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ORIGINAL RESEARCH

Reflex single-gene non-invasive prenatal testing is associated with markedly
better detection of fetuses affected with single-gene recessive disorders at
lower cost

Shan Rikua, Herman Hedrianab, Jacqueline A. Carozzaa and Jennifer Hoskoveca

aBillionToOne, Inc., Menlo Park, CA, USA; bUniversity of California Davis Health, Sacramento, CA, USA

ABSTRACT
Objective: To evaluate the clinical benefits and achievable cost savings associated with the adoption
of a carrier screen with reflex single-gene non-invasive prenatal test (sgNIPT) in prenatal care.
Method: A decision-analytic model was developed to compare carrier screen with reflex sgNIPT
(maternal carrier status and fetal risk reported together) as first-line carrier screening to the traditional
carrier screening workflow (positive maternal carrier screen followed by paternal screening to evaluate
fetal risk). The model compared the clinical outcomes and healthcare costs associated with the two
screening methods. These results were used to simulate appropriate pricing for reflex sgNIPT.
Results: Reflex sgNIPT carrier screening-detected 108 of 110 affected pregnancies per 100,000 births
(98.5% sensitivity), whereas traditional carrier screening-detected 46 of 110 affected pregnancies
(41.5% sensitivity). The cost to identify one affected pregnancy was reduced by 62% in the reflex
sgNIPT scenario compared to the traditional scenario. Adding together the testing cost savings and
the savings from earlier clinical intervention made possible by reflex sgNIPT, the total cost savings was
$37.6 million per 100,000 pregnancies. Based on these cost savings, we simulated appropriate reflex
sgNIPT pricing range: if the cost to identify one affected pregnancy is the unit cost, carrier screening
with reflex sgNIPT can be priced up to $1,859 per test (or $7,233 if sgNIPT is billed separately); if the
cost per 100,000 pregnancies is the unit cost, carrier screening with sgNIPT can be priced up to
$1,070 per test (or $2,336 if sgNIPT is billed separately).
Conclusion: Using the carrier screen with reflex sgNIPT as first-line screening improves the detection
of affected fetuses by 2.4-fold and can save costs for the healthcare system. A real-life experience will
be needed to assess the clinical utility and exact cost savings of carrier screen with reflex sgNIPT.
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Introduction

Autosomal recessive disorders represent a large disease bur-
den worldwide1. Manifestation of autosomal recessive disor-
ders in the first 25 years of life is estimated to be 1.7 in
1,0002 and can be considerably higher in certain popula-
tions3. Carrier screening is a genetic testing methodology
that aims to identify individuals or couples who carry one
variant allele within a gene and are at risk of having off-
spring with the associated genetic disorder4. The American
College of Obstetricians and Gynecologists (ACOG) recom-
mends all patients who are considering pregnancy or cur-
rently pregnant be carrier screened for cystic fibrosis (CF),
spinal muscular atrophy (SMA), and hemoglobinopathies4.
Most patients are screened after they become pregnant, with
one 2019 study reported that 436 out of 462 patients
(94.4%) undergoing carrier screening were screened
prenatally5.

The primary goal of carrier screening is to identify high-
risk fetuses so that patients and providers can make
informed decisions about undergoing diagnostic testing and
considering prenatal and neonatal interventions. In the trad-
itional carrier screen, pregnant patients are first carrier
screened. While one in six pregnant patients is a carrier, only
one in 900 newborns is affected with CF, SMA, or hemoglobi-
nopathies, indicating that >99% of carrier pregnant patients
carry unaffected fetuses. If the maternal carrier screen is posi-
tive, the next step is paternal carrier screening. If both
parents are carriers, the fetus has a one in four risk of being
affected and diagnostic testing is needed to determine dis-
ease status. However, the paternal carrier screen follow-up
rate is low due to financial, societal, and logistical barriers6,7.
As a result of low paternal participation, traditional carrier
screening fails to identify nearly 60% of affected pregnancies
in the U.S5,7, and it incurs costs associated with paternal
screening and choice of prenatal and newborn interventions.
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Single-gene non-invasive prenatal testing (sgNIPT) has the
potential to overcome the challenges with traditional carrier
screening workflow. A commercially available carrier screen
with reflex sgNIPT was introduced into clinical use in 2019 in
the U.S.8. This screen provides both maternal carrier status
and fetal risk assessment from one maternal blood sample
without the need for partner testing. Upon receipt of the
maternal blood sample, carrier screening is performed for
cystic fibrosis, spinal muscular atrophy, and alpha and beta
hemoglobinopathies as recommended by ACOG4. Maternal
carrier screening is performed via next-generation sequenc-
ing on genomic DNA extracted from the maternal blood
sample. If the pregnant patient is a carrier of any condition
on the carrier screening panel, sgNIPT is then performed on
the cell-free DNA extracted from the original sample as a
reflex. sgNIPT combines data from the paternal allele
sequencing assay, maternal allele dosage analysis, fetal frac-
tion calculation, and a priori disease risk to provide a person-
alized fetal risk assessment, as previously described8 (see also
Method S1). Fetal risk assessment is provided as a numerical
risk and summarized as low risk (fetal risk <1/500), high risk
(fetal risk >1/4), increased risk or decreased risk (fetal risk
between 1/500 and 1/4), or no result. Within two weeks, the
ordering health care provider receives both the maternal car-
rier result and the fetal risk which can be used to counsel
the patient about options for diagnostic testing, particularly
in the case of high-risk results (Figure 1). Reflex sgNIPT has
an analytical sensitivity of >98% and specificity of >99.9%8.

Here, we use a decision-analytical model to evaluate the
clinical benefits and achievable cost savings from adopting
the carrier screen with reflex sgNIPT as a first-line screening
test compared to the traditional carrier screen. We find that
carrier screen with reflex sgNIPT detects more affected
fetuses and is associated with healthcare cost savings of
$37.6 million per 100,000 pregnancies. Because the sgNIPT
portion of the screen is not currently billed to payors or
patients due to its recent commercial introduction, we use
these cost savings results to explore appropriate pricing for
the screen.

Methods

Decision-analytic model

A decision tree was developed to simulate the experience of
pregnant patients who are unaware of their carrier status
going through a traditional carrier screening process vs. a
reflex sgNIPT screening process (Figure 1). The model
included patients with singleton pregnancies who elected
maternal carrier screening. Patients undergoing preconcep-
tion carrier screening and patients with multiple pregnancies
were excluded. Since a small fraction of patients undergoes
maternal carrier screening before conception (e.g. 5.6% in
2019 study5) and the twin pregnancy rate is only 3.3% in the
US6, this model includes �94% of patients undergoing
maternal carrier screening. The traditional carrier screen base
scenario was developed from the standard workflow typically
carried out in obstetric clinics in the US. We did not account
for the concurrent screening model where the mother and

father of the pregnancy are tested simultaneously, as this
model is not commonly used in obstetric clinics9–12. The car-
rier screen with reflex sgNIPT workflow (reflex sgNIPT scen-
ario) was developed from the standard carrier screening
workflow in obstetric clinics.

Model inputs

Detailed assumptions and model inputs are provided in
Supplementary Materials (Method S2 and Tables S1, S2). To
simplify the model, several key assumptions were made as
described below (basic workflow and test performance
inputs are summarized in Table 1).

First, we only included the ACOG-recommended carrier
screening workflow for cystic fibrosis (CFTR), spinal muscular
atrophy (SMN1), sickle cell disease/beta hemoglobinopathies
(HBB), and alpha-thalassemia (HBA1/HBA2) in the analyses.

Second, the model assumed 100% carrier screening detec-
tion rates for both the base and reflex sgNIPT scenarios.
Most laboratories in the U.S., including the carrier screen
with reflex sgNIPT, offer NGS-based carrier screening which
has 95–99þ% detection rates for most genes13.

Third, the model focused on the comparison of workflows
from the start of the carrier screening to the identification of
high-risk fetuses, with both mother and father being identi-
fied as carriers in the base scenario and receiving a high-risk
sgNIPT result in the reflex sgNIPT scenario. Due to the differ-
ence in how the tests are offered, uptake of the traditional
carrier screening panels and the carrier screen with reflex
sgNIPT panel among patients may vary. Further, due to the
difference in reported fetal risk (25% fetal risk based on auto-
somal recessive inheritance with the traditional screening
method, and 25–90% fetal risk based on internal criteria for
carrier screen with reflex sgNIPT), uptake of diagnostic test-
ing, such as amniocentesis after the high-risk screening result
may differ. However, given the insufficient data to fully simu-
late these differences, the uptake of diagnostic testing was
excluded from the comparison model.

Fourth, because sgNIPT is not currently billed to payors or
patients, we did not include the price of sgNIPT itself in the
model. We assumed the same procedure cost inputs ($694
based on Fee schedules set by the Center for Medicare and
Medicaid Services; Table S3) for the traditional carrier screen
and the carrier screen portion of the carrier screen with
reflex sgNIPT. We then explore appropriate pricing for carrier
screen with sgNIPT using the results of the model.

Sensitivity analysis

For sensitivity analysis, we used the total cost savings per
100,000 pregnancies as the model output. We then ran the
model with the different values for each input individually
(not considering interactions between the inputs for simpli-
city) to obtain the outputs and visualized the results with a
tornado plot, arranged in order of largest impact on the
model output. The estimates for low and high values are as
follows: Paternal Follow-Up Rate: 20 and 80%; MFM Referral
Rate: 10 and 70% (base scenario) or 40 and 100% (sgNIPT
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scenario)—the range is higher for sgNIPT since it provides a
personalized fetal risk of up to 90% for high-risk cases;
Diagnostic Testing Rate: 20 and 80% (both scenarios);

Paternal Testing Cost: $694 (if there are no administrative
costs) and $1,204 (if there are double administrative costs
follow-up costs); MFM Cost: $818 and $1,618 (�30% decrease
and increase from original input); Diagnostic Testing Cost:
$530 and $930 (�30% decrease and increase from original
input); % SMA Diagnosed Before Age 2 (Base): 40 and 80%;
and % Eligible SMA Patients Choose Zolgensma: 50
and 100%.

Results

Clinical outcomes of base and reflex sgNIPT scenarios

The clinical outcome, detection of fetuses at high risk for
common recessive disorders recommended by ACOG for pre-
natal screening (cystic fibrosis, spinal muscular atrophy, and
hemoglobinopathies), was assessed for the base scenario
(traditional workflow) and reflex sgNIPT scenario for 100,000
pregnancies (Table 2). Based on carrier rates in the U.S.,
16,067 pregnant patients were screened to be positive car-
riers for one of the disorders for both scenarios (Table S1).

Figure 1. Schematic diagram of the decision tree model used for traditional carrier screen workflow (A) and reflex sgNIPT carrier screen workflow (B).

Table 1. A summary of clinical decision probabilities and test performance as
part of the key assumptions for the decision-analytic model used in our analyses.
Variables Input value

Clinical decision probabilities (base scenario)
MFM referral rate upon positive maternal carrier result 36%�
Follow-up paternal carrier screening uptake 41.5%5

Clinical decision probabilities (UNITY scenario)
MFM referral rate upon positive maternal carrier result 80%��

sgNIPT test performance
Sensitivity 98.5%8

Specificity 99.9%8

sgNIPT no-call rate 0.5%���
Abbreviations. MFM, maternal-fetal medicine; sgNIPT, single-gene non-invasive
prenatal testing; OBGYN, obstetrics and gynecology.�Based on internal OBGYN market research results. Four out of 11 OBGYNs (36%)
interviewed refer patients to MFM clinic upon positive maternal carrier screen results.��Uptake for invasive diagnostic testing upon high-risk trisomy NIPT results
are 73% for Trisomy 21, and 90% for Trisomy 18 and Trisomy 1319. Assuming
a similar MFM referral rate for high-risk sgNIPT results to those for trisomy
NIPT, we estimated the referral rate to be 80%.���Based on internal data.
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The true number of affected fetuses is 110 out of 100,000
(0.11%), calculated from the incidence rates of each disorder.

Overall, the reflex sgNIPT scenario detected far more
affected fetuses than the base scenario. In the base scenario,
6,667 (41.5%) of the 16,067 positive carriers followed up with
paternal testing based on previously published data5.
Therefore, 46 (41.5%) of 110 affected fetuses were detected
through this scenario, and 64 affected fetuses (110-46¼ 64;
58.5%) were missed due to the lack of paternal follow-up. In
the reflex sgNIPT scenario, the maternal carrier status and fetal
risk analysis are delivered to the patient together. Based on
the 98.5% test sensitivity8, 108 out of 110 affected fetuses (110
� 98.5% ¼ 108) were identified. Two out of 110 (1.5%) affected
fetuses were missed through this workflow. Overall, there was
a 2.4-fold increase in the detection rate of high-risk fetuses by
carrier screen with reflex sgNIPT (108/110 identified) compared
to the traditional workflow base scenario (46/110).

Clinical utility and healthcare costs of base and reflex
sgNIPT scenarios

We then compared the clinical follow-up costs, including
paternal testing and diagnostic testing, between the base
and reflex sgNIPT scenarios (Method S3). When the fetus was
identified as high-risk in the base scenario (fetal risk is 25% if
both the maternal and paternal carrier screens are positive)
or reflex sgNIPT scenario (fetal risk ranges from 25 to 90%),
we considered the affected pregnancy detected regardless of
the diagnostic testing uptake.

The reflex sgNIPT scenario reduced the need for paternal
screening, thus markedly lowering follow-up costs per
100,000 pregnancies. Follow-up testing in the base scenario
costs $9.3M per 100,000 pregnancies, the sum of follow-up
counseling and paternal screening ($9.2M), and diagnostic
testing cost for high-risk fetuses ($0.1M) (Table 3). In

contrast, follow-up testing in the reflex sgNIPT scenario costs
$1.0M per 100,000 pregnancies, the sum of follow-up coun-
seling ($0.7M), and diagnostic testing ($0.3M) (Table 3).
Therefore, reflex sgNIPT lowered follow-up costs by $8.3M
per 100,000 pregnancies by reducing the need for paternal
screening. Internal quality assurance data supports that
patients who receive low-risk sgNIPT results do not typically
seek paternal screening.

We also calculated that the cost to identify one affected
fetus is several times lower in the reflex sgNIPT scenario com-
pared to the base scenario. To calculate the cost to identify
one affected fetus, we first summed the total cost per 100,00
pregnancies (including the maternal screening cost of $694
per pregnancy) for each scenario and then divided it by the
number of fetuses detected. The base scenario identified 46
out of 110 affected fetuses (Table 2) at a cost of $78.7M,
resulting in a cost of $1.73M per affected fetus (Figure 2). The
reflex sgNIPT scenario identified 108 out of 110 affected preg-
nancies (Table 2) at a cost of $70.4M, resulting in a cost of
$0.65M per affected fetus (Figure 2). Not including the cost of
performing sgNIPT itself since it is not yet billed, the reflex
sgNIPT scenario reduces the cost to identify one affected
pregnancy by 62% (2.6-fold) from the base scenario (Figure 2)
by identifying more affected fetuses and lowering the paternal
screening cost. Of note, in either scenario, the cost to screen
one affected fetus is lower than the lifetime treatment cost
(the weighted average lifetime treatment cost for the disor-
ders screened is estimated to be $2.6M per patient; details
are provided in Method S4 and Table S6).

Clinical impact and healthcare cost saving from SMA
treatment selection

Early identification of high-risk fetuses allows timely prenatal
and neonatal interventions for clinicians and patients

Table 2. Clinical outcomes per 100,000 individuals screened in the base and reflex sgNIPT scenarios of our decision-analytical
model and the differences between these two scenarios.
Clinical outcomes Base scenario Reflex sgNIPT scenario Difference

Number of positive maternal carriers 16,067� 16,067� –
Number of paternal tests performed 6,668 – (6,668)
Number of affected fetuses detected 46 108 62
Number of affected fetuses missed 64 2 (62)
Affected fetus detection rate (sensitivity) 41.5%5 98.5%8 57.0%

Abbreviations. sgNIPT, single-gene non-invasive prenatal testing.�This number is based on the carrier frequency computed in Table S1 per 100,000 individuals (100,000� 16.1%).

Table 3. Total cost savings from reflex sgNIPT follow-up testing costs per 100,000 pregnancies.
Item Base Scenario Reflex sgNIPT Scenario Follow-up cost savings

Follow-up cost with positive results ($MM) $9.2 $0.7 $8.5
% carrier results that need follow-up (%)—ACOG panel 16.1% –
% follow-up needed for UNITY panel – 1%
% patients completing paternal testing 42% –
Paternal Test follow-up cost per case (Test and Admin) $944 –
% patients referred to MFM 36% 80%
Additional MFM follow-up cost per case $1,236 $1,236

Follow-up diagnostic testing cost ($MM) $0.1 $0.3 �$0.2
% of positive paternal result 2.7% –
% diagnostic testing uptake 50% 50%
Cost of diagnostic testing $730 $730

Total follow-up cost ($MM) $9.3 $1.0 $8.3

Abbreviations. MFM, maternal-fetal medicine; SMA, spinal muscular atrophy.
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(Table 4), which in turn can lead to more effective manage-
ment and potential cost savings. In particular, SMA has sev-
eral treatment options, including Zolgensma and Spinraza.
These therapies are most effective when delivered neonatally
before the onset of symptoms. Moreover, the single-dose
gene therapy Zolgensma ($2.1M per dose) costs less than
the lifetime medication Spinraza ($0.75M for initial dose and
$0.46M per year afterward) (Tables S4, S5). However,
Zolgensma must be administered to neonates before two
years of age. Since SMA is not included in newborn screen-
ing panels in all U.S. states (twelve states do not test for
SMA as of June 2021), prenatal SMA diagnosis is essential for

affected families to have access to early, clinically effective,
and lower-cost treatment options14. The reflex sgNIPT scen-
ario identifies more SMA-affected fetuses than the base scen-
ario, resulting in more newborns eligible for Zolgensma. We
estimated the total cost savings associated with more access
to Zolgensma in the reflex sgNIPT scenario to be $29.3M per
100,000 pregnancies (Table 5, Method S4).

Overall cost savings from adoption of carrier screen
with reflex sgNIPT

Together, we estimate that the cost savings in the reflex
sgNIPT scenario (not including the cost of sgNIPT itself) are
$37.6M per 100,000 pregnancies, which is the sum of follow-
up cost savings ($8.2M) (Table 2) and savings associated
with lower-cost clinical intervention for fetuses affected with
SMA ($29.3M) (Table 5).

We analyzed the sensitivity of the model output, the cost
savings per 100,000 pregnancies, toward model inputs and
found that the use of reflex sgNIPT is associated with health-
care cost savings compared to the base scenario over a wide
range of input values (Figure 3). The inputs can be grouped
into two categories: those that affect follow-up costs, and
those that affect SMA treatment costs. The cost savings per
100,000 births is most sensitive to inputs that affect SMA
treatment costs, including the base scenario SMA diagnosis
rate before age two and the number of eligible SMA patients
who chose Zolgensma. For example, a low base diagnosis
rate (40%) results in relatively higher cost savings (up to
$68.1M), and a high base diagnosis rate (80%) results in rela-
tively lower cost savings ($27.4M). Additionally, the model is
also sensitive to the percent of eligible SMA patients who
choose Zolgensma over Spinraza. These two inputs are diffi-
cult to know with confidence because several U.S. states do
not offer SMA newborn screening or are in the process of
implementing it14, and data on long-term efficacy and

Figure 2. Comparison of healthcare costs to detected one affected pregnancy
between base and reflex sgNIPT scenarios. Cost was calculated by dividing the
total screening cost by the number of affected pregnancies detected.

Table 4. Available prenatal and neonatal interventions for conditions screened by the reflex sgNIPT workflow.
Condition Disease description Prenatal and neonatal interventions

Spinal muscular atrophy (SMA) � Severe muscle weakness and wasting
� Loss of motor skills
� Breathing problems
� Life expectancy for Type 1 (most severe) if

untreated ¼ 2 years
� Most common genetic cause of infant death

� Spinraza, Zolgensma, and Evrysdi (genetic
treatments administered after birth) increase
survival and improve symptoms

� Early treatment before onset of symptoms is
crucial for effectiveness

Cystic fibrosis (CF) � Breathing problems
� Severe lung damage
� Serious digestive problems
� Symptoms worsen over time
� Average life expectancy¼mid-thirties.

� Medication and therapies improve symptoms
and quality of life

� Early diagnosis and careful lifelong
management may increase life expectancy

Sickle cell disease/beta hemoglobinopathies � Fewer healthy red blood cells
� Fatigue and pain
� Complications, such as poor growth, infection,

heart problems, and stroke
� Shortened life expectancy

� Medications, regular blood transfusions, and
bone marrow/stem cell transplants
manage disease

� Gene therapy may be available for
some patients

� Prenatal screening helps identify pregnancies
at risk that may benefit from cord blood
banking at birth

Alpha thalassemia � Fewer healthy red blood cells
� Alpha thalassemia major (most severe) results

in death before birth or shortly after
in untreated

� Prenatal care essential to reduce risk of
maternal complications for pregnancies with
alpha thalassemia major

� Prenatal treatment may increase
survival likelihood

Abbreviations. sgNIPT, single-gene non-invasive prenatal testing; SMA, spinal muscular atrophy; CF, cystic fibrosis.
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patient choices is not yet available15. Therefore, the exact
cost savings for the sgNIPT scenario will vary within the U.S.
depending on the local SMA diagnosis rate before age two
and the availability of treatments.

Out of the inputs that impact follow-up costs, the model is
most sensitive to the base scenario paternal testing follow-up
rate and relatively insensitive to other follow-up testing costs
and referral rates. If paternal follow-up is low (20%), the cost
savings for sgNIPT decrease to $32.8M per 100,000 pregnan-
cies because fewer follow-up tests are needed (Figure 3). If
paternal follow-up is high (80%), cost savings for sgNIPT
increase to $46.2M per 100,000 pregnancies (Figure 3). Note
that the effect is reversed for the cost to detect one affected
fetus. If paternal follow-up is low (20%), fewer affected fetuses
are identified which increases the cost to detect one affected
fetus from $1.73 to $3.36M (Table S7). If paternal follow-up is
high (80%), more affected fetuses are identified which
decreases the cost to detect one affected fetus from $1.73 to
$0.99M (Table S7). In both cases, the sgNIPT cost to identify
one affected fetus ($0.65M) remains the lowest.

Additional considerations for non-U.S.
healthcare systems

While the termination of pregnancy (TOP) is another avail-
able intervention available after the early identification of

affected fetuses, we did not include it as part of our U.S.-
focused cost savings calculation. However, TOP is commonly
considered outside the U.S. in nationwide implementations
of prenatal screening programs. The disorders in our panel
markedly impact the quality of life and shorten lifespan even
with the current availability of treatments (Table 4). On aver-
age, the lifetime treatment cost is $2.62M per patient (Table
S6). We estimate that the implementation of reflex sgNIPT
could reduce lifetime treatment costs by $145.4M per
100,000 pregnancies due to potential TOP (Table S8, Table
S5). The lifetime treatment cost inputs in this model are
derived from U.S. healthcare costs and may need to be
adjusted for other countries.

Pricing simulations for carrier screen with reflex sgNIPT

The cost savings analysis above does not include the price of
reflex sgNIPT since it is not yet billed to payers or patients.
Therefore, the price of the reflex sgNIPT itself will decrease
total cost savings. We used the results from our cost savings
analysis to perform two simulations of appropriate pricing
for carrier screen with reflex sgNIPT based on the value pro-
vided and identify price ranges that will save costs for the
healthcare system overall (Method S6).

In the first simulation, we take the unit cost to be the
cost to identify one affected fetus. The cost savings value is

Table 5. Total cost savings associated with SMA treatment selection per 100,000 pregnancies.
Item Base scenario Reflex sgNIPT scenario Cost savings

Number of SMA fetuses per 100,000 births (prevalence) 9 9 –
% SMA patients diagnosed before age 2 (prenatally or postnatally) 70% 99% –
% eligible patients (¼ diagnosed under age 2) choosing Zolgensma as treatment 90% 90% –
Per SMA patient lifetime treatment cost ($MM) $6.8 $3.5 –
Total SMA treatment cost for 100,000 births ($MM) $60.3 $31.1 $29.3

Abbreviations. SMA, spinal muscular atrophy.
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Figure 3. Sensitivity to inputs of reflex sgNIPT scenario cost savings per 100,000 pregnancies. The cost savings were calculated using a high and low value for
each indicated input. The input value range is annotated next to each bar. The input values used in the model to yield $37.6M in cost savings are as follows: %
SMA Diagnosed Before Age 2 (Base) ¼ 70%; % Eligible SMA Patients Choose Zolgensma ¼ 70%; Paternal Follow-Up Rate ¼ 41.5%; MFM Referral Rate (Base) ¼
36%; Paternal Testing Cost ¼ $944; MFM Cost ¼ $1,236; MFM Referral Rate (sgNIPT) ¼ 80%; Diagnostic Testing Rate (sgNIPT) ¼ 50%; Diagnostic Testing Cost ¼
$730; Diagnostic Testing Rate (Base) ¼ 50%.
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$1.08M per affected fetus ($1.73M in the base scenario—
$0.65M in the reflex sgNIPT scenario). If we pass 100% of
the cost savings value to the price of carrier screen with
reflex sgNIPT, then the parity price is $1,859 (Figure 4(A),
Method S6). If the reflex sgNIPT portion was priced separ-
ately from the carrier screen portion the parity price is
$7,233, several-fold higher than the combined carrier screen
with reflex sgNIPT price since the cost is divided only among
carriers reflexed to sgNIPT instead of among all pregnancies
carrier screened.

In the second simulation, we take the unit cost to be the
cost of carrier screening and downstream treatment per
100,000 pregnancies. As previously calculated, the cost sav-
ings value is $37.6M per 100,000 pregnancies. If we pass
100% of the cost savings value to the price of carrier screen

with reflex sgNIPT, then the parity price is $1,070 (Figure
4(B), Method S6). If the reflex sgNIPT portion was priced sep-
arately from the carrier screen portion, the parity price
is $2,336.

Discussion

Results from our decision-analytic model analyses show that
compared to the traditional sequential carrier screen work-
flow, the carrier screen with reflex sgNIPT workflow improves
the clinical outcome (detection of affected fetuses) and can
save costs by eliminating paternal carrier screening and ena-
bling lower-cost SMA treatment interventions. Furthermore,
we identified carrier screen with reflex sgNIPT pricing that
would preserve cost savings for the healthcare system.
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Figure 4. Pricing simulation for carrier screen with reflex sgNIPT using two different unit costs to determine the price-parity point with base scenario costs: (A) the
cost to identify one affected fetus and (B) the cost per 100,000 pregnancies. Percentages refer to the percent of value (determined by the base costs) passed to the
reflex sgNIPT costs.

JOURNAL OF MEDICAL ECONOMICS 409

https://doi.org/10.1080/13696998.2022.2053384
https://doi.org/10.1080/13696998.2022.2053384


Carrier screen with reflex sgNIPT detects more affected
pregnancies with less burden on the healthcare system.
Although the traditional workflow is effective at detecting
carriers of autosomal recessive conditions, the detection rate
of high-risk fetuses is limited to 41.5%, as the lack of pater-
nal follow-up testing leaves >58% of carrier pregnant
patients without a fully informative risk assessment for their
pregnancy5,7. In contrast, the reflex sgNIPT carrier screen pro-
vides patients and physicians with a personalized risk for the
fetus, allowing for more informed counseling, decision-mak-
ing, and patient autonomy regarding follow-up testing and
interventions. Additionally, the reduced need for paternal fol-
low-up testing may drastically lower the burden on the phys-
ician, clinical staff, and patient, given the logistics involved in
counseling about and arranging paternal testing.

Second, the reflex sgNIPT workflow reduces the time from
blood draw to the identification of high-risk fetuses by up to
eight weeks compared to the traditional workflow. Early
identification of high-risk fetuses will improve pregnancy and
delivery management, patient counseling and education, and
access to early intervention, therapeutics, research studies,
and clinical trials. With pregnancies affected with alpha thal-
assemia, for example, only patients at 18 to 26weeks gesta-
tional age are eligible for the in-utero hematopoietic stem
cell transplantation clinical study16. Faster turnaround time
with reflex sgNIPT increases the likelihood of meeting the eli-
gibility criteria and receiving treatment. Several treatment
options, for example, gene therapies for SMA, are most
effective when implemented before the onset of symptoms.
Uptake of genetic counseling and patient education after a
positive newborn screen is low for some conditions14. Early
prenatal identification of high-risk fetuses makes it possible
to connect the affected families with medical professionals
who can educate and support them regarding options for
diagnosis, treatment, and interventions.

The findings reported herein should be viewed consider-
ing several limitations. First, we recognize that paternal fol-
low-up rates may vary between populations, within the U.S.
or among different countries. The model can be refined if
additional data on paternal follow-up rates are available.
Second, clinical performance metrics in this report could
change when data from a larger clinical study on the carrier
screen with reflex sgNIPT become available. Third, since
paternal carrier screening likely remains useful for future
pregnancies of identified carriers or may be required by
some laboratories as a control during diagnostic testing, the
reflex sgNIPT workflow may not completely eliminate the
cost of paternal testing, although it likely would reduce the
urgency and frequency of the test. Fourth, cost savings from
prenatal and neonatal interventions were calculated based
on the limited available literature, as many of these interven-
tions are recent and rapidly evolving. While some of the data
used in the models are dated, we chose the available data
that was most applicable to the carrier screen clinical scen-
ario. In particular, long-term data about extended life expect-
ancy and outcomes for SMA patients treated with Spinraza
or Zolgensma are still lacking, and the phenotypic severity is
difficult to predict15. In addition, SMA newborn screening is

rapidly changing and varies widely between countries, which
would impact the cost savings amount14. Furthermore, we
expect that treatments will improve rapidly in clinical effect-
iveness and availability (e.g. stem cell transplantation for
hemoglobinopathies16–18). Despite the above limitations, the
current study provides a comprehensive assessment, using
available data, on the improved clinical outcome and achiev-
able healthcare cost savings when using carrier screen with
reflex sgNIPT as a first-line screening method vs. the trad-
itional sequential screening workflow. Furthermore, the
model inputs and calculations can be updated
(Supplementary File 1) to accommodate new or situation-
specific data.

Conclusion

Carrier screening with reflex sgNIPT improves clinical out-
comes by detecting fetuses at high risk for autosomal reces-
sive disorders with higher sensitivity, giving patients and
providers access to additional prenatal and neonatal inter-
vention options. Furthermore, carrier screening with reflex
sgNIPT can lead to appreciable healthcare cost savings.
While cost savings depends on the carrier screen with
sgNIPT pricing (the current commercial test does not bill it),
we used our model to explore pricing that saves costs for
the system. If we define the unit cost as the cost to identify
one affected fetus, a price <$1,859 per carrier screen with
reflex sgNIPT (or $7,233 if sgNIPT is billed separately) will
save cost for the system. If we define the unit cost as the
cost to screen 100,000 births, a price <$1,070 per carrier
screen with reflex sgNIPT (or $2,336 if sgNIPT is billed separ-
ately) will save cost for the system. Follow-up clinical studies
are needed to assess the real-life clinical utility and cost sav-
ings associated with using carrier screen with reflex sgNIPT
in prenatal care.
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