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Abstract

Background Major depressive disorder (MDD) is a common, often recurrent condition and a significant driver of healthcare
costs. People with MDD often receive pharmacological therapy as the first-line treatment, but the majority of people require
more than one medication trial to find one that relieves symptoms without causing intolerable side effects. There is an acute
need for more effective interventions to improve patients’ remission and quality of life and reduce the condition’s economic
burden on the healthcare system. Pharmacogenomic (PGx) testing could deliver these objectives, using genomic information
to guide prescribing decisions. With an already complex and multifaceted care pathway for MDD, future evaluations of new
treatment options require a flexible analytic infrastructure encompassing the entire care pathway. Individual-level simulation
models are ideally suited for this purpose. We sought to develop an economic simulation model to assess the effectiveness
and cost effectiveness of PGx testing for individuals with major depression. Additionally, the model serves as an analytic
infrastructure, simulating the entire patient pathway for those with MDD.

Methods and Analysis Key stakeholders, including patient partners, clinical experts, researchers, and modelers, designed and
developed a discrete-time microsimulation model of the clinical pathways of adults with MDD in British Columbia (BC),
including all publicly-funded treatment options and multiple treatment steps. The Simulation Model of Major Depression
(SiMMDep) was coded with a modular approach to enhance flexibility. The model was populated using multiple original data
analyses conducted with BC administrative data, a systematic review, and an expert panel. The model accommodates newly
diagnosed and prevalent adult patients with MDD in BC, with and without PGx-guided treatment. SIMMDep comprises
over 1500 parameters in eight modules: entry cohort, demographics, disease progression, treatment, adverse events, hospi-
talization, costs and quality-adjusted life-years (payoff), and mortality. The model predicts health outcomes and estimates
costs from a health system perspective. In addition, the model can incorporate interactive decision nodes to address different
implementation strategies for PGx testing (or other interventions) along the clinical pathway. We conducted various forms
of model validation (face, internal, and cross-validity) to ensure the correct functioning and expected results of SIMMDep.
Conclusion SiMMDep is Canada’s first medication-specific, discrete-time microsimulation model for the treatment of MDD.
With patient partner collaboration guiding its development, it incorporates realistic care journeys. SIMMDep synthesizes
existing information and incorporates provincially-specific data to predict the benefits and costs associated with PGx test-
ing. These predictions estimate the effectiveness, cost-effectiveness, resource utilization, and health gains of PGx testing
compared with the current standard of care. However, the flexible analytic infrastructure can be adapted to support other
policy questions and facilitate the rapid synthesis of new data for a broader search for efficiency improvements in the clini-
cal field of depression.

1 Background

Access to data provided by the Data Steward(s) is subject to
approval, but can be requested for research projects through the Data

Steward(s) or their designated service providers. All inferences, Depression is projected to become the leading cause of disa-
opinions, and conclusions drawn in this publication are those of o, . . . . ~
the author(s) and do not reflect the opinions or policies of the Data b.ﬂlty by _2030_ [1]. Major depressw.e disorder (MDD) I.S asso
Steward(s). ciated with higher rates of mortality [2], comorbidities [3],

and a lower overall quality of life than the general population

Extended author information available on the last page of the article
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Key Points for Decision Makers

Simulation Model of Major Depression (SiMMDep), the
first Canadian whole disease model for major depression,
assesses the effectiveness and cost-effectiveness of inter-
ventions by simulating sequential treatment decisions,
considering past episode severity, and informing clinical
decision-making and resource allocation.

SiMMDep accurately represents the major depres-

sion treatment pathways utilizing clinical trial results,
administrative health sector data, as well as expert panel
judgments, and incorporates input from patient partners
to reflect real-world experiences.

SiMMDep incorporates 40 antidepressants, patient-
specific attributes, and personalized decision-making,
overcoming limitations of previous economic models.

[4]. While it has a lifetime prevalence of 11.2% in Canada
[5], the global prevalence of depression has increased by
28% in 2020 due to the COVID-19 pandemic [6]. At an
annual cost of $14 billion CAD, MDD presents a significant
financial impact on patients and society [7]. There is, there-
fore, an urgent need for other interventions simultaneously to
improve patients’ quality of life and to reduce the economic
burden of MDD on already strained healthcare systems.

Multiple effective treatments are available for depression,
which commonly include pharmacotherapy and/or psycho-
therapy. However, >50% of people do not find their first
antidepressant medication effective [8], and 30% still do
not achieve symptom relief after several different medica-
tions [9]. This means that depression remains unsuccessfully
treated for a sizeable proportion of those with MDD and for
extended periods of time. More specifically, this can result in
a painful and lengthy process of trial-and-error prescribing,
which may lead to discontinuation with treatment, poorer
long-term prognosis, and higher healthcare costs [10]. Inter-
ventions to reduce this trial-and-error period would, there-
fore, have far-reaching and significant benefits for those with
MDD, their families, clinicians, and pharmacists, workforce
productivity, and the health system.

Pharmacogenomic (PGx) testing, which involves generat-
ing prescribing recommendations based on genetic markers
that indicate how quickly an individual metabolizes a medi-
cation, might confer such benefits. CYP2D6 and CYP2C19
genes are the main known contributors to antidepressant effi-
cacy and side effects [11, 12]. Using PGx testing to guide
prescription decisions could lower overall costs by matching

A\ Adis

patients with an efficacious medication and avoiding adverse
effects in fewer overall drug trials. According to meta-anal-
yses, using PGx testing can improve the rates of response
and remission in the treatment of MDD [13-16]. However,
cost-effectiveness evaluations are needed before decisions on
implementing PGx as part of routine clinical care.

Simulation models are a powerful tool through which
the long-term cost-effectiveness of new interventions can
be explored. Although there are other health economics
models of PGx testing for MDD, previous models included
a narrow range of treatments for depression and only mod-
eled outcomes for short time horizons [17-22]. These mod-
els may, therefore, lack some degree of external validity,
underestimate treatment effects, and provide little indica-
tion of longer-term outcomes. A microsimulation modeling
approach is ideal for examining MDD because treatment
for depression (as well as the likelihood of its recurrence)
is highly dependent on a patient’s history with the condi-
tion (i.e., number and severity of past episodes) [23]. How-
ever, there are very few microsimulation models of MDD
treatments.

In this paper, we describe a discrete-time microsimu-
lation model, the Simulation Model of Major Depression
(SiMMDep). This model-based analytic infrastructure was
developed specifically to explore the effects of PGx test-
ing on the prescription of antidepressants and subsequent
outcomes in people with MDD in British Columbia (BC),
Canada. SIMMDep meets a pressing need for a model that
more closely matches MDD’s chronic trajectory, consid-
ering multiple modes of treatment over the lifetime. The
model encompasses the entire clinical pathway of MDD by
simulating sequential treatment decisions, with a particular
emphasis on pharmacotherapy treatment. It is a medication-
specific model, which includes medications indicated for use
in MDD treatment in the Canadian Network for Mood and
Anxiety Treatments (CANMAT) guidelines [24].

To our knowledge, this is the first whole disease model
for MDD in the Canadian healthcare setting; namely, it
simulates depression and treatment pathways from diag-
nosis to receiving treatment, discontinuing that treatment,
full or partial remission, recurrence, development of refrac-
tory depression, and/or death. Taking a disease-level mod-
eling approach assists with the reusability of the model for
potentially any MDD intervention used at any point within
the pathway, including pharmacotherapies, psychothera-
pies, and other more experimental treatments. This paper
provides a detailed description of the components and data
sources of the model, key outcomes, and the validation
exercises undertaken. All findings from cost-effectiveness
analyses using the model have been reported separately
[25].
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2 Methods

We designed and developed a discrete-time microsimula-
tion model to simulate pathways followed by patients with
MDD in BC, Canada. This was part of a larger project that
aimed to examine the efficacy and value of PGx testing
as part of routine care for patients with MDD compared
with the current standard of care. As a result, this paper
will describe the MDD model with specific consideration
of model characteristics that are specific to the assessment
of pharmacogenomics.

The team consisted of 25 key stakeholders, including
patient partners [26], clinical experts, modelers, researchers,
and policymakers. Consensus was reached through Zoom-
based meeting discussions. It is the first Canadian micro-
simulation model for MDD care developed with guidance
from patient partners. As described elsewhere in more detail,
patient partners made major contributions to the design of
SiMMDep, including verifying modeling assumptions, iden-
tifying model limitations, and offering insightful ideas for
prospective future study fields [26].

SiMMDep is a discrete-time microsimulation model built
in C++ with an interface in R, using the Rcpp package [27,
28]. It offers a flexible structure to model chronic conditions
by reflecting the patient’s history and its effect on the course
of the condition over time [29, 30]. We followed guideline
recommendations in the conceptualization of a decision-
analytic model [31]. The model, with more than1500 input
parameters, follows Canadian clinical guidelines for phar-
macological treatments [24], incorporates estimates from a
systematic review of randomized controlled trials [15], and
adds local context by incorporating estimates from analysis
of provincial administrative data [32-37] (e.g., prevalence,
treatment, resource utilizations, costs). The cohort definition

and the list of input parameters from BC administrative data
are detailed in the electronic supplementary material (ESM,
Appendix A).

SiMMDep was intentionally designed with a modular
approach (eight interconnected modules) to enhance flex-
ibility (Fig. 1) for future adaptations. Each module can be
revised independently of the others and tailored for different
contexts, interventions, or as new evidence emerges. We will
first describe the function of each module, the source data,
and the outcomes they generate. Then, we will describe the
model validation process.

2.1 Entry Cohort Module

This module determines the target population represented in
the model. First, it calculates the number of newly diagnosed
and prevalent cases of MDD by multiplying the incidence
and prevalence rates captured from BC administrative data
[32-37] by the size of the adult (19+ years) population in
BC. Further, it multiplies the number of newly diagnosed
and prevalent patients by the ratio of patients on an antide-
pressant to estimate MDD patients eligible for pharmaco-
logical treatment when entering the model (ESM, Appendix
A; Table Al).

2.2 Demographics Module

Upon entering the model, a unique set of attributes is
assigned to each patient to resemble the specific character-
istics observed within the actual cohort of individuals with
MDD in BC. Some of these characteristics (e.g., metabo-
lizer phenotypes, geographic ancestry) were derived in iso-
lation from different sources, and so the estimated correla-
tions with other parameters were not available. However,
key demographic parameters (current age, sex, age at onset,

Fig.1 Simulation Model of
Major Depression (SiMMDep)
modules (in rectangles) and
contributors (represented
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psychiatric comorbidity), as well as MDD history status
(incident and prevalent), were estimated using BC adminis-
trative data [32-37] (see the ESM, Appendix A; Table Al
for more details). Hence, using a robust chain regression
methodology, we established the correlation among vari-
ables as follows:

(a) The occurrence of MDD in the past (incident vs preva-
lent) was directly estimated from the available data as
a binary variable;

(b) Sex was estimated separately within the incident and
prevalent groups and represented as a binary variable;

(c) Current age was modeled using a truncated beta distri-
bution, stratified by MDD history and sex;

(d) For prevalent patients, age at the onset of MDD was
modeled as a linear function of current age within the
respective strata of MDD history and sex;

(e) Psychiatric comorbidity was based on a logit model as
a function of age, age at onset, and sex, within the strata
of incident and prevalent groups.

For other characteristics, the model follows a multi-step
approach. First, it assigns each patient a geographic ances-
try category (European, East Asian, Central/South Asian,
American, Near Eastern, Latino, Sub-Saharan African,
Oceanian, African-American/Afro-Caribbean) due to vari-
ations in the frequency of actionable alleles among phar-
macogenetic variants across ancestry groups [38—40]. The
prevalence of each geographic ancestry group in BC was
calculated using the 2016 Census results after matching
to the PharmGKB categories above [41]. Next the model
assigns each individual a metabolizer phenotype for the
CYP2D6 and CYP2C1I9 genes, based on the prevalence of
these metabolizer phenotypes in individuals with the same
geographic ancestry, as sourced from PharmGKB [39, 40]
and reported in Bousman et al. [42] (see the ESM, Appen-
dix B for more details). Finally, the model assigns an MDD
severity level (mild, moderate, or severe) to newly diagnosed
and prevalent patients according to the MDD severity distri-
bution from Ferrari et al. [43] and Kessing [44], respectively.

2.3 Disease Progression Module

Each patient’s transition between three different health
states (MDD, Well and Death) is captured over time in this
module. The ‘MDD’ state includes three depression sever-
ity levels (mild, moderate, and severe), which are assigned
to patients as they enter the MDD episode [43, 44]. The
duration of each cycle is one week. The weekly cycle was
chosen in order to give the model flexibility, especially to
account for different potential outcomes along the clinical
pathway. Event probabilities sourced from the literature [2,
23] and Statistics Canada [45] were converted to a 1-week

A\ Adis

time frame by transforming the probabilities to a rate (prob-
ability = 1 —exp(-rate)), adjusting the rate to the relevant
time window, and then back-calculating the probability from
the rate.

Patients can transition multiple times between different
health states during their lifetime. Patients who move into
the “Well’ state can remain well, recur to another episodic
state, or die. Patients are followed until they reach 100 years
of age, die (by suicide or other-cause mortality), or reach the
end of the time horizon, whichever occurs first.

2.4 Treatment Module

This module encompasses the assessment of patient treat-
ment at various time points (Fig. 2), including the process
of selecting medications and monitoring the progress of
patients along their respective pathways (Fig. 3). Five dif-
ferent MDD treatment pathways are included in this module
(Fig. 3). The pathways were designed based on the CAN-
MAT 2016 guidelines [24] and additional input from clinical
experts and patient partners [26]. Each pathway includes
various treatment options.

SiMMDep was developed from the perspective of public
payers, and pharmacotherapy is usually the initial publicly-
funded treatment option in BC. Psychotherapy coverage is
typically offered only after multiple unsuccessful medication
trials due to limited availability in BC, rather than accord-
ing to CANMAT guidelines. Electroconvulsive therapy is
the sole publicly-funded neurostimulation treatment. In
SiMMDep, the MDD clinical pathway allows for up to five
treatment trials of any of six increasingly intensive therapy
choices for patients: (1) mono-pharmacotherapy (one anti-
depressant); (2) double pharmacotherapy (two antidepres-
sants); (3) mono-pharmacotherapy plus psychotherapy; (4)
double pharmacotherapy plus psychotherapy; (5) mono-
pharmacotherapy plus electroconvulsive therapy (ECT); (6)
double-pharmacotherapy plus ECT. If symptom remission
is not achieved after five treatment trials in a single MDD
episode, individuals are assumed to have refractory depres-
sion, also referred to in the clinical literature as Stage V
treatment-resistant depression [46].

One advantage of the model is that it is drug-specific.
It includes 26 main-line medications and 14 adjunctive
medications, as recommended in CANMAT. The model
only includes medications that are publicly covered to some
extent by BC Pharmacare (ESM, Appendix A; Table A3).

2.4.1 Treatment Trial

Figure 2 presents the generic decision tree for any phar-
macological treatment within an episodic MDD state.
Upon entering the model, each patient is assigned a treat-
ment option along with the treatment discontinuation and
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Fig.2 The generic flow of patients with episodic MDD in a phar-
macological treatment trial. Dashed lines separate the time points
at which a pharmacotherapy treatment trial is evaluated for discon-
tinuation, symptom remission/response, and depression recurrence
(weeks 4, 12, 52, and 116, respectively). The PGx symbol represents
the points along the pathway where the PGx testing can occur. Preva-
lent patients would receive the PGx testing prior to any prescription,
and newly diagnosed patients would receive the PGx testing after one

remission probabilities associated with that treatment from
published literature [47-50] (ESM, Appendix D). The model
then follows patients through two phases of depression treat-
ment: an acute phase (achieving clinical remission) and a
maintenance phase (avoiding recurrence).

Four weeks after initiating the medication, the model
assesses treatment discontinuation based on the probability
distribution that was extracted from the published litera-
ture (ESM, Appendix D) [47, 48]. Those who discontinue
the medication fall into two categories: (1) discontinuation
due to adverse effects; (2) discontinuation for reasons other
than adverse effects (for example, feeling better, dealing
with another serious illness, etc.). Any patients who discon-
tinue medication for reasons other than adverse effects are
assumed to remain without treatment until the end of the
year. Thereafter, they either move to the ‘Well” state (due to
spontaneous remission) or experience a recurrent episode,

evaluate every cycl v Recur

New recurrent
‘@ episode

unsuccessful medication trial. In both instances, only patients with
moderate to severe MDD would receive PGx testing. * Discontinua-
tion may be due to adverse effects or other reasons (e.g., feeling bet-
ter or experiencing other serious diseases). MDD major depression
disorder, AE adverse effect (e.g., nausea, weight gain), PGx pharma-
cogenomics. This figure was reproduced from Ghanbarian et al., 2023
[25].

according to our clinical advisor. The estimated value for the
probability of remission of untreated patients was calculated
using the weighted mean average of the placebo arm of rand-
omized clinical trials from an existing systematic review and
network meta-analysis [47] (ESM, Appendix F).

If the patient continues their medication after 4 weeks,
the model assumes they have an assessment at 12 weeks
for symptom remission, which may be either full or partial,
defined as follows:

e Full remission: Patients are assigned a high or low proba-
bility of recurrence, which determines the length of their
maintenance phase (i.e., on medication). Based on CAN-
MAT guidelines, ‘high risk’ is characterized as meeting
any one of the following criteria: having other psychiatric
comorbidities, experiencing a severe MDD episode, or
enduring a current or previous depression episode last-
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Fig.3 Current clinical care pathway for patients with major depres- prescription patterns from the BC administrative data [32-37]. adj
sive disorder in British Columbia, Canada. The clinical pathway Adjunctive, ECT electroconvulsive therapy, med medication, mono
includes six treatment options, represented by different colors in monotherapy, PST psychotherapy, Rx prescription pharmacotherapy,
the graph. Newly diagnosed patients were assumed to start from the WDAE withdrawal due to adverse effects. This figure was reproduced

beginning of the pathway. The model assigns prevalent patients to and modified from Ghanbarian et al., 2023 [25]

one of the nine starting points, represented by asterisks, based on the

ing over 2 years. These patients enter a 2-year mainte-
nance phase, which includes 3 months of tapering off the
medication (if applicable). After 2 years, the patient is
either well or starts a new recurrent episode. To represent
patients who remain on a long-term maintenance dose
of medication (that is, after the maintenance phase), the
model assumes that the majority of high-risk patients in
the ‘Well’ state continue medication treatment, with a
portion gradually tapering off their medication according
to our clinical experts. Patients with a ‘low risk’ of recur-
rence (i.e., did not meet any of the above ‘high risk’ cri-
teria) enter a 1-year maintenance phase, which includes
2 months of tapering off the medication. At the end of
this year, the patient is either well (full remission) or e
begins a new MDD episode (recurrence). Risk of depres-
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sion recurrence depends on age, age of onset, history of
any episode, and history of severe episodes, according to
the study by Hardeveld et al., 2013 [23]. Therefore, the
model keeps a record of patients’ previous episodes. The
risk of recurrence is calculated based on a multifactorial
equation that includes all patient-related risk modifiers,
as mentioned above. We calculated the baseline probabil-
ity of recurrence, excluding those with previous recur-
rent and severe episodes, to avoid double counting after
applying the ratio modifier equation (ESM, Appendix F).
Once the recurrent episode was determined, their MDD
severity followed the distribution by Kessing for MDD
recurrent episodes (ESM, Appendix C) [44].

Partial remission: Patients that experience some, but not
complete, symptom remission, step up along the adjunc-
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tive therapy pathway. In this scenario, the model brings
the patient back to the start of a new treatment trial and
they subsequently progress through the treatment path-
way.

SiMMDep offers PGx testing at different time points
along the pathway, depending on the severity of the current
episode and the patient’s previous history of MDD for the
base-case cost-effectiveness analysis. For patients with mild
MDD, PGx testing is conducted if MDD recurs as a moder-
ate or severe episode. However, for patients with moderate
and severe MDD, testing is done before any prescription
for prevalent patients and after one unsuccessful medica-
tion trial for newly diagnosed patients. This decision was
guided by experts in the field and is in line with several US
insurance policies and other economic analyses [21]. For the
patients with PGx testing, the model modifies the likelihood
of treatment discontinuation (due to side effects or other
reasons) and remission (partial and full), according to our
meta-analysis results [15].

2.4.2 Medication Selection

The model selects medication for each patient based on (1)
CANMAT 2016 guidelines [24], (2) the patient’s antidepres-
sant history (recorded in the model), and (3) the patient’s
PGx test results (if available).

1. The CANMAT guidelines [24] recommend a list of
antidepressants for adult patients with MDD sorted into
first-line medications, first-line “superior efficacy” medi-
cations, second- and third-line medications. In actual
clinical practice, however, selecting an antidepressant
involves physician expertise and patient perceptions and
preferences. We emulated this process in the model by
assigning medications to hypothetical patients accord-
ing to the actual distribution of antidepressant medica-
tions currently prescribed in BC (ESM, Appendix A,
Table A3.2).

2. A patient’s antidepressant history determines and lim-
its the choice of antidepressant in the subsequent treat-
ment trials. The model records each patient’s medication
history. When assigning a new medication, the model
excludes medications that have previously caused an
adverse event or which did not result in full symptom
remission for the patient (i.e., are considered ineffective
for that patient). Then, the model adjusts the medication
distribution based on the antidepressants that can still be
prescribed and selects one based on the distribution of
antidepressant prescriptions in BC [32-37].

3. For those with PGx testing, the model operationalizes
the medication recommendations based on an individual
patient’s CYP2D6 and CYP2C19 metabolizer pheno-

types. We built a list of eligible medications available
for each patient using the Clinical Pharmacogenomics
Implementation Consortium (CPIC) guidelines [39, 40,
51-53] and the Sequence2Script tool [54]. To account
for all possible combinations of CYP2D6 and CYP2C19
metabolizer phenotypes, the model removes all contra-
indicated medications for both metabolizer phenotypes
in isolation, then creates a selection list of treatment
options. Finally, the model assigns a medication from
this remaining list, based on a normalized probability
distribution, to account for any removed medications
(ESM, Appendix E).

The model ensures there are no negative interactions
between the primary and adjunctive medications, accord-
ing to the Canadian Pharmacists Association’s Lexicomp®
Interactions Module [55] (ESM, Appendix G).

2.4.3 Clinical Pathway of Newly Diagnosed and Prevalent
Patients

SiMMDep assumes that all newly diagnosed patients would
start from the first treatment trial with a first-line mono-
pharmacotherapy treatment (Fig. 3). However, to account
for the patient’s history of any previous antidepressant trials,
the model assigns each prevalent patient to one of nine start-
ing points along the mono-pharmacotherapy or adjunctive
therapy pathways (marked by asterisks in Fig. 3). We calcu-
lated the probability of being assigned to any starting point
using the prescription patterns from the BC administrative
data (ESM, Appendix A3, Table A3.1). Patients can transi-
tion to the ‘Well’ state, ‘Death’ state, or continue treatment
by moving along either the mono-pharmacotherapy pathway
or adjunctive pathway.

In the monotherapy pathway (Fig. 3, horizontal line), the
second treatment trial is a first-line treatment that CANMAT
[24] rates as having “superior efficacy”; specifically, esci-
talopram, mirtazapine, sertraline, venlafaxine, and citalo-
pram. The model assigns one of these medications (if not
prescribed in the first trial) based on prescription patterns
in BC (ESM, Appendix A3, Table A3.1). If any of these
medications are unsuccessful at bringing about remission,
patients move to the third mono-pharmacotherapy treatment
trial, which uses a second-line antidepressant. In the fourth
treatment trial, a third-line antidepressant is prescribed
in combination with psychotherapy (stemming from the
assumption that patients will qualify for publicly paid psy-
chotherapy at this point). According to BC administrative
data [32-37], the prescription of third-line antidepressants
is relatively small. Therefore, the model assigns patients any
antidepressant they have not previously tried or one that has
not caused adverse effects. The fifth and final step of the
mono-pharmacotherapy pathway is a different antidepressant

A\ Adis



500

S. Ghanbarian et al.

(not previously tried or that has not caused adverse effects)
with the addition of either a new course of psychotherapy or
ECT. If patients do not achieve full remission or discontinue
treatment due to an adverse event at this stage, the model
labels their depression as refractory.

If a patient experiences partial remission with a first-
line mono-pharmacotherapy, they move to the adjunctive
pathway and do not return to the mono-pharmacotherapy
pathway. In the adjunctive pathway (Fig. 3, vertical line),
the second treatment trial includes adding a first-line adjunc-
tive medication to the original first-line pharmacotherapy.
Adjunctive medications are assigned based on observed
prescription patterns in BC from the administrative data
(ESM, Appendix A3, Table A3.2). If the second treatment
trial does not result in full remission, the model replaces
the adjunctive medication with a second-line one. Should
the patient require another replacement of the adjunctive
medication, this will be in combination with psychotherapy
in the fourth treatment trial. Finally, in the fifth treatment
trial, patients receive new adjunctive medication and another
course of psychotherapy or ECT. If patients do not experi-
ence complete remission or discontinue treatment due to an
adverse event at this point, the model labels them as having
refractory depression.

2.5 Adverse Effect Module

The module incorporates a two-step approach for treat-
ment discontinuation, utilizing a probability distribution
derived from the published literature (ESM, Appendix E)
[47, 48]. As explained above, first, the probability of total
discontinuation (for any reason) is assigned after 4 weeks of
medication initiation. Then, for those who discontinue their
treatment, the model applies the probability of discontinua-
tion due to adverse effects. The CPIC antidepressant guide-
lines highlight that common side effects of antidepressants
include gastrointestinal dysfunction, sexual dysfunction, and
impacts on the central nervous system (such as insomnia)
[56]. However, it is important to note that the incidence and
type of side effects vary by antidepressant. Therefore, to cap-
ture the effect of PGx testing on adverse effects, the pooled
probability of discontinuation from our systematic review
was used [15].

2.6 Hospitalization Module

Patients with MDD have a higher risk of all-cause hospitali-
zation than those without depression, reflecting the impact
of depression on both mental and physical health [57]. This
module assigns patients’ weekly probability of all-cause hos-
pitalization and counts the number of hospital admissions.

A\ Adis

Acute all-cause hospitalization can occur for patients at any
point along the clinical pathway. We calculated hospitaliza-
tion rates for people with MDD (episodic and refractory)
from the BC administrative data [32-37]. For the patients
in the ‘Well’ state, the model assigns the general Cana-
dian population’s all-cause hospitalization rate [58] (ESM,
Appendix A4).

2.7 Costand QALY Module

This module captures all treatment-related costs and ben-
efits from the public payer’s perspective. It assigns costs
and health utility values to patients at different times along
the clinical pathway according to their health states and the
events (e.g., hospitalization, suicide) they experience. We
adjusted all costs to 2023 Canadian dollars using the health-
care component of the Consumer Price Index [59], and dis-
counted costs and benefits at 1.5% annually [31].

As patients go through different health states and events
in the model, their costs and health service use are estimated.
We used multiple sources for costing: the BC administra-
tive databases for publicly-funded healthcare costs [32-37],
Canadian Institute for Health Information (CIHI) [58],
Medical Services Commission (MSC) payment schedule
[60], Health Employers Association of BC [61], published
literature [62], and our expert review panel (when data was
unavailable). The model includes the cost of antidepres-
sants covered by PharmaCare, psychotherapy (individual
cognitive behavioral therapy [CBT]), ECT, hospitalization,
monitoring and assessments with healthcare professionals,
and PGx testing. The model does not simulate the details
of the care pathway for patients after they develop refrac-
tory depression. Instead, it assigns the average weekly costs
to the patients with refractory depression found in the BC
administrative data [32-37] (see the ESM, Appendix H for
full details of the costing exercise).

All patients enter the model with an MDD-specific utility
value stratified by their health state, the severity of MDD,
and remission status (ESM, Appendix I). The utility val-
ues we applied referenced a large dataset of EQ-5D-3L
responses from over 1900 participants from 10 different
depression trials [4], population norms for Canadians,
and longitudinal studies for patients with refractory MDD
[63]. All utility index values that we reference were scored
according to the tariffs for the UK population in the absence
of Canadian tariffs. Therefore, we assumed that Canadians’
preferences for health are similar to those in the UK. We also
assume that health-related quality of life improves for all
patients upon remission of their MDD. Finally, we assumed
the quality of life of MDD patients returned to that of the
general population after recovery [64].
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2.8 Mortality Module

This module tabulates death due to any cause, including
causes specific to MDD. We assumed patients in the “Well’
state have the same mortality rate as the general popula-
tion. We applied a weekly age- and sex-specific mortality
rate based on the annual rate reported by Statistics Canada
[45]. The model assumes that patients with episodic MDD
and patients with refractory MDD have a higher mortality
risk than the general population, and their relative risk was
applied to the background mortality [2, 65] (ESM, Appen-
dix J).

The background mortality and the respective relative risk
estimated the risk of all-cause mortality, including death due
to suicide. We estimated the number of deaths due to suicide
by applying the specific probability of death due to suicide to
the total number of deaths in each health state, after applying
background mortality and disease-relative risks [66].

3 Model Validation

To ensure that SIMMDep was functioning correctly and
producing results as expected, we followed the guidelines
in establishing validation targets [67]. A group of clinical
experts (including a family doctor, a psychiatrist, and a psy-
chologist) and two patient partners closely checked all the
assumptions behind the structure of the clinical pathway.
In addition, they helped to define the parameters within the
administrative data to populate the model. As a result, the
research group ensured that SIMMDep produces sensible
and expected results (ESM, Appendix K, Table K1.1).

A senior health economist performed validation by
reviewing the equations and methods utilized. For inter-
nal validation, we aimed to ensure that the model’s outputs
matched patterns observed in input data sources or calibra-
tion targets. For example, the ratio of patients experiencing
full/partial remission with and without PGx testing matched
the ratio found in the meta-analysis [15]. The validation pro-
cess encompassed various modules within the model, and
a list of validations conducted is provided in Table K2.1
(ESM, Appendix K). Finally for cross-validation, we com-
pared the cost-effectiveness outcome of PGx testing for
MDD in SiMMDep and a recent Canadian health technology
assessment (HTA) [21]. We ran the model using a shorter
time horizon and aimed to align key assumptions such as
population, PGx testing price, specific health utility values,
and the scenario for delivering PGx. While achieving similar
results in this cross-validation, we assert that our assump-
tions are well justified, and it is crucial to model long-term
outcomes for this recurrent mental health condition.

4 Discussion

The current study introduces SiMMDep, the first whole dis-
ease model for MDD in Canada, which was developed in
collaboration with patient partners, clinicians, and a multi-
disciplinary team of researchers. The model encompasses a
range of publicly-funded treatments for major depression,
and enables cost-effectiveness evaluations of PGx testing or
other interventions to treat depression within the Canadian
context. In this way, SIMMDep facilitates evidence-based
policy decisions and potentially enhances access to mental
health services by covering the entire clinical pathway of
major depression.

This discrete-time microsimulation model was specifi-
cally designed to address major depression in Canada, with
a particular emphasis on pharmacological treatment, but
also included psychotherapy and ECT. The model integrates
data from various sources, such as estimates from systematic
reviews of randomized controlled trials [15], administrative
health sector data [32—37] on 194,149 adults with MDD,
input from a panel of clinical experts, and multiple published
studies. The model incorporates 40 antidepressants indicated
for MDD treatment, allowing for sequential treatment deci-
sions in line with clinical guidelines. In addition, it con-
siders various therapeutic options and incorporates patient
attributes, including metabolizer phenotypes, geographic
ancestry, and MDD history. SiMMDep was applied to assess
the costs, resource utilization, and health gain of PGx test-
ing compared with the current standard of care in BC over
patients’ lifetime. The outcomes of the cost-effectiveness
analysis of interventions are reported separately [25].

Existing economic models for MDD often concentrate
on particular treatments while neglecting the gradual esca-
lation in treatment intensity advised by clinical guidelines
[22]. Commonly, these models typically disregard individual
patient attributes and do not encompass the enduring effects
of interventions [17-21]. SiMMDep is a major advance in
modeling MDD in Canada as it overcomes the limitations
mentioned above and offers a comprehensive framework for
assessing a wide variety of treatment scenarios.

Despite its strengths, SIMMDep has certain limitations.
While it presently models assessments and recurrence
at defined time intervals, the model’s flexible framework
allows for the future incorporation of customizable timelines
for each individual patient. It is important to acknowledge
that in the absence of available evidence, SIMMDep does
not simulate the details of the clinical pathway for refractory
depression. The model assumes average weekly expendi-
tures of all comorbidities and treatments for such patients,
average health quality, and mortality rates. SiMMDep does
not encompass sub-threshold symptomatic patients or
interventions that target prevention of the condition. The
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primary goal of developing SiMMDep was assessing PGx
testing and sub-threshold symptomatic patients are not often
offered pharmacological treatment as their initial treatment
and, therefore, were not the target population. Furthermore,
we utilized health utility index values scored based on UK
population tariffs, assuming similarity in health preferences
between Canada and the UK due to the absence of Cana-
dian tariffs. These limitations should be considered when
interpreting the results and evaluating the applicability of
SiMMDep in addressing other research questions.

5 Conclusion

SiMMDep was initially developed to estimate the benefits
and costs of pharmacogenomic tools targeting people with
major depression. However, the modular approach enhances
its flexibility to evaluate diverse and/or future policy options
across the treatment continuum, and it can be tailored to
various jurisdictions. It is our hope and aim that SIMMDep
can serve as an analytical infrastructure for evaluating vari-
ous treatment options to improve the quality, efficiency, and
equity of care delivery for depression in Canada.
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