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Fifty years after the implementation of universal newborn screening
programs for phenylketonuria, the first disease identified through
newborn screening and considered a success story of newborn
screening, a cohort of adults with phenylketonuria treated from birth
provides valuable information about effects of long-term treatment
for inborn errors of metabolism in general, and phenylketonuria
specifically. For phenylketonuria, newborn screening allows early
implementation of the phenylalanine-restricted diet, eliminating the
severe neurocognitive and neuromotor impairment associated with
untreated phenylketonuria. However, executive function impair-
ments and psychiatric problems are frequently reported even for those
treated early and continuously with the phenylalanine-restricted diet
alone. Moreover, a large percentage of adults with phenylketonuria
are reported as lost to follow-up by metabolic clinics. While a group

In the 1960s, phenylketonuria (PKU, OMIM no. 261600)
became the first disease identifiable through universal newborn
screening (NBS) programs.! PKU was first described in two sib-
lings by Felling in 1934.2 In 1937, Jervis and colleagues described
the cause of PKU as deficient phenylalanine hydroxylase activ-
ity resulting in the inability to convert phenylalanine (Phe) to
tyrosine.® This results in toxic accumulation of Phe in the brain,
causing severe neurocognitive and neuromotor impairment.’

Before NBS programs, PKU was generally diagnosed after
parents noted delayed developmental skills, by which time,
irreversible brain damage had often occurred.* In California,
before the implementation of universal NBS programs, one to
two patients were identified annually, with a mean age at diag-
nosis of 8 years, 2 months. After universal NBS was initiated in
California in 1966, approximately 13 patients were diagnosed
annually between 1966 and 1968, with mean age of diagnosis
decreasing to 8 months.* Similarly, in the 18 months after the
initiation of universal screening in New York State in January
1965, 77 infants were diagnosed with PKU.*

Newborn diagnosis of PKU is considered the first success
story of NBS programs because the identification soon after birth
permits early implementation of a Phe-restricted diet. This diet

of experts identified by the National Institutes of Health convenes to
update treatment guidelines for phenylketonuria, we explore indi-
vidual patient, social, and economic factors preventing >70% of adult
phenylketonuria patients in the United States from accessing treat-
ment. As more conditions are identified through newborn screen-
ing, factors affecting access to treatment grow in importance, and we
must continue to be vigilant in assessing and addressing factors that
affect patient treatment outcomes and not just celebrate amelioration
of the most severe manifestations of disease.
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restricts dietary Phe intake and requires supplementation with
synthetic amino acid-fortified medical foods to ensure a Phe-free
protein source with sufficient vitamins and minerals. This treat-
ment, first described by Bickel and colleagues in 1953, eliminated
the most severe manifestations of the disorder;* however, contro-
versy remained.* Early fears about the reported potential effects
of unnecessary protein restriction, such as anorexia, diarrhea,
and anemia,’ prevented some clinicians from implementing the
Phe-restricted diet until diagnosis was confirmed with secondary
testing.” Experts also disagreed about the degree of elevation of
Phe levels above the 60 pmol/l of unaffected individuals, which
would indicate the need for dietary treatment. Without detailed
information about the outcomes of elevated Phe levels, many cli-
nicians felt that patients with Phe concentrations <1,200 umol/l
did not require treatment, whereas others treated those individu-
als with levels >900 pmol/I’* or even >720 umol/L.°

Many practitioners in the early 1970s believed that elevated
Phe levels would no longer have negative effects once the brain
was fully developed. As such, at that time, the Phe-restricted
diet was deemed unnecessary after 6 years of age, when the
brain was considered nearly fully developed,” and therefore
many supported early diet discontinuation.'®'' However, other
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experts recommended continuing dietary treatment beyond
6 years due to the presence of deterioration in performance,
hyperactivity, and seizures.’>"* Gender was also considered a
reason to continue treatment; specifically, the continued treat-
ment of females for prevention of maternal PKU syndrome",
which causes microcephaly, intrauterine growth retardation,
congenital heart disease, and neurocognitive impairment in the
offspring of women with PKU who have uncontrolled Phe lev-
els during pregnancy.'>'¢

As early as 1967, it was noted that exposure to elevated
blood Phe was associated with declining intelligence quo-
tient.'*""” Despite this, a 1980 survey of clinicians treating
children with PKU indicated that some clinics allowed the
diet to be “liberalized” as children aged. Even the two larg-
est clinics in the United States reported discontinuing diet
for all patients at 3 and 5-6 years of age without any inten-
tion to change their practice.”* During this period, three
national collaborative studies were under way to compare the
effects of continuing versus discontinuing dietary therapy.
Accumulating evidence during this time led many clinicians
to continue diet treatment while awaiting the outcome of
these larger studies and the emergence of a consensus on the
care of these patients. For example, one of the authors (S.C.),
who was not part of any formal study, saw his first patient
with PKU in 1971 and never recommended discontinuing
diet, although a number of his patients elected to stop dietary
restriction independent of medical advice.

In 1991, the National PKU Collaborative Study reported on
the first cohort of 12-year-old children diagnosed through NBS.
Patients randomized to discontinue diet at 6 years of age were
found to have reduced cognitive functioning when compared
with those who had remained on diet, reinforcing the associa-
tion between high Phe concentrations and impaired cognitive
function.” In 1998, many patients who participated in this study
as children were reassessed as adults to evaluate the long-term
effects of dietary discontinuation into adulthood. This study
revealed that the adults who did not discontinue diet obtained
higher scores on measures of verbal intelligence and full-scale
intelligence quotient scores than those who discontinued diet.
In addition, those who discontinued diet were found to have
high incidence of recurrent headaches (31%), neurological
abnormalities (24%), hyperactivity (14%), and lethargy (19%),
whereas none of these problems were reported by those who
continued diet. Mental problems such as phobias and depres-
sion were also more frequently reported in those who discon-
tinued versus those who continued diet.”

In response to the growing data on the effects of dietary dis-
continuation and lack of consistent management of PKU, the
National Institutes of Health (NIH) convened a conference
in 2000 to develop the first treatment guidelines for PKU.?
Recommendations included lifetime adherence to the Phe-
restricted diet with maintenance of blood Phe levels between
120 and 360 umol/l from infancy to 12 years of age, between
120 and 600 umol/l during adolescence, and between 120 and
900 pmol/l into adulthood. The guidelines recommended that
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any woman planning pregnancy resume treatment before con-
ception to achieve Phe levels of 120-360 pmol/l and maintain
these levels throughout pregnancy to reduce the risk of effects of
elevated blood Phe levels on the fetus. Monitoring recommen-
dations included measuring blood Phe levels one to two times
weekly for the first year of life, twice monthly from 1 to 12 years,
monthly after 12 years, and twice weekly during pregnancy.?
These treatment guidelines provided much needed informa-
tion to improve the standard of care for individuals with PKU.
However, at that time, outcome data on adult patients treated
from birth, but before the implementation of treatment for life,
was not available.

Now, 50 years after the implementation of screening for PKU,
a cohort of adults with PKU who were treated from birth pro-
vides valuable information about long-term treatment effects
for inborn errors of metabolism in general and PKU specifi-
cally. We know that individuals with PKU fare best with treat-
ment for life to maintain Phe levels within the recommended
range.* We are also aware that despite this, neurocognitive
impairments such as poorer executive function skills and psy-
chiatric problems are frequently reported even in early and
continuously treated individuals with PKU.*

With these frequent reports of suboptimal outcomes in the
literature,?* and the advent of new treatment options for PKU
such as sapropterin dihydrochloride (sapropterin, Kuvan),
large neutral amino acid supplementation, and glycomacrope-
ptide foods, the NIH reconvened an expert group in 2012 to
assess the current state of PKU treatment. This conference was
a forum for review of data recently generated from the Agency
for Health Research Quality on the state of PKU treatment in
the United States. The report supports lifetime maintenance of
blood Phe levels of 120-360 pumol/l and the association between
long-term high Phe levels and development of neurocognitive
impairment and psychological disturbances.”® The NIH con-
ference also supported the need to update the 2000 NIH PKU
treatment recommendations. Questions specifically applicable
to PKU but also relevant to the more than 30 disorders detected
by NBS arose during the conference: Are individuals with PKU
accessing appropriate treatment to manage their PKU? What
factors influence the individual with PKU to access treatment?

While a group of members from the American College
of Medical Genetics and Genomics and Genetic Metabolic
Dietitians International update the NIH treatment guidelines
for PKU, we attempt to address these questions from the per-
spective of the US health-care system, looking specifically at the
question of access to the health-care services required through-
out life to treat PKU. We explore the long-term access to treat-
ment for this patient population and identify areas that should
be strengthened to continue improving treatment of individuals
with PKU and provide potential insights into the future manage-
ment of other diseases now identified through NBS programs.

METHODS

To determine whether adults are accessing treatment for their
PKU, an estimated number of adults with PKU was calculated
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for comparison with the number of adults with PKU who are
actively followed by metabolic clinics. Data on number of births
and those diagnosed by NBS programs with hyperphenylal-
aninemia (=120 pmol/l) and classic PKU (>1,200 pumol/l) are
available from the National Newborn Screening and Genetics
Resource Center. An analysis of the National Newborn
Screening and Genetics Resource Center records from 1996 to
2005 was performed to derive a combined composite incidence
rate for hyperphenylalaninemia and classic PKU. Because clas-
sifications vary by clinic, incidence rates for hyperphenylal-
aninemia and classic PKU were combined and will be referred
to as “PKU” throughout. The number of patients with PKU
born each year from 1996 to 2005 was tabulated, and the sum
of these figures provided a cumulative incidence rate to be used
as a model for estimating the number of patients diagnosed
with PKU in the United States. The results obtained using the
cumulative incidence model were then compared against those
reported in the literature.

The incidence rate of PKU calculated from the National
Newborn Screening and Genetics Resource Center records
for the decade 1996-2005 was applied to the annual num-
ber of births in the United States, as recorded in the National
Vital Statistics System of the Centers for Disease Control and
Prevention through 2010. Patients born before the initiation
of NBS in 1965 in the United States were not included in the
analysis. The calculated prevalence was then applied to the
US Census Current Population Survey from the calendar
year 2010 to estimate the number of individuals with PKU
by age cohort.

BioMarin Pharmaceutical has developed and maintained a
database of 137 metabolic clinics known to be following patients
with PKU throughout the United States. During routine and
ongoing visits, BioMarin collected the number of patients
actively followed by each metabolic clinic in the database. For
this analysis, collected data were distributed by age groups of

Table 1 Hyperphenylalaninemia/phenylketonuria births
from 1996 to 2005 based on data from the National New-
born Screening and Genetic Resource Center
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0-4 years, 5-12 years, 13-18 years, 19-24 years, 25-45 years
and 246 years. Data not distributed by patient age in the data-
base were analyzed and allocated into age groups using the
aggregate percentages reported by clinics that provided data
distributed by age. The number of PKU patients estimated from
US birth data was compared with the number of patients with
PKU reported by metabolic clinics as being treated in order to
estimate the number of individuals with PKU who are not fol-
lowed by a metabolic program.

Finally, online searches of government and private websites
were performed to identify insurance coverage of medical for-
mula and special low-protein foods by state and to assess the
impact of insurance coverage on adult patients continuing to
seek treatment. Authors also offered input from their experi-
ence regarding factors reported by patients and their families as
well as issues encountered in the clinic.

RESULTS

Table 1 includes tabulation of the annual number of patients
with PKU and the calculated incidence of PKU for the 10-year
period 1996-2005. The results of the incidence model are
consistent with reported prevalence of PKU, which vary
from 1:11,400 live births in the United States* to 1:15,000.%
Therefore, an average incidence of 1:12,707 was applied to
annual births reported to the National Vital Statistics System of
the Centers for Disease Control and Prevention, resulting in an
estimate of 14,988 individuals with PKU diagnosed from 1965
to 2010. Comparing this analysis with clinic reports, >50% of
all individuals with PKU are not being followed by a metabolic
clinic. The percentage increases with age, ranging from 19% of
individuals in the 0-4 years group to >70% of individuals in the
19-45 years group (Table 2).

Data collected for state-based insurance coverage and access
to care for adults with PKU reveal that eight states (15.4%) have
coverage for medical formula only, whereas 18 (34.6%) have no
coverage for treatment for adult patients, yielding a total of 50%
of states that provide either no coverage of medical formula and
modified special low-protein products or only partial cover-
age of these front-line medical food therapies required for the
treatment of adults with PKU (Table 3) The experience of the

Newborns diagnosed Newborns
Year with phenylketonuria screened
1996 354 3,899,000 Table 2 Prevalence of ph_enylketonurla patients repqrted

to be followed versus estimated not to be followed in
1997 332 3,882,000 the clinic. Prepared February 10, 2012
1998 316 3,941,553 Total
1999 361 3,959,417 phenylketonuria  Phenylketonuria
patients based patients Estimated
200 22 “HUEE B on incidence of reported in the not in the
2001 347 4,089,284 Age (years) 1:12,707 (n) clinic (n) clinic, n (%)
2002 284 4,081,948 0-4 1,677 1,357 320(19)
2003 288 4,148,505 5-12 2,598 1,924 674 (26)
2004 236 4,126,995 13-18 1,977 1,306 671 (34)
2005 310 4,133,323 19-24 1,993 1,036 957 (48)
Total 3,173 40,320,839 25-45 6,741 1,557 5,184 (77)
Incidence 1 12,707 Total 14,988 7,180 7,808 (52)
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Table 3 Mandated coverage of treatment for adults with phenylketonuria by state3”!
No coverage for adults with
phenylketonuria
Medical food and Low-protein Mandated for

Medical low-protein special special foods pediatric No mandated
State food only foods only patients only coverage
Alabama X
Alaska®! X
Arizona* X
Arkansas?? X
California®* X
Colorado*® X
Connecticut®® X
Delaware?’ X
District of ColumbiaZ® X
Florida® xa
Georgia X
Guam X
Hawaii* X
Idaho*! X
lllinois* X
Indiana* X
lowa X
Kansas* X
Kentucky* X
Louisiana“ X
Maine*’ X
Maryland“®
Massachusetts*
Michigan X
Minnesota®°
Mississippi X
Missouri®!
Montana®?
Nebraska®
Nevada>*
New Hampshire>®
New Jersey®®
New Mexico®
New York>®
North Carolina*® XP
North Dakota®®
Ohio X
Oklahoma®! X
Oregon® X
Pennsylvania® X
Rhode Island® X
South Carolina X
South Dakota® X
Tennessee®
Texas®” X
Utah®® X
Vermont®® X
Virginia X
Washington”® X
West Virginia X
Wisconsin’! X
Wyoming X
Total (%) 8(15.4) 25 (48.1) 1(1.9) 18(34.6)
2Coverage available up to 24 years of age.

x X

X X X X X X X X X

X

>

"Coverage of medical formula available during pregnancy.
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authors reinforces the difficulties patients experience accessing
insurance as well other factors, which are further supported by
reports in the literature (Figure 1).

DISCUSSION

Given that there are more than 30 metabolic and genetic dis-
orders now diagnosed by NBS programs, we must consider the
experience with PKU as an important model to establish the
context for long-term treatment from universal NBS programs.
Data collected through government statistics and industry sug-
gest that an estimated 71% of adults with PKU between the ages
of 19 and 45 years who were diagnosed by NBS are not actively
treated by a metabolic clinic (Table 2). Although these data are
consistent with those reported in the literature,” there is the
possibility of a sampling error in the number of adults reported
as being seen in clinic because data were collected by interview
with clinic personnel conducted by representatives of BioMarin,
the pharmaceutical company that markets sapropterin. There is
also the potential that some adult patients are being treated by
physicians not associated with metabolic clinics and therefore
not included in this total. Moreover, the estimate that 19% of
0- to 4-year-old children with PKU are not followed by a clinic
suggests that some of these patients may have a variant form of
hyperphenylalanemia that is not considered to require therapy
and, as such, a similar percentage of adults may also not need
diet therapy. Regardless, this is a sobering statistic that empha-
sizes the need to address barriers to access to medical care in an
effort to prevent similar issues from arising with other chronic
diseases identified through NBS and to improve the outcomes
for a greater majority of individuals with PKU.

Despite an increase in health and neuropsychiatric issues
affecting adults with poor metabolic control, these concerns
are rarely lethal, and those with PKU typically have a normal
life span regardless of treatment status. Therefore, disparity
between prevalence of PKU based on health statistics and the
number of adults reported by metabolic clinics is not primarily
due to morbidity in the patient population.” This disparity may,
in part, be due to the dramatic changes in treatment recommen-
dations and clinical guidelines over time. Previous recommen-
dations for early discontinuation of treatment likely resulted in
the loss to follow-up of many adults with PKU. Because many
metabolic clinics report that they do not see adult patients?***
(Table 2) and some clinics associated with children’s hospitals
are not allowed to see adults, the vast majority of adults with
PKU are not being followed by a metabolic clinic and encoun-
ter difficulties locating clinics able to accept new adult patients
with PKU.* Such was the case in 2008-2009 when the author
J.K. helped a veteran find a clinic when he was unable to be
treated at Children’s Hospital of Los Angeles because his meta-
bolic physician was not permitted to treat adult patients.

In addition to the inability to access a metabolic clinic, results
of the current study clearly identify a lack of or limited insur-
ance coverage for required medical food therapy as a significant
and primary barrier for the treatment of adults with PKU*-"*
(Table 3). Only 50% of the states in the United States provide
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coverage of both required medical food and modified special
low-protein food products, and almost 35% do not provide any
coverage for these therapies for adults with PKU.**""! Even for
those states that do have mandated coverage, barriers to access
to medical formula and low-protein special foods may exist
for the patient from employer self-insured plans, which do not
have to comply with state-imposed mandates. We do not know
whether a causal relationship exists between third-party health
insurance coverage and access to clinics; however, the contribu-
tion of this factor is supported by the literature,””*”* as well as
by our own experience.

In far too many states without mandates, private health insur-
ance may cover prescribed pharmaceutical treatments such
as sapropterin but not the cost of medical formula and spe-
cial low-protein foods that are also required to maintain Phe
levels within the recommended treatment range, even with
sapropterin administration. For those without coverage, the
expense associated with medical foods and special low-pro-
tein foods?”* or insurance copayments may be prohibitive for
many patients.”””*7¢ For those with coverage, the deductible is
often too high to be met by the patient. Author K.M. reports
one patient who benefits from sapropterin treatment and has
a small monthly copayment for this medication through his
pharmacy benefit. However, as he cannot afford the deductible
for the medical food products required to keep blood Phe levels
within treatment range, he has access to neither medically nec-
essary treatment for his PKU despite the small monthly copay-
ment for sapropterin.

Ironically, as Medicaid covers the cost of medical foods in all
states (Table 3), those individuals with the greatest neurocogni-
tive impairments who are unemployed or underemployed may
be better able financially to access treatment compared with
employed individuals without the benefits of adequate insurance
for the coverage of medical foods. However, individuals with
neurocognitive impairments may not be aware of the details of
Medicaid coverage or may be unable to independently complete
the paperwork required to receive coverage from Medicaid. For
those in group homes, care providers assist in completing forms
and securing assistance from regional centers. Those who are
not referred to social workers must rely on their clinic to assist
with paperwork. The time required to complete paperwork,
including not only completion of applications but also access-
ing required documents and supplementary materials, is often
prohibitive, and there can be significant lapses for some patients
before obtaining treatment for their PKU. This may be the case
even for those who are pregnant, when high Phe levels may
result in maternal PKU syndrome for the fetus.

A variety of other factors have also been identified as affecting
adult patients’ ability to access appropriate treatment for PKU
(Figure 1).7-3%72% Psychiatric and executive function impair-
ments such as attention and processing-speed deficits,””7-%
behavioral and emotional problems,* psychiatric disorders,>*!
and cognitive deficits’**'-%* may have an overall negative effect
on the individual’s quality of life. If an adult is not followed by
a metabolic clinic, he or she may not know that diet treatment
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25,27,72,91,99

» Slowly progressing nature of
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1
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therapy

» Limited number of adult
PKU clinics®”*°
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care and/or treating adult
metabolic patients with
neurocognitive compromise
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Health-care
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requirements®*#7:728%87

= Awareness of treatment options
and recommendations?’383-85:94

Education of the Eatlent

and their families’?54887:93.%8

= Neurocognitive impairment
leading to compromised ability

to follow complex treatment
regimen and schedule and/or keep
appointment523,27,77779,8| 182,93

Patient

1? » Lack of relationship with
Social & health-care professional®®®’
economic

& Lack of third-party payer coverage for clinic
visits and/or medically necessary trea7tments

(e.g., medical foods and formula)?’
» Transportation-related issues’

6,91
27,83,85,88,91

» Lack of familial and/or SOCIa| support resulting

in nonadherence®”"

Figure 1 Factors identified as affecting access to treatment for phenylketonuria with applicability to other patients diagnosed through newborn screening.”

is now recommended for life or that new treatment options are
available that may make adherence more attainable. The result-
ing neurocognitive deficits may contribute to unemployment or
underemployment, with the subsequent socioeconomic barriers
to treatment and difficulty navigating the insurance system to
secure access to treatment.* Even for those adults who continue
treatment, there remains a higher risk than the general popu-
lation for neurocognitive and psychological deficits associated
with elevated and/or fluctuating Phe levels.”*** The less severe
neurocognitive issues may still result in patients having difficul-
ties with daily living, such as scheduling and keeping medical
appointments.””** Moreover, because the majority of metabolic
clinics have limited access to mental health-care professionals
and encounter difficulties obtaining authorization for psycho-
logical evaluations, adult patients with neurocognitive and psy-
chological impairment may have limited access to health-care
professionals suitably prepared to treat them.

Familial #5890 social, %> and health-care provider sup-
port systems?**% are important to assist individuals with pur-
suing treatment for PKU.*-*” Distance to the metabolic clinic,
lack of transportation, and inability to get time off work have
also been cited as reasons for not accessing treatment.””*
These barriers are not isolated to the American health-care
system®**** or unique to PKU.*>* Similar barriers have been
identified in other chronic diseases lacking episodes of acute
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illness requiring immediate medical attention, such as diabetes,
asthma, and other inborn errors of metabolism.*>*

Since the NIH guidelines in 2000 recommended treatment
for life,” transitional care has become an important aspect of
managing individuals with PKU and an important concern for
many metabolic clinics.”**>” Some metabolic clinics have initi-
ated adult-focused clinics to transition patients from pediatric
to adult care. However, patient response to transition varies;
some patients report feeling uncomfortable at pediatric clin-
ics, whereas others are uncomfortable transitioning from clin-
ics where they have been followed since childhood. Educating
caregivers’>*** as well as individuals with PKU? can help pre-
pare them for transition to adult care, an important focus for
successful lifelong management of PKU.%%7285%

Although early treatment of PKU after NBS has been appro-
priately hailed a success story, it should also be considered a
cautionary tale of the success of NBS coupled with the resulting
issues of lifelong chronic disease management. While there is a
near-universal diagnosis of PKU in the United States, the goal
of access to culturally sensitive, age-appropriate treatment pro-
grams remains elusive. The majority of adults with PKU are not
accessing treatment despite the 2000 NIH recommendation of
lifelong diet treatment and the growing evidence of the posi-
tive results of resuming treatment for those adults who have not
been maintaining metabolic control.”*
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Significant barriers to treatment access are societal, insti-
tutional, and multifaceted, starting with the structure of the
health-care delivery system and attitudes toward adults with
neurocognitive and other disabilities, and ending with logisti-
cal, socioeconomic, and insurance coverage issues. Although
we cannot with certainty say what has happened to the signifi-
cant number of PKU patients identified through NBS who are
not being followed by a metabolic clinic and are not in contact
with patient support organizations, we can say with confidence
that outcomes are likely to be significantly poorer for those who
are not treated and followed regularly by a metabolic clinic.

Updated treatment recommendations must advise metabolic
clinics on how to be prepared for the schism between the treat-
ment needs of adult patients who have been treated early and
continuously, and those treated before the “treatment for life”
paradigm was implemented. We must also continue to advocate
for access to appropriate mental health-care and clinic support
for all adult patients with PKU, and not just those who have
maintained ongoing contact with pediatric clinics. However, as
shown by data from this study, insurance coverage issues persist
for many patients, meaning that adults with PKU may go for
extended periods of time without access to medical and special
low-protein food products. Even for those adults with insur-
ance, one-third of states in the United States (34.6%) may still
not have mandated insurance coverage for treatment of adults,
and 15.4% of the states may continue to cover only medical for-
mula and not the cost of special low-protein foods (Table 3).

As the NIH, Genetic Metabolic Dietitians International, and
the American College of Medical Genetics and Genomics pre-
pare these updated treatment recommendations for PKU, we
need to develop the means to implement the recommendations
for all patients, not just a few. As a society, it is unethical and
ineffective to diagnose a condition and then systematically deny
treatment in a variety of ways. We need to improve long-term
engagement with chronic-care patients identified through uni-
versal NBS programs to ensure optimal lifetime outcomes, and
not just celebrate the amelioration of the most severe manifesta-
tions of disease.
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