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Abstract

Objective—To evaluate the expected cost-effectiveness and net benefit of the recent
implementation of newborn screening (NBS) for severe combined immunodeficiency (SCID) in
Washington State.

Study design—We constructed a decision analysis model to estimate the costs and benefits of
NBS in an annual birth cohort of 86 600 infants based on projections of avoided infant deaths.
Point estimates and ranges for input variables, including the birth prevalence of SCID, proportion
detected asymptomatically without screening through family history, screening test characteristics,
survival rates, and costs of screening, diagnosis, and treatment were derived from published
estimates, expert opinion, and the Washington NBS program. We estimated treatment costs
stratified by age of identification and SCID type (with or without adenosine deaminase
deficiency). Economic benefit was estimated using values of $4.2 and $9.0 million per death
averted. We performed sensitivity analyses to evaluate the influence of key variables on the
incremental cost-effectiveness ratio (ICER) of net direct cost per life-year saved.

Results—Our model predicts an additional 1.19 newborn infants with SCID detected
preclinically through screening, in addition to those who would have been detected early through
family history, and 0.40 deaths averted annually. Our base-case model suggests an ICER of $35
311 per life-year saved, and a benefit-cost ratio of either 5.31 or 2.71. Sensitivity analyses found
ICER values <$100 000 and positive net benefit for plausible assumptions on all variables.

Conclusions—Our model suggests that NBS for SCID in Washington is likely to be cost-
effective and to show positive net economic benefit.

Reprint requests: Scott D. Grosse, PhD, Centers for Disease Control and Prevention, National Center on Birth Defects and
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Infants with severe combined immunodeficiency (SCID)12 develop recurrent severe
infections beginning around 2 months of age, and median age at diagnosis is 4.5 months.3-
Roughly one-fifth of infants with SCID have an affected older sibling,> /9 and early
diagnosis of such infants followed by hematopoietic cell transplantation (HCT) before 3.5
months of age is associated with 94% post-HCT survival, compared with 66%-69% survival
for infants transplanted at 3.5 months or later.10-12 Infants with adenosine deaminase (ADA)
deficient SCID (ADA-SCID), 10%-20% of infants with SCID, are typically initially treated
with enzyme replacement therapy (ERT) with polyethylene glycol-modified bovine ADA
(PEG-ADA).513-18

Based on evidence of improved survival with early diagnosis,19 in May 2010, the US
Department of Health and Human Services added SCID to the Recommended Uniform
Screening Panel.10:20 The addition of SCID followed the implementation of pilot state-based
newborn screening (NBS) programs in Wisconsin?1:22 and Massachusetts.2324 SCID has
been integrated into the majority of state NBS programs,®13 but as of September 28, 2015,
14 states had not yet made a decision to screen for SCID.25 Our study was intended to
provide information to other states on the cost-effectiveness and net benefit of NBS for
SCID in Washington State. A cost-benefit model26 informed the decision by Washington to
add SCID to the state NBS panel, consistent with a requirement that state agencies
determine that the probable economic benefits of a rule exceed its probable costs.2” After
legislative approval of a fee increase, screening for SCID in Washington began in January
2014,

We constructed a decision tree model of the costs and avoided deaths associated with NBS
for SCID using a T-cell receptor excision circle (TREC) assay with a dried blood spot (DBS)
punch compared with no screening. The cost-effectiveness analysis (CEA) version of the
model reports the number of life-years saved, and the cost-benefit analysis (CBA) version
places a dollar value on averted deaths.

The analytic perspective is that of the health sector, in which all costs are estimated as the
resources used in providing services, regardless of who pays the costs. The model structure
was modified from a CBA model developed during 2011-2012 by the Washington NBS
program.28 A user-friendly version of the spreadsheet model that allows users to customize
the model with state-specific estimates is available on the Association of Public Health
Laboratories website.

Washington is one of 12 states that routinely screens newborns twice using DBS collected
within 18-48 hours and again at about 7-14 days after birth. The initial screening test
consists of TREC amplification and a reference gene, beta-actin. Results of the initial screen
can be of 4 types: (1) presumptive cases with TREC copies/zL below the lower cut-off, for
which an immediate confirmatory testing of flow cytometry is recommended; (2) borderline
cases with TREC copies/uL between the 2 cut-offs; (3) normal results with TREC copies/ /L
above the higher cut-off; and (4) inconclusive results with an unsatisfactory beta-actin >28
quantitation cycle. This analysis ignores inconclusive cases and amplification failures; the
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Washington program reported 3 inconclusive results out of more than 170 000 specimens
tested during 2014.

Infants with abnormal TREC screening results (presumptive result or borderline result with
confirmation by abnormal screen on repeat test) are referred for confirmatory testing using
flow cytometry. If the latter is abnormal, additional diagnostic tests are ordered to determine
if the child has another form of immune deficiency, including non-SCID T-cell lymphopenia
(TCL) (because of syndromes such as DiGeorge [22g11 deletion] or Jacobsen) or idiopathic
TCL, or another medical condition such as trisomy 21 or pre-term birth, which can cause
low T-cell counts.

The point estimates in the base-case scenario and ranges for input variables for sensitivity
analyses were selected from published estimates, if available, or expert opinion (Table I).
The time horizon is 5 years for assessing outcomes and the lifetime for assessing survival.

This study assumed an annual birth cohort of 86 600 babies in Washington.3> The US birth
prevalence of SCID and non-SCID TCL are reported to be 1 in 58 000 and 1 in 14 000 live
births, respectively.13

The sensitivity of the TREC assay or the ability of the screen to correctly identify babies
with SCID was previously estimated at 99.5%.” Although there have been no known missed
cases in SCID NBS programs,13 false negatives are inevitable in screening programs. We
have conservatively retained the previous estimate of 99.5%.

Specificity was estimated at 99.97% based on the experience in Washington state, with a
range based on the literature.26:28 This variable refers to the probability that at the end of the
screening process, an infant who does not have SCID will not be referred for confirmatory
testing. In Washington, 10% of the first 20 referrals were confirmed as SCID cases, 40% had
non-SCID TCL, and the remaining 50% had conditions other than SCID or non-SCID TCL.

Health Outcomes

Most published estimates of posttransplant survival in infants with SCID are stratified by
age at transplantation before or after 3.5 months as the usual cut-off indicating a survival
difference of 25%-28% in favor of early transplantation. Post-HCT survival in infants with
ADA-SCID appears comparable with SCID in general and varies by type of donor (eg,
matched family, matched nonrelative, or haploidentical).15:36

Our base-case model conservatively assumed 6% pretreatment mortality for early diagnosed
infants based on findings on 52 newborns with SCID identified through 11 US NBS
programs.13 An estimate of 22% mortality prior to definitive treatment or diagnosis of SCID
for late diagnosed or undiag-nosed infants based on 138 children not tested at birth® (J.
Puck, personal communication, February 16, 2015) implies a survival difference of 16
percentage points. We assumed posttransplant mortality of 6% for early diagnosed
infants®-13 and 31% for late diagnosed infants,11:12 a difference of 25 percentage points.
Total cumulative survival to age 5 years was assumed to be 88% (94% pretreatment survival,
times 94% posttransplant survival) for the early diagnosed group and 54% (78%
pretreatment survival, times 69% posttreatment survival) for late diagnosed infants.
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The incremental costs of adding SCID to a screening panel (eg, laboratory test and
administrative costs), costs of diagnostic testing (eg, flow cytometry), costs to treat for early-
or late-identified infants with SCID, and costs of deaths averted are specified in Table I.
Costs of specimen collection and transport are not affected by the addition of SCID. Costs
were adjusted to 2012 US dollars using the healthcare component of the Personal
Consumption Expenditures Price Indexes.3’

The cost of the laboratory test for the TREC assay was estimated at $4.04 per sample in
Washington, and the cost of the short-term follow-up state program was assumed to be $50
per positive case. As a result, the costs of laboratory tests and short-term follow-up were
calculated as $4.05 per sample (ie, $4.04 plus $0.01, the product of $50 multiplied by 0.02%
of positive screening results), yielding $8.10 per baby as the health department cost of
screening. We assumed no additional costs for screening in Washington because repeat DBS
specimens are already collected.

The cost of flow cytometry, $250 per baby, includes phlebotomy and interpretation of test
results. It does not include the cost of an office visit because most infants referred in
Washington for flow cytometry are already in a neonatal intensive care unit for reasons such
as prematurity, cardiac surgery, and suspicion of DiGeorge syndrome associated with low T-
cell levels (data not reported). The cost of flow cytometry is multiplied by the number of
infants tested who would not otherwise have been tested in the absence of screening, which
includes testing costs for infants who screen positive but are not diagnosed with SCID and
infants with SCID who we projected would die without diagnosis in the absence of
screening.

The Washington pediatric immunology consultants provided expert opinion for the treatment
course for non-SCID cases (beyond initial flow cytometry): an initial and final complete
blood count, quarterly repeat flow cytometry analyses, quarterly clinic visits to the
immunologists, and prophylactic trimethoprim-sulfamethoxazole treatment. Estimates of
unit costs were obtained from Seattle Children's Hospital. Multiplying those charges by 0.7
to reflect costs yields the following cumulative cost estimates: (1) $2360 per infant with
transient TCL during 1-year follow-up; (2) $6000 per infant with idiopathic TCL during 5-
year follow-up; and (3) $6000 per infant with other non-SCID TCL during 5-year follow-up.

Our estimates of per-child treatment cost for infants with SCID who undergo HCT came
from data on 74 infants with typical SCID treated at Duke University during 1998-2006 with
average cost of hospital care of $450 000 for infants transplanted after 3.5 months and $100
000 for those transplanted before 3.5 months.10 The costs for treating late-diagnosed infants
with SCID are higher because of prolonged hospitalizations, intensive care unit admissions,
and the need for chemoablation.”

Treatment costs for infants with ADA-SCID are uncertain; prior analyses implicitly assumed
the costs to be the same as for other SCID cases. However, a commonly used treatment
option for ADA-SCID that does not carry risk of death, ERT with PEG-ADA, can cost
hundreds of thousands of dollars per year.1417 Infants who have sibling-matched donors,
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about 25%, typically undergo HCT because of the high success ratel; their cost is the same
as for other early-transplanted infants. Other infants with ADA-SCID may undergo months
to years of ERT before undergoing HCT or may continue on PEG-ADA indefinitely. We
adopted a conservative assumption that the average treatment cost for infants without sibling
donors who undergo treatment is $450 000, regardless of age of diagnosis (expert opinion).

In addition, we assumed a mean cost of $300 000 per infant with SCID who dies prior to
definitive treatment as a result of the complications of infections, based on a review of Texas
Medicaid claims data in 2009 (personal communication, Rachel Lee, November 5, 2014).

Outcome Measures

The primary outcome measures are the incremental cost-effectiveness ratio (ICER) in the
CEA and net benefit and benefit-cost ratio in the CBA. The numerator of the ICER is the net
direct cost, defined as the cost of screening and diagnosis minus the reduction in treatment
costs associated with screening. The denominator is discounted life years calculated using a
3% annual discount rate38 (with midyear correction) and 2009 US Life Tables.3? Net benefit
was calculated as total benefits (treatment cost reduction plus monetary value of deaths
averted) minus costs of screening and diagnosis. The benefit-cost ratio is the ratio of total
benefits to total costs.

CEAs, which predominate in the medical field, report ICER estimates that can be compared
with commonly used benchmark values to assess likely cost-effectiveness. Beginning in the
mid-1990s, US CEAs frequently used an arbitrary value of $50 000 per life-year or quality-
adjusted life-year (QALY) as a benchmark value to assess cost-effectiveness.*? It has
become common for US analysts to use $100 000 per QALY in addition to or in place of
$50 000 per QALY, and some experts recommend analysts use a threshold of $100 000 or
$150 000 per QALY.* Although life-years and QALYSs are not interchangeable, for most
interventions the relative assessment of cost-effectiveness does not vary much.42

CBA is the most common type of economic evaluation and is often mandated by US
regulatory decision makers at both the state and federal levels. Value of a statistical life
(VSL) estimates that are typically used to monetize averted deaths in US regulatory CBAS
are based on labor market comparisons of occupational fatalities and earnings differentials.33
One recent systematic review found a VSL range of $4.2-$13.7 million with a mid-point of
$9.0 million (2013 US dollars).*3 The lower-bound estimate of $4.2 million is well below
VSL estimates used by federal agencies during 2011-2012 of $6.6-$9.8 million.3* The most
robust US VSL estimates range from $7.6-$11.0 million.34

Sensitivity Analyses

We performed sensitivity analyses to evaluate how the ICER and net benefit change when
estimates for the key variables differed. For 1-way sensitivity analyses, 1 variable at a time
was changed for each of the scenarios keeping other variables at their base-case values. A 2-
way sensitivity analysis was performed for the 2 variables that were most influential in the
1-way sensitivity analysis, with other variables remaining unchanged. Ranges for variables
were selected based on the lower- and higher-bound values of estimates from published data
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and expert recommendations. Modeling was performed using Microsoft Excel 2010
(Microsoft, Redmond, Washington).

For a birth cohort of 86 600 babies in Washington, the model predicts that NBS results in an
average of 1.49 cases of SCID and 6.19 cases of non-SCID TCL detected among newborns.
In the absence of NBS, 0.30 asymptomatic SCID cases would be detected among newborns
each year as a result of a positive family history. The difference is an additional 1.19 cases
detected preclinically each year through NBS. NBS is also expected to lead to 0.40 deaths
averted by screening each year. The annual costs of screening and diagnosis, as well as
management of non-SCID cases, are estimated to total $8.16 per infant (Table 11). The
reduced treatment cost with NBS for this cohort, $316 905, was estimated to offset 43% of
the $741 376 added cost associated with NBS.

Our base-case model suggests an ICER of $35 311 per life-year saved (ie, net direct medical
costs of $424 470 divided by 12.02 discounted life-years gained). Using the midpoint VSL
value of $9 million, the estimated net benefit of $3.19 million for a single year's Washington
birth cohort results from subtracting costs from a total benefit of $3.94 million ($3.62
million mortality benefit plus $316 905 in reduced treatment costs); the corresponding
benefit-cost ratio was 5.31. Using a lower-bound VSL value of $4.2 million reduces the
mortality benefit to $1.69 million, net benefit to $1.26 million, and the benefit-cost ratio to
2.71 (Table I1).

Sensitivity Analyses

A tornado diagram displays the impacts of varying individual model variables one at a time
on the ICER measure (Figure 1). One of those variables, testing cost per specimen, is known
for Washington but varies across states. The ICER remained <$100 000 per life-year saved
when all variables differed within predefined ranges. The upper-bound ICER estimate
exceeded the traditional $50 000 benchmark value for 3 variables subject to uncertainty: the
probability of survival in late-identified SCID, cost per laboratory test, and the birth
prevalence of SCID. The variable that has the greatest impact on the ICER is the treatment
cost per late-identified infant with SCID who receives HCT as first-line therapy. The ICER
changes from $45 526 to a negative value as this variable varies from $300 000 to $1.2
million (Figure 1). NBS would be cost-saving (negative ICER) if this variable was to exceed
$968 600. Net benefit was positive for all ranges (results not reported).

The ICER results of one 2-way sensitivity analysis are presented in Figure 2. The influence
of the treatment cost per late-identified infant with SCID who receives HCT as first-line
therapy increases as the cumulative survival rate for infants with late-diagnosed SCID
increases. If late diagnosis of SCID has a small effect on mortality, the ICER is influenced
more by the relative treatment costs of late-diagnosed vs early diagnosed cases. Additional
2-way sensitivity analyses showed positive net benefit in all cases including for a VSL value
of $4.2 million (results not reported).
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Discussion

Our results suggest that NBS for SCID is cost-effective and cost-beneficial despite low
absolute numbers of cases detected and deaths averted. Our findings imply that
approximately 1 baby with SCID every 2-3 years will not die as a result of the
implementation of NBS for SCID in Washington state. The ICER estimate is roughly $35
000 per life-year saved. Screening shows net benefit at VSL estimates consistent with
available evidence, even at the lowest estimate of $4.2 million. The base-case benefit-cost
ratio of 5.31 is slightly larger than the ratio of 4.36 reported in the original Washington
CBA.26 That in part reflects use of a more current VSL value of $9 million in place of the
$7.7 million value used in the previous analysis. Substituting a highly conservative VSL
value of 4.2 million, the base-case benefit-cost ratio would still be 2.71 and in sensitivity
analyses it would exceed 1.0 under all pair-wise combinations of parameter estimates.

Numerous CEAs of NBS conditions have been published, but this appears to be the first
published NBS CBA that uses VVSL to value avoided deaths. Many CEAs have reported NBS
to be cost-effective or even cost-saving.*44> However, conflicting estimates are not
uncommon, which often reflect differences in assumptions, particularly regarding child
survival with and without NBS.46.47

Our model differs from previous CEAs of SCID screening by: (1) considering 2 cut-off
points for the screening process in a real-world laboratory setting; (2) including the cost of
short-term follow-up program staff time; (3) including costs of additional diagnostic testing,
clinic visits, and prophylactic antibiotics for non-SCID TCL cases; (4) including the death
rate prior to treatment as well as posttransplant mortality; and (5) estimating the cost of
therapy for infants who have ADA-associated SCID.

Two previous CEAs estimated QALY gains despite an absence of information on health-
related quality of life for children with SCID. One study applied published utility scores for
children with cystic fibrosis, sickle cell anemia, HIV-AIDS, medium chain acyl-CoA
dehydrogenase deficiency, or leukemia to children with SCID after HCT; ICER estimates
were $25 429 per life-year and $27 907 per QALY gained.” However, transferring utility
scores across studies and conditions can be treacherous.*® Because the average post-HCT
health utility was assumed to be 0.95,2° the difference in estimates must have been small.
Extrapolating from those 2 studies, our ICER estimates would likely have been 5%-10%
higher if expressed relative to QALYS.

Our ICER estimates are similar to estimates from previous US publications, which used
different assumptions, including screening costs of $4-$5 per infant.”-2%49 The cost of
laboratory screening per infant in this analysis, $8.08, reflects routine testing of 2 specimens
for infants using a laboratory-developed test. Wisconsin, which tests just 1 specimen, has
reported a testing cost of roughly $6 per infant.>° Average costs can also vary with numbers
of births, with average cost decreasing with increasing volume. In France, a pilot testing
program indicated a cost of $6-$9 per test.>1 These cost estimates are for laboratory-
developed tests; if laboratories use a newly available Food and Drug Administration-
approved kit, the cost per life-year saved will likely be higher.

J Pedliatr. Author manuscript; available in PMC 2017 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ding et al.

Page 8

The analysis did not include a cost of communicating positive screening results to parents,
which should be included in economic evaluations of NBS.52 However, because of the very
low rate of positive TREC screening results, a $100 cost to communicate screening results
raises the ICER by <1%.

The cost-effectiveness and cost-benefit findings for Washington appear robust because when
variables are varied within plausible ranges the ICER remains below the $100 000
benchmark that is increasingly used in the US,4041 and net benefit remains positive at all
plausible VVSL values. One of the most influential variables—cost of the laboratory
screening test (TREC with beta-actin)—is not a source of uncertainty for the Washington
estimates, although it is a crucial variable to assess before extrapolating the findings to other
states. Another influential variable is the birth prevalence of SCID; our estimate is based on
data from more than 3 million US newborns screened but did not include Washington data.13

The estimate of per-person treatment costs in the absence of NBS is an important source of
uncertainty. The published estimates from Duke Universityl? may not capture the costs of
admissions at other hospitals prior to referral to the transplant center. Four of 15 infants with
SCID treated by one of the authors (L.K.) at her institution required hospitalization in a
pediatric intensive care unit for 2-3 weeks prior to transplant. Our estimates of avoided costs
may also be conservative because we did not model the avoided costs of treating infections
that can result from administering live virus vaccinations to babies with impaired immune
systems.?3:54 Higher cost estimates for infants with late-diagnosed SCID would make NBS
appear more cost-effective (Figures 1 and 2).

It is possible, although unlikely, that the average treatment cost for infants with late-treated
SCID might exceed $1 million, in which case NBS would be cost-saving. An unpublished
study from the United Kingdom estimated average treatment costs with and without NBS at
approximately $120 000 and $1.2 million, respectively.32 Another modeling study assumed
a cost of $2 million per infant without NBS3C based on an unpublished estimate from
Wisconsin of the hospital bill for one child®>; the cost may have been <$700 000. Kubiak et
al3! reported mean charges for 25 infants treated at 3 referral hospitals of $1.43 million for
infants treated <3.5 months and $365 785 for those treated <3.5 months. Using an average
cost-to-charge ratio of 0.345 from Healthcare Cost and Utilization Project discharges on
admissions of infants with a principal diagnosis of combined immune deficiency,® the
average cost for late-treated infants was less than $500 000. Finally, the mean cost for
hospital care received by 27 late-treated French infants from birth through 1 year
posttransplant (including 10 who died posttransplant) was €226 510, with median costs for
late-treated (<3 months) and early-treated (<3 months) transplanted infants of €195 776 and
€86 179, respectively (median costs are lower than mean costs).?! Taking into account US
healthcare prices, the US-equivalent average total treatment cost for late-treated infants
might be as much as $500 000.

Other limitations include lack of information on the cost of therapy for children with ADA-
SCID who do not have sibling donors. Further, the cost estimates do not include long-term
medical treatment (gamma globulin therapy) or subsequent transplantation for children with
SCID with failure of engraftment. Inaddition, infantswho develop complications after HCT
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may have highlong-term costs even withNBS, which were not considered. Each of these
omissions would have the effect of lowering the estimate of treatment cost-reduction and
make NBS less cost-effective or cost-beneficial.

Survival is another source of uncertainty. The base-case estimate of 88% survival to age 5
years for infants with SCID identified early, taking into account deaths both prior to
treatment and posttransplant, is conservative relative to published estimates of 95%2° to
100% posttransplant survival. Our estimate of 54% overall survival among infants with
late-diagnosed SCID is similar to the 58% survival rate® cited in a recent fiscal analysis,3!
and higher than an estimate of 38%? used in 2 CEAs.”-30 As expected, it is lower than in 2
other CEA studies that did not take into account deaths to infants prior to transplantation,
62.5%26 and 72%.2°

The 2-way sensitivity analysisshows thata lower survival rate for late-treated SCID would
reduce the absolute magnitude of the ICER and make screening appear more cost-effective
as long as the mean cost of treatment is less than approximately $1 million (Figure 2). The
present analysis, like previous CEAs,”29 assumes that long-term survival (>5 years
posttreatment) is the same as in the general population.

The analysis did not include time costs for families seeking care or caring for an affected
child, essential for a societal perspective analysis. One CEA of NBS for medium chain acyl-
CoA dehydrogenase deficiency analyzed data from a parent survey to include estimates of
time costs®’; we did not have access to comparable information.

A final limitation is that this article does not directly address the fiscal or financial
implications of SCID screening for state governments or public insurers. A budget impact
analysis from the budget holder or payer perspective would need to identify which
expenditures are incurred by a health-care organization, state government, or other budget
holder and which of those costs would be avoided as a result of the intervention.>8

Early identification of SCID is critical to the health and survival of affected infants.
Mortality is greatly reduced with early treatment and medical costs are much lower than for
babies treated after becoming symptomatic. We believe our study provides a useful and
timely economic assessment that can inform decisions on the adoption of the federally
recommended SCID screen in state NBS programs. The CBA conducted in Washington26
was a crucial step in the process of approving the adoption of SCID in that state,>® and
earlier versions of the model have been shared with other states.
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Glossary
ADA Adenosine deaminase
ADA-SCID ADA deficient SCID
CBA Cost-benefit analysis
CEA Cost-effectiveness analysis
DBS Dried blood spot
ERT Enzyme replacement therapy
HCT Hematopoietic cell transplantation
ICER Incremental cost-effectiveness ratio
NBS Newborn screening
PEG-ADA Polyethylene glycol-modified bovine ADA
QALY Quality-adjusted life-year
SCID Severe combined immunodeficiency
TCL T-cell lymphopenia
TREC T-cell receptor excision circle
VSL Value of a statistical life
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Variable of base case (lower-upper bounds)

Treatment cost per late-identified infant with SCID who receive HCT
as first-line therapy, $450 000 ($300 000-1 200 000)
Cumulative survival in late-identified infant with SCID, 54% (38%-
72%)

Cost of lab test per sample, $4.04 ($3.00-6.00)

Birth prevalence of SCID, 1/58 000 (1/46 000-1/80 000)

Cumulative survival in early-identified infant with SCID, 88% (85%-
94%)

Treatment cost per early-identified infant with SCID who receive
HCT as first-line therapy, $100 000 ($80 000-120 000)

Treatment cost per infant with ADA-SCID who do not undergo early
HCT, $450 000 ($200 000-750 000)

Sensitivity, 99.5% (99.0%-100.0%)

Specificity, 99.97% (99.92%-99.98%)

Tornado diagram of 1-way sensitivity analyses, showing the effect of range of individual

variables on the outcome measure ICER for NBS of SCID. The vertical line in the diagram
represents the base-case ICER of $35 998 per life year saved. Each forizontal barindicates
the range of ICER with the lower and upper values of each variable in Table | and Table II.
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Treatment
cost per late-
identified
infant with
SCID who
receive HCT
as first-line
therapy

-0-$300 000
-8-5$450 000

$1 200 000

Two-way sensitivity analyses, showing ICER for NBS of SCID as a function of treatment
cost per late-identified SCID who receive HCT as first-line therapy and cumulative survival
in late-identified SCID.
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Model variables and ranges

Table |

Page 16

Variables Base-case  Range/Alternative References
Birth prevalence of SCID 1/58 000 1/46 000-1/80 000 13
Proportion of SCID cases detected without NBS 0.203 58
Birth prevalence of non-SCID TCL 1/14 000 1/11 600-1/16 400 13
Screening test characteristics

Sensitivity of the overall screen process 99.50% 99.00%-100.00% 713

Specificity of the overall screen process 99.97% 99.92%-99.98% 23,26,28
Survival rate

For early-identified SCID (pretreatment) 94% 13

For early-identified SCID (posttreatment) 94% 4813

For late-identified SCID (pretreatment) 78% 57

For late-identified SCID (posttreatment) 69% 1011

Cumulative survival for early-identified SCID * 88% 85%-94% 104113

Cumulative survival for late-identified SCID” 54% 38%-72% 51293
Costs of screening and diagnosis

Lab test for TREC assay per sample $4.04 $3.00-$6.00 26

Short-term follow-up per positive case $50.0 26

Flow cytometry per baby $250.0 7,26

Additional costs for transient TCL’t $2360 *

Additional costs for idiopathic TCL $6000 26

Additional costs for other non-SCID TCL $6000 2%
Costs of treatment

Average cost per infant with SCID who die before definitive treatment $300 000 Unpublished data

Average cost per infant with ADA SCID who do not undergo early HCT $450 000 $200 000-$750 000 Expert opinion

Average costs for infants with SCID who receive HCT as first-line therapy

Per early-identified baby $100 000 $80 000-$120 000 71031
Per late-identified baby $450 000  $300 000-$1 200 000 10,31,32

VSL $9 million $4.2 million 3334

*
Cumulative survival for early-identified infants was calculated as 94% pretreatment survival multiplied by 94% posttransplant survival.

7LCumuIative survival for late-identified infants was calculated as 78% pretreatment survival multiplied by 69% posttransplant survival.

IAdditionaI costs: costs of additional diagnostic testing (ie, excluding initial flow cytometry testing), clinic visits, and prophylactic antibiotics for

non-SCID TCL.
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Table Il

Base-case results of cost-effectiveness and cost-benefit analyses

Outcomes Screening  No screening
Intermediate outcomes
Total cost of screening and diagnosis following screening $741 376 N/A
Cost of screening and diagnosis per infant screened $8.16 N/A
Treatment costs for infants receiving definitive treatment $197 258 $457 401
Treatment costs for infants dying prior to definitive treatment $27 234 $83 996
Treatment cost reduction with screening $316 905 N/A
Net direct cost with screening $424 470 N/A
Number of infants with SCID diagnosed preclinically 1.49 0.30
Number of additional SCID cases detected preclinically by screening 1.19 N/A
Number of cases of non-SCID TCL detected by screening 6.19 N/A
Number of infant deaths because of SCID 0.18 0.58
Number of deaths averted by screening 0.40 N/A
Discounted life-years gained by screening 12.02 N/A
Results of CEA
ICER (cost per life-y saved) $35 311
Results of CBA (VSL = $9.0 million)
Total benefits (treatment cost reduction plus survival benefit) 3.94 million
Net benefit (benefits minus costs of screening and diagnosis) 3.19 million
Benefit-cost ratio 531
Results of CBA (VSL = $4.2 million)
Total benefits (treatment cost reduction plus survival benefit) 2.01 million
Net benefit (benefits minus costs of screening and diagnosis) 1.26 million
Benefit-cost ratio 271

N/A, not applicable.
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