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Abstract

Background: Newborn screening is a public health program to identify conditions associated
with significant morbidity or mortality that benefit from early intervention. Policy decisions about
which conditions to include in newborn screening are complex because data regarding
epidemiology and outcomes of early identification are often incomplete.

Objectives: To describe expected outcomes of Pompe disease newborn screening and how a
decision analysis informed recommendations by a federal advisory committee.

Methods: We developed a decision tree to compare Pompe disease newborn screening with
clinical identification of Pompe disease in the absence of screening. Cases of Pompe disease were
classified into three types: classic infantile-onset disease with cardiomyopathy, nonclassic
infantile-onset disease, and late-onset disease. Screening results and 36-month health outcomes
were projected for classic and nonclassic infantile-onset cases. Input parameters were based on
published and unpublished data supplemented by expert opinion.

Results: We estimated that screening 4 million babies born each year in the United States would
detect 40 cases (range: 13-56) of infantile-onset Pompe disease compared with 36 cases (range:
13-56) detected clinically without screening. Newborn screening would also identify 94 cases of
late-onset Pompe disease that might not become symptomatic for decades. By 36 months,
newborn screening would avert 13 deaths (range: 8-19) and decrease the number of individuals
requiring mechanical ventilation by 26 (range: 20-28).
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Conclusions: Pompe disease is a rare condition, but early identification can improve health
outcomes. Decision analytic modeling provided a quantitative data synthesis that informed the
recommendation of Pompe disease newborn screening.
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Newborn screening is a public health program for the identification of serious but usually
rare conditions that benefit from early detection followed by interventions that can reduce
morbidity and mortality.> Although individual states choose which conditions are included
in newborn screening, the Secretary of the US Department of Health and Human Services
recommends a panel of conditions for which there is recognized benefit for screening.
Conditions are added to the panel, known as the Recommended Uniform Screening Panel
(RUSP), based primarily on recommendations to the Secretary from the Advisory
Committee on Heritable Disorders in Newborns and Children (ACHDNC).23 The ACHDNC
evaluates the benefits and harms of screening for a candidate condition compared with usual
clinical care by evaluating a systematic evidence review conducted by an external condition
review workgroup (CRW), which is supported by a contract from the Health Resources and
Services Administration.# Given the rare nature of conditions considered for newborn
screening, the evidence base is often sparse.>6

Since 2011, decision analysis has been incorporated into the evidence review process used
by the CRW. Decision analytic modeling is a systematic approach to quantify potential
outcomes for decisions with uncertainty.” Through the estimation of expected outcomes for
alternate options, it allows the decision maker to identify which alternative is expected to
yield the most health benefit. It also allows researchers to characterize the uncertainty
associated with projections of outcomes and highlight evidence gaps, thereby enhancing the
overall decision making process.8 This article describes the decision analytic modeling used
to assess Pompe disease newborn screening for the ACHDNC, illustrating how this approach
can be used to synthesize data and inform policy decisions.

Pompe Disease Overview

Pompe disease is a rare genetic disorder caused by mutations in the glucosidase alpha acid
(GAA) gene, leading to low levels of a specific enzyme, acid alpha-glucosidase (GAA).2
GAA is one of many enzymes that degrades cellular glycogen within lysosomes.
Accumulation of glycogen can lead to irreversible damage to the heart, skeletal muscle, and
the lungs. There are more than 200 known mutations of the GAA gene, which vary in the
amount of GAA produced and its catalytic capacity. The course of the disease (i.e.,
phenotype) can vary widely based on the amount and activity of the GAA enzyme that is
produced.10:11

Patients with a mutation on both GAA alleles that prevent the production of functioning
GAA have a uniformly severe phenotype referred to as the classic infantile form, which in
the absence of targeted therapy leads to progressive weakness and cardiomyopathy with
death in early infancy. Aggressive supportive care, including mechanical ventilation, does
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not significantly extend survival among those with classic infantile Pompe disease.1? In
contrast, some patients have a variant of the GAA gene that allows for low levels of
functioning GAA activity, leading to the nonclassic infantile form, which without targeted
therapy is characterized by progressive muscle weakness and respiratory failure without
cardiomyopathy with death later in childhood. In addition to infantile-onset forms, there is
also a late-onset form of Pompe disease. Some individuals may not develop significant
weakness for decades, but there is a wide spectrum of disease severity, timing of onset, and
which organ systems are affected.13 Although most present with symptoms in adulthood,
some become symptomatic in early childhood.

In 2006, the Food and Drug Administration approved a targeted enzyme-replacement
therapy (ERT), alglucosidase alfa, for Pompe disease, which is available in two preparations
(Myozyme and Lumizyme, Genzyme Corp). ERT does not cure the underlying disorder or
reverse the damage caused by accumulated glycogen. However, it can provide sufficient
enzyme to cells to degrade glycogen accumulated in cellular lysosomes.}4 ERT is provided
by infusion, typically given weekly or biweekly over the life of the affected individual. One
challenge to the use of ERT is that some individuals develop neutralizing antibodies. The
immune system of individuals who make no endogenous enzyme, referred to as being cross-
reactive immunologic material (CRIM)-negative, can recognize the ERT as being foreign
and mount an antibody response that cancels out the benefit of the therapy and can also lead
to a serious allergic response. Immunologic modulation therapy can overcome this problem,
but it also complicates therapy.®

Individuals with Pompe disease are asymptomatic at birth, but can be identified based on
low GAA enzyme activity in the dried-blood spots used for newborn screening. Although
the phenotype cannot be directly predicted based on the enzyme activity level, sequencing
the gene can help predict the course because certain mutations are associated with specific
forms.913 Those with the infantile form will have findings in the newborn period that can be
determined through diagnostic testing after the low enzyme activity level is confirmed (e.g.,
cardiomyopathy identified by echocardiogram, muscle damage identified by biopsy).1> ERT
is recommended to be started as soon as the infantile form, either with or without
cardiomyopathy, is confirmed. For those predicted to have the late-onset form, ERT is
recommended once signs or symptoms develops. Studies are underway to further define the
optimal time to begin ERT in those with late-onset disease.

In 2008, the ACHDNC evaluated Pompe disease newborn screening. At that time, there
were significant evidence gaps related to the accuracy of screening and to the benefit of
presymptomatic diagnosis, which precluded its recommendation for the RUSP.16 In 2013,
the ACHDNC reconsidered Pompe disease after it was nominated again. Based in part on
new information presented to the ACHDNC by the CRW, Pompe disease newborn screening
was recommended to the Secretary for addition to the RUSP1/ and was added in March
2015.18

Although Pompe disease is rare, sufficient data became available before the ACHDNC
reconsideration in 2013 to model the impact of Pompe disease newborn screening, including
the projected number of averted deaths and cases of ventilator dependence compared with
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usual clinical case detection. The application of this model provides insight into how policy
recommendations can be made for newborn screening in the absence of randomized trials
that would provide higher quality evidence but are not feasible to conduct.

Development of the Decision Analytic Model

Based on the systematic evidence review, the CRW identified a list of key outcomes specific
to the progression of Pompe disease and developed an initial decision analytic model to
project outcomes for screening compared with clinical identification. An expert panel was
convened that included clinical and scientific experts in Pompe disease who were identified
through the systematic evidence review process. Expert panel members were asked to
provide input on the structure of the decision analysis model, including the identification of
key health outcomes to be included in the analysis.1”

All meetings were conducted via webinar. Expert panel participants received a discussion
guide prior to each meeting. The discussion guide was developed using established methods
for obtaining estimates from experts.1? The discussion guide included background
information, a schematic of the draft model, key questions for the expert panel, proposed
data inputs, and data sources for review. After each expert panel meeting, the model
structure and inputs were revised based on expert feedback. This process utilized a modified
Delphi or “Decision Delphi” model for expert panel input.20

A series of three expert panel meetings were conducted to identify key health outcomes and
data sources and derive probabilities for each outcome in the model; to provide feedback on
the structure of the initial and revised decision analytic model, including the relevant
timeframe for key health outcomes; and to develop assumptions where little or no data were
available. The same set of six experts was invited to attend all three panel meetings. If any
expert was not able to participate in a panel, they were invited to contribute via email or
separate telephone meeting. During the second and third expert panel meetings, the proposed
set of parameter inputs for the decision model was reviewed. These parameter estimates
were revised following each expert panel meeting based on new data sources identified
during the previous expert panel and ranges identified to reflect expert opinion in cases
where no data were available. Ranges for parameter estimates were approved by the expert
panel. The timeline for the decision analysis is shown in Table 1.

Model Structure

The strategies compared in the model were diagnosis through newborn screening versus
through clinical identification. It was assumed that diagnosis is followed by treatment
initiation for early infantile Pompe disease, regardless of diagnosis method. The final
version of the simulation model had two submodels, one for each strategy (Figure 1). Two
key health outcomes were modeled: ventilator dependence and death due to Pompe disease.
Pompe disease was classified into one of three forms: classic infantile-onset (< 12 months),
nonclassic infantile-onset (<12 months), or late-onset (>12 months).? The model also
tracked screening outcomes: positive screens, confirmed diagnoses, false positives, true
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negatives, and false negatives. The target population was the US newborn cohort of 4 million
newborns annually, not otherwise at high risk for Pompe disease based on family history.

Parameter Inputs and Data Sources

The identification of data sources and the development of a decision analytic model is
typically an iterative process. In the first expert panel, ventilator dependence was added as a
health outcome. Although the first expert panel suggested that CRIM status be considered,
subsequent expert panels simplified the need to include CRIM status with the assumption
that CRIM-negative patients would receive immunomodulation therapy so that their major
health outcomes would be the same as those who are CRIM-positive.

The final parameter inputs and associated ranges are shown in Tables 2 and 3. Initial
parameter estimates were derived using published and unpublished data, and these estimates
were subsequently revised based on expert input, as described above. New data were
obtained from the Pompe disease registry following the third expert panel immediately prior
to the ACHDNC meeting, and these data were also incorporated into the parameter ranges
reported below. Each parameter was defined using a most likely value and a range for
sensitivity analyses. Table 3 also presents the risk of mortality and the likelihood of
ventilator-free survival for clinically identified cases not treated with ERT. These estimates
apply to cases that would be missed by screening or clinical identification.

Modeling Assumptions

The analysis assumed that identified cases of infantile-onset Pompe disease would be treated
with ERT whether diagnosed through newborn screening or through clinical identification.

Additional assumptions were made in consultation with the expert panel participants. It was
assumed that all cases of classic infantile-onset Pompe disease would be detected by
newborn screening or clinical identification within the first 12 months of life. However,
clinical identification would lag identification by newborn screening. Since newborns
identified in both submodels receive ERT, the difference in outcomes related to the
difference in the timing of the initiation of treatment, at approximately 22 days of life with
newborn screening, compared with 4 to 5 months of life with clinical identification.?® In this
study, earlier initiation of ERT was assumed to be associated with the elimination of
mortality before 36 months and also with many fewer patients requiring ventilator
assistance.

We assumed the prevalence of Pompe disease to be 1 in 27,800 births and that 23.6% of
affected individuals would have the classical infantile onset, 4.2% would have the
nonclassical infantile-onset form, and 72.2% would have late-onset disease. Without
newborn screening, all infantile-onset cases would be detected after the presentation of
catastrophic symptoms; however, without newborn screening the majority of the late-onset
cases would never be diagnosed. The modeling results represent the benefits of earlier
identification, diagnosis, and initiation of treatment for classic infantile-onset Pompe disease
associated with newborn screening.

MDM Policy Pract. Author manuscript; available in PMC 2018 August 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Prosser et al.

Analysis

Results

Page 6

We assumed that nonclassic infantile-onset Pompe disease is less severe than the classic
form (Table 3). Some cases of nonclassic infantile-onset Pompe disease would be missed by
clinical identification within the first 12 months of life. For this form, the modeling results
reflect the health benefits of identifying and treating nonclassic infantile-onset cases that
would be identified at or close to birth by newborn screening compared with later by clinical
identification. The timing of non—infantile-onset cases for newborn screening compared with
clinical identification is unknown. Non-infantile-onset cases are not included in health
outcomes predicted by the decision analytic model, but the size of this cohort is quantified.

Test characteristics for screening were based on data from Taiwan and an analysis of
anonymized blood spots from Washington State.22:23 All false negative screens were
assumed to be late-onset cases.

The time horizon for the analysis was 36 months. Identical hypothetical cohorts of newborns
were simulated through both arms of the model to compare outcomes. Using the most likely
values and the range for each parameter, we projected most likely values and ranges for all
the screening and health outcomes. Ranges were derived by conducting one-way sensitivity
analyses on all parameters in Table 1.

Using a decision analytic model, newborn screening for Pompe disease was projected to
provide health benefits as measured by averted deaths and averted cases of ventilator-
dependence when compared with clinical identification followed by treatment.

Screening Outcomes

For a US newborn cohort of 4 million newborns, projected screening outcomes are shown in
Table 4. The analysis predicted 262 positive screens including 134 true positives and 128
false positive screens. Ten false negatives were also predicted. This reflects a baseline
prevalence of 1/27,80017 and includes both infantile and late-onset cases (Table 4).

Projected Cases of Infantile-Onset Pompe Disease

We projected the annual number of infantile-onset cases that would be identified with
newborn screening compared with clinical identification (Table 5). The total annual number
of all types of Pompe projected was 134 cases, including 40 infantile-onset cases (range: 19—
61) by newborn screening and 36 infantile-onset cases (range: 16-56) by clinical
identification. Within the group of infantile-onset cases, 34 were projected to be the classic
form for both newborn screening and clinical identification. Six nonclassic infantile-onset
cases would be detected by newborn screening, but 4 of these cases (67%) would be
detected after the first year of life under clinical identification. Sensitivity analyses showed
that the results could range as high as 61 or as low as 19 for the total number of infantile-
onset cases identified under newborn screening, compared with 56 to 16 with clinical
identification.
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Averted Deaths and Ventilator-Dependent Cases Among Infantile-Onset Cases

By 36 months of life, we projected that identifying 40 infantile-onset cases of Pompe disease
through newborn screening would avert 13 deaths (range: 9-19) and 26 cases of ventilator
dependence among survivors at 36 months (range: 20-28; Table 6).

In the absence of screening, the projected number of deaths at 36 months was 13 (9-19) for
clinical detection compared with 0 to 1 deaths for infantile-onset cases identified by
newborn screening. The projected number of ventilator-free survivors at 36 months among
infantile-onset cases by newborn screening was 39 to 40 compared with 12 to 19 with
clinical detection (Table 6).

Discussion

Using decision analytic modeling, we were able to project the relative benefits of newborn
screening for Pompe disease compared with usual case detection. This illustrates how even
in the absence of complete data, inferences can be made to assist with a policy decision. We
were able to describe the likely number of infantile-onset Pompe disease cases that would be
identified each year as well as associated health benefits defined as deaths averted and cases
of ventilator dependence avoided. We were also able to quantify the number of possible late-
onset cases that would be identified through newborn screening. Given the heterogeneity of
this form, early detection of late onset might be considered either a harm or a benefit.
Individuals might not develop health problems for decades, but have to contend with
labeling and uncertainty, while some individuals could benefit from earlier diagnosis and
treatment, and avoidance of diagnostic odysseys. This was a point of discussion during the
consideration of Pompe disease for addition to the RUSP.

Given the evidence base for this rare condition, it was challenging to apply the decision
analysis framework in some areas. For example, initial discussions with experts included
discussion of modeling a longer time horizon than 36 months, but this was not feasible due
to the lack of longer-term evidence. There was also discussion of including other markers of
disease progression other than ventilator dependence, but insufficient data were available
regarding other important health outcomes. In the context of types of Delphi approaches
used to inform the decision analysis model, we utilized both a “classical” and “decision”
Delphi?® to identify model structure, care pathways, and key markers for disease
progression.

Lack of data also required the use of expert opinion and assumptions to develop ranges for
sensitivity analyses. Given the scant evidence base associated with many rare conditions,
this is likely to be the case for many conditions considered for addition to the uniform
screening panel. Sensitivity and scenario analyses should be conducted to explore the
robustness of the results. As is the case for most decision analysis models, some parameters
will be less well-supported by the evidence and a wider range of possible parameter values
should be considered. Another issue is whether complete ascertainment of unscreened
cohorts and their outcomes can be assumed, and this issue cannot necessarily be resolved
addressed with expert opinion. The goal is to inform decisions with the best evidence
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available at the time and to conduct sensitivity analyses across a range of plausible
parameter values (here as determined by expert panel) when evidence is limited.

One of the goals of the CRW in developing decision models is to ensure transparency in the
decision modeling process. Consistent with this goal, the CRW includes two liaison
members from the ACHDNC who are invited to attend all meetings of the CRW as well as
all expert panel meetings. This provides an opportunity for ACHDNC input and to ensure
that their questions are addressed in the presentation and report to the ACHDNC. Another
tenet for accomplishing our goal of transparency is to aim for simple models, to avoid the
“black box™ perception of simulation models and foster a clear understanding of the
modeling analysis for ACHDNC members.

Using a simpler modeling approach also comes with drawbacks. One-way sensitivity
analyses were conducted on all variables to develop the ranges for the results presented in
Tables 4 and 5. These ranges present the upper and lower bounds across all of the univariate
analyses and as such, present a “best case”/“worst case” set of scenarios. We elected not to
conduct a probabilistic assessment given the evidence base and the objective to use a
simplified modeling approach.

We did not project long-term outcomes for non—infantile-onset cases of Pompe disease.
During the scoping process for the decision model, we chose to focus on outcomes for early
infantile cases, consistent with the objective of the newborn screening program to avert
deaths and severe sequelae in childhood. Using the modeling results we were able to
characterize the estimated number of cases of all forms of Pompe disease that newborn
screening would detect. Similar to other newborn-screened conditions, the observed
incidence based on newborn screening is higher than observed with clinical identification
only.23 The number of possible late-onset cases projected annually under newborn screening
was 94 cases, of which many go undetected by clinical identification. Some cases of the
infantile form might be missed clinically if the diagnosis is not established before death.

Since this analysis was completed, additional follow-up on screened and treated patients in
Taiwan confirms the benefits of earlier detection and treatment for newborns with infantile-
onset Pompe disease.242% For screening outcomes, pooled data from New York state on
infants screened during 1 October 2014 to 25 May 2016, from 6 months of screening in
Missouri, and from almost 4 months of screening in Illinois, suggests the incidence of
infantile-onset cases detected through newborn screening is toward the upper end of the
range projected in this analysis.28-28 The number of probable and possible late-onset cases
of Pompe disease from these three states suggests the true incidence of late-onset Pompe
disease could be as much as five times higher than was modeled. That is an indication of the
structural uncertainty that is inherent in modeling the occurrence of late-onset cases of a
spectrum disorder in the absence of years of actual screening data from multiple
jurisdictions.

An important limitation is the absence of modeling of the harms of newborn screening. Of
particular relevance to late-onset Pompe disease is “psychosocial harm from diagnostic or
prognostic uncertainty in diagnosis, or degree or age of onset of disease manifestations.”2?
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In this situation, we were able to quantify the likely magnitude of the number of cases that
would fall into this category of prognostic uncertainty. The group of newborns identified
with possible or probable late-onset Pompe was a topic of considerable discussion for the
ACHDNC. Since adding Pompe disease into the uniform screening panel, a Pompe Disease
Newborn Screening Working Group has begun to recommend guidelines to inform decision-
making challenges in follow-up care for newborns identified with late-onset Pompe disease.
14 The consideration of potential harms and costs resulting from screening is anticipated to
be more formally incorporated into future condition reviews.2? In addition, we considered
treatment would be available to all identified patients. If there were barriers to access for
enzyme replacement treatment or some parents decided not to pursue treatment for their
child, the estimated health benefits of screening and earlier treatment would be lower than
reported here. The decision analysis reports the number of expected false positive screens.
While there is anecdotal evidence of parental concerns, previous research on the harms
associated with a transient false positive result suggest there may be a short-term increase in
parental anxiety but have not documented long-term harms.29-31

Data from pilot screening programs in other countries may often represent the best data
available but these data should be evaluated for their generalizability to a US population. For
some conditions including Pompe, it is important to consider the racial/ethnic composition
of the population and how that might relate to screening outcomes. For example, data from
Taiwan on pilot screening for Pompe is anticipated to include a higher number of false
positives because pseudodeficiency is more common in Asian populations. The model relied
on US data for estimation of the number of false positives to avoid any potential bias.

We did not model costs or cost-effectiveness of newborn screening. The scope of the
decision modeling for the condition review process was limited to estimation of population
health outcomes, consistent with the evidence criteria that were used by the ACHDNC.24
Although any evidence on costs or cost-effectiveness that is identified as part of the evidence
review is evaluated and presented to the ACHDNC, published evidence is not typically
available.> The Newborn Screening Saves Lives Reauthorization Act of 2014 for the first
time directed the ACHDNC to consider “cost” along with “public health impact” in
recommending new conditions. Subsequently, a Cost Analysis Work Group was
commissioned by HRSA to develop methods to project the cost of expanding newborn
screening for additional conditions. The authorizing legislation also set a constraint of 9
months for the completion of evidence reviews, including the public health system and cost
assessment and decision modeling. Given the time and resource constraints, it was
determined that it would only be feasible to assess in most cases the direct cost to health
departments of adding a condition to the screening panel. In particular, a formal cost-
effectiveness analysis is not feasible with the 9-month time constraint.

We recognize that the lack of a formal cost-effectiveness analysis is a limitation. The
availability of cost-effectiveness evidence could provide important information on the
tradeoffs between costs, health benefits, and harms that may not be fully captured by the
current review process. However, we also recognize that doing so would require dedicated
resources and a considerably longer time frame than is allowed in the current process.
Because of the constraints of data and time, cost-effectiveness analyses of conditions
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previously added to the RUSP have been conducted retrospectively.32:33 Some of the authors
have undertaken cost-effectiveness modeling of newborn screening for Pompe disease and
other conditions through a multiple-year process with separate funding, independent of
HRSA and the ACHDNC. The results of those additional analyses are not yet available.

The evidence review process used to inform ACHDNC decisions explicitly includes decision
analytic modeling.> While other advisory committees may include the results of previously
conducted modeling studies as part of an evidence review, it is novel to incorporate a
modeling analysis directly into the review process. Moreover, the updated evidence review
process for the ACHDNC recognizes the value of allowing for an inclusive evidence review
process for newborn screening in order to incorporate data that might be considered “lower
quality” by other standards and to incorporate these data into the decision modeling analysis.
This is highly relevant to rare conditions, or diseases for which treatments are new or
emerging.

In summary, the incorporation of decision modeling into the condition review process
confirmed that most of the health benefits from screening for Pompe disease are experienced
by patients identified with classic infantile-onset Pompe disease. There would also likely be
health benefits for a small number of children with the infantile-onset form without
cardiomyopathy that would be identified and treated much earlier under a newborn
screening program compared with clinical identification only. The modeling analysis also
provided quantitative estimates of the number of possible late-onset cases that would likely
be identified under a newborn screening program. This is a group for which there could be
harms as well as benefits with the initiation of a newborn screening program. The decision
modeling analysis allowed for the estimation of population-level health outcomes for a
proposed screening program and has now been incorporated into the review of five
conditions that have been evaluated by the ACHDNC.

Acknowledgments

We would like to acknowledge the valuable participation of the members of the expert panel for guidance in the
development of the decision analytic model: Olaf Bodamer, MD, PhD; Barry Byrne, MD, PhD; Sharon Kardia,
PhD; Priya Kishnani, MD, MBBS; C. Ronald Scott, MD; Deborah Marsden, MBBS. We would also like to
acknowledge expert research assistance from Angela Rose, MPH. Condition Review Workgroup: Alex R. Kemper,
MD, MPH, MS, Chair; Anne Marie Comeau, PhD; Aaron Goldenberg, PhD; Nancy S. Green, MD; K. K. Lam,
PhD; Jelili Ojodu, MPH; Lisa A. Prosser, PhD; Susan Tanksley, PhD; Stephanie Weinreich, PhD.

This project was supported by the Health Resources and Services Administration (HRSA) of the US Department of
Health and Human Services (HHS) under contract number HHSH250201400007C, “Evidence-based Reviews for
the Discretionary Advisory Committee on Heritable Disorders in Newborns and Children.” The views expressed
herein are solely those of the individual authors and do not necessarily reflect the views of the Centers for Disease
Control and Prevention (CDC). This information or content and conclusions are those of the authors and should not
be construed as the official position or policy of, nor should any endorsements be inferred by, HRSA, HHS, or the
US Government.

References

1. Caggana M, Jones EA, Shahied SI, Tanksley S, Hermerath CA, Lubin IM. Newborn screening: from
Guthrie to whole genome sequencing. Public Health Rep. 2013;128 (Suppl. 2):14-9. [PubMed:
23997299]

MDM Policy Pract. Author manuscript; available in PMC 2018 August 16.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Prosser et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Page 11

. Calonge N, Green NS, Rinaldo P, et al. Committee report: method for evaluating conditions

nominated for population-based screening of newborns and children. Genet Med. 2010;12(3):153-9.
[PubMed: 20154628]

. Boyle CA, Bocchini JA, Jr, Kelly J. Reflections on 50 years of newborn screening. Pediatrics.

2014;133(6):961-3. [PubMed: 24843062]

. Kemper AR, Green NS, Calonge N, et al. Decision-making process for conditions nominated to the

Recommended Uniform Screening Panel: statement of the US Department of Health and Human
Services Secretary’s Advisory Committee on Heritable Disorders in Newborns and Children. Genet
Med. 2014;16(2):183-7. [PubMed: 23907646]

. Prosser LA, Grosse SD, Kemper AR, Tarini BA, Perrin JM. Decision analysis, economic evaluation,

and newhorn screening: challenges and opportunities. Genet Med. 2012;14(8):703-12.

. Grosse SD. Assessing the evidence for clinical utility in newborn screening: cystic fibrosis and

medium-chain acyl-CoA dehydrogenase deficiency In: Khoury MJ, Bedrosian S, Gwinn M, Higgins
J, loannidis J, Little J, eds. Human Genome Epidemiology. 2nd ed New York: Oxford University
Press; 2010.

. Owens DK. Analytic tools for public health decision making. Med Decis Making. 2002;22(5

Suppl):S3-10. [PubMed: 12369229]

. Goldie SJ, Corso PS. Decision analysis. In: Haddix AC, Teutsch SM, Corso P, eds. Prevention

Effectiveness: A Guide to Decision Analysis and Economic Evaluation. 2nd ed New York: Oxford;
2003 p 103-26.

. Kishnani PS, Steiner RD, Bali D, et al. Pompe disease diagnosis and management guideline. Genet

Med. 2006;8(5):267-88. [PubMed: 16702877]

. Chan J, Kazi ZB, Desai AK, et al. The emerging phenotype of late-onset Pompe disease: a
systematic literature review. Mol Genet Metab. 2017;120(3):163-72. [PubMed: 28185884]

Kroos M, Hoogeveen-Westerveld M, van der Ploeg A, Reuser AJ. The genotype-phenotype
correlation in Pompe disease. Am J Med Genet C Semin Med Genet. 2012;160C(1):59-68.
[PubMed: 22253258]

Kishnani PS, Hwu WL, Mandel H, Nicolino M, Yong F, Corzo D. A retrospective, multinational,
multicenter study on the natural history of infantile-onset Pompe disease. J Pediatr. 2006;148(5):
671-6. [PubMed: 16737883]

Leslie N, Tinkle BT. Glycogen storage disease type 1l (Pompe disease) In: Adam MP, Ardinger
HH, Pagon RA, et al., eds. GeneReviews [Internet] Seattle: University of Washington, Seattle;
1993-2018.

Kronn DF, Day-Salvatore D, Hwu WL, et al. Management of confirmed newborn-screened patients
with Pompe disease across the disease spectrum. Pediatrics. 2017;140 (Suppl. 1):S24. [PubMed:
29162675]

Bodamer OA, Scott CR, Giugliani R. Newborn screening for Pompe disease. Pediatrics.
2017;140(Suppl. 1):S4. [PubMed: 29162673]

Kemper AR, Browning M. Evidence review: Pompe disease. Available from: https://
www.hrsa.gov/sites/default/files/hrsa/advisory-committees/heritable-disorders/rusp/previous-
nominations/pompe-evidence-review-report-2008.pdf

Kemper AR; Condition Review Workgroup. Evidence report: newborn screening for Pompe
disease. Available from: https://www.hrsa.gov/sites/default/files/hrsa/advisory-committees/
heritable-disorders/rusp/previous-nominations/pompe-external-evidence-review-report-2013.pdf
Advisory Committee on Heritable Disorders in Newborns and Children. Recommended uniform
screening panel [Updated March 23, 2016]. Available from: http://www.hrsa.gov/
advisorycommittees/mchbadvisory/heritabledisorders/recommendedpanel/

Hunink MGM, Glasziou PP, Siegel JE, et al. Decision Making in Health and Medicine: Integrating
Evidence and Values New York: Cambridge University Press; 2001.

Sullivan W, Payne K. The appropriate elicitation of expert opinion in economic models: making
expert data fit for purpose. Pharmacoeconomics. 2011;29(6):455-9. [PubMed: 21568356]
Kishnani PS, Amartino HM, Lindberg C, Miller TM, Wilson A, Keutzer J. Timing of diagnosis of
patients with Pompe disease: data from the Pompe registry. Am J Med Genet. 2013;161(10):2431—
43.

MDM Policy Pract. Author manuscript; available in PMC 2018 August 16.


https://www.hrsa.gov/sites/default/files/hrsa/advisory-committees/heritable-disorders/rusp/previous-nominations/pompe-evidence-review-report-2008.pdf
https://www.hrsa.gov/sites/default/files/hrsa/advisory-committees/heritable-disorders/rusp/previous-nominations/pompe-evidence-review-report-2008.pdf
https://www.hrsa.gov/sites/default/files/hrsa/advisory-committees/heritable-disorders/rusp/previous-nominations/pompe-evidence-review-report-2008.pdf
https://www.hrsa.gov/sites/default/files/hrsa/advisory-committees/heritable-disorders/rusp/previous-nominations/pompe-external-evidence-review-report-2013.pdf
https://www.hrsa.gov/sites/default/files/hrsa/advisory-committees/heritable-disorders/rusp/previous-nominations/pompe-external-evidence-review-report-2013.pdf
http://www.hrsa.gov/advisorycommittees/mchbadvisory/heritabledisorders/recommendedpanel/
http://www.hrsa.gov/advisorycommittees/mchbadvisory/heritabledisorders/recommendedpanel/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Prosser et al.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Page 12

Chiang SC, Hwu WL, Lee NC, Hsu LW, Chien YH. Algorithm for Pompe disease newborn
screening: results from the Taiwan screening program. Mol Genet Metab. 2012;106(3):281-6.
[PubMed: 22578805]

Scott CR, Elliott S, Buroker N, et al. Identification of infants at risk for developing Fabry, Pompe,
or mucopolysaccharidosis-1 from newborn blood spots by tandem mass spectrometry. J Pediatr.
2013;163(2):498-503. [PubMed: 23465405]

Chien YH, Lee NC, Chen CA, et al. Long-term prognosis of patients with infantile-onset Pompe
disease diagnosed by newborn screening and treated since birth. J Pediatr. 2015;166(4):985-91.e2.
[PubMed: 25466677]

Yang CF, Yang CC, Liao HC, et al. Very early treatment for infantile-onset Pompe disease
contributes to better outcomes. J Pediatr. 2016;169:174-80.e1. [PubMed: 26685070]

\Vogel B, ed. Newborn screening for Pompe disease in New York State: outcomes and the role of
long-term follow-up. Presented at: Newborn Screening Translational Research Network Meeting;8
September 2016; Washington, DC.

Hopkins PV, Campbell C, Klug T, Rogers S, Raburn-Miller J, Kiesling J. Lysosomal storage
disorder screening implementation: findings from the first six months of full population pilot
testing in Missouri. J Pediatr. 2015;166(1): 172—7. [PubMed: 25444528]

Burton BK, Hoganson GE, Charrow J, Tinkle B, Dimmock D, Waggoner D, Grange D, Nash C,
Becker J, Shao R, Basheeruddin K, Dizikes G. Newborn screening for lysosomal disorders in
Illinois. Mol Genet Metab. 2016;117(2):S31-S2.

Goldenberg AJ, Comeau AM, Grosse SD, et al. Evaluating harms in the assessment of net benefit:
a framework for newborn screening condition review. Matern Child Health J. 2016;20(3):693-700.
[PubMed: 26833040]

Lipstein EA, Perrin JM, Waisbren SE, Prosser LA. Impact of false-positive newborn metabolic
screening results on early health care utilization. Genet Med. 2009;11(10): 716-21. [PubMed:
19661808]

Hewlett J, Waisbren SE. A review of the psychosocial effects of false-positive results on parents
and current communication practices in newborn screening. J Inherit Metab Dis. 2006;29(5):677—
82. [PubMed: 16917730]

Ding Y, Thompson JD, Kobrynski L, Ojodu J, Zarbalian G, Grosse SD. Cost-effectiveness/cost-
benefit analysis of newborn screening for severe combined immune deficiency in Washington
State. J Pediatr. 2016;172:127-35. [PubMed: 26876279]

Peterson C, Grosse SD, Oster ME, Olney RS, Cassell CH. Cost-effectiveness of routine screening
for critical congenital heart disease in US newborns. Pediatrics. 2013; 132(3):€595-603. [PubMed:
23918890]

Mechtler TP, Stary S, Metz TF, et al. Neonatal screening for lysosomal storage disorders:
feasibility and incidence from a nationwide study in Austria. Lancet. 2012;379 (9813):335-41.
[PubMed: 22133539]

Chen LR, Chen CA, Chiu SN, et al. Reversal of cardiac dysfunction after enzyme replacement in
patients with infantile-onset Pompe disease. J Pediatr. 2009;155(2): 271-5.€2. [PubMed:
19486996]

MDM Policy Pract. Author manuscript; available in PMC 2018 August 16.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Prosser et al.

Page 13

{-) Infantile Infantile with | Die
Onset <12 cardiomyopathy (24 or 36 mos.)
Survive?
(24 or 36 mos.)
Confirmed || |
Pompe Die
" - 4 e
o Infantile without | | (2% 0r 36 mids)
Positive result®/ cardiomyopathy e
—> Confirmation and 58 ur;r:;ve
genotyping* Late Onset it
L
212
sl b
| Positive result®/
Repeat screen
Newborn | | L, False > No Pompe
Screening positive
Confirmed o
“Gray Zone” Pompe
—> result/
New screen?
False
e —> NoP
Positive e e
i
¢ 5| NoPompe
Negative
] Normal result/
No follow-up
False
2 —  Pompe'
Newborns? Negative mpe
Die
Infantile with | | (24 or 36 mos.)
Infantile Onset cardiomyopathy Survives
<12 (24 or 36 mos.)
(Identified)
Clinical Die
Identification =
Detected Infantile without | | {24 or36 mos)
cardiomyopathy ;
Late Onset >12 Survives
(24 or 36 mos.)
Undetected®
Figure 1.

Simplified schematic for Pompe disease model.
@No known increased risk for Pompe disease.
bow/“absent” GAA enzyme.

®Via DNA sequencing, or referral to specialist.
dRepeat screen on a new blood spot (Screen 2).

€Assumed that some proportion of Pompe disease cases would not be detected under clinical
identification.
fAssumed to late-onset cases only.
9Survival outcomes further categorized as either “ventilator free” or “ventilator dependent.”
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Table 1

Timeline for Decision Analysis.

Date Decision Analysis Milestones

2012 Pompe disease nominated for addition to uniform newborn screening panel; referred to external condition review group
Fall 2012 Initial development of decision analytic model to evaluate newborn screening for Pompe disease

December 2012 Technical Expert Panel 3: Review Model Structure

January 2013 Technical Expert Panel 4: Review Revised Model Structure & Assumptions

April 2013 Technical Expert Panel 5: Review Model Inputs

May 2013 Final Pompe disease evidence review report and decision analysis findings presented to Advisory Committee
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Table 4

Projected Screening Algorithm Outcomes for Newborn Screening for Pompe Disease for a Cohort of 4 Million
Children (US Population).

Newborn Screening (n)a Rangeb
Total positive screens 262 134-2,934
True positivesc 134 d
Lo 128 0-2,800
False positives
Total negative screens 3,999,738 3,997,066-3,999,866
True negatives 3,999,728 3,997,056-3,999,856
False negatives 10 d
Repeat screensf 147 75—1,646g

FP, false positive; GAA, acid alpha-glucosidase; NAG, neutral alpha-glucosidase.

aBase case test characteristic values for sensitivity (0.9322) and specificity (0.99997) were derived from Chiang and others (2012),22 and applied
to the US population prevalence of Pompe disease.

bRanges for sensitivity (0.9315-0.9329) and specificity (0.9993-1.0000) were derived from Chiang and others (2012).22
clncludes all subtypes.
dVarying test characteristics resulted in very small changes for true positives and false negative cases, but not reported here due to rounding.

61False positive rates were calculated based on definition (1) of Table 3 in the Results section of this report (i.e., FP rate of Inconclusive [NAG/GAA
2 60] or Abnormal [NAG/GAA = 100] first dried-blood spot screen).

fRepeat screens are defined as an inconclusive first dried-blood spot screen (NAG/GAA = 60), as described in Table 3 of this report.

gThis range assumes the same proportion of Inconclusive to Abnormal initial screens as the base case value.
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Table 5
Projected Cases for Newborn Screening for Pompe Disease Compared With Clinical Identification for a
Cohort of 4 Million Children® (US Population), Infantile-Onset Onlyb

Newborn Screening  Clinical Detection

Infantile onset (<12 months), number of cases 40 (19-61) 36 (16-56)
With cardiomyopathy 34 (28-36) 34 (28-36)
Without cardiomyopathy 6 (4-12) 2 (0-8)

a . . .
Not at higher risk for Pompe disease.

b L .
Ranges represent one-way sensitivity analysis on each parameter.
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Table 6

Projected Health Outcomes for Newborn Screening for Pompe Disease Compared With Clinical Identification

for a Cohort of 4 Million Children (US Population), Infantile-Onset Cases Only

Newborn Screening  Clinical Detection Cases Averted

Key health outcomes, for infantile onset cases onlya
Projected deaths, 36 months 0(0-1) 13b (9-19) 13 (8-19)

Projected survivors ventilator-free, 36 months 40 (39-40) 14 (12-19) 26 (20-28)

a . . .
Classic and nonclassic infantile-onset.

Includes 12 deaths associated with classic infantile-onset and one death associated with nonclassic infantile-onset Pompe disease.
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