment dominated) or less effective 
and more costly (comparator dominated). In both previous-
ly described cases the decision about cost-effectiveness is 
straightforward. In the case that the investigated treatment is 
more effective and more costly than the comparator, consid-
eration of the worthiness of the health gain must be made by 
decision-makers.28 We applied a cost-effectiveness plane and 
a cost-effectiveness acceptability curve (CEAC) to indicate 
the likelihood of the treatment being cost-effective against 
the comparator. As there is no official threshold for ICER 

in Finland, the results are investigated against international 
thresholds. Thresholds are country specific and usually there 
is range of thresholds used for decision-making. For example, 
some countries use a threshold based on GDP per capita, but 
some critiques have arisen concerning that threshold and it 
may not be preferrable to use.49,50 In general, interventions 
with an ICER of less than £20,000 to £30,000 per QALY 
gained (approx. 23,000 – 36,000 €) can be considered as cost 
effective according to the National Institute for Health and 
Care Excellence (NICE).51 We reflect our results against the 
NICE threshold. 

Sensitivity Analysis

Uncertainty of the results was assessed using univariate and 
multivariate probabilistic sensitivity analyses (PSA). Pa-
rameter uncertainty was tested using one-way deterministic 
sensitivity analysis and the results presented as a tornado di-
agram. The effect of +/− 20% variance for transition proba-
bilities and costs of productivity and hospitalization/doctor 
visits, and +/− 10% variance for utilities and unit rTMS treat-
ment costs and treatment sessions was tested. In addition, 
multivariate probabilistic sensitivity analysis was carried out 
to explore the uncertainty in the cost-effectiveness analysis. 
Multivariate probabilistic sensitivity analysis allows all model 
assumptions to vary simultaneously. Parameters were assigned 
a range of values based on assigned distribution for the mod-
el to a random sample (Table 1). Beta distributions were as-
signed for probabilities, and gamma distributions for costs and 
utilities. We performed a Monte Carlo simulation with 1000 
simulations to assess the changes in ICER to determine the re-
sult stability. Four scenario analyses were performed to explore 
effects of certain key parameters and model assumptions and 
their impact on the main base-case results. In scenario 1, only 
direct health care costs were included in the analysis. In sce-
nario 2, we tested the impact of the reduced unit cost of rTMS, 
which could be possible if the treatment devices were more 
effectively used. In addition, we tested the effect of halving 
the number of treatment sessions in an acute treatment period 
from 20 sessions to 10 in scenario 3. In addition, we wanted 
to explore how a longer time horizon affects the result, since 
productivity costs may not be visible in the short-term analysis. 
In scenario 4 we tested the three-year time horizon. 

Results

Base-Case Analysis

Table 2 presents the base-case results. The model predict-
ed that QALYs gained with add-on rTMS were higher than 
QALYs gained with pharmacotherapy alone (0.605 vs. 0.564 
QALYs). Similarly, costs of rTMS were higher than pharma-
cotherapy (18,312€ vs. 14,798€). These results imply an ICER 
of 85,133€ per QALY from the societal perspective. Against 
23,000 € threshold, rTMS is not considered to be cost-effective 
add-on therapy for TRD patients compared to pharmacothera-
py alone in the acute treatment phase in Finnish context. 
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Sensitivity Analyses

Figure 2 shows the results of the deterministic sensitivity 
analysis. The tornado diagram indicates the sensitivity of the 
input estimates. Analysis showed that ICER is the most sensi-
tive to the utility value of remission, the number of treatment 
sessions in acute phase (which is affecting the unit cost of 
the treatment) and the probability of remission with rTMS. 
Other variables with smaller impact included the probability 
of starting maintenance therapy with rTMS and the probabil-
ity of remission and partial remission with pharmacotherapy.

Probabilistic sensitivity analysis results demonstrated that 
when the estimates for all transition probabilities, health util-

ities, and costs were sampled from a distribution around their 
mean values, ICER was 118,622€ per QALY (incremental 
QALYs 0.041 and incremental costs 3,566€) pointing out that 
rTMS was not cost effective in most cases with a threshold 
level of 23,000€ (Figure 3). The cost-effectiveness plane 
demonstrated that 93.9 % of the cases were more effective 
and more expensive and 6.1 % of the cases were less effective 
and more expensive. More detailed results from PSA can be 
found in Table 2.

At the threshold level of 23,000€, rTMS had only a 2% 
probability of being a cost-effective treatment compared to 
pharmacotherapy alone (Figure 4)

Figure 2. Results of the Deterministic Sensitivity Analysis; Tornado Diagram.

Table 2 Result of the Base-Case Analysis.

Costs (€) (95% CI)a QALYs (95% CI)a ICER (95% CI)a Distribution on cost- 
effectiveness plane (in %)

Pharmacotherapy 14,798 0.564
rTMS 18,312 0.605 85,133 €/QALY
Base-case PSA

Pharmacotherapy 14,733 (14,627 to 14,840) 0.564 (0.563 to 0.565)
rTMS 18,229 (18,125 to 18,333) 0.605 (0.603 to 

(0.607)
118,622 €/QALY 
(33,585 to 203,659)

93.9 % NE
6.1 % NW

a Confidence intervals based on PSA
b NE= North East (more effective, more expensive), SE=South East (more effective, lower costs), SW=South West (less effective, lower costs), NW= North 
West (less effective, more expensive)
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Figure 3. Results of the Simulation; Cost-Effectiveness Plane.

Figure 4. Cost-Effectiveness Acceptability Curve.
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Four alternative Scenarios were explored in addition to the 
base-case analysis due to the results of the sensitivity anal-
ysis and concerning the perspective we used in our analysis 
(Table 3). In Scenario 1, only direct health care costs were 
included in the analysis. In Scenario 2, the unit cost of rTMS 
treatment was lowered to 68 euros since it was the one of the 
main drivers causing most of the uncertainty in our model. 
Also, rTMS treatment is not yet available all over Finland, 
and the unit costs can vary heavily depending on the hospital 
district. We explored the assumption of lower price (which 
could be achieved with more efficient use of treatment devic-
es) and the price used in Scenario 2 is more reflective of the 
international level. We also tested (in Scenario 3) what im-
pact we would see if the treatment period in the acute phase 
was 10 units instead of 20 units, since in reality this may be 
the case due to the lack of health care resources. In Scenario 
4, we extended the time horizon into three years to demon-
strate the time effect.

Scenario analyses demonstrated that when only the direct 
costs of health care were considered (Scenario 1), ICER per 
QALY was 104,355€. However, in Scenario 2, when the unit 
cost of rTMS treatment was lower (about 60% from base-
line) and societal perspective was applied, ICER per QALY 
was 5,614€. In addition, in Scenario 3, ICER lowered sub-
stantially if we assume shorter treatment periods than in the 
base-case analysis. Still, it was not cost-effective, and it is 
uncertain if effectiveness can be achieved with only 10 treat-
ment sessions instead of 20 sessions. In Scenario 4, we ex-
tended the time horizon to three years. The scenario demon-
strated that the treatment was not cost-effective against the 
willingness to pay threshold of 23,000€. However, the ICER 
(51,406 €/QALY) was substantially lower than in the base-
case analysis (85,133€/QALY). The cost-effectiveness plane 
and acceptability curve from the simulation of scenario 4 can 
be found in Appendix, Figures A2-A3. In Scenarios 2–4 we 

applied the societal perspective and productivity costs were 
accounted for in the analysis.  

Discussion

In this Markov modelling study, we have indicated that rTMS 
may not be a cost-effective add-on therapy to pharmaco-
therapy over a one-year period from a societal perspective 
in Finland. In general, patients with TRD gain slightly more 
QALYs at a higher cost when treated with rTMS than with 
pharmacotherapy alone. There is no threshold for cost-effec-
tiveness in Finland, but against the international threshold 
levels of 23,000€ to 36,000€,51 the ICER in our base-case 
analysis (85,000€ per QALY) was high.

However, as our scenario analyses showed, the result de-
pends on the unit cost used. In Finland, the unit costs of treat-
ments are high, reflecting relatively high general price lev-
el. In addition, in the case of rTMS treatment, availability is 
limited which is another reason why treatment costs are still 
high. Our scenario analysis showed that unit cost is the central 
element defining the cost-effectiveness of rTMS treatment in 
Finland. If the treatment was applied more broadly in service 
provision, operating costs could be kept low and unit costs 
reasonable. If the cost could be brought below 100€ per treat-
ment unit, rTMS could be a cost-effective add-on treatment in 
TRD patients (ICER at unit cost of 100€ was 30,000€/QALY 
and cost of 68€ ICER was 5,600€/QALY). No previous eco-
nomic evaluation have been done regarding rTMS treatment 
in the Nordic countries with high price levels, so it was useful 
to investigate whether this treatment offers value for money 
in the Nordic context. Another source of uncertainty is main-
tenance therapy and assumptions made concerning it (as this 
is directly linked with unit costs). As mentioned, the avail-

Table 3. Results of the Scenario Analyses.

Scenario Inc costs (€) (95 % CI) Inc effectiveness 
(QALY) (95 % CI)

ICER (95 % CI) Distribution on cost- 
effectiveness plane (in %)

Direct health care costs 
only

4,308 (4,290 to 4,317) 0.041 (0.041 to 0.044) 104,355 € per 
QALY (-656,728 to 
1,971,653)

95.2 % NE
4.8 % NW

Unit cost rTMS 68 € 232 (214 to 286) 0.041 (0.039 to 0.043) 5,614 € per QALY 
(730 to 18,093)

62.5 % NE
31.6 % SE
0.5 % SW
5.4 % NW

Treatment period 10 units 1,308 (1,235 to 1,313) 0.041 (0.039 to 0.043) 31,675 € per QALY 
(25,833 to 97,162)

90.1 % NE
2.9 % SE
7 % NW

Time horizon 3 years 3,366 (3,188 to 3,343) 0.065 (0.063 to 0.074) 51,406 € per QALY 
(-109,870 to 114,687)

77.6 % NE
0.8 % SE
0.3 % SW
21.3 % NW

a Confidence intervals based on PSA
b �NE= North East (more effective, more expensive), SE=South East (more effective, lower costs), SW=South West (less effective, lower costs), NW= North 
West (less effective, more expensive)
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ability of rTMS treatment is still poor in Finland, so its use in 
maintenance care is very limited. Nevertheless, we wanted to 
take it into account in our analysis in order to explore its use, 
which would be preferable in the future. 

Due to the nature of depression, it was relevant to take 
productivity costs into account. Depression causes disability, 
which affects labor markets and causes loss of productivity. An 
increase in sickness absences due to mental disorders (mainly 
depression and anxiety) is an early indicator of potential threats 
to the working-age population’s work ability and productivi-
ty.15 Omitting these costs could result in an inaccurate portrayal 
of true costs and benefits, and therefore potentially leading to 
misguided decisions by policymakers. Decisions regarding the 
allocation of public funds should be based on a comprehensive 
understanding of the various costs associated with the illness 
in question.28,52 While these costs are difficult to evaluate, we 
consider our attempt to do so is worthwhile. We had to make 
assumptions of working capability in each health states, which 
causes uncertainty. As our results show, productivity costs 
made a big difference in the analyses. When treating people 
with mental illness, it should be taken into account that work 
capability is an important part of people’s life. Patients achieve 
remission or partial remission states more often with effective 
treatment, rendering patients more capable of work. Money is 
saved by reducing sick leaves and long-term disability and the 
quality of life of those suffering from mental issues is enhanced. 
However, productivity costs were not the main cause of a high 
ICER. As discussed in the previous section, the high unit cost 
of the treatment is the main reason for rTMS not being a cost- 
effective add-on treatment compared to pharmacotherapy 
alone and “savings” from improved working capability were 
not sufficient to cover high treatment expenses in the short time 
horizon we used.

The time horizon for our analysis was only one year, but 
this can be considered suitable for the natural course of the 
disease and from the treatment response point of view in the 
acute phase. Our treatment population was TRD-patients, and 
according to clinical experts consulted in our study, the effect 
of new treatment response and possible remission should be 
achieved in a year. It seems that rTMS is an effective treat-
ment in the short term but there is a lack of knowledge about 
rTMS effectiveness and sustainability in the long-term. Still 
more information is needed to ensure the persistence of the 
treatment results. As part of the scenario analyses, we ex-
tended our model to consider a longer period (three years), and 
results seemed to be getting more favorable in terms of cost- 
effectiveness but still the treatment was not cost-effective. In 
that case, ICER was 51,000€ per QALY. Nevertheless, three 
years is still a short time period and the benefits in terms of 
productivity cost savings might not be clearly visible. In ad-
dition, our three-year analysis contained few sources of un-
certainty (treatment paths should be wider and consider more 
treatment options, treatment waning should be considered 
carefully, and the lack of long-term data) and should thus be 
interpreted with caution. Nevertheless, in the long run pro-
ductivity costs become more important and thus avoiding in-
direct costs (productivity losses) with rTMS treatment may 
make rTMS treatment cost-effective. More precise data is 
needed to make more robust long-term conclusions. 

Previous studies have found rTMS to be a cost-effective 
treatment. Several previous cost-effectiveness studies have 
compared rTMS therapy to ECT, but from a practical point 
of view we decided to leave ECT out of our model. In most 
cases, pharmacotherapy is a more realistic option for treat-
ing depression than ECT (which is used only in very seri-
ous cases in Finland). Still, many studies have found rTMS 
therapy to be cost-effective or dominant strategy compared 
to either ECT or pharmacotherapy (e.g.,30,32-34). Only few 
studies32,33 have estimated productivity costs, and our study 
contributes to fill in this gap. Our study showed that rTMS 
is not cost-effective in the Finnish context due to high price 
levels, but more effective use of devices could reduce the unit 
costs and make the treatment deliver more value for money. 
There is still work to do in finding cost-effective solutions for 
TRD patients. The evidence from economic evaluations done 
concerning the treatment of this patient group seems mixed 
and is hindered by variations in study design, methodolog-
ical quality, and the lack of high-quality long-term outcome 
evidence.35 In addition, TRD patients are a challenging pop-
ulation, and better effects may be more achievable in other 
patient populations. 

Modelling studies rely on several assumptions, which may 
not hold true in reality. Uncertainty regarding model parame-
ters can be partly handled with sensitivity analysis, but some 
estimates can still contain uncertainty. In addition to cost es-
timates, utility value of the health state and chosen population 
are the most considerable model parameters or inputs affecting 
the analysis.35 However, modelling is a useful method for lo-
calization studies when effectiveness data is already available. 
Decision-makers around the world have a constant and increas-
ing need for economic information about new technologies and 
treatment options, and localization studies can respond to that 
demand. Health Technology Assessment (HTA) is a systematic 
and multidisciplinary procedure for assessing the clinical and 
non-clinical value of health care interventions and health tech-
nologies. Clinical dimension includes effectiveness and safety 
assessments, and non-clinical dimension includes economic 
evaluation and ethical aspects, among others. At the European 
level, the HTA Regulation (EU) 2021/2282 establishes a struc-
ture for conducting joint clinical assessments (JCA). These 
joint assessments aid member states in their national HTA pro-
cesses by offering a scientific evaluation of clinical evidence 
regarding the impact of interventions on health outcomes.53 

However, non-clinical assessments (including economic as-
sessments) will be conducted nationally, making localization 
studies beneficial. It can be assumed that effectiveness data 
may be transferred from country to another but cost data should 
always be adjusted for the country being analyzed. In addition, 
treatment guidelines and practices can vary between countries, 
and it is essential to check their accuracy when conducting a 
localization study.29,54 

In this study, we applied a previously created model and 
did the localization to the Finnish health care system. Lo-
calization and modelling studies can be used for producing 
information for local decision-makers to support their deci-
sion-making concerning allocation of public funds and mak-
ing recommendations. In Finland, there is no threshold value 
for helping decision-makers evaluate the cost-effectiveness 
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of different treatments. Interpretation of the results has to be 
done therefore from a certain decision-maker’s willingness to 
pay perspective. As a whole, depression is a complex condi-
tion and treating this population can be difficult. Depression 
has wide consequences in people’s lives and negative societal 
impacts. Thus, decision-makers may have a higher willing-
ness to pay in order to gain wellbeing for the depressed pop-
ulation. For example, in the Netherlands, willingness to pay 
for health gains varies according to the burden of disease. 
Since the burden of disease of TRD is high, the Dutch Na-
tional Health Care Institute have proposed a 50,000€/QALY 
threshold for TRD interventions.55 Mental health problems 
are rapidly increasing in Finland and the rest of the Europe, 
and it is important to find effective and economically viable 
solutions to answer these challenges. A main study contribu-
tion is that rTMS treatment of the TRD patient population 
may not be sufficiently effective to justify allocation of public 
resources in countries with high price levels and low rTMS 
availability at the short-term but needs more investigation 
concerning long-term effects. Future research could focus on 
developing a comprehensive lifetime model for rTMS treat-
ment in patients with depression.

Conclusion

This study indicates that rTMS as an add-on treatment for 
depression has a beneficial clinical effect compared to phar-
macotherapy alone, but with greater costs. ICER was high, 
even when taking productivity losses into account, and rTMS 
could not be considered a cost-effective acute phase treatment 
for TRD patients in Finland. However, the result is dependent 
on the unit cost of treatment and, if the price can be reduced 
through more efficient use of treatment devices, rTMS add-
on treatment could be considered cost-effective. 
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Appendix

Figure A1. Treatment Paths in the Model, rTMS Treatment Arm (Adapted from  Zemplényi et al.36).
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Figure A3. Acceptability Curve in the Three-Year Model PSA (Scenario 4).

Figure A2. Cost-effectiveness Plane in the Three-Year Model PSA (Scenario 4).


