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Abstract

Background and Objective Unipolar depression is the most common form of depression and demand for treatment, such as
psychotherapy, is high. However, waiting times for psychotherapy often considerably exceed their recommended maximum.
As a potentially less costly alternative treatment, internet-based cognitive behavior therapy (ICBT) might help reduce waiting
times. We therefore analyzed the cost—utility of ICBT compared to face-to-face CBT (FCBT) as an active control treatment,
taking differences in waiting time into account.

Methods We constructed a Markov model to simulate costs and health outcomes measured in quality-adjusted life years
(QALYs) for ICBT and FCBT in Germany. We modeled a time horizon of 3 years using six states (remission, depressed,
spontaneous remission, undergoing treatment, treatment finished, death). The societal perspective was adopted. We obtained
parameters for transition probabilities, depression-specific QoL, and cost data from the literature. Deterministic and probabil-
istic sensitivity analyses were conducted. Within a scenario analysis, we simulated different time-to-treatment combinations.
Half-cycle correction was applied.

Results In our simulation, ICBT generated 0.260 QALY's and saved €2536 per patient compared to FCBT. Our deterministic
sensitivity analysis suggests that the base-case results were largely unaffected by parameter uncertainty and are therefore
robust. Our probabilistic sensitivity analysis suggests that ICBT is highly likely to be more effective (91.5%), less costly
(76.0%), and the dominant strategy (69.7%) compared to FCBT. The scenario analysis revealed that the base-case results
are robust to variations in time-to-treatment differences.

Conclusion ICBT has a strong potential to balance demand and supply of CBT in unipolar depression by reducing therapist
time per patient. It is highly likely to generate more QALY's and reduce health care expenditure. In addition, ICBT may have
further positive external effects, such as freeing up capacities for the most severely depressed patients.

1 Introduction

With an average 1-year prevalence of 6.9%, unipolar depres-
sion is the most common type of depression in Europe [1].
However, while the demand for treatment of this disorder
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Key Points for Decision Makers

In the base case internet-based cognitive behavior
therapy (ICBT) is simulated to be the dominant strategy
generating 0.260 QALY and saving €2536 per patient
compared to face-to-face CBT, which is confirmed by
deterministic and probabilistic sensitivity and scenario
analyses.

Within the context of excess demand for psychotherapy,
harmful long waiting times and increasing health care
costs, ICBT has the potential to decrease time-to-treat-
ment and to free therapists’ capacity in order to treat
more and the most severe patients in a face-to-face set-
ting with a higher intensity.
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is high and has even increased over the past two decades
[1-8], the supply of psychotherapists appears to be insuf-
ficient. For example, depressed patients in Germany wait an
average of 19.9 weeks for psychiatric treatment [9], which
considerably exceeds the 4-week maximum waiting time for
first appointments recommended by the German Chamber of
Psychotherapists [9]. In England, 54% of depressed patients
waited longer than 3 months and 12% more than a year for
an appointment in 2013 [10]. This led the UK government
and English National Health Service (NHS) to publish new
access and waiting time standards stipulating that 75% of
adults with common mental health conditions referred to
the Improved Access to Psychological Therapies program
must be treated within 6 weeks of referral [11]. Overall,
26.3% of patients in the European Union (EU) who need
psychotherapy must often wait more than 2 months [12].

Although there is strong evidence that face-to-face cogni-
tive behavioral therapy (FCBT) is effective, especially in the
treatment of depressive disorders [13—16], alternatives are
clearly needed to reduce waiting times and improve access to
services more generally. In this regard, internet-based cogni-
tive behavioral therapy (ICBT) may represent a promising
approach. With ICBT, patients complete various web-based
modules by themselves and contact their therapist to receive
support. Several randomized controlled trials (RCTs) and
meta-analyses have provided evidence that the effectiveness
of ICBT is comparable [17-21] and, in case of guided ICBT,
at least equivalent [22, 23] to that of FCBT.

By reducing therapist time per patient, ICBT has the
potential to increase efficiency and reduce patient waiting
times. Moreover, ICBT may offer advantages to certain
subgroups of patients, such as those who fear stigma asso-
ciated with FCBT or face geographical or other obstacles
to travel. Indeed, there is evidence that the more indirect
and anonymous form of communication entailed by ICBT
reduces barriers to treatment among patients who fear talk-
ing about personal problems to strangers, other patients, or
even therapists [19, 24]. Furthermore, ICBT is more flexible
in terms of time: patients can decide when, where, and how
quickly they want to complete the web-based modules, and
the content can be reviewed and repeated as required. This
can be a particular advantage for patients who work full time
or have physical disabilities.

Several systematic reviews, meta-analyses and original
studies [25-35] have evaluated the cost-effectiveness of
ICBT for use in several psychiatric disorders. However,
none of the studies used an established standard treatment
such as FCBT as a control and therefore effects are often
based on single RCTs with short follow-up periods. To help
address this gap in the research and provide payers and deci-
sion makers with information that will assist them in making
coverage and reimbursement decisions, we conducted the
first model-based cost—utility analyses comparing ICBT to
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an active control comprising standard treatment (FCBT). To
do so, we combined different data sources to estimate pooled
treatment effects, dropout and mortality rates, costs, and
quality-of-life values. In addition, we extrapolated beyond
the time horizons reported in the literature and integrated
waiting time as a variable in our model.

2 Methods
2.1 Model Structure

Unipolar depression is characterized as a recurrent disease
[36]. Phases with mild to severe symptoms (episodes) alter-
nate with phases without, or with only minimal, symptoms
(remission) [37, 38]. We employed a cohort-based Markov
model to simulate the course of depression as well as
treatment by modeling recurring events. According to the
included RCTs [39-48], patients experience a relapse after
75.8 weeks on average, which can be understood as a lower
bound for the modeled time horizon [49, 50]. Because uni-
polar depression is a recurrent disease, a longer time horizon
is warranted [50]. Based on the available data, we are able
to model a time horizon of 3 years, which allows to simulate
several depressive episodes and treatment attempts [51, 52].
We do not adopt a life-time horizon because this would be
associated with unrealistic assumptions about technological
development and the role of treatment alternatives. We chose
a cycle length of 1 week (Fig. 1) and defined six discrete
Markov states, as follows: remission, depressed, spontane-
ous remission, undergoing treatment (Weeks 1-11), treat-
ment finished (Week 12), and death (i.e. all-cause mortality)
(Fig. 1). We thoroughly defined selection criteria to assure
that the data and evidence match the target population. We
conducted comprehensive sensitivity and scenario analyses
to test the influence of different model specifications on the
results and to reveal the impact of both parameter variability
and second order parameter uncertainty. In addition, sub-
group analyses were carried out to address patient heteroge-
neity. Structural assumptions reflecting the natural course of
the disease and treatment of depression were discussed with
medical experts from an affiliated medical center.

The initial population starts in the depressed state.
Depressed patients can experience spontaneous remis-
sion without any treatment and remain in remission until a
relapse occurs, at which point they return to the depressed
state. However, after a certain waiting time depressed
patients eventually undergo 12 weeks of CBT. At the end
of treatment Week 12, patients either enter the remission
state, if their treatment has been successful, or return to the
depressed state if it has not. Until treatment Week 11 patients
may discontinue treatment. After treatment discontinuation,
remission is out of reach. Patients either transfer back to the
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depressed state or remit spontaneously (because treatment
discontinuation is often associated with spontaneous or pre-
mature remission) [53, 54]. In every state, each individual
is at risk of all-cause mortality. We defined costs from the
perspective of German society and specified quality-adjusted
life years (QALYs) as utility outcomes. Both, costs and
QALYs were discounted by 3% per year [49]. Half-cycle
correction was applied [55]. We performed all calculations
and simulations in R using the packages heemod [56] and
metafor [57].

2.2 Parameter Assumptions
2.2.1 Transition Probabilities

We defined the effectiveness of CBT as the proportion of
patients who remitted after treatment. To identify relevant
studies, we used the results of the following two systematic
reviews: the first, by Richard and Richardson [58], reviewed
the literature on computer- and internet-based psychologi-
cal treatments for depression and identified 45 publications
reporting the results of 40 studies, 19 of which were RCTs
and were included in their meta-analysis. The second, by
Vittengl et al. [59], reviewed the literature on acute- and

continuation-phase FCBT in unipolar depression and iden-
tified 28 studies. Of those, 16 studies reported the results
of 16 RCTs analyzing acute-phase CBT. By updating both
reviews using relevant meta-databases, we identified four
additional publications reporting the results of four studies.
We excluded studies that did not report remission or drop-
out rates, analyzed ICBT without therapist support, were
restricted to populations with a specific disease (e.g. epi-
lepsy), analyzed CBT in combination with other treatments
(e.g. pharmacotherapy), did not clearly report focusing on
patients with unipolar depression, or in which CBT was
delivered in an inpatient setting.

Seventeen studies remained after we applied these exclu-
sion criteria, ten [39-45, 60-62] and seven [63—69] of which
reported remission and dropout rates for FCBT and ICBT,
respectively (Table 1). We subsequently pooled these using
random effects meta-regression as proposed by DerSimonian
and Laird [70]. The online supplement provides full details
of our meta-regression. The pooled remission rates after
completion of therapy were 0.5174 for ICBT and 0.6090
for FCBT. The pooled spontaneous remission rate in the
absence of acute treatment for patients in the depressed state
was 0.0123 [42, 6367, 71, 72]. Relapse rates were 0.0064
after full remission (after treatment completion) [39-47]
and 0.0202 after spontaneous remission [48]. The pooled
treatment discontinuation rates until Week 11 were 0.0201
for ICBT [63-69] and 0.0145 for FCBT [39-45, 60-62].
We split dropouts equally into the spontaneous remission
and depressed states after treatment discontinuation because
there were no data in the included studies on this step. We
derived data on all-cause mortality from World Health
Organization (WHO) mortality tables for the general popu-
lation in Germany [73]. To reflect disease-specific mortality,
we adjusted the 1-week all-cause death rate of 1.890E—05
with relative disease-specific death risks [74], yielding an
average 1-week mortality rate of 3.636E—05 for depressed
patients.

2.2.2 Waiting Time

In Germany, after an initial appointment, a patient’s need
for psychotherapy is assessed over two to four evaluation
sessions [75]. After this initial assessment phase, patients
wait an average of 19.9 weeks to start their psychotherapy
[9]. We therefore defined 20 weeks as the average waiting
time for our FCBT cohort. Because ICBT has not been used
in a regular clinical setting in Germany to date, the potential
reduction in waiting times due to ICBT is unknown. There-
fore, we used the reported time to treatment from one study
on the effectiveness of ICBT for panic disorder within a clin-
ical setting from Sweden, which reported an average wait-
ing time for ICBT of 18 days [76] followed by two days to
arrange and commence treatment for those who are assessed
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Table 1 Included studies

Study Year of Design Treatment Follow- N Proportion of patients
publica- up . - -
tion (weeks) In remission Dlscontmu—

ing treatment

Andersson et al. [69] 2013 RCT ICBT 9 33 0.39%4 0.061

DeRubeis et al. [61] 2005 RCT FCBT 16 60 0.400 0.150

Elkin et al. [62] 1989 RCT FCBT 16 56 0.649 0.339

Evans et al. [44] 1992 RCT FCBT 12 25 0.400 0.360

Gortner et al. [45] 1998 RCT FCBT 12 50 0.500 0.120

Hautzinger et al. [42] 2004 RCT FCBT 12 65 0.523 0.154

Hedman et al. [68] 2014 Cohort ICBT 12 1203  0.481 0.248

Jarrett et al. [43] 1998 Cohort FCBT 10 60 0.617 0.183

Jarrett et al. [43] 1998 Cohort FCBT 10 34 0.618 0.118

Jarrett et al. [39] 2001 RCT FCBT 13 156 0.558 0.167

Kessler et al. [64] 2009 RCT ICBT 16 149 0.289 0.242

Murphy et al. [60] 1984 RCT FCBT 12 24 0417 0.208

Ruwaard et al. [67] 2009 RCT ICBT 11 36 0.444 0.083

Shea et al. [40] 1992 RCT FCBT 16 59 0.390 0.322

Thase et al. [41] 1992 Cohort FCBT 16 76 0.658 0.158

Titov et al. [65] 2010 RCT ICBT 8 47 0.489 0.128

Vernmark et al. [66] 2010 RCT ICBT 8 29 0345 0.069

Warmerdam et al. [63] 2008 RCT ICBT 8 80 0.263 0.188

FCBT face-to-face cognitive behavior therapy, /CBT internet-based cognitive behavior therapy, N number
of study participants, RCT randomized controlled trial

to be eligible for it [76]. We therefore defined 3 weeks as
the average waiting time for our ICBT cohort. Because it is
unknown if a waiting time of 3 weeks can be achieved within
the context of the German health care system, we conducted
a scenario analysis in which this potential reduction in wait-
ing time is relaxed. Assuming that 50% of the patients who
need psychotherapy will start their treatment after the aver-
age waiting time, we set the transition probability at 0.5,
which yields a 1-week probability of 0.0341 for FCBT and
0.2063 for ICBT.

2.2.3 Quality of Life Measurement

Sapin et al. measured health-related quality of life (QoL)
in unipolar depressed patients in France using the EQ-
5D-3L [77]. The reported values were broken down accord-
ing to depression severity and treatment status. Untreated
patients who were mildly, moderately, or severely depressed
reported mean utility scores of 0.45, 0.33, and 0.15, whereas
patients who were undergoing treatment reported substan-
tially higher scores of 0.74, 0.44, and 0.30, respectively.
We therefore assigned a weighted average utility score of
0.270 to depressed patients without treatment and 0.417 to
patients during treatment in our simulation using weights
for the three severity levels according to the distribution in
Germany [78]. For patients in remission (valid for remis-
sion after treatment and spontaneous remission), Sapin et al.
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reported a mean utility score of 0.85 [77]. We assigned a
score of zero to the state of death.

2.2.4 Measurement of Costs

Krauth et al. [79] reported pharmaceutical, outpatient, inpa-
tient and indirect costs for unipolar depressed patients in
Germany based on data from the Primary Care Monitoring
for Depressive Patients Trial (PRoMPT) [80]. We inflated
these to 2018 prices using data on growth in health care
expenditure in Germany [81] (see also Table 2). Doing so
yielded average health care costs for untreated depressed
patients of €106.25 per week, including pharmaceutical
(€6.71), outpatient (€11.75), inpatient (€48.65) and indirect
(€39.14) costs.

Because we modeled CBT as an outpatient treatment,
there are no inpatient costs to consider for patients under
acute FCBT or ICBT, respectively. Thus, we assigned €57.60
as average weekly health care costs to treatment states. In
addition, acute treatment costs for FCBT (€1303.22) and
ICBT (€736.90) must be taken into account, including one
psychiatric pretreatment consultation (€44.33) [82], three
pretreatment evaluation sessions (3 X €65.39) [82] and, for
ICBT only, license fees for software (€50.00 according to
the literature [28, 35]). These costs are assigned to the first
week of treatment. Costs for psychotherapy (FCBT: €88.56
per session; ICBT: €37.20 per session) are assigned weekly
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Table 2 Model parameters

Model parameter Baseline Deterministic Probabilistic Source(s)
Low High Alpha Beta
Costs per cycle and state
Depressed (untreated) 106.25
Pharmaceutical 6.71 4.70 8.98 Gamma 0.51 13.26 [79, 81]
Outpatient 11.75 9.76 13.92 Gamma 1.55 7.58 [79, 81]
Inpatient 48.65 18.12 83.70 Gamma 0.11 434.58 [79, 81]
Indirect 39.14 15.28 73.87 Gamma 0.09 425.60 [79, 81]
Depressed (during CBT) 57.60
Pharmaceutical 6.71 4.70 8.98 Gamma 0.51 13.26 [79, 81]
Outpatient 11.75 9.76 13.92 Gamma 1.55 7.58 [79, 81]
Indirect 39.14 15.28 73.87 Gamma 0.09 425.60 [79, 81]
Remission 9.23
Pharmaceutical 3.35 2.35 4.49 Gamma 0.51 6.63 [79, 81]
Outpatient 5.88 4.88 6.96 Gamma 1.55 3.79 [79, 81]
Treatment costs
FCBT (total) 1303.22
ICBT (total) 736.90
First appointment (to week 1) 44.33 [82]
Evaluation sessions (n=23) 196.17 130.78 261.56 [82]
Software (ICBT only) 50.00 25.00 100.00 [28, 35]
FCBT (per week) 88.56 [83]
ICBT (per week) 37.20 7.08 67.31 Gamma 1.53 24.38 [68, 83]
QoL by state
Remission 0.85 0.72 0.98 Beta 54,640 9642 [77]
Depressed (untreated) 0.29
Mild 0.45 0.23 0.67 Beta 1996 2440 [77]
Moderate 0.33 0.09 0.57 Beta 3804 7723 [77]
Severe 0.15 0.00 0.36 Beta 344 1949 [77]
Depressed (during CBT) 0.47
Mild 0.74 0.55 0.93 Beta 4588 1612 [77]
Moderate 0.44 0.17 0.71 Beta 3529 4491 [77]
Severe 0.30 0.03 0.57 Beta 415 967 [77]
Death 0.00
Discount rate 0.03 0.00 0.06 [49]
Transition probabilities
FCBT — REM 0.6090 0.5311 0.6870  Beta 91.13 58.50 [39-45, 60-62]
ICBT — REM 0.5174 0.3878 0.6470  Beta 29.04 27.09 [63-69]
FCBT — Drop out 0.0145 0.0054 0.0236  Beta 9.64 655.64 [39-45, 60-62]
ICBT — Drop out 0.0201 0.0132 0.0270  Beta 31.77 1546.96 [63-69]
DPR — sp. REM 0.0123 0.0018 0.0227  Beta 5.25 422.56 [42,63-67,71,72]
REM — DPR 0.0064 —0.0035 0.0164  Beta 1.59 245.61 [39-47]
Sp. REM — DPR 0.0202 —0.0200 0.0604  Beta 0.93 45.07 [48]
All-cause death 3.29E-05 [73, 74]

DPR depressed, Drop-out treatment discontinuation, FCBT face-to-face cognitive behavioral therapy, /CBT internet-based cognitive behavioral
therapy, QoL quality of life, REM remission, sp. REM spontaneous remission

for up to 12 treatment weeks. Psychotherapy costs for FCBT
have been taken from the German Uniform Value Scheme
[83]. Psychotherapy costs for ICBT reflect weekly support

by a therapist with an average duration of 21 minutes [68].
Thus, costs per patient and week during treatment sum up
to €385.30 for ICBT and €386.66 for FCBT in the first week
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Fig.2 Results of the determin-
istic sensitivity analysis
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Fig. 3 Results of the probabilistic sensitivity analysis

of treatment and €94.80 for ICBT and €146.16 for FCBT in
treatment Weeks 2 to 12.

Although costs for remitted patients are not reported in
the literature, some form of maintenance therapy, such as
continued pharmacotherapy or outpatient follow-up consul-
tations, is advised [38]. One study from the UK [84] and
another from the US [85] estimated the differences in health
care utilization between remitted and non-remitted patients
in terms of drug and outpatient care costs. They found that

A\ Adis

willingness to pay

CEAC Cost-Effectiveness Acceptability Curve, GER Germany, ICBT Internet-
based Cognitive Behavioral Therapy, NICE National Institute for Health
and Care Excellence, UK United Kingdom, WTP Willingness To Pay

health care utilization among remitted patients was between
42 and 70% of that of non-remitted patients. Assuming a
share of 50%, we calculated average direct costs for remit-
ted patients of €9.28 per week and assigned these to both
remission states.
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Table 3 Results of the scenario analysis

Scenarios WT (week) Incremental ICER
ICBT/FCBT T —
Effects Cost

Base case 3/20 0.256 — 1755 dominant
A 20/20 —0.051 —-530 10,434
B 15/20 0.008 -761 dominant
C 10/20 0.088 —1075 dominant
D 5/20 0.199 —1522 dominant
E 3/13 0.165 —1528 dominant
F 3/24 0.296 — 1850 dominant

FCBT face-to-face cognitive behavior therapy, /CBT Internet-based
cognitive behavior therapy, ICER incremental cost-effectiveness-
ratio, QG quality adjusted life year gained, WT waiting time

2.3 Sensitivity and Scenario Analyses

To account for uncertainty, we conducted several determin-
istic and probabilistic sensitivity analyses. For the former,
we used reported confidence intervals for the various cost
values [79] as lower and upper bounds and varied QoL util-
ity values by one standard deviation around the mean. We set
the lower and upper bounds for the one-time software costs
of ICBT at €25 and €100 per patient, respectively. As two to
four evaluation sessions are compulsory as a pre-treatment
in Germany [75], we varied the number of these sessions
accordingly. Treatment length in the included studies varied
between 8 and 16 weeks, and these two values served as the
lower and upper bounds. We varied the time horizon by one
to 2 and 4 years. For the discount rate, we set a lower bound
of 0% and an upper bound of 6%.

For probabilistic sensitivity analyses, we conducted a
Monte Carlo simulation with 10,000 repetitions. We drew
the input parameters randomly from gamma (costs and wait-
ing times) or beta (QoL values and transition probabilities)
distributions (see Table 2) [86, 87]. In addition, we gener-
ated a cost-effectiveness acceptability curve. Waiting times
differ across Germany’s 16 states, presumably mostly as a
result of varying therapist densities. For example, the aver-
age waiting time in the city-state of Berlin is 13.4 weeks,
whereas it is 23.7 weeks in the state of Thuringia [9]. We
therefore analyzed the impact of six different combinations
of waiting times for ICBT / FCBT (20/20, 15/20, 10/20,
5/20, 3/13, 3/24 (in weeks) within a scenario analysis.

3 Results

In the base-case scenario, with waiting times of 3 weeks
for ICBT and 20 weeks for FCBT, ICBT generated 0.260
QALYs and saved €2536 (incremental costs) per patient
compared to FCBT. On average, patients in the ICBT

cohort spend 55% of their time in remission (FCBT: 35%)
and 12% of their time depressed (FCBT: 34%). Moreover,
ICBT avoided 0.50 deaths per 1000 patients compared to
FCBT. Costs and QALY per patient and year in the ICBT
cohort averaged to €2236 and 0.672 compared to €3081
and 0.586 in the FCBT cohort. The shorter waiting time for
ICBT increased the number of patients who completed all
12 weeks of treatment by 70%. Although substantially more
patients were treated in the ICBT cohort, total costs were
lower than in the cohort of FCBT patients.

The tornado diagram (Fig. 2) illustrates the results of
the deterministic sensitivity analysis. In general, the results
appear to be very robust. Health-related inpatient costs and
the amount of therapist support are found to have the largest
impact on the incremental cost-effectiveness ratio (ICER).
For all upper and lower bounds, incremental effects are posi-
tive and incremental costs negative, thus presenting ICBT as
the dominant strategy.

The results of the probabilistic sensitivity analysis are
illustrated in Fig. 3. After 10,000 repetitions (Fig. 3a), the
incremental effects and costs averaged to 0.209 QALY and
€— 2164 per patient. In 91.5% of simulations, ICBT is more
effective and in 76.0% less costly than FCBT. In 69.7% of
simulations ICBT is the dominant strategy while it is domi-
nated by FCBT in only 2.2%. In 21.8% of all simulations
ICBT is more costly and more effective. The chance of
ICBT being cost effective is illustrated by the corresponding
cost-effectiveness-acceptability curve in Fig. 3b [86]. For a
threshold of zero, ICBT has a chance of 76.0% of being cost
effective. Applying other thresholds does not cause substan-
tial variations of this chance.

The results of our scenario analysis confirmed the domi-
nance of ICBT over FCBT (Table 3). Only when the waiting
times were equal, in scenario A, did ICBT lose its domi-
nance. A reduction in waiting times of 25%, in scenario
B, is sufficient to compensate for the lower probability of
remission in the ICBT group and turns incremental effects
positive.

4 Discussion

The results of our cost—utility analysis suggest that ICBT is
highly likely to be cost effective. By reducing waiting times,
ICBT has the potential to improve treatment prospects and
reduce costs. A shorter time to treatment reduces the time a
patient spends in an untreated depressed state. If only small
reductions in waiting times were achieved through ICBT
compared to FCBT (scenario B) they would be sufficiently
large to compensate for the lower remission rates seen in
the ICBT cohort. Overall, the results of our sensitivity and
scenario analyses confirmed ICBT as the dominant strategy.
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Hedman et al. [25] and Donker et al. [26] reviewed the
literature on the cost effectiveness of ICBT and identified
four studies that investigated the cost effectiveness of ICBT
in depression. One Dutch study [27] reported an ICER of
€1817 per clinically improved case compared to waiting list
and a chance of 30% for ICBT to be cost effective consider-
ing a willingness-to-pay of zero. Another Dutch study [28]
evaluated the cost effectiveness of unguided ICBT alone or
in combination with treatment as usual compared to treat-
ment as usual alone. The authors did not report an ICER,
but rather a 65% chance of ICBT being cost effective com-
pared to treatment as usual at a willingness-to-pay threshold
of zero. The third study, from the UK [29], also compared
ICBT to treatment as usual and estimated an ICER of £3528
for every clinically improved case and an ICER of £17,173
per QALY gained. This resulted in a 0% chance of ICBT
being cost effective at a willingness-to-pay threshold of zero.
The fourth study, also from the UK [30] reported no signifi-
cant difference in the clinical effectiveness, service use, or
costs of an unguided ICBT compared to a website providing
information on mental health problems. Kolovos et al. [31]
conducted a meta-analysis based on patient-level data from
five different RCTs that compared ICBT as add-on to care as
usual, problem solving therapy or waiting list. The authors
report an ICER of €32,706 per QALY gained for a time
horizon of 6 months and concluded that ICBT was not cost
effective. Paganini et al. [32] in their review also found that
ICBT was not cost effective when used either as an adjunct
treatment or without support.

One study conducted alongside an RCT in the UK [33]
evaluated the cost effectiveness of computerized CBT com-
pared to treatment as usual and reported an 85% chance that
the former was cost effective given a societal value of £5000
per QALY gained. An ICER was not reported. Titov et al.
[34] evaluated the cost effectiveness of ICBT compared to
waiting list for older adults with depression (n=154) along-
side an RCT in Australia. Slightly higher QALY (40.012)
and higher costs ($+52.9) in the treatment group resulted
in an ICER of $4392 per QALY gained. Duarte et al. [35],
in turn, analyzed the cost effectiveness of two computer-
ized CBT programs (“Beating the Blues” and “MoodGym”)
within a primary care setting in England. A total of 691
depressed patients were randomized within a clinical RCT
to treatment as usual (i.e. by a general practitioner) or to one
of the two ICBTs in addition to treatment as usual. With an
ICER of £6933 per QALY gained, treatment as usual was
cost effective compared to the intervention that combined
treatment as usual with ICBT.

However, none of these studies have compared ICBT or
computerized CBT to an established standard treatment such
as FCBT, making it difficult to establish a more realistic
cost effectiveness of ICBT. Moreover, the evidence base is
limited to treatment effects from single RCTs and studies
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with short follow-up periods. In addition, studies have often
measured QoL in a unidimensional fashion (e.g. as days with
or without depression symptoms) and applied various social
values for clinical effects or QALY's gained.

Unlike previous research on this subject, our use of the
well-established concept of QALYs and of ICERs to sum-
marize and report our results provides decision makers with
information not only on the cost-utility of ICBT compared
to an active control treatment (FCBT), but also to compare
the cost—utility of ICBT to existing thresholds. In Germany,
there is no officially defined threshold for judging the cost
effectiveness of medical interventions. However, using infor-
mation from the only study [88] that has measured a willing-
ness-to-pay threshold for a QALY for Germany, i.e. between
€8580 and €18,420, it would seem that ICBT is very likely
to be cost effective. The main advantage of ICBT is that it
requires less therapist time per patient, allowing therapists
to treat more patients overall.

When interpreting these findings, it is important to keep
in mind that our study has several limitations. First, the aver-
age treatment length in FCBT studies is longer than that in
studies that have analyzed ICBT. Although our sensitivity
analyses indicate that our overall results were not sensitive
to the modeled treatment length, the uncertainty regarding
the relationship between treatment length and remission
rates of CBT is inherent because treatment lengths vary
widely across included studies (8—16 weeks). Using sim-
ple weighted average remission rates, and thus disregard-
ing treatment lengths, results in higher remission rates both
for FCBT of 0.6446 and for ICBT of 0.5802 but alters the
incremental values only slightly. Second, the remission rate
of CBT depends on several factors, such as waiting time,
depression severity, and the number of previous episodes
[38, 89-91]. Although we modeled waiting time explicitly
in our analysis, it played no role in the included studies,
which were primarily RCTs designed to measure the effi-
cacy of CBT without any consideration of real-world wait-
ing times. Although information on waiting times in these
studies was sparse, it is reasonable to assume that partici-
pants in the RCTs experienced shorter waiting times than
those experienced by patients in everyday care. Therefore,
as the simulated waiting times in our model increase, so too
does the bias that results from an overestimation of remis-
sion rates. In short, at least for our base case, the remission
rate for FCBT is overestimated in our model. Conditional
remission rates depended on depression severity and the
number of previous episodes was not applicable because of
missing data. Third, ICBT allows therapists not only to treat
more patients, but also to provide those who are severely
depressed with higher-intensity treatment in a face-to-face
setting. This positive external effect could not be integrated
into our analysis, but it is important to note that doing so
would have enforced the dominance of ICBT over FCBT.
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Fourth, our model did not allow for alternative treatment
options in non-remitting patients, but rather had them restart
CBT. This is most likely not what would happen in everyday
practice and ignores the fact that CBT is not the one and
only treatment option for every patient. In everyday practice,
psychotherapists would probably seek alternative treatment
options for non-remitters. If this process were included in
our model, it would increase the follow-up costs of acute
treatment and decrease incremental costs in favor of FCBT.
Fifth, as appropriate data for Germany are not available,
health-related QoL values were adopted from a study based
on French patients [77]. While we are unable to rule out
general differences in health-related QoL values between
both countries, we assume that the change in QoL caused
by treatment has a similar effect in either population, as long
as their socio-economic profile and/or pathology are com-
parable. Although ranges for QoL values to be covered by
deterministic sensitivity analysis (Fig. 2) are relatively large,
the impact on the ICER is rather small. Overall, our results
are robust to changes in QoL values within a plausible range.
Finally, microsimulation may be preferable to cohort simu-
lation for modeling depression [92, 93]. However, the data
required to parameterize an individual-level model, i.e. time-
dependent relative risks for a range of conditions and patient
characteristics, were not available. Since cost data are also
available on an aggregated level only (i.e. for discrete states),
a Markov model was the obvious choice. We did, however,
incorporate patient heterogeneity by distinguishing standard
and spontaneous remission as well as mild, moderate and
severe depression.

5 Conclusion

To our knowledge, this is the first model-based study to eval-
uate the cost—utility of ICBT as a fully substitutive treatment
compared to an established active control treatment (FCBT)
based on the results of multiple RCTs and cohort studies.
Integrating different waiting times into our model revealed
the strong potential of internet-based therapies to balance
supply and demand of psychotherapy. We provided evidence
that ICBT is highly likely to be cost effective or even the
dominant strategy. ICBT has the potential to reduce waiting
times for patients and free up therapists’ capacity so they
can treat more patients and focus on those with more severe
depression without increasing overall costs.
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