
© 2023 CMA Impact Inc. or its licensors  CMAJ  |  November 14, 2023  |  Volume 195  |  Issue 44 E1499

Pharmacogenomic testing offers the possibility of enhanced effi-
cacy and fewer adverse effects from more appropriately targeted 
drug therapies. One clinical area for which pharmacogenomics 
could have particular promise is major depressive disorder (MDD), 
given that patients with MDD often receive several trials of phar-
macological treatment. The World Health Organization predicted 
that by 2030 depression will be the leading cause of disability 
worldwide.1 The lifetime prevalence of depression is 11% in Can-
ada2 and the global prevalence increased by 28% in 2020, during 
the COVID-19 pandemic.3 People with MDD have higher rates of 
mortality4 and comorbidities,5 and a lower quality of life.6 Depres-
sion is costly for patients and society. In Canada, MDD costs 
$14 billion annually, largely driven by decreased productivity and 

workforce participation.7 Patients face personal financial burdens 
associated with depression and its treatment, including lost wages 
and out-of-pocket costs.8 Therefore, improving care for patients 
with MDD offers the potential for substantial, widespread impact.

More than 35 antidepressant medications are available in 
Canada; however, only 40%–60% of patients respond to the anti-
depressant initially prescribed, and roughly 27% report adverse 
effects.9–11 A large proportion of patients have partial or no 
response to several trials of treatment (i.e., treatment-resistant 
depression or refractory MDD).12,13 The lengthy trial-and-error 
process of selecting the appropriate medication may contribute 
to high nonadherence rates and, subsequently, to poorer health 
and long-term prognosis.14 Evidence suggests that response to 
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Abstract
Background: Pharmacogenomic testing 
to identify variations in genes that influ-
ence metabolism of antidepressant medi-
cations can enhance efficacy and reduce 
adverse effects of pharmacotherapy for 
major depressive disorder. We sought to 
establish the cost-effectiveness of imple-
menting pharmacogenomic testing to 
guide prescription of antidepressants.

Methods: We developed a discrete-time 
microsimulation model of care pathways 
for major depressive disorder in British 
Columbia, Canada, to evaluate the effect-
iveness and cost-effectiveness of phar-
macogenomic testing from the public 
payer’s perspective over 20  years. The 
model included unique patient charac-
teristics (e.g., metabolizer phenotypes) 

and used estimates derived from sys-
tematic reviews, analyses of adminis-
trative data (2015–2020) and expert 
judgment. We estimated incremental 
costs, life-years and quality-adjusted 
life-years (QALYs) for a representative 
cohort of patients with major depres-
sive disorder in BC.

Results: Pharmacogenomic testing, if 
implemented in BC for adult patients 
with moderate–severe major depres-
sive disorder, was predicted to save the 
health system $956  million ($4926 per 
patient) and bring health gains of 
0.064  life-years and 0.381  QALYs per 
p a t i e n t  ( 1 2  4 3 6   l i f e - y e a r s  a n d 
74 023  QALYs overall over 20  yr). These 
savings were mainly driven by slowing 

or avoiding the transition to refractory 
(treatment-resistant) depression. 
 Pharmacogenomic-guided care was 
associated with 37% fewer patients 
with refractory depression over 
20 years. Sensitivity analyses estimated 
that costs of pharmacogenomic testing 
would be offset within about 2 years of 
implementation.

Interpretation: Pharmacogenomic 
testing to guide antidepressant use 
was estimated to yield population 
health gains while substantially reduc-
ing health system costs. These findings 
suggest that pharmacogenomic test-
ing offers health systems an oppor-
tunity for a major value-promoting 
investment.
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antidepressants partly reflects variation in genes that influence 
medication metabolism. About 42% of the variation in the clinical 
response to antidepressant treatment may be attributable to 
genetic causes.15 Pharmacogenomic testing, therefore, is theor -
etically compelling; using a blood, saliva or buccal swab sample, 
the test identifies genetic variants involved in drug metabolism 
and response, which can guide prescribing. Meta-analyses sug-
gest that pharmacogenomic testing can positively affect response 
and remission when used to guide treatment for MDD.16,17

Several previous cost-effectiveness analyses have evaluated 
the use of pharmacogenomic testing in MDD.18–22 However, many 
did not model the individual genetic profile of patients (an 
important factor in precision medicine), did not consider individ-
ual drugs, were funded by test manufacturers and used relatively 
short time horizons. We sought to evaluate the effectiveness and 
cost-effectiveness, including the long-term costs and benefits, of 
implementing pharmacogenomic testing to guide antidepres-
sant care for MDD in British Columbia, Canada.

Methods

Model design and inputs
We developed a discrete-time microsimulation model in close collab-
oration with patient partners,23 clinicians and other stakeholders to 
facilitate the evaluation of the effectiveness and cost- effectiveness of 
pharmacogenomics for adult patients with newly diagnosed (inci-
dent) and prevalent MDD in BC. This simulation model of major 
depression (SiMMDep) is a discrete-time microsimulation model, 
built in C++ with an interface in R, using the Rcpp package.24,25

The SiMMDep model includes 8  interconnected modules for 
entry cohort, demographics, condition progression, treatment, 
adverse events, hospital admission, cost and quality-adjusted 
life-years (QALYs) and death. It has more than 1500 input param-
eters populated by estimates derived from a systematic review of 
randomized trials of pharmacogenomic testing efficacy in MDD 
treatment,16 original data analyses of BC administrative data,26–31 
targeted searches and clinical expert panel judgments (when 
data were not available). Our panel of clinical experts comprised 
1 family physician (M.P.), 1 psychiatrist (C.S.) and 1 psychologist 
(D.E.). Patient partners (L.R. and G.L.) contributed substantially 
to model design by verifying modelling assumptions, pointing 
out model limitations and suggesting areas for future research.23

We analyzed BC administrative data for the years 2015–2020 
for people aged 19–99 years in BC who satisfied the criteria for 
depression.32 We linked several data sets, including the Medical 
Service Plan (MSP),26 Discharge Abstract Database,27 MSP 
Consoli dation File,28 Vital Statistics Deaths,29 PharmaNet30 and 
National Ambulatory Care Reporting System.31 The model design 
and input analyses are detailed in Appendix 1, available at www.
cmaj.ca/lookup/doi/10.1503/cmaj.221785/tab-related-content.

We designed the model structure to represent the MDD clin-
ical pathway using a combination of the Canadian Network for 
Mood and Anxiety Treatments (CANMAT) guideline9 and advice 
from clinical experts (M.P., C.S., D.E.) and patient partners (L.R. 
and G.L.). The pathway includes 40  different antidepressants 
(pharmacotherapies) and other treatment options, such as elec-

troconvulsive therapy (ECT) and individual psychotherapy. Medi-
cations included in the model were indicated for MDD treatment 
in the CANMAT guideline9 and publicly covered in part or in full 
by BC Pharmacare (Appendix 1, Appendix A, Table A4).

The SiMMDep model follows simulated patients individually 
over time as they move between health states (i.e., well, MDD 
and death). The duration of each cycle in the model is 1 week. All 
patients enter the model in the MDD state. After receiving 
treatment, patients may have an event, such as stopping 
treatment, remission (full or partial) or recurrence (Figure  1). In 
the event of full remission, the patient moves to the well health 
state. If the patient stops treatment because of an adverse event, 
has partial symptom remission or has recurrence during the 
maintenance phase, the patient stays in the MDD state and starts 
a new treatment trial.

According to the MDD clinical pathway, patients in the 
 pharmacogenomic-guided and current standard-of-care arms can 
have up to 5  treatment trials of any of the 6  different treatment 
options, which are progessively more intense, involving pharma-
cotherapy alone (single or double pharmacotherapy) or pharma-
cotherapy with either psychotherapy or ECT (Figure 2). The SiMM-
Dep model was developed from the public payer perspective. 
Pharmacotherapy is the first treatment option available through 
public insurance in BC; psychotherapy is covered only after sev-
eral unsuccessful medication trials, and ECT is the sole neuro-
stimulation treatment that is publicly available. Patients who do 
not achieve full remission even after going through the most 
intensive treatment option remain in the MDD state are assumed 
to have refractory depression, also referred to in the clinical litera-
ture as stage  V treatment-resistant depression.33 This ensured 
that patients had the opportunity to try several treatment options 
before their depression was labelled as refractory.

In the base-case analysis, pharmacogenomic testing was offered 
at different points along the clinical pathway, depending on the 
severity of the current episode and previous MDD history (Table 1). 
The distribution of MDD severity came from sources noted in 
Appendix  1, Table  A1. Given the tendency for randomized con-
trolled trials to recruit patients with moderate-to-severe MDD,16 the 
model restricted patients with mild MDD from receiving pharma-
cogenomic testing unless their condition recurred as a moderate or 
severe episode. Although pharmacogenomic testing is not part of 
the current standard of care in BC, patients can pay directly for 
these tests; however, they are costly36 and coverage from Canadian 
insurers is recent and variable.37 Therefore, we did not assume any 
use of pharmacogenomic tests in the current standard-of-care arm.

Pharmacogenomic testing for antidepressant medications identi-
fies the variants in CYP2C19 and CYP2D6 genotypes — the 2 genes 
known to contribute to antidepressant efficacy and adverse 
effects38,39  —  that are used to predict metabolizer phenotypes, 
namely poor metabolizers, intermediate metabolizers, normal 
metabolizers, rapid metabolizers (CYP2C19 only) and ultrarapid 
metabolizers.40 These phenotypes, in turn, may affect antidepressant 
efficacy or tolerance. For example, poor metabolizers may achieve 
higher serum concentrations of the medication, leading to increased 
adverse effects, need for a lower dose or a different antidepressant 
being preferred, while ultra rapid metabolizers may achieve lower 
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serum concentrations, leading to reduced efficacy or need for a 
higher dose. The SiMMDep model uses the results of pharmaco-
genomic testing to assign medications to the patient according to 
their CYP2D6 and CYP2C19 metabolizer phenotypes41,42 and the Clin-
ical Pharmacogenomics Implementation Consortium (CPIC) guide-
lines.38–40 The CPIC guidelines are evidence-based recommendations 
for the use of pharmacogenomic testing in clinical practice, which 
include suggestions for dosage modifications or alternative medica-
tions based on the patient’s genetic profile. We also used the 
Sequence2Script tool to build a list of eligible medications available 
for each patient, according to these same metabolizer phenotypes 
(Appendix 1, Tables A5 and A6).43 For each pharmacological treat-
ment, the model selects a medication based on CANMAT 2016 guide-
line,9 the patient’s antidepressant history (recorded in the model) 
and the patient’s pharmacogenomic test result (if available). As 
such, SiMMDep assigned medications in line with the distribution of 
antidepressants currently prescribed in BC (Appendix 1, Table A4). 
Further, the model excludes any medications for that individual 

patient if they have previously caused an adverse event, did not 
result in full remission or are not appropriate based on the patient’s 
metabolizer phenotype. Considering every potential combination of 
CYP2D6 and CYP2C19 metabolizer types, the model eliminates all 
contraindicated medications for both metabolizer phenotypes in iso-
lation, and generates a list of available treatment options. The model 
then adjusts the medication distribution based on the antidepres-
sants that can still be prescribed and selects one based on the 
adjusted distribution. Next, the model adjusts the probability of stop-
ping treatment (because of adverse effects or other reasons) and 
remission (partial and full) to reflect the test efficacy (based on the 
meta-analysis conducted by our team16). We have not assumed any 
additional remission benefit for psychotherapy or ECT based on 
pheno type information, because no evidence has suggested an addi-
tional benefit from pharmacogenomic testing. The meta-analysis 
found that the use of pharmacogenomics was associated with 
patients being 1.46 times more likely to achieve full remission and 
1.20 times more likely to achieve partial remission. In addition, it 
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Figure 1: The generic flow of patients with episodic major depressive disorder (MDD) in a treatment trial. Dashed lines separate the time points at which 
a pharmacotherapy treatment trial is evaluated for treatment discontinuation (wk 4), symptom remission or response (wk 12) and depression recur-
rence (9 mo later, at wk 52, and 2 yr later, at wk 116). Points along the pathway where the pharmacogenomic testing can occur are indicated (PGx). 
Patients with prevalent MDD would receive pharmacogenomic testing before any prescription, and patients with a new diagnosis of MDD would receive 
pharmacogenomic testing after 1 unsuccessful medication trial. In both instances, only patients with moderate-to-severe MDD would receive pharma-
cogenomic testing. Note: AE = adverse effect (e.g., nausea, weight gain), Rx = medical prescriptions. *Treatment may be stopped because of adverse 
effects or other reasons (e.g., feeling better, experiencing other serious diseases).
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Figure 2: Clinical pathway of patients with major depressive disorder (MDD) under the current standard of care in British Columbia. The clinical path-
way includes 6 different treatment options, represented by different colours on the graph. We assumed that patients with newly diagnosed MDD 
started from the beginning of the pathway. We assigned patients with prevalent MDD to one of the 9 starting points, represented by asterisks based 
on the prescription patterns from the BC administrative data. Note: adj = adjunctive, ECT = electroconvulsive therapy, PST = psychotherapy, Rx = 
medical prescription, WDAE = withdrawal due to adverse effect.

Table 1: Delivery of pharmacogenomic testing in the base-case analysis for patients with prevalent and newly diagnosed 
major depressive disorder (MDD), by MDD severity

Type Severity* Receipt of pharmacogenomic testing

Prevalent MDD Mild If MDD recurs as a moderate or severe episode

Moderate-to-severe Before any prescription

Newly diagnosed MDD Mild If MDD recurs as a moderate or severe episode

Moderate-to-severe After 1 unsuccessful medication trial 
(stopped because of adverse event, no remission or after recurrence)

*The frequency distributions of MDD severity in patients with newly diagnosed and prevalent MDD were extracted from Ferrari and colleagues,34 and Kessing and 
colleagues,35 respectively. People with mild depression have constant sadness, have lost interest in usual activities, sleep badly, feel tired and have trouble concentrating, 
but can still function in daily life with extra effort. People with moderate depression have some difficulty functioning in daily life and sometimes think about harming 
themselves, in addition to the other features of mild depression. People with severe depression have overwhelming and constant sadness, cannot function in daily life 
and sometimes lose touch with reality and want to harm or kill themselves.34
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showed that patients who had undergone pharmacogenomic testing 
were 11% less likely to stop pharmacotherapy and 57% less likely to 
stop because of adverse effects. The incidence and type of adverse 
effects vary by medication, and so we used this pooled probability of 
stopping pharmacotherapy to capture the impact of pharmaco-
genomic testing on adverse effects. We used the average cost of the 
pharmacogenomic tests available in Canada ($738)36 and then 
explored the price range in the sensitivity analyses.

Our analyses provided estimates of the incremental cost, QALYs 
and life-years for care pathways with and without pharmacogenomic 
testing for the entire 2021 cohort of BC adults (aged 19–99 yr) with 
MDD who were eligible for pharmacological treatment, over a 20-year 
time horizon. This time horizon allowed us to capture the longer-
term costs and consequences associated with the implementation of 
pharmacogenomics. The cost estimates are from a public payer per-
spective and reported in 2020 Canadian dollars. We discounted costs 
and benefits at 1.5% annually, in line with the Canadian guideline.44

Sensitivity analyses
We carried out model validation exercises to check the face validity, 
internal validity and cross-validity (Appendix 2, available at www.
cmaj.ca/lookup/doi/10.1503/cmaj.221785/tab-related-content). We 
performed sensitivity analyses to assess the robustness of results to 
variations in key model parameters and assumptions. We varied 
parameter values using 95% confidence intervals (CIs) when available 
or with ranges 50% above and below the mean values (Appendix 3, 
available at www.cmaj.ca/lookup/doi/10.1503/cmaj.221785/tab 
-related-content). We repeated the primary analysis using a lifetime 

time horizon. We also employed a probabilistic analysis to incorpor-
ate second-order uncertainty into the model. First, we identified a 
set of primary model input parameters, which were subsequently 
sampled from their corresponding distributions (Appendix 4, avail-
able at www.cmaj.ca/lookup/doi/10.1503/cmaj.221785/tab-related 
-content). We selected these input parameters in consultation with 
various stakeholders, including policy-makers. We ran the model 
10 000 times (using the full sample in each iteration) to provide a 
sufficient representation of the model’s stochastic nature and to 
investigate the spectrum of the selected input parameters.

Ethics approval
This study was approved by the University of British Columbia Clin-
ical Research Ethics Board (#H20-02362).

Results

Base-case analysis
The 2021 cohort of BC adults (aged 19–99 yr) with MDD included 
194 149 people who were eligible for pharmacological treatment 
(mean age 45.6 yr). The base-case analysis showed that pharmaco-
genomic testing for patients with moderate-to-severe MDD 
resulted in higher survival, greater QALYs and overall cost-savings 
for the BC health care system. Over a 20-year time horizon, phar-
macogenomic testing was a dominant strategy, with gains of 
0.064  life-years and 0.381 QALYs per patient, or 12 436  life-years 
and 74 023  QALYs for all of BC, compared with care pathways 
without access to pharmacogenomic testing (Table 2).

Table 2: Base-case results of pharmacogenomic-guided treatment, compared with current standard of care, for major 
depressive disorder (MDD) in British Columbia over a 20-year time horizon*

Model output
Pharmacogenomic-
guided treatment

Current 
standard of care

Incremental 
difference, 

total

Incremental 
difference, 
per patient

Outcomes

    Life-years 3 079 575 3 067 139 12 436 0.064

    QALYs 2 234 977 2 160 954 74 023 0.381

Costs, $†

    Cost of episodic MDD care‡ 6.23 billion 5.71 billion 524 million 2701

    Cost of refractory MDD care§ 2.61 billion 4.21 billion –1.6 billion –8251

    Cost of pharmacogenomic testing 121 million – 121 million 623

    Total cost 8.96 billion 9.92 billion –956 million –4926

Pharmacogenomic-guided treatment v. current standard of care

Incremental cost per QALY Cost-saving (dominant)

Incremental cost per life-year Cost-saving (dominant)

Note: QALY = quality-adjusted life-year.
*Closed cohort of patients with prevalent and newly diagnosed MDD (n = 194 149, mean age = 45.6 yr) in 2021 (20-yr time horizon, 1.5% discount rate, public payer 
perspective).
†In 2020 Canadian dollars.
‡The model assigns the costs to each patient at different time points as they experience different events along the clinical pathway. Includes the cost of different MDD treatments 
(pharmacotherapy, psychotherapy and electroconvulsive therapy), physician fees (MDD and non-MDD), all-cause hospital visits and the direct medical cost of suicide.
§The model does not simulate a detailed care pathway for patients with refractory MDD. Instead, it assigns the average weekly cost of all health care of patients with 
refractory depression sourced from the BC administrative databases.26–31 Includes the cost of different MDD treatments (pharmacotherapy, psychotherapy and 
electroconvulsive therapy), physician fees (MDD and non-MDD), all-cause hospital visits and the direct medical cost of suicide.
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In the model, the introduction of pharmacogenomic testing 
would reduce the frequency with which MDD became refractory 
to treatment. Through a combination of higher remission rates 
and lower discontinuation rates, pharmacogenomic testing 
resulted in 23 216 (37%) fewer patients developing refractory 
depression; this was the main driver of cost savings. The use of 
pharmacogenomics was also associated with decreased use of 
more resource-intensive treatment options, such as psychother-
apy and ECT (by 22% and 28%, respectively; Table 3). The avail-
ability of pharmacogenomic testing resulted in patients spend-
ing 15% more time in the well state and 18% less time in the MDD 
state (recurrent episodes or refractory depression). Reducing 
time spent in the MDD state resulted in 1869 fewer deaths and 
21 346 fewer all-cause hospital admissions over 20 years.

From a cost perspective, the added expenditure for pharmaco-
genomic testing ($121  million) and increased episodic care 
($524 million) were offset by a decrease in the cost of refractory 
MDD care (–$1.6 billion). Taken together, the overall cost savings 
from a public payer perspective was estimated to be $956 million 
over the 20-year time horizon, or a cost savings of $4926 per patient.

The pharmacogenomic treatment strategy dominated the 
current standard of care for most (96.79%) simulations (Figure 3). 
At a willingness-to-pay threshold of $50 000 per QALY, there is a 
99.75% chance that the pharmacogenomic-guided treatment is 
cost-effective over 20 years (Appendix 4, Figure D1).

Sensitivity analyses
The sensitivity analyses showed that time horizon, pharmaco-
genomic test effectiveness (measured as full remission rate) and 
the cost of refractory depression were the parameters that had 
the most influece on cost-effectiveness (Figure 4 and Appendix 3).

The selection of the time horizon for the analysis was an 
important driver of results. When considering different time hor-
izons, our results indicated that the upfront investment in phar-
macogenomic testing is typically offset after 2  years through 

lower direct medical costs, and is cost-saving from that point for-
ward. As expected, with a lifetime time horizon, the strategy of 
pharmacogenomic testing became even more dominant, with 
much greater QALYs and cost savings.

Concerning the effectiveness of pharmacogenomic test, we 
undertook a multivariate sensitivity analysis given the multiple 
effectiveness parameters, namely full remission, partial remis-
sion, total discontinuation and discontinuation because of 
adverse effects. Our analyses indicated, as would be expected, 
that lower effectiveness brings less cost savings, with such sav-
ings (over 20 yr) being almost zero when we assume effectiveness 
is only 12% of what we observed in our meta-analysis (Figure 5).16

Interpretation

Our findings indicate that pharmacogenomic testing for 
patients with moderate-to-severe MDD both reduces costs from 
a public payer perspective and increases life-years and QALYs 
over a 20-year time horizon. The larger gain in QALYs compared 
with gains in life-years reflects the fact that depression affects 
the quality of life more substantially than survival. The effect-
iveness of pharmacogenomic testing has been established else-
where,16,17 with benefits seen in terms of enhanced remission 
rates and reduced levels of adverse effects for patients in their 
use of antidepressants. Our economic analysis shows the far-
ranging impact that pharmacogenomics could have by slowing 
or avoiding the transition to refractory depression and avoid-
ance of some interventions with high resource intensity, such 
as psychotherapy and ECT. These findings not only point to 
major cost savings for health care systems, but also to allevia-
tion of some of the current human resource challenges in 
health care. Through the adoption of pharmacogenomics, the 
opportunity likely exists to reallocate limited resources to other 
parts of the health system and deliver further benefits to other 
patient groups.

Table 3: Clinical results and resource use with pharmacogenomic-guided treatment compared with current standard of care, 
for major depressive disorder in British Columbia over a 20-year time horizon

Model output
Pharmacogenomic-guided 

treatment
Current standard of 

care
Incremental 

difference

No. of treatments*

    Single pharmacotherapy 351 411 388 626 –37 215

    Double pharmacotherapy 323 467 337 463 –13 996

    Psychotherapy† 170 899 218 375 –47 476

    Electroconvulsive therapy 1952 2703 –751

No. of pharmacogenomic tests 164 625 – 164 625

No. of hospital admissions, all causes 358 400 379 746 –21 346

No. of deaths 39 400 41 269 –1869

No. of deaths from suicide 1587 1610 –23

Note: Closed-cohort of the incident and prevalent cases (n = 194 149, mean age 45.6 yr) of 2021; 20-year time horizon; public payer perspective.
*These numbers represent the total number of courses of treatment that were initiated for patients over a 20-year time horizon. Patients in the simulation model could 
withdraw their treatments after 4 weeks.
†Assumed to be individual cognitive behavioural therapy, for simplicity.
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Earlier economic analyses of pharmacogenomic testing for 
psychiatric medications also found favourable results, with cost 
savings predicted.18–21 However, most of the previous economic 
work in this field was funded by pharmacogenomic test manu-
facturers and was not conducted in a Canadian setting. In con-
trast, a recent Canadian, publicly funded health technology 
assessment of pharmacogenomic testing for MDD concluded 
that the evidence for the clinical effectiveness of pharmaco-
genomic testing in this setting remained uncertain and with low 
confidence in the effect.22 Unlike this previous study, our effect-
iveness review was restricted to randomized controlled trials 
and evaluated pharmacogenomic tests comprehensively as a 
class, rather than restricting analyses to a single test made by 
1 specific supplier (i.e., excluding some evidence, resulting in a 
smaller sample size with less power). The economic analysis 
done as part of that health technology assessment used a 1-year 
time horizon (in contrast to our 20-yr time horizon) and 

assumed the most expensive pharmacogenomic test currently 
available in Canada (i.e., $2500, as opposed to our use of the 
average price of $738).22 Of note, in their sensitivity analyses, 
they showed that the use of pharmacogenomic tests could be 
cost-saving if the price was equivalent to several commercially 
available tests in Canada (i.e., $595).36

A particular strength of our research is that the results come 
from a new Canadian MDD model that includes a microsimula-
tion modelling approach to incorporate unique characteristics of 
patients, such as geographic ancestry and metabolizer pheno-
types. This allows the analysis to have direct relevance to clinical 
populations seen in Canadian jurisdictions. A unique element of 
our model is that it is drug-specific, thereby incorporating most 
prescribed antidepressants in Canada. As a result, it considers 
the impact of pharmacogenomic testing not only on the risk of 
remission and of discontinuation, but also on the medication 
selection process. Therefore, the model can predict prescription 
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Figure 5: Cost-effectiveness of pharmacogenomic testing as its clinical efficacy decreases. The clinical efficacy of pharmacogenomic testing in the base-
case analysis is based on a combination of 4 different clinical parameters extracted from our systematic review, namely full remission (risk ratio [RR] 
1.46), partial remission (RR 1.20), total discontinuation (RR 0.89) and discontinuation due to adverse effect (RR 0.43).16 In this multivariant sensitivity 
analysis, we varied these parameters at the same rate (closer to 1, which represents no difference with the current standard of care arm) to estimate 
the impact on incremental costs and quality-adjusted life-years (QALYs). For example, the new values of the RRs at 75% effect are 1.33 for full remission, 
1.15 for partial remission, 0.91 for total discontinuation and 0.53 discontinuation because of adverse effects.
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volumes of each medication in different policy strategies. This 
functionality is especially important to forecast procurement 
needs for those concerned with medication supply. The 20-year 
time horizon is a major strength of this model as it ensures that 
downstream impacts are captured, especially in the uptake of 
subsequent and more resource-intense treatments. The flexible 
modelling approach taken in our work allows for application to 
other health systems with appropriate tailoring.

Limitations
The SiMMDep model does not simulate post-refractory depres-
sion and therefore may underestimate the true benefit of phar-
macogenomic testing. In the absence of available evidence, we 
assumed the average weekly costs of all comorbidities and treat-
ments for such patients, an average health score and an average 
mortality rate, thus conservatively estimating the true costs for 
patients with complex needs. As with all modelling exercises, we 
were subject to data limitations, such as the lack of data on the 
direct impact of pharmacogenomic testing on the probability of 
recurrence. As a consequence, we applied the same probability 
of recurrence after remission for all patients in the model. Once 
again, this is a conservative approach; if testing produces longer-
lasting effects on recurrence, these benefits were not captured 
by our analyses, and if built in, pharmacogenomic-guided treat-
ment would have been even more cost-saving.

Our work has focused on establishing the effectiveness and 
cost-effectiveness of pharmacogenomic testing for MDD in a 
Canadian context. As a result, we have not modelled the imple-
mentation process and the transition that would be required to 
operate pharmacogenomic testing in Canadian health systems. 
For example, we did not incorporate the costs of establishing the 
infrastructure to implement pharmacogenomic testing to guide 
MDD treatment or to store the results. However, if we assume 
that implementation process costs might add $1600 per patient 
(the difference between the cost of the most expensive phar-
macogenomic test available minus the average price of tests 
available in Canada), pharmacogenomic-guided treatment 
would still be cost-saving.

SiMMDep models publicly funded treatment pathways in BC, 
and so the results may not apply to populations with access to 
private-pay treatments, such as those with private insurance. 
Moreover, our results are specific to BC and are not necessarily 
generalizable to other parts of Canada, given jurisdictional varia-
tions in geographic ancestry, prescribing patterns and clinical 
pathways for MDD.

Conclusion

Major depressive disorder is common, recurrent and a large 
driver of health care costs and health burdens in Canada and 
other jurisdictions that is increasing, especially since the COVID-
19 pandemic. Interventions that might improve remission rates 
and reduce the number of cases of refractory depression, in par-
ticular, are needed to improve the quality of life for patients, and 
reduce the economic burden of MDD on already strained health 
care systems.

The SiMMDep model represents an analytic infrastructure for 
clinical care of MDD in Canada, focused on guiding improvements 
in the effectiveness, efficiency and equity of care pathways for 
MDD. The analyses presented here point toward pharmacogenomic 
testing, focused on adults with moderate-to-severe MDD, offering 
the opportunity for a major value-promoting investment by health 
systems. Pharmacogenomic testing, focused in this way, has the 
potential both to reduce costs and improve health outcomes.
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