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Abstract

Despite the known contributions of genes, genetic-guided pharmacotherapy has not been routinely implemented for venous
thromboembolism (VTE). To examine evidence on cost-effectiveness of genetic-guided pharmacotherapy for VTE, we
searched six databases, websites of four HTA agencies and citations, with independent double-reviewers in screening, data
extraction, and quality rating. The ten eligible studies, all model-based, examined heterogeneous interventions and
comparators. Findings varied widely; testing was cost-saving in two base-cases, cost-effective in four, not cost-effective in
three, dominated in one. Of 22 model variables that changed decisions about cost-effectiveness, effectiveness/relative
effectiveness of the intervention was the most frequent, albeit of poor quality. Studies consistently lacked details on the
provision of interventions and comparators as well as on model development and validation. Besides improving the
reporting of interventions, comparators, and methodological details, future economic evaluations should examine strategies
recommended in guidelines and testing key model variables for decision uncertainty, to advise clinical implementations.
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Introduction

Venous thromboembolism (VTE), comprising deep vein
thrombosis (DVT) and pulmonary embolism (PE), is a
major cardiovascular disease (CVD) [1]. Patients with
previous VTE are at high risk of recurrence [1]. Factor V
Leiden (FVL) and prothrombin G20210A (PT-G20210A)
are genetic risk factors associated with twice the risk of
recurrence in carriers compared to non-carriers [2]. To
reduce the risk of recurrence, patients are often treated with
anticoagulants [2, 3] which may cause bleeding as a side-
effect, especially among carriers of gene variants e.g.
CYP2C9 2*/3* and Vitamin K epoxide reductase complex
1 associated with twice the risk of bleeding compared to
non-carriers [4].

Despite the known contribution of genes, guiding
anticoagulation therapy based on genetic testing—pro-
longed anticoagulation for carriers of genes associated with
higher risk of recurrence and genotype-guided dosing for
carriers of genes associated with higher risk of bleeding—
has not been routinely implemented in VTE management.
This may be due to clinical guidelines that recommend not
to test for genes associated with higher risk of recurrent
VTE [2, 3, 5], especially among patients with transient risk
related to oral contraception, major surgeries and che-
motherapy. Genetic testing is currently recommended only
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for patients with persistent risk factors such as those related
to age or lifestyle, who have first-degree relatives with VTE
[2, 3], and the decision to initiate or to stop anticoagulation
does not rely on the test finding alone [2].

Nevertheless, with the discovery of more genes asso-
ciated with recurrent VTE [6, 7] and the increasing acces-
sibility of genetic test to clinicians and patients [8], whether
it is cost-effective to incorporate these tests in clinical set-
tings should be examined and discussed. The extent and the
quality of the existing economic evidence can be ascer-
tained via a systematic review.

The most recent review of economic evaluations of
genetic-guided pharmacotherapy for VTE, published in
2012 [9] found seven studies based on models, but had
several gaps. Firstly, only four studies identified focused on
patients with persistent risk factors, for whom selective
testing based on family history is currently recommended
[2, 3]. These modelling studies rarely involved clinicians in
the model development and hence likely did not reflect
actual clinical contexts. In addition, the review did not
elaborate the clinical contexts being considered and the
consequences of genetic testing accounted for, to allow
clinicians to assess whether the findings would be relevant
for their settings. The review did not examine variables that
may affect the cost-effectiveness of genetic testing to inform
the development of future models. Finally, the review
appraised the reporting but not the methodological quality.

To address these gaps, our study identifies and analyses
economic evaluations of pharmacogenetic-guided pharma-
cotherapy in patients with VTE to present (1) details on the
provision of interventions and comparators to reflect the
clinical contexts, (2) which consequences of genetic testing
were accounted for, (3) the model variables that may
influence cost-effectiveness and (4) the gaps in both
reporting and methodological qualities. By addressing these
gaps, clinicians and policy makers interested in imple-
menting pharmacogenetic-guided pharmacotherapy in
patients with VTE would be better informed of the strengths
and weaknesses of existing economic evidence and can
identify future research and policy measures to support the
implementation.

Methods

This study is part of a larger systematic review aiming to
assess the economic evidence of genetic-guided pharma-
cotherapy in patients with CVD (prospectively registered on
PROSPERO ID: CRD42019144579 [10]).
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Search strategies and study selection

The methodological details are available on the register and
in Appendix 1, guided by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses statement
(Appendix 2) [11]. Briefly, we systematically searched three
general bibliographic databases (Medline, Embase, Web of
Science Core Collection) and three subject-specific biblio-
graphic databases (Econlit, NHS Economic Evaluation
Database, Health Technology Assessment) from inception
until 29 June 2020 (Appendix 3). The database searches
were supplemented [12] by searching the websites of four
health technology assessment (HTA) agencies (UK NICE;
Canadian CADTH; French HAS; Dutch ZonMw). We also
searched reference lists of included articles and systematic
or narrative review articles, and citations of included articles
on Scopus. The titles and abstracts were double screened for
potential eligibility after duplicates were removed, with
disagreements resolved through discussion. Articles were
included if they: reported a full economic evaluation based
on models, trials or quasi-observational studies; and focused
on genetic testing followed by pharmacotherapy for patients
with VTE, where the VTE was not due to transient risk
factors. Articles were excluded if they considered hypo-
thetical genetic tests, used animals, or were review articles,
study protocols, editorials, commentaries, opinions, con-
ference abstracts or letters.

Data extraction

We extracted author details, study design, sample char-
acteristics, details on provision of genetic testing and
comparator interventions, costs, outcome measures, ana-
lyses performed, the model variables and the base-case
conclusion on cost-effectiveness based on the local
willingness-to-pay (WTP) threshold. Base-case is the sce-
nario which operationalises the best available estimates of
the model variables as identified by the authors of the
studies.

The two sections on details on the provision of genetic
testing and its comparators were operationalized from the
Template for Intervention Description and Replication [13]
(Appendix 4).

In extracting the model variables, we indicated whether
the variables were tested in one-way deterministic sensi-
tivity analyses (DSA) and which, within the range tested,
were influential in changing the base-case conclusion. One-
way DSA is a simple sensitivity analysis in economic
evaluations where a point estimate of a model variable is
varied while keeping the others constant, to examine whe-
ther the variable could change the base-case conclusion (e.g.
from being cost-effective to not cost-effective).
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To assess the range of consequences of genetic testing
captured by the studies, the impact inventory recommended
by the Second Panel on Cost-effectiveness in Health and
Medicine was used [14, 15]. The impact inventory is a list
of 21 consequences an intervention may have inside and
outside of healthcare sector [14, 15].

Quality assessment

Reporting quality was assessed using the checklist devel-
oped by the Second Panel (Appendix 5, with guidelines
quoted from [14, 15] to support judgement). Each of the 47
items was rated “Yes”, “No”, “Partial” or “Not Applicable”.

Methodological quality was assessed using the extended
version of Consensus Health Economic Criteria List
(CHEC-Extended) [16, 17]. Each of the 20 items, as
recommended [16, 17] was rated “Yes/rather yes”, “No/
rather no” or “Unclear”.

Double data extraction and double quality ratings were
undertaken independently, with reference to a third reviewer
on the interpretation of items for the first two papers and
when any discrepancies could not be resolved for the
remaining eight papers.

Data analyses and presentation

To provide an overview, the study design and sample
characteristics are presented as counts and percentages.
Details of the interventions and comparators are visualised
in a network diagram. The consequences of genetic testing
accounted for in the studies are presented by study per-
spective, as recommended [14, 15].

A narrative synthesis of the economic evaluation findings
are provided in a permutation matrix [18]. This 3 x 3 matrix
presents each intervention in terms of whether its relative
costs and relative effects are better, no different or worse
from the comparator in the base-case. Interventions that
appear in the bottom left of the matrix are less costly and
more effective than the comparators and hence would be
favoured for adoption in clinical practice. In contrast,
interventions that appear in the top right are more costly and
less effective than the comparators and hence would be
rejected. Interventions that appear elsewhere in the matrix
would require trading off costs and benefits, and compar-
ison with a WTP threshold value prior to an adoption
decision.

To examine the model variables influential in changing
the base-case conclusion of the economic evaluations, we
first organised the model variables into four categories:
effectiveness, epidemiology, cost and utility. The epide-
miological and the cost variables were subcategorised
according to the framework of economic evaluations of
genetic testing [19] and the cost categories in a related

systematic review [20], respectively. Based on these cate-
gories and subcategories, we presented the number of model
variables reported, tested in one-way DSA, with findings
reported and were influential.

To examine the reporting and methodological quality of
the included studies, we presented the percentage of items
with each rating.

Results
Study inclusion

Of 5853 articles identified, 4733 were unique. From the
unique articles, 4333 were removed after title and abstract
screens and a further 392 after full-text screens. The top
three reasons for exclusion from full-text screens were: not
empirical study (e.g. editorials), not economic evaluation
and economic evaluations on CVDs other than VTE. Cita-
tion searches of included papers identified two additional
papers, resulting in a total of ten papers (Fig. 1).

Study characteristics

Figure 2 summarises characteristics of studies (see Appen-
dix 6 for details). Most studies were published between
2009 and 2015, and were equally distributed between North
America [21-25] and Europe [26-30].

All studies used models to assess the costs and the effects
of genetic-guided pharmacotherapy. Half declared adopting
a societal perspective; four [21, 25-27] assessed costs and
effects over a lifetime and one [22] over 2 years. Only one
study [29] reported its model development process and face
validation with clinical experts.

Seven studies performed a cost-utility analyses (CUA),
two a cost-effectiveness analyses (CEA) and one both a
CUA and CEA. Most studies [21, 25-27, 29, 30] simulated
patients aged 20-60 years at baseline; one study [22]
simulated paediatric patients (2—18 years old); one study
[30] simulated multiple patient subgroups aged 30-70
years. Contrary to the clear reporting of age, most studies
did not explicitly report the gender of their simulated
patients. No study reported the family history or CVD risk
factors of their simulated patients.

Interventions and comparators

The interventions and comparators were heterogeneous
(Fig. 3). Interventions differed in the type of genes tested,
the number of genes tested and, among eight studies that
tested multiple genes (with or without anticoagulant bio-
markers, e.g. activated protein C), the test sequence. On the
types of genes, seven studies [21, 22, 25-27, 29, 30]
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Fig. 1 PRISMA flow chart. The flow chart indicates the flow of study selection, from searching the bibliographic databases and the websites of
health technology assessment (HTA) agencies, to study screening and the inclusion of 10 eligible articles.

anticoagulation. Patients tested positive with the former
were treated with prolonged anticoagulation therapy
(=6 months) whereas patients tested positive with the latter

examined testing of genes associated with higher risk of
recurrent VTE, whereas three [23, 24, 28] examined testing
of genes associated with higher risk of bleeding with

SPRINGER NATURE
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Abbreviations: DSA: deterministic sensitivity analysis; LY: Life-years, PSA: probabilistic sensitivity analysis,
QALY: Quality-adjusted life-years; VTE: venous th b boli: WTP: willi to-pay

Fig. 2 Characteristics of included studies. The horizontal bar charts represent the number of studies with each characteristic (study context,

simulated sample characteristic and study design).
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i. Patients tested for FVL only if they are first tested to be resistant to Activated Protein C (APC)
ii. Patients tested using second-generation APC-resistance test and for FVL

iii. Patient tested for PT only if they are first tested positive for FVL

iv. Patients tested for mutations in 3 genes (FVL, PT and dihydrofolate reductase), followed by anticardiolipin antibody, antithrombin I, and

protein C and S levels after initial anticoagulation.

v. Patients tested for 12 variants located on 7 genes - FVL, PT, FXIl, FXIll, ABO, Serpin A10 and Serpin C1
vi. Patients tested for FVL, PT, protein C, protein S, and antithrombin activity levels
vii. Patients tested for FVL, PT, lupus anticoagulant, anticardiolipin antibody, antithrombin decifiency, protein C deficiency or protein S

deficiency or lupus-like anticoagulants

All studies did not specify the sex of their simulated samples, except (1) Eckman et al 2002 simulated women only; (2) Marchetti et al 2000
and Marchetti et al 2001 simulated men only; (3) Simpson et al 2009 simulated men and women separately.

All studies used warfarin as the anticoagulant, except (4) Schalekamp et al 2006 which used acenocoumarol.

Fig. 3 Overview of interventions and comparators. The network diagram summarises the types of genetic-guided pharmacotherapy and the

comparators for the 10 included studies.

had genotype-guided dosing [23, 24] or higher intensity of
follow-up [28]. In offering the test or deciding the duration
of anticoagulation, no consideration of family history or risk
factors other than the test finding was mentioned. On the

SPRINGER NATURE

number of genes tested, earlier studies [21, 24, 26, 28]
tested only a single gene, later studies tested two
[22, 23, 27, 30] or three [25] genes and the latest study [29]
tested seven genes. On the test sequence, four studies
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offered sequential testing—anticoagulant biomarker before
gene testing [21, 26], gene testing before anticoagulant
biomarker [25] or one gene after another [27]; four studies
offered simultaneous testing of multiple genes [23, 29] or
genes with biomarkers [22, 30].

The comparators differed with regards to the interven-
tions examined. Among studies that tested genes associated
with higher risk of recurrent VTE, the comparators were
mostly no-testing, with duration of anticoagulation
(3 months to 3 years) shorter than that for patients tested
positive. Only in one study [29], instead of no-testing, the
comparator was testing fewer genes; this was the only study
where the duration of anticoagulants did not differ between
intervention and comparator. Meanwhile, for studies that
tested genes associated with higher risk of bleeding, their
comparators were standard warfarin dosing [23, 24] or
normal intensity of follow-up [28].

All included studies used warfarin as the anticoagulant
except one [28] that used acenocoumarol. None of the studies
explicitly reported the setting in which the testing took place—
two [24, 28] mentioned “anticoagulation clinics” without spe-
cifying whether these clinics were located in primary or sec-
ondary care settings; one study [30] mentioned testing was
available in specialist laboratories or hospitals, but did not state
which case was modelled. No study reported the testing pro-
cedures (e.g. blood, saliva) or the providers involved (e.g.
nurse, lab technician). All studies assumed 100% uptake of
genetic testing and only two studies [26, 29] considered less
than perfect adherence to anticoagulation.

Consequences of genetic testing accounted for

Based on the impact inventory (Appendix 7), all studies
accounted for >1 consequence of genetic testing within
the formal healthcare sector. The three most common
consequences were health-related quality-of-life (n = 8),
future-related medical costs (n=6) and other health
effects (n =5). No study accounted for costs incurred by
third-party payers, patients out-of-pocket spending or
future unrelated medical costs. Of five studies that
declared societal perspective, only three accounted for
consequences outside formal healthcare sector, specifi-
cally labour marketing earnings loss [22, 26, 27] and
transportation costs for physician visits and antic-
oagulation monitoring [22].

Economic evaluation findings

The base-case conclusions were distributed across three
corners of the matrix (Fig. 4). The robustness of some base-
case conclusions was further examined in different scenar-
ios (scenario analyses) or in repeated simulations with
varied model variables to estimate the probability of the

intervention being cost-effective (probabilistic sensitivity
analyses (PSA)).

Of the seven studies testing for genes associated with
higher risk of recurrent VTE, six were at the bottom left or
the top left of the matrix, concluding that at base-case,
testing may be cost-saving, cost-effective or not cost-
effective. Among the two that concluded cost-saving, one
[21] showed via scenario analyses that genetic testing
compared to no-testing remained cost-saving even with
different assumptions on the persistence of recurrent VTE
risk; while the other [29] demonstrated in PSA that testing
for seven genes had a 100% probability of cost-saving
compared to testing for two genes. One study [30] simu-
lated multiple patient subgroups and found that in patients
with PE, testing was cost-effective regardless of age and
gender whereas in patients with DVT, testing was cost-
effective in men <70 and women <50 years old. In the PSA
of this study, however, testing was cost-effective only in
30-60% simulations among the subgroups. Three other
studies also found testing cost-effective, with similar
incremental cost-effectiveness ratios (USD11,100-13,624
per QALY gained [25-27]) over a patient’s lifetime despite
testing different number of genes. None, however, exam-
ined the robustness of their base-case conclusion in scenario
analyses or PSA. Meanwhile, at the top right corner, testing
was dominated by no-testing in the only study that simu-
lated paediatric patients [22].

All three studies that analysed testing for genes asso-
ciated with higher risk of bleeding were in the top left
corner. One [23] concluded that testing was not cost-
effective and found, using PSA, a low probability of testing
being cost-effective (19.1%) or cost-saving (18.7%). The
other study had two base-cases—testing was cost-effective
in the base-case with higher prevalence but not cost-
effective in the base-case with lower prevalence of high-risk
gene variants. However, it did not further examine the
robustness of its base-case conclusions in PSA. The last
study [24], without a WTP threshold, did not conclude on
cost-effectiveness.

Influential model variables

A total of 309 model variables were reported, approxi-
mately half were epidemiological variables, followed by
cost, utility and effectiveness or relative effectiveness of
interventions.

Overall, 53% variables (164/309) were tested in one-way
DSA. Of 134 variables with findings reported, 22 were influ-
ential in changing the base-case conclusion, with the most
frequent (5/22) being effectiveness or relative effectiveness of
the intervention. However, these effectiveness estimates were
not based on any trials of genetic testing in patients with VTE.
Instead, they were based on randomised trials of genetic testing

SPRINGER NATURE
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Fig. 4 Findings of economic

Relative Effect

evaluations. The 3 x 3 matrix

+ 0 -

presents each intervention in
terms of whether its relative
costs and relative effects are
higher/better (+), no different
(0) or lower/worse (—) from the

comparator in the base-case. e Testing for FVL only vs no testing [26] dominated.
e Testing for FVL & PT vs no testing (1 study)
[27,30)?
e Testing for FVL, PT & dihydrofolate e Testing for FVL &

[28]°

(28]

Relative Cost

[24]°

The intervention is more costly and more
effective than the comparator.

Cost-effective

reductase vs no testing [25]
e Testing for CYP2C9 only vs no testing

Not cost-effective
e Testing for FVL & PT vs no testing [30]°
e Testing for CYP2C9 only vs no testing

e Testing for CYP2C9 & VKORC vs no
testing [23]

No conclusion
e Did not conclude on cost-effectiveness

No study | The intervention is
more costly yet less
effective than the
comparator i.e. the
intervention is

(7 studies)

PT vs no testing
is dominated [22]°

No study No study No study

[}

[e]

The intervention is less costly and more
effective than the comparator i.e. the
intervention is cost saving.

- | o Testing for FVL only vs no testing

Is cost saving [21]

e Testing for FVL, PT & other genes vs
Testing for FVL & PT only

Is cost saving [29]

No study No study

(2 studies)

Interpretation: “+’ indicates that the intervention(s) are more costly / more effective than the
comparator; ‘0’ indicates that the intervention(s) have the same cost / same effectiveness as
the comparator; -’ indicates that the intervention(s) are less costly / less effective than the

comparator.

All conclusions on cost-effectiveness are for the base case, according to the willingness-to-
pay (WTP) thresholds of the individual studies.

in non-VTE patients (23); observational studies and/or a ran-
domised trial of prolonged warfarin in preventing recurrent
VTE [21, 26, 27]; or assumption without elaboration, for the
reduction in out-of-range INR [28]. The other influential vari-
ables were the risk of bleeding or recurrent VTE (with or
without high-risk gene variants), prevalence of high-risk gene
variants, cost of genetic testing, cost of warfarin monitoring,
cost of treatment of bleeding and utility while taking warfarin
(Table 1).

Reporting quality
Overall, 34-66% of the 47 items in Second Panel’s
reporting checklist were rated “Yes” (Fig. 5a and Appen-

dix 8). Ten items were reported by all studies (e.g. type of

SPRINGER NATURE

analysis, software used) whereas six were not reported by
any study (e.g. intervention details, results of model vali-
dation). Other items less commonly reported were methods
for obtaining data, critique of data quality and discussion of
ethical implications of genetic testing.

Methodological quality

Overall, 55-85% of the 20 items in CHEC-Extended were
rated “Yes/rather yes” (Fig. 5b and Appendix 9). Six items
were reported by all studies (e.g. economic study design)
whereas one item (i.e. ethical and distributional issues) was
not discussed appropriately in any study. Other items less
reported were structural assumptions, validation methods
and discussion of generalisability.
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Table 1 Model variables
reported, tested and shown to
change base-case conclusion on
cost-effectiveness.

Discussion

Type of model input

Number of model variables

Variables Reported Tested in one- Findings Changed
way DSA available conclusion
Effectiveness/relative effectiveness of 13 10 7 5
intervention
Epidemiological Variables
Assay characteristics 36 34 34 0
Prevalence of high-risk gene variant(s) 11 5 4 2
Prevalence of biomarkers® 3 0 0
Baseline/relative risk in those with high-risk gene variant(s)
Recurrent VTE® 8 5 5 1
Bleeding® 3 2 1 1
Baseline/relative risk in those without high-risk gene variant(s)
Recurrent VTE? 56 25 22 3
Bleeding® 42 21 14 4
VTE complications® 12 1 0
Other epidemiological variables® 6 6 4 1
Cost/resource use/unit price
Genetic testing 11 7 2
Testing of biomarkers 1 0 0
Anticoagulation monitoring® 16 7 4 1
Treatment of VTE 23 12 10 0
Treatment of VTE complicationsGl 12 0 0 0
Treatment of bleeding 23 11 8 1
Death 1 1 1 0
Utility
Anticoagulation 6 4 3 1
VTE 7 3 2 0
VTE complications? 6 1 1 0
Bleeding 8 5 3 0
No event/off-treatment 2 2 2 0
Other utility" 3 1 1 0
Total variables 309 164 134 22

Our review systematically examined economic evaluations
of genetic-guided pharmacotherapy in patients with VTE
driven by persistent risk factors. We found ten studies, six
more than the previous review [9]. These studies, modelling

®Venous thromboembolism and deaths due to venous thromboembolism.
“Haemorrhage and deaths due to haemorrhage.
9Includes non-haemorrhagic stroke and post-thrombophlebitis syndrome.

“Compliance to anticoagulation and probability of deaths.

£Cost of anticoagulation medication and/or monitoring.

hUtility for short stay in hospitals and utility for death.

“Prevalence of lupus anticoagulant, anticardiolipin antibody and antithrombin, protein C or protein S
deficiency.

fTesting for Activated Protein C (in Eckman et al. 2002 [21], a patient must first be shown to be sensitive to
Activated Protein C to be eligible for genetic testing).

a heterogeneous network of interventions and comparators,
examined genetic testing followed by prolonged antic-
oagulation (for genes associated with higher risk of recur-
rent VTE) or genetic testing followed by genotype-guided
dosing or higher follow-up intensity (for genes associated
with higher risk of bleeding). All studies were models,
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Fig. 5 The vertical bar charts
summarise the ratings for
reporting and methodological
quality respectively. The y-axes
of both charts represent the
percentage of items whereas the
numbers within the bars indicate
the number of items with each

(a) Reporting quality based on Washington Panel's Checklist (47 items)
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The number within each bar indicates the number of items with each rating, in descending order of
Yes (a) or "Yes / Rather Yes" (b).

mostly accounted for consequences of genetic testing within
formal healthcare sector. Gaps in reporting and methodo-
logical qualities were apparent, with studies lacking details
on the delivery of interventions and comparators as well as
on model development and validation. Results on cost-
effectiveness were mixed, ranging across being cost-saving,
cost-effective, to being too costly for existing cost-
effectiveness thresholds and dominated by comparators.
The heterogeneity of interventions and mixed findings
means it is not yet clear which type of genetic testing is
cost-effective or cost-saving.

As the studies were published before recent clinical
guidelines [2, 3], it is not surprising that none modelled the
currently recommended test strategies [2]—to offer testing
only to those with strong family history and to decide on the
initiation or the continuation of anticoagulation therapy on the
basis of other risk factors as well as the test finding. None
examined testing for extended list of genes recently found to
be associated with higher risk of recurrent VTE for which a
multiple-gene panel is available [6, 7]. In addition, none

SPRINGER NATURE

explored testing both sets of genes, to reduce the risk of
recurrent VTE as well as bleeding. These are potential test
strategies that future economic evaluations could examine.

Of the list of 22 model variables found to change findings
on cost-effectiveness, the most frequent variable was effec-
tiveness or relative effectiveness of the intervention. The
quality of data used for effectiveness was not high, however, as
they lack directly relevant trial data in patients with VTE.
Existing trials [31] and meta-analysis of trials [32, 33], although
some do not demonstrate benefits of genetic-guided pharma-
cotherapy of anticoagulant, are not specific to patients with
VTE. While some may consider that the incremental risk
attributable to currently known genes (FVL and PT-G20210A)
are not high enough to change treatment decision [8], this may
need to be revisited when a new gene or a panel of genes
associated with risk higher than currently known ones are
discovered. New technologies suggest this is imminent [6, 7].
In this case, our list of variables could inform the design of data
collection forms for trials as well as the cost-effectiveness
models.
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The list of variables has two shortcomings, nevertheless.
First, it is likely incomplete. For example, three studies
[22, 26, 27] accounted for loss of earnings due to VTE but did
not report the values. Secondly, details on costs were lacking.
For example, only one study specified whether the cost of
genetic tests included consumables or overheads [24], with the
rest ambiguous; poor reporting of the setting in which the
genetic testing was delivered made it challenging to account for
the variability in costs between different delivery settings.
Finally, the uptake of genetic testing was notably absent since
all studies assumed perfect uptake. This is unlikely to match
reality, especially if positive results cause stress and anxiety
[34]. Future evaluations should account for test uptake.

The impact inventory indicates that some relevant con-
sequences related to genetic testing or VTE were not
accounted for (e.g. patient time). Accounting for these
consequences may make testing more cost-effective if
pharmacotherapy following testing can prevent or reduce
them. One consequence of genetic testing not listed in the
impact inventory is the psychological impact of knowing
the genetic test findings (the “value of knowing” [35]). The
value of knowing may also extend to family members (of
those tested positive with genes associated with higher risk
of recurrent VTE) who receive cascade testing, although the
clinical benefit of cascade testing for family members is still
unclear [2, 3]. Neither the value of knowing nor cascade
testing was examined by the included studies, hence how
these may have changed the findings is also unknown and
can be explored in future studies.

Our review has several limitations. First, it excluded
patients with transient risk factors of VTE, e.g. those taking
contraceptives or undergoing major surgeries. However,
excluding them allow us to provide a focused summary of
evidence for those with persistent risk factors. Second, our
findings may not be generalisable to settings where direct
oral anticoagulants is used [36, 37], as no included studies
used them as the anticoagulant. Third, as all studies
examined VTE as a whole, it remains unknown whether
there is any VTE subtype for which genetic-guided phar-
macotherapy may be more favourable. Next, in the absence
of recommended rating options, we used our own oper-
ationalization of the Second Panel’s reporting checklist
based on the Panel’s publications [14, 15]. We shared the
guidance we compiled to support our judgement in
Appendix 5. Fourth, while we differentiated reporting and
methodological quality by using two different checklists,
both checklists ultimately relied on reporting. This may
explain why included studies with better reporting quality
also appeared to have better methodological quality.

Despite the limitations, our review has strengths and con-
tributions to the literature. First, compared to the previous review
that searched three databases [9], we searched six databases and
the websites of four HTA agencies, with forward and backward

citation searches. Second, our structured approach in examining
the interventions and comparators revealed that the interventions
and the comparators were often insufficiently described to pro-
vide clinical contexts being considered, and that most economic
evaluations only accounted for consequences within the health-
care sector. These, in addition to the list of influential variables we
presented would inform future economic evaluations on the topic.

Conclusion

Our review found ten studies, all model-based, of genetic-
guided pharmacotherapy for patients with VTE. With the het-
erogeneous interventions and comparators, gaps in quality of
reporting and wide range in findings, it was not possible to
pinpoint which type of genetic testing would be cost-effective
or cost-saving. Several possible test strategies based on the
guidelines and the literature were also notably missing. This
includes testing based on family history and offering antic-
oagulation therapy in consideration of other risk factors in
addition to test finding, testing genes recently discovered or
testing both genes associated with higher risk of recurrent VTE
and those associated with higher risk of bleeding. Besides
examining these strategies and testing key model variables for
decision uncertainty, future economic evaluations should
improve the reporting of interventions, comparators and
methodological details, to advise clinicians whether and when
to adopt genetic-guided pharmacotherapy, especially with the
discoveries of new high-risk genes and increasing availability
of genetic testing.
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