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State, Federal Efforts Under Way to Identify
Children With “Bubble Boy Syndrome”

Bridget M. Kuehn

HESTORY OF DAVID VETTER, A BOY

with severe combined immuno-

defliciency {(SCID) who lived in
a protective bubble [rom his birth in
1971 unul his death in 1984, captured
the public's attention decades ago.
Therapies developed since then can ol-
ten improve or restore immune func-
tion, enabling children with SCID 1o
lead relatively normal lives. Yet many
children with the disovder are notiden-
tilied quickly encugh to receive such
ltlesaving treatment.

But state and national elforts are un-
der way 1o change this pattern, In May,
Kathleen Sebelius, Secretary of the De-
partment of Health and Human Ser-
vices {DHHS}, included SCID in a panel
of 30 genetic disorders for which the
department recommends stales screen
all infants at hirth. The recommenda-
tHon may promptmore stales 1o join
Wisconsin, Massachuseuts, and Cali-
fornia in screening newborns for the
disorder. Wisconsin's screening pro-
gram, which began in 2008, has iden-
tified a child with SCTD and several oth-
ers with related immune deficiencies.

The addition of SCID to the sereen-
ing panel is the laest step toward de-
veloping a more consistent system of
newborn screening across the coun-
try. States are responsible {or establish-
ing newborn screening programs, and
there has long been considerable varia-
tion among states. In 2001, the Health
Resources and Services Administra-
tion Maternal and Child HMealth Bu-
reau commissioned the American Coi-
lege of Medical Genetics (ACMG) 1o
create a standardized panel of new-
born screening tests based on evi-
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dence available lor each discase, The
ACMG recommended 29 conditions for
inclusion on the panel. In 2005, this
panel was endorsed by the Advisory
Commitlee on Heritable Disorders in
Newborns and Children, a group that

A test for severe combined immunodeficiency
has been added to a recommended panel of
newborn screening tests for genetic disorders.
The tests use a blood spot collected at birth,

advises the secretary of DHHS. At that
time, only 38% of babies were born in
states that tested [or at least 21 of the
conditions, according to the March of
Dimes.

To help promote wider adoption of
the panel, the March of Dimes has run
stale-by-state advocacy campaigns. The
emergence of tandem mass spectro-
meiry machines, which make i pos-
sible to test for many diseases at a
reasonable cost, has also aided an ex-
pansion in screening. Now 42 states and
the District of Columbia screen for all
28 conditions, and every state screens
foratleast 26, said Alan R. Fleischman,
MD, senior vice president and medi-
cal director of the March of Dimes in
White Plaing, NY. Fleischman explained

that although the panel has become unt-
versally accepted, some states have en-
countered technical issues that have
prevented them from implementing
screening for certain conditions.

EARLY THERAPY CRUCIAL

In February, the DHHS Secretary’s Ad-
visory Commiltee on Heritable Disor-
ders in Newborns and Children rec-
ommended that SCID be added to the
panel, based on a standardized evalu-
ation procedure (hup//fwww. hirsa
.gov/leritabledisorderscommittee
/correspondence/feb2010letier.hun).
The procedure takes inlo account such
factors as whether the condition is
readily recognizable by physical exami-
nation, whether early intervention of-
fers better clinical outcomes, and
whether a reliable test exists. SCID is
the first of 9 disorders that have been
considered by the committee to be
added to the panel.

Children with SCID may have any of
several gene defects that impair the ac-
tion of T cells and B cells, which are vi-
ial to {ighting inlection. Without such
protection, they are so vulnerable to in-
fection that they may develop oppor-
tunistic infections such as pneumocys-
wosis or may develop diarrhea after
vaccination with the rotavirus vac-
cine, which is now contraindicated for
these children (Cenrers for Disease
Control and Prevention. MMWR Morb
Mortal Wkly Rep. 2010:59[22}:687-
688). Jeanifer Puck, MD, prolessor of
pediatrics at the University of Califor-
nia, San Francisco (UCSF), and senior
immunologist at the UCSF Beniofl Chil-
dren’s Hospital, explained that about
20% of cases occur in children who
have a [amily history of the disorder,
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which often leads 1o earlier idemifica-
tion. However, the other 80% of cases
are sporadic and may not be identified
untit severe complicalions develop.

“They collect infections and never
really get over anything,” Puck said.
“These infections may be fatal even be-
fore physicians think about the possi-
bility of an immune disorder.”

Ever when a diagnosis is made based
on infections and immune abnormali-
des, it may come too fate. A recent case
study described a 4-month-old girl whoe
developed a mouth uleer, fevers, recur-
rent car infections, weight loss, a res-
piratory illness, and persistent lympho-
penia (Adeli MM and Buckley RH.
Pediatrics. 2010;126[2]:¢465-469). She
was ultimately diagnosed with SCID by
aspecialist; however, she died after de-
veloping parainfluenza 3 and adenovi-
rus belore she could receive a bone mar-
row transplant.

Such ransplantation can reconsti-
tute the immune system of a child with
SCID, but success rates are highest with
the youngest recipients. A long-term
follow-up study on a cohort of 161 pa-
tients with SCID who received bone
marrow Lransplants at Duke Univer-
sity Medical Center in Durham, NC,
found an overall survival rate of 77%
(Railey MD etal. J Pediatr. 2009:15518]:
834-840). The survival rate for the 48
infants transplanted belore 3.5 months
of age was 94% compared with a sur-
vival rate of 70% among the 113 who
received a transpiant al an older age.

Gene therapy is also a proven treat-
nient for a subset of patients with SCID
who have an adenosine deaminase de-
ficiency, Puck noted. One study fooked
at 10 children with this deficiency who
had not responded to other therapies.
These children received therapy to re-
place the ADA gene viz an infusion of
the child’s bone marrow that had been
treated with a retroviral vector contain-
ing the ADA gene. The treatment im-
proved the children’s immune func-
ton and quality of life (Aiuti A etal. N
Engl] Med. 2009;360(5):447-458).

However, gene therapy for other
types of SCID remaing experimental,
Puck said. For example, a follow-up
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study of 9 patients with X-linked SCID,
which involves the absence of the cyio-
kine receptor common v chain, iden-
tilied serious adverse events after gene
therapy to correct this immune prob-
lem (Hacein-Bey-Abina S et al. N Engl

JMed. 2010;363(4]:355-364). Accord-

ing to the authors, the therapy ini-
tially correcied the immune systems ol
8 of the children. However, 4 of the 9
developed leukemia, and one died.
Three patients survived leukemia and
4 others had sustained immune recon-
stitution, Puck noted that more recent
trials of gene therapy for SCID have
used saler vectlors,

SCREENING SUCCESS

The develepment of a high-through-
put test for SCID in 2007 also made
SCID screening feasible. In 2003, Puck
and her colleagues at UCSF deter-
mined that pelymerase chain reaction
assays could be used o detect T-ceil re-
ceplor excision circles (TRECs), small
bits of DNA that form during the de-
veloprent of T eells, in dried biood
spots taken {rom newboras al birth
(Chan K and Puck M. J Allergy Clin Im-
munol. 2003;115(2]:391-398). They
found that the number of these TRECs
could be used as a surrogate to mea-
sure the number of T cells and that the
test could identify infants with SCID,
who have very few TRECs or none
at all.

Based on this idea, Wisconsin
and Massachusetts developed high-
throughput versions of the test and
began using them to sereen for SCID
and related disorders. Wisconsin has
demonstrated that its test can be effec-
tively used by a state newborn screen-
ing program o tdentify children with
severe T-cell-related immune deficien-
cies (Routes JM et al. JAMA. 2009;
302{22]):2465-2470). In the [irst year
of such screening, 71 000 infants in
Wisconsin were tested; 17 had at least
one abnormal result, and 8 were found
Lo have T-cell lymphopenia. None of the
infants had SCID specifically, but rather
had related immune deficiencies, in-
cluding 2 with DiGeorge syndrome and
one who had a muiasion in the Rac2

gene and was successfully reated with
a cord blood transplant.

To date, Wisconsin has screened
more than 200000 infants, and iden-
tified one infant with SCID and sev-
eral others with refated immune deli-
ciencies, according Lo Charles D.
Brokopp, DrPH, director of the Wis-
consin State Laboratory of Hygiene in
Madison. Some of the children have un-
dergone successful bone marrow trang-
plants, Brokopyp conlirmed.

Brokopp said the testing is also cost-
eflfective. The tests cost about 8510 $6
perinfant, or about $400 000 per year,
in Wisconsin. Based on data collected
by the Children's Hospital of Wiscon-
sin, in Milwaukee, the medical costs of
care for a child with SCID who is not
identified at birth is about $2 million
compared with about $250000 10
$30¢ 000 for a child who is identified
early and undergoes a transplant. Based
on these estimates, Brokopp noted that
early identification and treatment ol a
singie child with SCTD could more than
pay for screening for the whole state,

However, there are up-front costs for
states that wish to begin testing for
SCID. Because the test is the first new-
born screening test e rely on a mo-
lecular assay, Fleischman explained,
state screening laboratories must pur-
chase new equipment and wrain stalf to
use it, and may even have to hire ad-
ditional staff. To overcome these chal-
lenges, some states are considering cre-
ating regional centers to conduct the
testing. Louisiana is planning to have
the Wisconsin State Laboratory of Hy-
giene test its samples, Brokopp said.

“The people who run these pro-
grams are anxious to comply [with the
DHHS recommendation],” Fleis-
chman said. “But they are developing
these plans in an environment of tight
state budgets and need the support of
the public.”

As testing becomes more wide-
spread, it may provide a clearer picture
of the incidence of SCID—estimated o
be between 1 in 50 000 births to 1 in
100000 births—and related disorders.
Puck explained that 50 1o 100 cases are
identified in the United States each year,
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but that an unknown number of chii-
dren with SCID may die from infec-
tions withoul being diagnosed.

The screening results will also facili-
tate study of these immune conditions
and how best 10 reat them. Puck noted
that the National institute of Allergy and
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Infectious Diseases and the National In-
stitutes ol Health’s Office of Rare Dis-
eases have established a network of
centers that study rare immune defi-
ciencies, She said the consortiun's work
should allow clinicians Lo determine
which treatments are best [or patients

based on the gene variants underlying
the condition. Additionally, these el-
forts may tead io new insights about
which genes and pathways are crucial
for proper immune function.

“Tt will show us the nonredundani
pathways in immunity,” she said. [

Oversight of Fast-Track Drug Approval
by FDA Stuck in Low Gear, Critics Say

Mike Mitka

INCE 1992, 10E US Foon AnND

Drug Administration (FDA) has

offered an accelerated approval
process designed to make available new
drugs to lreat dire conditions that lack
alternative therapies, To achieve speed,
the FDA allows approval based on a
lower standard than required for the
regular approval process. That laxity in
initial oversight is supposed 1o be fol-
lowed by rigorous postmarketing stud-
ies that validate the efflicacy and safety
of the drug.

But the system does not ahvays work
as planned. A company with a prod-
uct that was approved this way and that
is already generating revenue has linle
incentive 1o conduct a postmarketing

study that may or may not validate the
drug. And even if a company cannot
produce a postmarketing trial show-
ing efficacy, the FDA will still have a
hard time removing a drug lrom the
market, as patienis, who may believe the
drug is helping them, make their wor-
ries known to the agency, the media,
and efected officials.

The case of one such drug, midodrine
hydrochloride, exemplifies this conun-
drum. Midodrine was granted accelerated
approval in 1996 to treat orthostatic hy-
potension, a condition marked by adrop
m blood pressure that causes dizziness
ar faiming whena person stands. Tedale,
ne postmarketing study showing the
drug’s ellicacy has been accepted by the
FDA. OnAugust 12, the FDA announced
thatithad begun a process that could ul-

timately lead to midodrine becoming the
first drug removed {rom the market be-
cause of the manufacturer’s inability to
produce rigorous postmarketing data
conlirming efficacy (hip/iwww lda
.goviNewsEvents/Newsroom/Press
Announcementsfuem222380. lim).

The FDA’s announcement prompied
an immediate outpouring of concern
and worry [rom some of the 100 000 pa-
tients already taking the medication or
its generic equivalents. In press ac-
counts, these patients, and some of their
physicians, said the drug was the only
therapy that allowed them to over-
come the effects of orthostatic hypo-
tension and live normal lives.

This public concern prompted the
FDA (o clarify its decision, and in a
September 10 update, the agency ex-

Some charge that officials with the US Food and Drug Administration are oo lenient in requiring the proper rigorous follow-up studies needed to
confirm the efficacy and safety of pharmaceuticals entering the market through the accelerated approvai process.
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