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Abstract

Objective:

Pre-eclampsia (PE), a leading cause of maternal and perinatal morbidity and mortality, is only detected after
symptomatic onset. Early diagnosis may be possible with a new serum test, with resulting clinical and
economic benefits versus standard practice. The authors evaluated the financial impact to the UK National
Health Service (NHS).

Methods:

A decision-analytic model was developed in which a cohort of 1,000 pregnant women receiving UK obstetric
care was simulated. The economic impact of improved sensitivity and specificity of the novel PE test [Roche
Diagnostics, Rotkreuz, Switzerland] over current diagnostic practice was modeled. While there is no specific
approved diagnostic test to detect PE, physicians are using a combination of tests including blood pressure,
proteinuria, Doppler, serum uric acid, etc. The novel PE test constitutes two novel biomarkers Placenta
Growth Factor (PIGF) and soluble fms-like tyrosine kinase-1 (sFit-1) which can be quantitatively analyzed
using an automated system widely available in hospitals or laboratories (Elecsys/Cobas, Roche Diagnostics)
and measures the levels of PIGF and sFlt-1 growth factors in pregnant women. The analysis assumed
administration of the £31.13 test (the equivalent of 52 Swiss Francs [CHF]) after 20 weeks of gestation as an
addition to current practice. True-positive and false-negative patients were assumed to develop mild or
severe PE, eclampsia, or death. A hybrid research approach was adopted; when available, data for model
inputs were obtained from published literature and public databases. Interviews with obstetricians,
laboratory managers, and healthcare payers were used to validate model inputs and fill utilization-
related data gaps.

Results:

The model estimates that the costs associated with managing a typical pregnancy are £1,781 per patient
when the new test is used versus £2,726 with standard practice. This represents savings of £945 per
pregnant woman, if the test is used as a supplementary diagnostic tool. The savings are attributed to the new
test’s improved performance and its ability to better classify the pregnant patients.

Conclusions:

The novel test has the potential to provide substantial cost savings for NHS. Even when the novel test’s cost
is added to the current cost of care, the benefits exceed the additional cost, driven by the test’s ability to
reduce the rates of false-positive and false-negative diagnoses compared to current standard of care.
Potential study limitations include the use of a pooled average of the individual sensitivities and specificities
of currently used tests since no data were available on combination testing, the reliance on clinical trial data
versus actual practice, and the use of clinical expert opinion when published data were unavailable.
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Introduction

Pre-eclampsia (PE) complicates approximately 4-8% of all
pregnancies and remains a leading cause of maternal and
perinatal morbidity and mortality""”>. Resource-intensive
interventions are the current standard of care, requiring
frequent monitoring of maternal hypertension and pro-
teinuria; similarly, fetal growth is routinely monitored’.
Time-sensitive treatment, including seizure prophylaxis,
the use of corticosteroids, and early delivery, is crucial
for prevention of serious complications’. However, no reli-
able diagnostic tests for PE exist to allow detection prior to
the development of clinical symptoms, and diagnosis
depends on the frequent assessment of pregnant women
with known risk factors, although many may never develop
PE. Furthermore, analysis of the published performance
data of current PE tests reveals that about 2.2% of PE
cases remain undetected (see Figure 2), resulting in sub-
clinical PE that often requires aggressive late-term inter-
vention and management’*.

Angiogenic growth factors such as placenta growth
factor (PIGF) and soluble fms-like tyrosine kinase-1
(sFlt-1) have been found to play a major role in the devel-
opment of pre-eclampsia’'%. Elevated sFlt-1°7'° with
decreased PIGF has been demonstrated in women diag-
nosed with pre-eclampsia”®!®!! making them potential
biomarkers for use in confirming diagnosis of pre-eclamp-
sia. Elevation of sFlt-1 has also been shown to be able to
differentiate between women with pre-eclampsia and
those with gestational hypertension, and could play a
role in differential diagnosis’. Noori et al. 2010'* demon-
strate the development of pre-eclampsia by providing evi-
dence of temporal sequence of changes in maternal
vascular function and circulating levels of PIGF and
sFlt-1 in women who later develop pre-eclampsia and
the relationship between these measures.

The novel PE test constitutes the two novel biomarkers
PIGF and sFlt-1 which can be quantitatively analyzed
using an automated system widely available in hospitals
or laboratories (Elecsys/Cobas, Roche Diagnostics) and
measures the levels of PIGF and sFlt-1 growth factors in
pregnant women. A multicenter case-control study'” eval-
uated the novel PE test for sFlt-1 and PIGF and tested the
value of the sFlt-1/PIGF ratio in the assessment of PE. The
study included 351 patients in two arms — 71 patients with
PE and 280 gestational age-matched control subjects from
five European study centers. A total of 595 serum samples
were measured for sFlt-1 and PIGF using an automated
platform. Results showed that maternal serum concentra-
tions of sFlt-1 and PIGF significantly separated healthy
women and women with PE. An optimal cut-off for the
sFlt-1/PIGF ratio of 85:1 was determined, resulting in a
calculated sensitivity of 82% and a specificity of 95% for
testing after 20 weeks of gestation'”.

© 2010 Informa UK Ltd  www.informahealthcare.com/JME

An improved diagnostic test may have the potential to
decrease the number of false-positive diagnoses and appro-
priately identify the false-negative patients (sub-clinical
presentations). The former will improve patient classifica-
tion and has the potential to reduce the costs of monitor-
ing these patients and possibly avert unnecessary hospital
admissions. The latter can potentially decrease the likeli-
hood of complications among these patients as they ben-
efit from earlier detection and appropriate management.

Economic analyses of new clinical tools are becoming
increasingly important for healthcare policy decisions to
support institutional and public planning efforts, especially
in an environment characterized by limited resources and
rising costs. The goal of this study was to provide an eco-
nomic evaluation of the new PE diagnostic test from the
UK and German healthcare payer perspectives. A budget
impact model, a decision-analytic software tool, was devel-
oped to quantify the potential financial impact of adding
the novel PE test to the standard PE testing paradigm. The
current paper reports the results of the model developed for
the UK. The work conducted for the German market will
appear in Hypertension in Pregnancy journal. To the best
knowledge of the authors, this is the first UK budget
impact model to evaluate in vitro PE testing.

Methods

Model objectives and overview

A budget impact model was developed to assess the
economic impact resulting from improved sensitivity and
specificity of the novel PE test over current, standard PE
diagnostic practice. Using a series of linked worksheets,
the model compared two PE testing paradigm scenarios:
(1) standard practice, as currently followed by UK physi-
cians in diagnosing PE. Physicians currently use a combi-
nation of interventions to diagnose PE, including blood
tests such as serum uric acid, urine tests (to screen for
proteinuria), blood pressure measurements, and uterine
artery Doppler ultrasounds; (2) novel PE test, which sim-
ulates patient classification and management after the
novel PE test is added to the existing testing armamentar-
ium to aid in the diagnosis of PE. For the model, a conser-
vative approach was taken, assuming that while physicians
familiarize themselves with the test, they will continue to
use standard approaches. Hence, in the model, the novel
PE test was used as an additive versus a replacement test.
For the purposes of discussion, the two scenarios will be
referred as (a) ‘standard practice’ and (b) ‘novel PE test’.
As shown in Figure 1, the patient population encom-
passed by the model is a hypothetical cohort of 1,000 preg-
nant women in the UK. Per the antenatal guidelines from
the National Institute for Clinical Excellence (NICE),

physicians are required to (1) measure blood pressure and

Financial impact of a novel pre-eclampsia diagnostic test Hadker et al. 729
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Figure 1. Clinical overview of the budget impact model. *Per pre-eclampsia community guidelines, PE cannot be diagnosed before week 20%,

PE, pre-eclampsia.

analyze urine for protein at each antenatal visit to screen
for PE, and (2) stratify the patients as high risk for PE at the
booking period. The ‘booking period’ is defined as the
period of time when a doctor confirms that a patient is
pregnant and conducts baseline exams to assess the
patient’s condition; this usually takes place during weeks
8-12 of gestation. Furthermore, per the NICE guidelines,
high risk PE patients are required to visit more frequently
between weeks 12 and 20 of gestation (until PE can be
clinically diagnosed) compared to the normal patients.
The model, therefore, assumes that between weeks 12
and 20, blood pressure measurements and urinalysis will
be conducted at each antenatal visit and high risk patients
will visit more frequently than the normal patients.

The model simulates pregnant patients from booking
period (week 12) to term (week 40 of gestation). In the
standard practice scenario, the model assumes that stan-
dard practice testing (blood pressure, urine analysis, blood
tests such as serum uric acid, and ultrasound) occurs during
all antenatal visits. In the novel test scenario, the model
assumes the novel pre-eclampsia test is added to the stan-
dard practice testing during week 20 of gestation, since PE
cannot be clinically diagnosed before 20 weeks of gesta-
tion’. The model then tracks the proportions of patients
with and without risk factors who do or do not develop PE.
Patients who are (1) improperly classified as high risk
during the booking period (and never declassified using
current tests) and (2) improperly classified as low risk
during the booking period and go undetected until they
present with symptoms in the hospital (i.e., sub-clinical
patients) are the target of the modeling analyses as they
represent the patient cohorts where the novel PE test plays
an important clinical and economic role. In the model,
the term false positive is used to describe patients that
are incorrectly classified as being at a high risk for pree-
clampsia, and hence unnecessarily receive high-intensity
care and follow up services. According to probabilities
derived from underlying clinical data (Figure 2), the
patients who develop PE are tracked in the model as
having mild or severe PE, as progressing to eclampsia, or
suffering from maternal death due to PE complications.

730  Financial impact of a novel pre-eclampsia diagnostic test Hadker et al.

Acute treatment and follow-up costs associated with
PE diagnosis (or misdiagnosis) and PE management are
assigned to the proportion of patients in each of the
health states described above, and then all costs are
summed, resulting in total cost estimates for patients in
the two scenarios — ‘novel PE test’ and ‘standard practice.’
The difference between the sums for the two scenarios
represents the ‘budget impact’ of the novel PE test.

Data sources

Data pertaining to treatment practices, healthcare
resource utilization, probability of clinical events and out-
comes, and costs for detection and management of PE in
the UK were obtained through the data from published
literature and public databases, and supplemented with
interviews conducted with OB/GYNs, laboratory man-
agers, and healthcare payers in the UK. All clinical and
economic input parameters for the model, their values, and
sources, are summarized in Tables 1 and 2. While in the
current practice risk factors are used to stratify patients,
Table 1 shows that they are an imperfect method and not
all patients with risk factors develop PE.

Currently, there is no published literature that holisti-
cally defines the resource utilization involved in diagnos-
ing, treating and managing PE. Thus, to supplement public
databases, interviews were conducted during April-May
2009 with ten UK OB/GYNs, five laboratory managers,
and five payers. The goal was to collect reliable, UK-spe-
cific data on pregnant patients, from patient volume seen,
frequency of visits, and current tests used to assess PE, to
how patients were managed, and what resources were uti-
lized during the course of the pregnancy. Data were col-
lected for specific pregnancy sub-groups defined as normal,
mild pre-eclamptic, severe pre-eclamptic and eclamptic.
The in-depth interviews also explored the respondent’s
reaction to the novel PE test, and its perceived value prop-
osition. The OB/GYNs interviewed were required to (1)
have been practicing between 2 and 30 years, (2) treat at
least 50 pregnant patients per month, and (3) have at least
3% of their patients with PE. Laboratory managers were

www.informahealthcare.com/JME ~ © 2010 Informa UK Ltd
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Figure 2. Distribution of the patient population in the model: standard practice vs. novel pre-eclampsia test. PE, pre-eclampsia.

required to (1) have between 2 and 30 years experience,
(2) participate in decisions regarding selection and acqui-
sition of diagnostic tests, and (3) be affiliated with a hos-
pital that regularly treats and manages PE patients. Payers
were required to (1) have between 2 and 30 years of expe-
rience, (2) including experience with organizational or
governmental policy and legislative decisions regarding
coverage and reimbursement related to diagnostic practice
(see Tables 1 and 2).

Using PE incidence data in the UK*, most of the model’s
inputs (Table 1) pertain to distributional probabilities of
patients within the model structure (Figure 2), based on
sensitivity and specificity statistics associated with PE test-
ing. Sensitivity and specificity data for standard practice
were estimated as a pooled average of various sensitivity
and specificity estimates of current PE tests, as presented
by Meads et al. 2008'*, while sensitivity and specificity for
the novel PE test were taken from Verlohren et al. 2010"°.

Utilization and incidence data obtained through the
published literature and expert interviews were used as
the basic inputs to the economic model. Inputs were sub-
sequently converted into resource utilization by applying
unit costs as cited by the UK drug and healthcare cost

© 2010 Informa UK Ltd  www.informahealthcare.com/JME

database!’, National Health Service (NHS) Payment by
Results Database'®, and other published literature®*!*1%.,
Drug costs listed in Table 2 are from various therapies
prescribed by physicians to patients who test positive for
PE, including aspirin, a-methyldopa, nifedipine, etc. Drug
dosage and duration of therapy depend upon PE severity.
PE management costs include physician office visits, phys-
ical exams, regular blood pressure checks, blood and urine
tests, and cardiotocography, as well as hospital stays for day
assessments, intensive care, inpatient monitoring, and
delivery or termination of pregnancy. Cost of the novel
PE test (which is assumed to be additive to the standard
practice costs of PE testing) was provided by the test man-
ufacturer. The cost was set at £31.13 per test (converted
from 52 Swiss Francs [CHF]), with the initial testing being
administered on all pregnant patients at 20 weeks of ges-
tation. Because pre-eclampsia is highly variable, Lapaire
etal. 2010" and Levine et al. 2004*° suggest repeating the
sFlt-1/PIGF test at 4-week intervals. In order to be conser-
vative in the model, patients whose initial PE test result
was negative were assumed to undergo two additional
rounds of testing, every 6 weeks, during the remainder of
pregnancy, with an associated testing cost of £93.39.

Financial impact of a novel pre-eclampsia diagnostic test Hadker et al. 731
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Table 1. Summary of clinical model inputs.

Model parameter

Inputs for standard practice and novel pre-eclampsia test scenarios
Cohort size (i.e., number of pregnant women)
Patients with risk factors indicative of pre-eclampsia in the UK
Overall pre-eclampsia incidence in the UK
Proportions

Mild pre-eclampsia

Severe pre-eclampsia

Eclampsia

Maternal death due to pre-eclampsia complications
Incidence of pre-eclampsia among patients with risk factors

Incidence of pre-eclampsia among patients without risk factors

Inputs specific to each of the scenarios
Pre-eclampsia test sensitivity and specificity
For standard practice scenario
Sensitivity in patients with risk factors

Specificity in patients with risk factors
Sensitivity in patients without risk factors
Specificity in patients without risk factors
For novel pre-eclampsia test scenario
Sensitivity in patients with risk factors
Specificity in patients with risk factors
Sensitivity in patients without risk factors
Specificity in patients without risk factors

1,000

Default value Data sources
Assumption
15% UK interviews
4.03% Bhattacharya et al., 2005*
93.6% Bhattacharya et al., 2005*
4.75% Bhattacharya et al., 2005*
1.65% Bhattacharya et al., 2005*

0% Bhattacharya et al., 2005*

0.60% Calculated as product of percentage of patients with
risk factors in the UK and overall incidence of pre-
eclampsia in the UK (i.e., 15% x 4.03% = 0.60%)
3.43% Calculated as product of percentage of patients
without risk factors in the UK and overall
incidence of pre-eclampsia in the UK
(i.e., 85% x 4.03% = 3.43%)

46% Meads et al., 2008'*; pooled average of various
sensitivity and specificity estimates of current
pre-eclampsia tests

83%

46%

83%

82% Verlohren et al., 2010'3

95%

82%

95%

Proportional distribution of pre-eclampsia patient population according to diagnostic success

Standard practice scenario
TP in patients with risk factors

FP in patients with risk factors
FN in patients with risk factors
TN in patients with risk factors
TP in patients without risk factors
FP in patients without risk factors
FN in patients without risk factors
TN in patients without risk factors
Novel pre-eclampsia test scenario
TP in patients with risk factors

FP in patients with risk factors
FN in patients with risk factors
TN in patients with risk factors
TP in patients without risk factors
FP in patients without risk factors
FN in patients without risk factors
TN in patients without risk factors

Calculated according to test-specific sensitivity and
specificity values reported above
0.28%
2.45%
0.33%
11.95%
1.58%
13.87%
1.85%
67.71%
0.50% Calculated according to test-specific sensitivity and
specificity values reported above
0.72%
0.11%
13.68%
2.81%
4.08%
0.62%
77.50%

TP, true positive; FP, false positive; FN, false negative; TN, true negative.

Results

In a hypothetical cohort of 1,000 pregnant women, includ-
ing the novel PE test as an additive diagnostic test to detect
PE yielded a positive economic effect. The use of the novel
PE test caused a shift in the patient population from false
diagnoses to true diagnoses due to better sensitivity and
specificity of the novel test compared to tests used in stan-
dard practice (Table 1). The novel PE test was estimated to

732 Financial impact of a novel pre-eclampsia diagnostic test Hadker et al.

reduce false-negative diagnoses of PE by 67% (15/1,000
pregnant patients) and false positives by 71% (Figure 3)
(115/1,000 pregnant patients). In turn, this shift produced
cost increases arising from true diagnoses and the addi-
tional expense of treating patients with those diagnoses
(true positive, £159 per patient; true negative, £185 per
patient) (Table 3). However, these costs were offset by cost
savings from reduced numbers of false-negative patients
not receiving timely management (false negative,

www.informahealthcare.com/JME ~ © 2010 Informa UK Ltd
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Table 2. Summary of economic inputs.

Model parameter

Default value

Data sources

Inputs for standard practice and novel pre-eclampsia test scenarios

PE assessment costs between booking and week 20

Patients with pre-eclampsia risk factors

Patients without pre-eclampsia risk factors
Drug costs (between weeks 20 and 40 of gestation)

Mild pre-eclampsia

Severe pre-eclampsia

Eclampsia

Maternal death due to pre-eclampsia complications
Additional aspirin therapy cost for patients with pre-eclampsia

risk factors

National Health Service tariffs, 2008-2009'°:
Mulhaven Medical Laboratory, 2009';
Meads et al., 2008'*: UK interviews
£2,265.80
£615.25
British National Formulary, 2009'%; UK interviews
£28.25
£127.30
£163.19
£0
£2.74

Pre-eclampsia management costs, by diagnostic success (between weeks 20 and 40 of gestation)

TP with mild pre-eclampsia

TP with severe pre-eclampsia

TP with eclampsia

TP with maternal death due to pre-eclampsia complications
FP with pre-eclampsia risk factors

FN with mild pre-eclampsia

FN with severe pre-eclampsia

FN with eclampsia

FN with maternal death due to pre-eclampsia complications
TN with pre-eclampsia risk factors

Inputs specific to novel pre-eclampsia test scenario
Cost of novel pre-eclampsia test
Per test (for patients with initial positive test result)

All testing (for patients with initial negative test result)

£9,576.25 National Health Service tariffs, 2008—2009'°;
Mulhaven Medical Laboratory, 2009'7; Meads
etal., 2008'*: Murphy et al., 2000'; UK interviews
£14,545.49
£21,340.12
£0
£9,576.25
£4.480.38
£11,308.87
£17,122.77
£0
£0
£31.13 Roche Diagnostics Ltd, data on file, 2009; 52 CHF
converted to UK pounds; exchange rate = 0.59849
as of 14 May 2009
£93.39 Lapaire et al., 2010'°, Levine et al., 20042°; test

repeated every 6 weeks on pregnant patients with
negative result (i.e., £31.13 x 3=£93.39)

TP, true positive; FP, false positive; FN, false negative; TN, true negative

I Standard practice Novel PE test
100

91.2%

80 79.7%

Percent of patients

True positive  True negative  False positive

PE Diagnosis

False negative

PE = pre-eclampsia

Figure 3. Shift in patient population by pre-eclampsia diagnosis.
PE, pre-eclampsia.

—£85 per patient), and by an even greater amount by the
reduction in the number of false-positive patients who
ordinarily would be unnecessarily tested, treated, and man-
aged for PE in the standard practice scenario (false posi-
tive, —£1,204 per patient).

© 2010 Informa UK Ltd  www.informahealthcare.com/JME

In the current practice, the key cost drivers to payers are
the treatment and management costs associated with PE
patients, including the costs associated with the false-posi-
tive patients who are currently tested, treated, and man-
aged for PE. In the ‘novel PE test’ scenario, the proportion
of patients incurring these costs is reduced, given the
reduction in false-positive and false-negative patients.
Based on the hypothetical cohort of 1,000 pregnant
women, a total of 115 fewer patients are treated and
monitored in the novel PE test scenario compared to stan-
dard practice. While 67% of previously undetected (sub-
clinical) PE patients (15/1,000 pregnant patients) would
be detected using the novel PE test and would require
management for the condition, that increase in cost is
offset by the cost savings associated with ‘de-classifying’
71% patients (115/1,000 pregnant patients) who would
have been wrongly diagnosed as having PE using cur-
rently-available tests, with associated resource intensive
treatment and management. For the cohort of 1,000 preg-
nant women, total costs were estimated to be £1,780,916
(£1,781 per patient) with the novel PE test and £2,726,224
(£2,726 per patient) with standard practice, representing a

Financial impact of a novel pre-eclampsia diagnostic test Hadker et al. 733
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Table 3. Comparison of total costs in the two scenarios — standard practice and novel pre-eclampsia test.

Cost source Standard Novel pre- Budget impact* Comment
i | ia test
practice eclampsia tes Conort Per-patient
(1,000)

True positive £202,154 £361,389 £159,236 £159 Cost increase due to a greater number of correct
diagnoses, and a greater number of pre-eclampsia
patients properly treated

True negative £687,617 £872,177 £184,560 £185 Cost increase due to a greater number of correct
diagnoses

False positive £1,707,802 £503,789 —£1,204,014 —£1,204 Cost reduction from avoiding treating ‘pre-eclampsia
patients’ unnecessarily

False negative £128,652 £43,561 —£85,090 —£85 Reduction in cost due to timely management of pre-
eclampsia

Total £2,726,224 £1,780,916 —£945,309 —£945 Total and net budget impact and cost savings

*Negative values represent cost savings.
TPer pregnant woman, regardless of pre-eclampsia status.

I Standard practice
2,800,000

2,400,000

2,000,000

£1,780916

1,600,000

1,200,000

PE costs [£]

800,000

400,000

£2,106,496

£1,302,984

Novel PE test

£619,728
£477932

All patients
[n=1000]
PE = pre-eclampsia

Patients without PE
risk factors [n=850]

Patients with PE
risk factors [n=150]

Figure 4. Budget impact of novel pre-eclampsia test in three screening scenarios: a comparison. PE, pre-eclampsia.

cost savings of nearly 35%, or £945,309 (£945 per patient)
(Table 3 and Figure 4).

Several sensitivity analyses were performed to test the
model findings and assess the value of the novel PE test
under a variety of scenarios. Specifically, the following
model parameters were altered: (1) PE incidence rate,
(2) sensitivity of current tests, (3) specificity of current
tests, (4) the proportion of patients stratified as high risk
for PE, and (5) the cost of the novel PE test. The findings of
each analysis are discussed below:

(1) PE incidence rate: To test the scenario where the PE
incidence is lower than that quoted in Bhattacharya
et al. 2005, the incidence rate was reduced by 20%;
from 4.03% to 3.22%. In this case, total costs per
patient were estimated to be £1,711with the novel
PE test and £2,680 with standard practice scenario,
representing a cost savings of £969 per patient (com-
pared to $945 in the base case). The impact was
modest but favorable for the novel PE test, driven
by the proportional increase in the number of
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(2)

3)

patients with and false-positive
diagnoses.

Sensitivity of current tests: If the average sensitivity of
the current tests were to be improved by 10%, from
46% to 51% while other parameter values were held
constant, to base-case values, the total per patient
costs would increase for standard practice by £10, to
£2,736, while per patient costs under the novel PE
test scenario would remain the same. This would
represent an overall increase in cost savings by £10,
or £955 per patient. This result is derived from the
fact that more patients will be identified as PE
patients with improved sensitivity.

Specificity of current tests: If the average specificity of
the current tests were to be improved by 10%, from

true-negative

83% to 91% while the other parameter values were
held constant, to base-case values, the total per
patient costs for standard practice will be reduced
significantly to £1,989, while the costs under
the PE test would remain

novel scenario
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constant (£1,781). Hence, the novel PE test scenario
would represent only modest cost savings to NHS
(about £208 per patient).

(4)  Proportion of high risk patients: In the primary research,
physician experts reported that an estimated 15% of
patients were likely to be stratified as high risk for PE
on average. While this finding was relatively consis-
tent across interviews, since the 15% ‘incidence’ is
not available as a cited data input, the authors pro-
vide a sensitivity analysis by altering the proportion
of high-risk patients. When this incidence is reduced
by 5% points to 10%, the total per patient costs would
fall by £82 across both the standard practice and
novel PE test scenarios resulting in no change in
net cost savings between the two scenarios, i.e.
£945 per patient. Similarly, if the proportion of
high risk patients is increased by 5% points, to
20%, the total costs would increase by £82 in both
the scenarios resulting in no change in the net cost
savings.

(5) Cost of the novel PE test: If the cost of the novel PE test
was increased by 20% to £37.36 per test, the total per
patient costs for the novel PE test scenario would
increase to £1,798 thereby decreasing the cost savings
by 2% or £928 per patient.

Overall, the sensitivity analyses revealed that the novel

PE test would provide incremental financial benefit to

the NHS under all of the aforementioned scenarios.

Discussion

Budget impact analyses are useful analytical tools for help-
ing physicians, healthcare payers, and reimbursement
authorities to evaluate the economic efficiency of health-
care technologies. Although current PE diagnostic tools
are generally inexpensive and convenient to implement,
they lead to significant misclassification of patients.
Therefore, once downstream clinical effects and resulting
patient management costs are taken into account, they
have a substantial financial impact on healthcare budgets.
Nonetheless, standard biochemical and hematological
parameters continue to be the suboptimal mainstay for
detecting PE*".

In this study, the budget impact of adding a novel PE
test with higher sensitivity and specificity than current
tests was modeled as a supplementary diagnostic tool
added in the standard practice testing, quantifying the eco-
nomic impact that the test would have for a given patient
population. Few studies have been published that address
the economics of diagnostic PE testing, even though such
knowledge would lead to better decision-making, promote
more efficient use of health resources, and decrease health-
care spend. To the authors’ knowledge, this is the first
model of the economics of serum diagnostic tests for PE.

© 2010 Informa UK Ltd  www.informahealthcare.com/JME

As part of a systematic review of methods for PE prediction
and prevention, Meads and colleagues'* discuss the accu-
racy and cost effectiveness of tests for PE in their health
technology assessment report. The authors found that
while the tests were relatively inexpensive, the quality of
the tests was generally poor, and while some tests appeared
to have high specificity, they achieve that result at the
expense of compromised sensitivity, and hence question
their clinical utility. The authors concluded that there is a
need for rigorous evaluation of tests with modest cost
that have high levels of both sensitivity and specificity.
This study pursues that goal by demonstrating that a
novel PE test with improved sensitivity and specificity
has the potential to provide substantial cost savings for
the NHS.

In Europe, the automated measurement of the sFlt-1/
PIGF ratio has been recently approved and is increasingly
available as a supplementary aid in the diagnosis of pre-
eclampsia'®. The model simulations and the budget impact
analyses provide substantial data that the NHS could save
nearly £945 per pregnant patient by using the novel PE test
at or after week 20 of gestation. With approximately
772,000 viable pregnancies in the UK each year®,
total national savings could theoretically amount to
£730 million annually.

There are several limitations of this study. First, the
model assumes sensitivity and specificity of the novel
PE test as provided by clinical trial data (Verlohren
et al., 2010") which may vary in actual clinical practice.
In addition, given that there was no sensitivity and
specificity data available with respect to combination
testing of current standard practice tests, the model used
a pooled average of the individual sensitivities and specifi-
cities. Third, some of the resource utilization inputs such
as frequency of visits, etc. where published data were
unavailable, were obtained from expert interviews. On
the one hand, while primary data collected from physicians
and financial decision-makers who have experience with
PE patients, provided a more clinically- and economically-
relevant perspective to the model, these data input were
not validated in a peer-reviewed process. Sensitivity
analyses were hence needed to test the impact of data
inputs on model results.

Furthermore, the model in this study focused on mater-
nal health. To the extent that the clinical and economic
impacts of PE are suffered by the fetus, resulting in eco-
nomic impact to a payer for neonatal care, the cost savings
represented by the novel PE test are underestimated.
Future research could analyze the economic argument for
the use of this test from a neonatal perspective in order to
fully assess the value of a PE diagnostic test to society at
large.

In addition, the model did not account for the substan-
tial health problems that can be caused by PE later in
life in both women and their children”>?°. The direct
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and indirect costs of such complications are believed to
be high?®. Since the novel PE test may help in timely
identification and appropriate management of PE patients,
it also has the potential to prevent long-term compli-
cations and associated costs. However, such benefits of
the novel PE test were not captured by the short-
term scope of the model. Finally, the test performance
could be enhanced either by improved assays and/or
by sequential testing. These scenarios with likely ben-
efits to the payer are not discussed or estimated in this

paper.

Conclusion

The results of this budget impact model suggest that the
novel diagnostic test has the potential to create significant
savings to healthcare payers. Savings are due to the novel
PE test’s ability to reduce false-negative and false-positive
diagnoses, by correctly identifying the subclinical PE
patients and preventing unnecessary spend on patients
that are unlikely to develop PE. Costs for the management
of pregnancy after 20 weeks of gestation total an estimated
£1,781 with the novel PE test and £2,726 with standard
practice diagnostic testing; thus, the novel PE test would
save nearly £945 per tested patient. The results of the study
are particularly important in the UK where substandard
care contributes to 72% of maternal deaths that are related
to hypertensive disease in pregnancy’’, and PE compli-
cates over 4%7, or about 31,000 pregnancies each year®”.
Results from this study provide, quantitative evidence
about the favorable impact of adding a novel PE test
to a well-established but underperforming PE diagnostic
armamentarium.
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