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The Primary Immune Deficiency Treatment Consortium
(PIDTC) is a network of 33 centers in North America that study
the treatment of rare and severe primary immunodeficiency
diseases. Current protocols address the natural history of
patients treated for severe combined immunodeficiency (SCID),
Wiskott-Aldrich syndrome, and chronic granulomatous disease
through retrospective, prospective, and cross-sectional studies.
The PIDTC additionally seeks to encourage training of junior
investigators, establish partnerships with European and other
International colleagues, work with patient advocacy groups to
promote community awareness, and conduct pilot
demonstration projects. Future goals include the conduct of
prospective treatment studies to determine optimal therapies
for primary immunodeficiency diseases. To date, the PIDTC has
funded 2 pilot projects: newborn screening for SCID in Navajo
Native Americans and B-cell reconstitution in patients with
SCID after hematopoietic stem cell transplantation. Ten junior
investigators have received grant awards. The PIDTC Annual
Scientific Workshop has brought together consortium members,
outside speakers, patient advocacy groups, and young
investigators and trainees to report progress of the protocols
and discuss common interests and goals, including new scientific
developments and future directions of clinical research. Here we
report the progress of the PIDTC to date, highlights of the first
2 PIDTC workshops, and consideration of future consortium
objectives. (J Allergy Clin Immunol 2013;muN:u8-mEN,)
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In 2008, North American experts in the diagnosis and
treatment of primary immunodeficiency (PID) diseases met at
the National Institutes of Health (NIH) in Bethesda, Maryland,
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GVHD: Graft-versus-host disease
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IEWP: Inborn Errors Working Party
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to discuss opportunities for collaboration, the feasibility and
prioritization of clinical research questions, and the scope of
expertise that would be needed to establish an effective
multicenter consortium.' Historically, procedures for hemato-
poietic cell transplantation (HCT) have differed according to
local practice, with relatively few patients treated at each center.
Therefore multicenter longitudinal retrospective, prospective,
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and cross-sectional protocols were designed to capture, for the
first time in a common comprehensive database, survival and
other outcomes after HCT, gene therapy (GT), or enzyme
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replacement therapy for PIDs performed in North America.
The results of these studies were envisioned to become a
resource and foundation for the design of future prospective
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interventional studies. The group has worked together success-
fully to establish the Primary Immune Deficiency Treatment
Consortium (PIDTC), which currently includes 33 centers in
North America with expertise in HCT for PIDs and is sponsored
by the National Institute of Allergy and Infectious Diseases
(NIAID) and the Office of Rare Diseases Research, National
Center for Advancing Translational Sciences, NIH. PIDTC clin-
ical studies in severe combined immunodeficiency (SCID) are
now well underway, and protocols in Wiskott-Aldrich syndrome
(WAS) and chronic granulomatous disease (CGD) are expected
to open in 2013 (Table I).

To evaluate the progress of PIDTC protocols, review new
advances, and consider the best directions for future clinical
research, a PIDTC Annual Scientific Workshop has been
held since 2011 to bring together the membership of the
consortium; invited outside speakers, including European
colleagues; young investigators and trainees; and patient
advocacy groups.

The purpose of this interim report on the progress of the PIDTC
is to revisit the priorities presented in the report of our consensus
workshop at the NIH in 2008, assess the work of this group and
others in the immune deficiency community to meet those
objectives, and provide an update on key questions that remain
for future investigation. We will also briefly present the imme-
diate next goals of the PIDTC.

PIDTC MISSION
Conduct of multicenter clinical studies

The initial focus of the consortium is on SCID, WAS, and CGD.
Two PIDTC natural history studies for the prospective and
retrospective analysis of outcomes of treatment for SCID are
currently open (Table I). Cross-sectional evaluation, including
current status and quality of life, is underway for surviving
subjects in the retrospective study. Similar protocols are expected
to open in 2013 for CGD and WAS.

Conduct of pilot/demonstration projects

The PIDTC also funds a pilot/demonstration project every 2
years. The initial project was a study of newborn screening for
SCID (NBS) on the Navajo Reservation, where the incidence of
Artemis-deficient SCID is high (discussed below). The second
project is an examination of aspects of recovery of B-cell function
after HCT for SCID.

Administrative and operations partnerships

Several partnerships are critical to the progress of the
PIDTC. Administrative operations for the PIDTC are based
at the University of California San Francisco and University of
California San Francisco Benioff Children’s Hospital and at
the Data Management and Coordinating Center of the Rare
Diseases Clinical Research Network, University of South
Florida (http://rarediseasesnetwork.epi.ucsf.edu/PIDTC). The
Center for International Blood and Marrow Transplant
Research (CIBMTR; Table 11)*? collects part of the prospec-
tive data for the PIDTC natural history studies. To refer
patients to PIDTC participating centers, for PIDTC protocols,
or both, see the ClinicalTrials.gov Web site for institutional
review board—approved studies (Table I), the PIDTC Web
site above, or both.
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Communication with patient advocacy groups

The cooperation and support of representatives of patients with
PIDs and their families are essential to the success of the PIDTC.
Working partners include the Immune Deficiency Foundation, the
Jeffrey Modell Foundation, the Chronic Granulomatous Disease
Association, the Wiskott-Aldrich Foundation, the SCID Family
Network, and the SCID Angels for Life Foundation. Contact
information for the advocacy groups is provided in Table E1 in
this article’s Online Repository at www.jacionline.org; to register
patients with PIDs in the United States Immunodeficiency
Network (USIDNET), see Table II.

Mentoring and training young investigators

The PIDTC sponsors research awards to young investigators
and invites the awardees to present their work at the PIDTC
Annual Scientific Workshop. To date, 10 trainees and junior
faculty have been funded with 1-year $25,000 awards to support
research in PIDs.

Scientific collaboration nationally and
internationally

The PIDTC has worked consistently to strengthen scientific
interaction between North America and international colleagues
in the field. Members of the Inborn Errors Working Party (IEWP)
of the European Group for Blood and Marrow Transplantation
(EBMT)/European Society for Immunodeficiencies (ESID) are
invited to the PIDTC workshops, and members of the PIDTC
participate in IEWP annual meetings.

ALLOGENEIC HCT AS CURATIVE THERAPY FOR
SCID: PIDTC CLINICAL STUDIES

In the initial consensus workshop at the NIH in 2008, the group
recommended that capture of the cumulative experience of HCT
for SCID in North America by means of natural history studies was
essential.' Currently, the PIDTC is conducting both retrospective
and prospective studies directed to this purpose (Table I). Out-
comes that are being assessed include overall survival, lineage-
specific engraftment and immunologic recovery, and current status
and quality of life; analysis of the variables that affect these out-
comes will include patient genotype and phenotype, donor type,
donor source, HLA matching, and any conditioning received
before HCT. Cross-sectional studies of subjects surviving at least
2 years after HCT will assess immune reconstitution, late effects,
and quality of life. Common data points are collected across the
multiple clinical sites, with outcomes analyzed for the group as a
whole. The study design and databases of the PIDTC protocols
were developed so that key questions, as identified in the consensus
workshop at the NIH in 2008 (see Table E2 in this article’s Online
Repository at www.jacionline.org),’ can be analyzed. The PIDTC
collaborates actively with the CIBMTR to share prospective data
collected by the CIBMTR that is relevant to PIDTC protocols,
and this partnership is essential to the success of the PIDTC studies.

To date, the PIDTC has evaluated the presenting characteristics
of the first 50 children given a diagnosis of SCID by consortium
centers since 2010 (Protocol 6901).* We are in the process of
evaluating the collected outcome data for children with SCID
treated with HCT in North America at PIDTC centers between
January 1, 2000, and December 31, 2009 (Protocol 6902;
manuscript in preparation).
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TABLE I. PIDTC protocols
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Protocol no., title, principal
investigators,* and ClinicalTrials.

Target enrollment,

gov identifiert Therapy Status estimated Mechanistic studies
6901: HCT, gene transfer, or enzyme Recruiting SCID: 58 per year; 1) Radiation sensitivity: Pre-HCT
A prospective natural history replacement leaky SCID, Omenn testing of T B NK' SCID
study of diagnos‘is, FrealmenIt, syndromé, reticular and/or Artemis, ligase IV,
z;rgDou;?:;‘:de:r:t children with szzfeneSIS. 14 per Cerunnos, or RAG genotypes
AP . 2) T cells: Post-HCT T-cell
Principal investigators: . .
Rebecca Buckley receptor excision circles;
Morton Cowan repertoire diversity by
ClinicalTrials.gov identifier: spectratyping or V3 use
NCTO01186913 3) B cells: Post-HCT reconstitu-
tion, function, and dysregula-
tion; analysis of yc expression
on CD19" cells and plasma-
blast differentiation (limited to
X-linked SCID and JAK3
deficiency)
6902: HCT; gene transfer; or enzyme Recruiting 739; with about 150 Cross-sectional analysis

A retrospective and cross-sectional
analysis of patients treated for SCID
(1968-2010)

Principal investigators:

Richard O’Reilly

Morton Cowan

ClinicalTrials.gov identifier:

NCTO01346150

6903:

Analysis of patients treated for chronic
granulomatous disease (since 1995)

Principal investigators:

Elizabeth Kang

Harry Malech

Luigi Notarangelo

HCT or conventional therapy;

replacement

In development;
IRB submission
anticipated
in 2013

those receiving conventional
therapy will be matched for
both age and oxidase activity
of the subject undergoing
HCT with whom they are
paired and must have been
alive at the age at which

the subject undergoing

HCT received transplantation.

currently alive at

5 y after HCT and
>200 currently alive
at 10 y after HCT

Sixty retrospective
and 12 new transplant
patients per year; 120
control nontransplant
patients

1) T cells: T-cell receptor exci-
sion circles, repertoire diversity
by spectratyping or V3 use

2) T-cell HLA restriction:
Compare antigen-specific HLA
restricted by engrafted donor-
derived T cells and the donor’s
own T cells after unmodified or
T cell-depleted transplantations
(limited to selected subjects)

3) B cells: Analysis of yc

expression on CD19™ cells and

plasmablast differentiation

(limited to X-linked SCID and

JAK3 deficiency)

NK cells: Functional and

phenotypic attributions of NK

tolerance in long-term SCID

survivors after unmodified or T

cell-depleted transplantations

5) CD34" progenitor cells:

Quantitate proportion of donor-

derived clonogenic CD34™

cells in peripheral blood

Molecular diagnosis: Geno-

typing; mutation (if not per-

formed previously; separate
research protocol and consent)

Cross-sectional analysis
1) Definition of CGD subtype:

Western blot gene testing
and/or mother demonstrates
X-linked carrier mosaicism
based on results of nitroblue
tetrazolium or DHR activity
assays

Molecular diagnosis: Geno-
typing; mutation (if not
performed previously; separate
research protocol and consent)
3) DHR carrier study: Dura-
bility of DHR activity in carrier
donors and recipients
Microbiome study: Gastroin-
testinal tract and skin (Steve
Holland)

4

=

6

=

2

~

4

=

(Continued)
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Protocol no., title, principal
investigators,* and ClinicalTrials.

gov identifiert Therapy

Target enroliment,

Status estimated Mechanistic studies

6904:
Analysis of patients treated for

HCT or gene transfer

In development;
IRB submission

Two hundred fifty
retrospective and

Prospective and/or cross-sectional
analysis

Wiskott-Aldrich syndrome (since 1998) anticipated 29 new patients/ 1) T cells: Repertoire diversity by
Principal investigators: in 2013 year; 58 currently means of deep sequencing

David Rawlings
Lauri Burroughs
Alexandra Filipovich
Luigi Notarangelo

alive at 5 y after
HCT and >70
currently alive

at 10 y after HCT

2) B cells: KRECs; repertoire
diversity by means of deep
sequencing; BAFF/APRIL
level in serum

3) NK cells: CD107a degranula-
tion assay

4) Lineage-specific chimerism
by means of flow cytometry
(WAS protein expression)

5) Autoantibodies: Microarray
analysis

BAFF/APRIL, B cell-activating factor of the TNF family/a proliferation-inducing ligand; DHR, dihydrorhodamine; KREC, k-deleting recombination excision circle; JAK3, Janus

kinase 3.
*Principal investigator and co-principal investigator(s).

tAdditional information about studies that are IRB approved, including study locations and contact information, is available at the ClinicalTrials.gov Web site.

PILOT PROJECT FOR NEWBORN SCREENING OF
SCID

Recognizing that the diagnosis of SCID early in life would
allow life-saving anti-infective measures and optimal HCT,” the
PIDTC contributed to a pilot study to develop an NBS test in
Athabascan-speaking Navajo Native Americans. A founder
mutation in the DCLREIC (Artemis) gene causes autosomal
recessive SCID in an estimated 1 in 2000 births in this popula-
tion,® a 20-fold higher incidence of SCID than estimated in the
general population. In May 2010, SCID was officially added to
the recommended uniform panel of screening tests for all
newborns in the United States.”*

GRAFT FAILURE AFTER HCT FOR SCID

Graft failure is a relatively frequent complication of HCT for
SCID,’ especially when no conditioning or a reduced-intensity
conditioning (RIC) regimen'®'" is used for HCT from donors
other than HLA-matched siblings, although graft failure can
also occur when myeloablative conditioning (MAC) is used.
North American (n = 20) and European (n = 5) centers were sur-
veyed as to their management of the need for retransplantation of
patients with SCID. The group defined failure of T-cell engraft-
ment as undetectable CD3™ T cells and absence of donor T-cell
chimerism occurring at 3 months (90 days) after HCT for T
cell-depleted grafts and at 2 months (60 days) after HCT for
unmanipulated grafts, independent of the type of conditioning
(none, RIC, or MAC; manuscript submitted).

KEY QUESTIONS IN HCT FOR SCID (SEE TABLE E2)

The effect of the transplantation regimen on the extent and
durability of T-cell, B-cell, and natural killer (NK) cell
lineage-specific reconstitution and concerns regarding the
long-term toxic effects of any conditioning used are critical
questions in allogeneic HCT for SCID."'*"* The consortium
has reviewed the published experience of B-cell reconstitu-
tion after allogeneic HCT for SCID when using no

conditioning versus using a conditioning regimen by means
of a debate during the PIDTC Second Annual Scientific
Workshop in 2012."

We now add the following questions:

1. Regarding T-cell, B-cell, and NK cell reconstitution after
HCT for SCID, what determines the Kkinetics, level of
reconstitution, durability, and quality of immune reconsti-
tution? Can a preparative regimen be designed to facilitate
the reconstitution of a particular lineage (or lineages) while
minimizing patient toxicity? What is the role of the thymus
in this process? What differences in outcomes are attribut-
able to the patient’s underlying genetic defects? What is
the contribution of CD34" stem cell versus common
lymphoid progenitor engraftment in determining long-
term T-cell reconstitution? Are there aspects of recovery
of T-cell numbers, phenotype, and function that affect
the recovery of B-cell function? What are the critical
determinants of reconstitution of B-cell function, and are
they distinct among SCID genotypes?

2. What is the role of autologous NK cells in transplantation
outcome for SCID, particularly in patients with T"B~NK™
SCID, which includes the recombination-activating gene
and Artemis genetic defects?'* What is the role of NK cells
in graft rejection, can NK cells be suppressed/ablated by
using nonchemotherapy approaches, and can the NK cell-
specific receptors and ligands be manipulated to promote
engraftment and reduce the risk of graft-versus-host disease
(GVHD) after transplantation?

ALLOGENEIC HCT AS CURATIVE THERAPY FOR
NON-SCID DISEASES: PIDTC CLINICAL STUDIES

In 2008, the PIDTC recommended a study of the cumulative
North American experience of HCT for WAS and CGD by
using natural history studies; these are expected to open in 2013
(Table I). Cross-sectional studies of subjects surviving at least 2
years after HCT will assess immune function, late effects, and
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TABLE Il. Clinical research database resources in PIDs
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Database

“Owner” and primary financial resource(s)

Required or voluntary

Year started

United States Immunodeficiency Network (USIDNET)
Contact: http://www.usidnet.org/

USIDNET PID registry

Contact: http://www.usidnet.org/pub/Disease-Registry

CIBMTR

Contact: http://www.cibmtr.org/pages/index.aspx

CIBMTR Immune Deficiencies and Inborn Errors Working
Committee

Contact: http://www.cibmtr.org/About/WhoWeAre/
Committees/Working/pages/index.aspx

ESID

Contact: http://www.esid.org/

ESID registry

Contact: http://www.esid.org/registry

ESID Bone Marrow Transplantation and Gene Therapy
Working Party

Contact: http://www.esid.org/bone-marrow-transplantation

EBMT

Contact: http://www.ebmt.org/Contents/Pages/Default.aspx

EBMT IEWP

Contact: http://www.ebmt.org/Contents/ About-EBMT/
Who-We-Are/Workingparties/Pages/Working-parties.
aspx

SCETIDE; a Collaboration of EBMT and ESID

Resource of Asian Primary Immune Deficiency Diseases
(RAPID)
Contact: http://rapid.rcai.riken.jp/RAPID

Immune Deficiency Foundation (IDF),
Towson, Md; NIH, NIAID U24
(research resource) grant award, PI:
Charlotte Cunningham-Rundles, MD,
PhD (Mount Sinai Medical Center)

Nonprofit with US Government and
corporate sponsorship

Medical College of Wisconsin, Milwaukee,
Wis; NIH, NCI (NHLBI and NIAID
co-fund) U24 (research resource) grant
award, PI: Mary Horowitz, MD, MS;
HRSA SCTOD Contract Awards, PI:
Douglas Rizzo, MD, MS

Nonprofit with US Government and
corporate sponsorship

Nonprofit with corporate sponsorship

Nonprofit with corporate sponsorship

NA

RAPID is a joint collaboration between the
Immunogenomics Research Group at
RIKEN Research Center for Allergy and
Immunology in Yokohama, Japan, and the Institute of
Bioinformatics in
Bangalore, India

Funding: Special Coordination Funds for
Promoting Science and Technology,
from the Ministry of Education, Culture,
Sports, and Science of Japan

Funding for open access charge: RIKEN
Research Center for Allergy and
Immunology, Yokohama, Japan

Voluntary

Registration is required for each allogeneic
transplantation performed in the United
States (for the SCTOD, as required by
US law)

Transplantation centers worldwide
voluntarily submit allogeneic
transplantation data

Voluntary

Voluntary

Voluntary

NA

1997 (CGD
started 1992)

1972

1994 (informal
organization
started 1983)

1974

1968

2009

HRSA, Health Resources and Services Administration; /RB, institutional review board; NA, not applicable; NCI, National Cancer Institute; P/, primary investigator; RAG,
recombination-activating gene; SCTOD, Stem Cell Transplant Outcomes Database.

quality of life. PIDTC Protocols 6903 (CGD) and 6904 (WAS) 1.
will address most of the 2008 consensus workshop recommenda-
tions for these diseases.'

KEY QUESTIONS IN HCT FOR NON-SCID DISEASES
(SEE TABLE E2)
Important questions from the 2008 Consensus Workshop
remain unresolved in allogeneic HCT for non-SCID conditions,
including the intensity of the preparative regimen needed for each 2.
disease and whether mixed donor chimerism is sufficient and in
which cellular compartments it should occur for resolution of the
clinical symptoms' (see also Table E1 in Griffith et al'”).
We now add the following questions:

What are the mechanisms of pretransplantation and post-
transplantation autoimmune/inflammatory complications
in patients with non-SCID PIDs? Is autoimmunity after
HCT related to the extent of donor chimerism, and in partic-
ular, what is the contribution of mixed chimerism in the
myeloid and B-cell lineages? What are the best approaches
to transplantation of patients with WAS with autoimmune
disease, and should full donor chimerism be the goal?

What is the importance of the CGD genotype or phenotype
in the decision to move forward with HCT? New research
indicates the level of oxidase activity in patients with CGD
is directly related to overall survival'®; is this the best
indicator of the need for HCT? When is the best time to


http://www.usidnet.org/
http://www.usidnet.org/pub/Disease-Registry
http://www.cibmtr.org/pages/index.aspx
http://www.cibmtr.org/About/WhoWeAre/Committees/Working/pages/index.aspx
http://www.cibmtr.org/About/WhoWeAre/Committees/Working/pages/index.aspx
http://www.esid.org/
http://www.esid.org/registry
http://www.esid.org/bone-marrow-transplantation
http://www.ebmt.org/Contents/Pages/Default.aspx
http://www.ebmt.org/Contents/About-EBMT/Who-We-Are/Workingparties/Pages/Working-parties.aspx
http://www.ebmt.org/Contents/About-EBMT/Who-We-Are/Workingparties/Pages/Working-parties.aspx
http://www.ebmt.org/Contents/About-EBMT/Who-We-Are/Workingparties/Pages/Working-parties.aspx
http://rapid.rcai.riken.jp/RAPID
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Enroliment to date

Purpose or goal

Utilization process

3025 in PID registry, see note
Note: Web site accessed April 2013

>330,000 in CIBMTR database; 5245 with transplantation
essential data in immune deficiencies; of these, 2876
with research data; see note

Note: Data through November 2012, from the “Immune
Deficiencies and Inborn Errors Working Committee
Report 2013,” as posted on the Web site

16,547 in ESID database, see note
Note: Enrollment from 96 ESID documenting centers as of
December 31, 2012; Web site accessed April 2013

>400,000 in EBMT database

1500 in SCETIDE database, see note
Note: Reference, Gennery et al (2010)1

The Web site lists 244 PID genes; 266 PID diseases; 234
genes having mutations; and 5086 unique mutations, see
note

Note: Web site accessed April 2013

The purpose and scope of this project is to assemble and
maintain a registry of residents of the United States with
PID diseases. Objectives include providing a minimum
estimate of the prevalence of each disorder in the United
States; providing a comprehensive clinical picture of
each disorder; and providing a resource for clinical and
laboratory research.

CIBMTR leads a worldwide collaboration of scientists and
clinicians to advance understanding and outcomes of
HCT. CIBMTR collects baseline and follow-up data on
patients who have received HCT.

The registry of the ESID includes patients in Europe given a
diagnosis of PID. ESID promotes collaboration among
medical professionals, patient advocacy groups, industry,
and governmental bodies to further education and
research in PIDs.

Together, the IEWP of the EBMT and the ESID Bone Marrow
Transplantation and Gene Therapy Working Party develop
and regularly update guidance for HCT in PIDs, which is
posted to the EBMT IEWP and ESID Web sites: http://www.
esid.org/downloads/BMT_Guidelines_2011.pdf

The EBMT collects baseline and follow-up data on patients
who have received HCT in Europe to support
retrospective studies; the EBMT also conducts
educational activities and prospective clinical trials in
HCT

The IEWP is an international collaboration to (1) develop
guidance for HCT in PIDs, which is posted to the EBMT
IEWP and ESID Web sites and (2) improve knowledge in
PIDs by conducting retrospective research using the
EBMT/SCETIDE and ESID registries.

The SCETIDE includes disease-specific information and
outcomes data on transplantations performed in patients
with PIDs in Europe.

1) Web-based compendium of molecular alterations in
patients with PIDs; the site hosts information on
sequence variations and expression at the mRNA and
protein levels of all genes reported to be involved in
patients with PIDs.

Detailed information pertaining to genes and proteins
involved in patients with PID diseases is provided.
The tool “Mutation Viewer” is able to predict delete-
rious and novel mutations and also obtain mutation-

2

-~

v

based 3-dimensional structures for PID genes.

See note.
Note: Reference, Keerthikumar et al®

Queries to the steering committee of the registry are
accepted from patients, physicians in practice, clinical
researchers, and members of the lay public.

Members of the Immune Deficiencies Working Committee
develop and submit concepts that are reviewed by the
committee and CIBMTR leadership before writing a
study protocol for outcomes research of the database.

Membership of the Bone Marrow Transplantation and Gene
Therapy Working Party includes physicians of the ESID
interested in clinical research in PIDs. This working
party of the ESID collaborates closely with the EBMT
IEWP.

IEWP membership includes physicians of the EBMT and
international community interested in clinical research in
PIDs. The IEWP is a working party of the EBMT, which
collaborates closely with the ESID Bone Marrow
Transplantation and Gene Therapy Working Party.

The IEWP undertakes collaborative retrospective outcomes
studies in HCT for patients with PIDs.

An independent annual meeting of the IEWP is convened in
Europe; HCT guidance and projects are reviewed and
further developed.

Data on individual patients with PID undergoing HCT is
acquired to complement the EBMT database and support
the research projects of the EBMT/IEWP, as needed.

This Web-based resource is freely available to the academic
community. RAPID can be queried by various search
options, including gene symbol, protein name, mouse
phenotypes, chromosome number, and PID category.

provide HCT for patients likely to benefit because of their
low/absent neutrophil oxidase activity?'’
3. How does the clinical status and genotype/phenotype of

trials.

the patient with CGD affect the choice of transplantation

regimen?

4. Should or should not carrier donors be used in HCT for
X-linked and autosomal recessive CGD? Are the oxidase
production levels of carrier donors stable over time, and
will the expression in a recipient be the same as in the

donor?

5. For which forms of PIDs other than SCID would it be
beneficial for the PIDTC or the PIDTC in collaboration
with the IEWP-EBMT to study outcomes by using natural

history studies? Such studies are expected to form the
basis for planning future prospective treatment clinical

ADULT UNRELATED DONORS AND CORD BLOOD
AS GRAFT SOURCES FOR HCT

In view of the experience that only approximately 10% to
20% of patients with SCID have a matched sibling donor

available for HCT, alternative donors will continue to be

important. Recent data indicate that for nonmalignant disease,
very good to excellent survival is observed after HCT from fully
matched unrelated donors (MUDs), although not as good as


http://www.esid.org/downloads/BMT_Guidelines_2011.pdf
http://www.esid.org/downloads/BMT_Guidelines_2011.pdf
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TABLE lll. PID gene transfer studies currently open
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Study Center(s)

Sponsor(s)

Treatment

Vector regimen

Publications

X-SCID

Activation date:
2011; recruiting

Registration:
ClinicalTrials.gov
NCTO01129544
(London and Paris);
ClinicalTrials.gov
NCTO01175239
(Boston Mass; Cin-
cinnati, Ohio; and
Los Angeles, Calif)

Parallel European and
North American studies

Europe: Great Ormond
Street Hospital, London,
United Kingdom;
Hopital Necker-Enfants
Malades, Paris, France

United States: Children’s
Hospital, Boston, Mass;
Children’s Hospital
Medical Center,
Cincinnati, Ohio;
University of California,
Los Angeles, Calif

St Jude Children’s
Research Hospital,
Memphis, Tenn

Activation date:
2012, recruiting

Registration:
ClinicalTrials.gov
NCTO01512888

X-linked SCID in older
children
Activation date:
2010; recruiting
Registration:
ClinicalTrials.gov
NCT01306019

NIAID, NIH Clinical
Center, Bethesda, Md

ADA-SCID
Activation date:
May 2013;
recruiting
Registration:
ClinicalTrials.gov
NCT01852071

University of California,
Los Angeles, Calif;
NHGRI, NIH Clinical
Center, Bethesda, Md

United Kingdom: Great
Ormond Street Hospital,
NHS Foundation Trust
(PL: A. Thrasher)

France: Assistance
Publique-Hopitaux Paris
(PL: A. Fischer)

United States: NIAID,

NIH (PI: D. A. Williams)

NHLBI, NIH (PI: B.
Sorrentino)

NIAID, NIH (PI: S. S.
DeRaven, H. L. Malech)

NIAID, NIH (PI: D. B.
Kohn)

Virus: Gammaretrovirus

Insert: IL-2 receptor vy chain

Modifications: WPRE
posttranslational
regulatory element to
enhance expression

Safety modifications: EFS
(EFla short) cellular
internal promoter; U3
deletion in LTR (SIN
configuration)

Vector development: C.
Baum, Hannover Medical
School, Germany

Vector manufacture:
University of Cincinnati,
Cincinnati, Ohio

Target: Bone marrow
CD34" cells

Virus: Lentivirus

Insert: IL-2 receptor -y chain

Safety modifications: EFS
(EFla short) cellular
internal promoter; U3
deletion in LTR (SIN
configuration); enhancer
blocking insulator
sequence(s)

Vector development: B.
Sorrentino, St Jude,
Memphis, Tenn

Target: Bone marrow
CD34" cells

Conditioning: None

Conditioning: None

Virus: Lentivirus

Insert: IL-2 receptor vy chain

Safety modifications: EFS
(EFla short) cellular
internal promoter; U3
deletion in LTR (SIN
configuration); enhancer
blocking insulator
sequence(s)

Vector development: B.
Sorrentino, St Jude,
Memphis, Tenn

Target: PBSC CD34™" cells

Conditioning:
Busulfan, 6 mg/kg

Virus: Lentivirus PEG-ADA:

Modifications: Codon- Discontinue
optimized human ADA Conditioning:
cDNA, WPRE Myeloreductive

posttranslational busulfan, 4 mg/kg
regulatory element to
enhance expression

Safety modifications: EFS
(EFla short) cellular
internal promoter; U3
enhancer deletion in LTR
(SIN configuration)

Vector manufacture:
TUVPF

Target: Bone marrow
CD34" cells

Zychlinski et al*

Pai S-Y et al™

Hacein-Bey-Abina et al’’
(report of follow-up for
earlier studies using a
gammaretrovirus vector)

Fischer et al’® (review)

NA

NA

Candotti et al*” (previous
work of this group in
ADA-SCID using a
gammaretrovirus vector)

Gaspar*” (editorial)

(Continued)
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Treatment
Study Center(s) Sponsor(s) Vector regimen Publications
Activation date: Great Ormond Street Great Ormond Street Virus: Lentivirus PEG-ADA:
November 2011; Hospital, London, Hospital, NHS Foundation Modifications: Codon- Discontinue
recruiting United Kingdom Trust (PI: H. B. Gaspar, A. optimized human ADA Conditioning:
Registration: Thrasher) cDNA, WPRE Myeloreductive
ClinicalTrials.gov posttranslational busulfan, 4 mg/kg
NCTO01380990 regulatory element to
enhance expression
Safety modifications: EFS
(EFla short) cellular
internal promoter; U3
enhancer deletion in LTR
(SIN configuration)
Vector manufacture:
TUVPF
Target: Bone marrow
CD34" cells
X-CGD
Activation date: NIAID, NIH Clinical NIAID, NIH (PI: E. Kang, H. Virus: Gammaretrovirus Conditioning: Kang et al*'
2006 Center, Bethesda, Md L. Malech) MFGS Busulfan, Kang and Malech™®
Registration: Insert: gp91phox 10 mg/kg
ClinicalTrials.gov Target: PBSC CD34™" cells
NCT00394316

Activation date:
In development

Registration:
Pending

Activation date:
In development

Registration:
Pending

WAS

Activation date:
2006-2009;
recruitment
complete, follow-up
continuing

Registration: German
Clinical Trials
Register no.
DRKS00000330

NIAID, NIH Clinical
Center, Bethesda, Md

Great Ormond Street
Hospital, London,
United Kingdom;
Hopital Necker-Enfant
Malades, Paris, France;
University Hospital
Frankfurt and Institute
for Biomedical Research,
Georg-Speyer-Haus,
Frankfurt, Germany;

University Children’s
Hospital Zurich,
Switzerland

Hannover Medical School
Children’s Hospital,
Hannover, Germany

NIAID, NIH (PI: E. Kang, H.
L. Malech)

Great Ormond Street
Hospital, NHS Foundation
Trust (PI: A. Thrasher)

Deutsche
Forschungsgemeinschaft
and Bundesministerium
fur Bildung und
Forschung (PI: C. Klein)

Virus: Lentivirus

Insert: gp91phox

Safety modifications: EFS
(EFla short) cellular
internal promoter; U3
deletion in LTR (SIN
configuration); enhancer
blocking insulator
sequence(s)

Target: PBSC CD34™" cells

Virus: Lentivirus

Insert: gp91phox

Modifications: Regulated
promoter (chimeric CatG/
cFes promoter with
mutated TATA box
contains binding sites for
transcription factors
needed for commitment
and differentiation of
myeloid cells to
granulocyte lineage)

Vector manufacture:
Genethon, Paris, France

Target: PBSC CD34™" cells

Virus: GALV pseudotyped
CMMP, a novel derivative
of MFG, which is a type
of MLV gammaretrovirus

Insert: WAS protein

Modifications: MLV LTRs
are replaced with the
corresponding MPSV
LTRs (this is a strong viral
promoter) and the normal
MLV tRNA primer
binding site is replaced by
a glutamine tRNA primer
binding site.

Vector manufacture:
Hannover Medical
School, Hannover,
Germany

Target: PBSC CD34™" cells

Conditioning: TBA

Conditioning: TBA

Conditioning:
Partially
myeloablative
Busulfan 8 mg/kg

Santilli et al*?

Boztug et al**

Paruzynski et al® (report of
insertional mutagenesis
resulting in leukemia)

(Continued)
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Treatment
Study Center(s) Sponsor(s) Vector regimen Publications
Activation date: Europe: Great Ormond United Kingdom: Great Virus: Lentivirus Preconditioning: Aiuti et al*®
2011; recruiting Street Hospital, Ormond Street Hospital, Insert: WAS protein Anti-CD20 mAb Scaramuzza et al*®
Registration: London, United NHS Foundation Trust Modifications: WPRE Conditioning: Biasco et al*’/
ClinicalTrials.gov Kingdom; San (PI: A. Thrasher) posttranslational Reduced-intensity
NCTO01347242 Raffale Telethon Italy: IRCCS San Raffaele regulatory element to busulfan (4 mg/kg),
(London); Institute of Gene and Fondazione Telethon enhance expression fludarabine
ClinicalTrials.gov Therapy, Milan, (PI: A. Aiuti, M. G. Safety modifications: (120 mg/m?);
NCTO01515462 Italy; Hopital Roncarolo) Human WAS endogenous ATG if auto-
(Milan); Necker-Enfants France: Assistance promoter immune manifestations
ClinicalTrials.gov Malades, Paris, Publique-Hopitaux Paris ~ Vector manufacture:
NCTO01347346 France (PL: A. Fischer) Genethon, Paris, France
(Paris); United States: United States: GTRP, Target: PBSC CD34™" cells
ClinicalTrials.gov Children’s NHLBI, Bethesda, Md
NCTO01410825 Hospital, Boston, (PL: D. A. Williams,
(Boston) Mass S.-Y. Pai, L. Notarangelo)

Gammaretrovirus and lentivirus vectors have been/are used in patients with PIDs; adeno-associated virus is not persistent in proliferating bone marrow stem cells and lymphocytes
(and therefore cannot be used for GT for PIDs). The necessity to transfect CD34 ex vivo or lymphocytes ex vivo is cumbersome but relatively effective.

GTRP, Gene Therapy Resource Program, NHLBI, NIH; IRB, institutional review board; JUVPF, Indiana University, Indianapolis, Indiana, Vector Production Facility; JAK3, Janus
kinase 3; LTR, long terminal repeat; MFGS, MLV vector with MLV LTR and MLV envelope splice acceptor site; MLV, Moloney murine leukemia virus; MPSV, myeloproliferative
sarcoma virus; NA, not applicable; PBSC, Peripheral blood stem cell; PI, primary investigator; SIN, self-inactivating; WPRE, Woodchuck hepatitis virus posttranscriptional

regulatory element.

with an HLA-matched sibling donor.'®?° However, the search
for an MUD can take several months, posing some risk to
patients with SCID. To circumvent this problem, cord blood
donors have been increasingly used, especially when 1 or
both haplotypes are rare, as an alternative to T cell-depleted
haploidentical transplantation. Thus far, it is clear that greater
degrees of HLA disparity are tolerated in cord blood trans-
pl:amts.21 However, the more immature immunologic status of
this new resource requires further characterization, and the
implications of using such grafts for transplantation outcomes
requires further study.zz’23

HCT REGIMENS

Given that PIDs are rare, it is difficult to enroll the number of
patients needed for prospective treatment studies to investigate
variables, such as type of preparative regimen, if any, and graft
source. Indeed, it has been necessary to study these variables in
patients with PIDs by means of either relatively small prospective
studies conducted at a single center or large retrospective
observational analyses (see Table E3 in this article’s Online
Repository at www.jacionline.org).

The use of pre-HCT conditioning for patients with SCID
continues to be controversial, with some centers avoiding it
altogether and others using only fully myeloablative ther-
apy.'”” 1224 This topic was debated at the PIDTC Second Annual
Scientific Workshop in April 2012, and the details have been
published.'? The minimal goal of HCT for SCID is obtaining
durable and robust hematopoietic stem cell engraftment with a
high degree of donor T-cell chimerism. The ideal goal is to
achieve T- and B-cell immune reconstitution. Given the potential
for toxic effects of conditioning regimens, it is desirable to avoid
the use of conditioning altogether or use minimal-intensity
conditioning regimens.'? Because the patient’s immune system
is theoretically unable to reject the graft, this approach is feasible,
at least for permissive types of SCID, such as when
an HLA-matched sibling is available, when the recipient has

NK"™ SCID, or when there is maternal engraftment at birth and
the mother is the donor.”” However, especially in NK* SCID phe-
notypes with HLA-mismatched donors, graft rejection is often
seen when immunosuppressive therapy is not provided.'**
Furthermore, a finite degree of durable donor stem cell engraft-
ment might be necessary to achieve recovery of B-cell function
in most SCID genotypes/phenotypes, especially in forms of
SCID in which the genetic defect affects B-cell function
(eg, yc or Janus kinase 3 deficiency) or development (as in
defects of VDJ recombination). For these cases, some degree of
myeloablation sufficient to allow B-cell reconstitution might be
needed.

For non-SCID diseases, such as WAS and CGD, rejection of the
graft by recipient T and NK cells occurs even with matched
sibling donors, so that immune myeloablation is needed to
achieve engraftment. Although partial chimerism of the myeloid
lineage might be sufficient to obtain clinical cure in patients with
WAS and CGD, further research in this area is needed to
determine whether mixed chimerism is associated with the risk
of persistence or de novo development of inflammatory and
autoimmune manifestations and whether it is sufficient to attain
full correction of the disease phenotype. If this is the case, as
some recent data from the literature suggest,” there is a need to
define target levels of hematopoietic stem cell engraftment and
to design and test appropriate reduced-intensity conditioning reg-
imens that permit engraftment sufficient to prevent autoimmune
complications while minimizing short- and long-term toxicity
in prospective randomized studies.

Alternative approaches to achieving engraftment with immune
reconstitution are an area of active investigation, such as targeting
recipient bone marrow stem cells with mAbs®" >’ or mobilizing
autologous hematopoietic stem cells,”’ before infusion of
the graft. Other potential strategies include use of megadoses of
donor CD34" hematopoietic stem cells.””" Finally, the role of
donor lymphocyte infusion in supporting donor engraftment
after HCT in patients with severe PIDs needs to be further
evaluated.’


http://www.jacionline.org
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GENE THERAPY AS A TREATMENT OPTION FOR
PIDS

An update of current investigations of GT as treatment for PIDs
is an integral part of the PIDTC Annual Scientific Workshop
(Table 111),°>** and GT is included in the PIDTC natural history
studies for SCID and WAS (Table I). Autologous CD34" hemato-
poietic stem cells are positively selected, transduced by means of
ex vivo culture with retroviral or lentiviral vectors containing the
corrective gene, and then reinfused into the patient. Experience
with GT for X-SCID,’”*® adenosine deaminase (ADA) defi-
ciency,”’g'()’w CGD, #3951 and WAS* have offered proof of
principle that this might represent an effective form of treatment
for patients with severe PIDs and other disorders. However, in the
case of X-linked SCID, CGD, and WAS, the reported success of
GT has been tempered by demonstration of leukemic proli-
feration (caused by insertional mutagenesis) in several pa-
tients, > 3438 although similar adverse events have not been
reported after GT for ADA-SCID. Clinical trials with novel,
hopefully safer vectors have been initiated in Europe and the
United States. It will likely be several years before GT for PIDs
can become more widely available.

PROSPECTIVE TREATMENT PROTOCOL FOR SCID
IDENTIFIED BY MEANS OF NBS

Infants with SCID who receive a diagnosis and are treated with
HCT before 3.5 months of age have the best outcome.” An
increasing number of states in the United States have initiated
or committed to starting NBS.”* Of the first 50 patients with
SCID or SCID variants entered into the PIDTC prospective study,
25 were given diagnoses at birth based on the results of newborn
screening (n = 13) or a positive family history (n = 12).* A study
of the first 2 years of screening nearly 1 million newborns in
California for SCID found 14 infants with SCID and leaky
SCID who were promptly given a diagnosis and treated, several
in PIDTC studies, with 93% survival.>

Treating newborns with SCID has raised a number of issues for
investigation. The most important question is this: What is the
best approach to conditioning to achieve durable T- and B-cell
immunity while minimizing short- and long-term toxicities?**~°
Other variables include when to start prophylactic medications,
whether to keep the child in the hospital until definitive therapy
can be administered and sufficient immune reconstitution is
achieved, and whether switching from breast-feeding to formula
feeding is deemed necessary to prevent cytomegalovirus infection
when the mother is seropositive.

FUTURE OPPORTUNITIES FOR CLINICAL STUDIES
IN PIDS
Natural history studies

Initially, CGD and WAS were selected for study among the
non-SCID disorders, given the significant questions regarding the
efficacy of and optimal approach to HCT for each of them, as
described above, and because the affected patient population in
North America is believed to be sufficiently large to answer these
questions. However, similar issues exist for other very rare PIDs,
including CD40 ligand deficiency; immune dysregulation,
polyendocrinopathy, enteropathy, X-linked syndrome; NEMO
deficiency; MHC class II deficiency; DOCKS deficiency; and
disorders of T-cell function, such as { chain—associated protein
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of 70 kDa (ZAP70) deficiency and Ca®" signaling defects
(see Table E1 in Griffith et al').

A collaboration of North American and European investigators
is desirable to evaluate treatment options for patients with very
rare PIDs because of the limited number of patients available for
study. In preparation for the PIDTC Third Annual Scientific
Workshop held in May 2013 (Houston, Texas), a subcommittee of
the PIDTC and IEWP met in advance to identify diseases and
treatments of potential interest.

Database resources

Key components in any multicenter study of rare PIDs are the
databases that are currently available (Table II) and the patient
advocacy groups for these disorders (see Table E1). The USID-
NET is an NIAID-funded multi-institutional collaboration with
the primary goal of collecting longitudinal data on patients with
a variety of PIDs. A total of 3025 patients have been reported to
the USIDNET registry through 2012. The CIBMTR/National
Marrow Donor Program and EBMT are international collabora-
tions that collect detailed HCT data on patients with malignant
and nonmalignant disorders. The IEWP of ESID/EBMT has
developed the comprehensive registry of Stem Cell Transplant
for Immunodeficiencies in Europe (SCETIDE), which collects
information on patients with PIDs receiving HCT. Analysis of
survival and other outcomes for patients included in the
SCETIDE registry is used by the EBMT IEWP and ESID to
develop and update guidelines for HCT in PIDs (Table II). At
the end of 2012, 16,547 patients with PIDs had been reported to
the ESID registry. Finally, the patient advocacy groups have
generated large e-mail lists of patients with PIDs that could be
used to inform patients and parents of possible studies, as well
as survey patients and parents regarding current clinical status
and quality of life.

Prospective treatment trials

For many, if not all, of the non-SCID disorders, resolution of
questions regarding optimal conditioning will require the enroll-
ment of large numbers of subjects in prospective randomized
treatment trials. For example, a growing experience with
treosulfan in Europe and the United States suggests that it might
be more efficacious and less toxic than the standard drug busulfan
in conditioning for HCT. Collaboration of European and US
investigators might be needed to achieve sufficient enrollment;
careful consideration will need to be given to the differing
requirements of the regulatory agencies of the respective
countries.

SUMMARY, CONCLUSIONS, AND
RECOMMENDATIONS

PIDTC high-priority research goals for the near future include
the following: (1) identify optimal treatment using HCT for
newborns with SCID; (2) enroll virtually all children receiving
diagnoses of SCID as newborns in the United States into PIDTC
studies; (3) characterize all children with low T-cell receptor
excision circle numbers at birth; (4) determine which children
with CGD should receive a transplant; (5) determine whether full
donor chimerism is essential to prevent posttransplantation
autoimmunity in patients with WAS; (6) develop joint studies
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with the IEWP; (7) initiate retrospective, prospective, and
cross-sectional studies of other rare non-SCID PIDs; and (8)
answer questions raised by the research studies in SCID (Table I
and see Table E2) for PIDTC Protocol 6902.

In conclusion, the PIDTC now looks forward to the analysis of
outcomes for our present protocols and the development of future
collaborative clinical studies directed to improving our under-
standing of the cause of disease and best treatments for patients
with these rare life-threatening disorders.

We thank Elizabeth Dunn (San Francisco, Calif, 2011) and Luisa Raleza
and Emily Buehrens (Boston, Mass, 2012) for expert coordination and
management of the PIDTC Annual Scientific Workshops, which contributed
to the success of these meetings.

Trudy Nan Small, MD, of the Departments of Pediatric Hematology/
Oncology and Laboratory Medicine, Memorial Sloan Kettering Cancer
Center, New York, New York, our valued colleague and friend, passed away
in June 2013. Her special expertise included transplantation for PIDs, recovery
of the immune system after HCT, and vaccination strategies to prevent
infectious complications after transplantation and in immune-compromised
infants and children. We are grateful for her contributions to the NIH
consensus meetings in Bethesda that provided the scientific foundation for the
PIDTC, including the Laboratory Testing Working Group (2008), and for
cochairing the group on Management of Children with PIDs after HCT (2009).
Trudy was a loyal and enthusiastic advocate of the PIDTC mission from the
outset, and we will miss her.
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APPENDIX E1
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Victor Aquino, MD, Pediatric Hematology-Oncology, Univer-
sity of Texas Southwestern, Dallas, Texas
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Utah School of Medicine, Salt Lake City, Utah

Charlotte Cunningham-Rundles, MD, PhD, Pediatric Clinical
Immunology, Mount Sinai School of Medicine, New York, New
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University of Toronto, Toronto, Ontario, Canada
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Lisa Harewood, Data Management and Coordinating Center,
Rare Diseases Clinical Research Network, University of South
Florida Pediatrics Epidemiology Center, Tampa, Florida

Jennifer R. Heimall, MD, Pediatric Allergy/Immunology,
Children’s Hospital of Philadelphia, Perelman School of Medi-
cine, University of Pennsylvania, Philadelphia, Pennsylvania

Faith Huang, MD, Pediatric Allergy/Immunology, Mount Sinai
Medical Center, New York, New York

Alan Hurley, Chronic Granulomatous Disease Association,
San Marino, California

Mary Hurley, Chronic Granulomatous Disease Association,
San Marino, California

Sumathi Iyengar, MD, Wiskott-Aldrich Foundation, Smyrna,
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Theodore S. Johnson, MD, PhD, Immunotherapy Program, and
Pediatric Hematology/Oncology, Medical College of Georgia,
Georgia Health Sciences University, Augusta, Georgia

Soma Jyonouchi, MD, Pediatric Allergy/Immunology, Chil-
dren’s Hospital of Philadelphia, Perelman School of Medicine,
University of Pennsylvania, Philadelphia, Pennsylvania

Elizabeth M. Kang, MD, Laboratory of Host Defenses,
National Institute of Allergy and Infectious Diseases, National
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Neena Kapoor, MD, Division of Research Immunology/
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Medicine, St Louis, Missouri

Jason Law, MD, Pediatric Hematology/Oncology, UCSF Beni-
off Children’s Hospital, University of California, San Francisco,
California

Brett J. Loechelt, MD, Pediatric Immunology, and Blood and
Marrow Transplantation, Children’s National Medical Center,
George Washington University School of Medicine and Health
Sciences, Washington, DC

Harry L. Malech, MD, Laboratory of Host Defenses, National
Institute of Allergy and Infectious Diseases, Bethesda, Maryland

Caridad Martinez, MD, Pediatric Hematology/Oncology,
Texas Children’s Cancer Center, Baylor College of Medicine,
Houston, Texas

Sean A. McGhee, MD, Pediatric Allergy/Immunology, Lucile
Packard Children’s Hospital, Stanford University Medical Cen-
ter, Stanford, California

Theodore B. Moore, MD, Pediatric Hematology/Oncology,
UCLA Children’s Health Center, University of California, Los
Angeles, California

Maria Teresa de la Morena, MD, Pediatric Allergy/Immu-
nology, University of Texas Southwestern Children’s Medical
Center, Dallas, Texas

Megan M. Morsheimer, MD, Pediatrics, UCSF Benioff Chil-
dren’s Hospital, University of California, San Francisco, California

Sarah K. Nicholas, MD, Pediatric Allergy/Immunology, Texas
Children’s Clinical Care Center, Baylor College of Medicine,
Houston, Texas

Hans D. Ochs, DM, Center for Inmunity and Immunotherapy,
Seattle Children’s Hospital Research Institute, University of
Washington School of Medicine, Seattle, Washington

Richard J. O’Reilly, MD, Pediatrics and Immunology, Memo-
rial Sloan Kettering Cancer Center, New York, New York

Sung-Yun Pai, MD, Pediatric Hematology/Oncology, Chil-
dren’s Hospital, Harvard Medical School, Boston, Massachusetts

Robertson Parkman, MD, Division of Research Immunology/
B.M.T., Children’s Hospital Los Angeles, Los Angeles, California

Sherrie Pryber, RN, Division of Allergy, Immunology and
Transplantation, National Institute of Allergy and Infectious
Diseases, National Institutes of Health, Bethesda, Maryland

Michael A. Pulsipher, MD, Pediatric Hematology/Oncology,
University of Utah School of Medicine, Salt Lake City, Utah

David J. Rawlings, MD, Pediatric Immunology, Seattle
Children’s Research Institute, University of Washington School
of Medicine, Seattle, Washington

John M. Routes, MD, Pediatric Allergy and Clinical Immu-
nology, Children’s Hospital of Wisconsin, Medical College of
Wisconsin, Milwaukee, Wisconsin

Jacob Rozmus, MD, Pathology and Laboratory Medicine, BC
Children’s Hospital, University of British Columbia, Vancouver,
British Columbia, Canada

Marlis Schroeder, MD, Pediatric Hematology/Oncology, Fac-
ulty of Medicine, University of Manitoba, Winnipeg, Manitoba,
Canada

Kirk R. Schultz, MD, Pediatric Blood and Marrow Trans-
plantation, BC Children’s Hospital, University of British
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Suzanne Skoda-Smith, MD, Pediatric Allergy/Immunology,
Seattle Children’s Research Institute, University of Washington
School of Medicine, Seattle, Washington
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William T. Shearer, MD, PhD, Pediatric Allergy/Immunology,
Texas Children’s Hospital, Baylor College of Medicine, Houston,
Texas

Evan B. Shereck, MD, Pediatric Hematology/Oncology,
Doernbecher Children’s Hospital, Oregon Health & Science
University, Portland, Oregon

Chu Ri Shin, MD, Pediatric Hematology/Oncology, Lucile
Packard Children’s Hospital, Stanford University School of
Medicine, Stanford, California

Angela Smith, MD, MS, Pediatric Blood and Marrow Trans-
plantation, University of Minnesota, Minneapolis, Minnesota

Heather Stefanski, MD, PhD, Pediatric Blood and Marrow
Transplantation, University of Minnesota, Minneapolis,
Minnesota

Paul Szabolcs, MD, Pediatric Blood and Marrow Transplanta-
tion, Duke University Medical Center, Durham, NC

Troy R. Torgerson, MD, PhD, Pediatric Rheumatology, Seattle
Children’s Research Institute, University of Washington School
of Medicine, Seattle, Washington

William Tse, MD, PhD, Pediatric Hematology/Oncology,
Lurie Children’s Hospital of Chicago, Northwestern University
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Paul Veys, MD, Blood and Marrow Transplantation, Institute
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APPENDIX E2

EXPERT OPINION AND PARTICIPANTS: PIDTC
SECOND ANNUAL SCIENTIFIC WORKSHOP,
BOSTON, MASSACHUSETTS, APRIL 26-28, 2012

Working Group Expert Opinion: Prospective Treatment
Trial for Newborn SCID

Working Group I: Pre-HCT Evaluation and Management

Jennifer M. Puck, John M. Routes (Co-Chairs); Neena Kapoor,
Angela Smith

Working Group 11: Objectives & Endpoints; Inclusion Exclu-
sion Criteria; Treatment Regimen; Statistical Analysis

Morton J. Cowan, Sung-Yun Pai, Brent R. Logan (Co-Chairs);
Rebecca H. Buckley, Lauri Burroughs, Christopher C. Dvorak,
Donald B. Kohn, Janel R. Long-Boyle, Richard J. O’Reilly,
Michael A. Pulsipher

Working Group IlI: Supportive Care

Christopher C. Dvorak, Caridad Martinez (Co-Chairs); Janel
R. Long-Boyle, Suzanne Skoda-Smith, Angela Smith

Working Group IV: Post-Transplant Evaluation; Immune
Reconstitution; Follow-Up

Thomas Fleisher, Trudy Small (Co-Chairs); Jack J. H. Bleesing

Working Group V: Research Studies

Luigi D. Notarangelo, Paul Szabolcs, Richard J. O’Reilly
(Co-Chairs)

Workshop Co-Chairs and Organizing Committee

Morton J. Cowan, MD, Division of Allergy/Immunology and
Blood and Marrow Transplantation, Department of Pediatrics and
UCSF Benioff Children’s Hospital, University of California San
Francisco, San Francisco, California
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Linda M. Griffith, MD, PhD, Division of Allergy, Immunology
and Transplantation, National Institute of Allergy and Infectious
Diseases, National Institutes of Health, Bethesda, Maryland

Donald B. Kohn, MD, Departments of Microbiology, Immu-
nology and Molecular Genetics, University of California Los
Angeles, Los Angeles, California

Luigi D. Notarangelo, MD, Division of Immunology and the
Manton Center for Orphan Disease Research, and Harvard Stem
Cell Institute, Children’s Hospital, Harvard Medical School,
Boston, Massachusetts

Sung-Yun Pai, MD, Pediatric Hematology/Oncology, Chil-
dren’s Hospital, Harvard Medical School, Boston, Massachusetts

Jennifer M. Puck, MD, Institute for Human Genetics, and
Division of Allergy/Immunology and Blood and Marrow
Transplantation, Department of Pediatrics and UCSF Benioff
Children’s Hospital, University of California San Francisco, San
Francisco, California

Speakers and discussants

Stephanie Albin, MD, Pediatrics, Children’s Hospital of
Philadelphia, Perelman School of Medicine, University of
Pennsylvania, Philadelphia, Pennsylvania

T. Prescott Atkinson, MD, PhD, Pediatric Allergy/Immu-
nology, Children’s Hospital of Alabama, University of Alabama
School of Medicine, Birmingham, Alabama

Barbara Ballard, Immune Deficiency Foundation, Towson,
Maryland

Jeffrey J. Bednarski, MD, PhD, Pediatric Hematology/
Oncology, St Louis Children’s Hospital, Washington University
School of Medicine, St Louis, Missouri

Marcia Boyle, Immune Deficiency Foundation, Towson,
Maryland

Amy Brower, PhD, Newborn Screening Translational Research
Network, American College of Medical Genetics and Genomics,
Bethesda, Maryland

Rebecca H. Buckley, MD, Pediatric Allergy and Immunology,
Duke University School of Medicine, Durham, NC

Mirjam van der Burg, PhD, Molecular Immunology, Erasmus
Medical Center, Rotterdam, The Netherlands

Lauri Burroughs, MD, Pediatric Hematology/Oncology, Fred
Hutchinson Cancer Research Center, University of Washington
School of Medicine, Seattle, Washington

Fabio Candotti, MD, Genetics & Molecular Biology Branch,
National Human Genome Research Institute, National Institutes
of Health, Bethesda, Bethesda, Maryland

Ka Wah Chan, MD, Pediatric Blood and Marrow Transplant,
Methodist Hospital/Texas Transplant Institute, University of
Texas Health Science Center, San Antonio, Texas

Talal Chatila, MD, Pediatric Allergy/Immunology, Children’s
Hospital, Harvard Medical School, Boston, Massachusetts

Joshua A. Checketts, Department of Pediatrics, Lucile Packard
Children’s Hospital, Stanford University School of Medicine,
Stanford, California

Anne Marie Comeau, PhD, New England Newborn Screening
Program, Department of Pediatrics, University of Massachusetts
Memorial Medical Center, Worcester, Massachusetts

James Albert Connelly, MD, Pediatric Hematology/Oncology,
C. S. Mott Children’s Hospital, University of Michigan, Ann
Arbor, Michigan

Charlotte Cunningham-Rundles, MD, PhD, Pediatric Clinical
Immunology, Mount Sinai School of Medicine, New York, New
York
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Agnieszka Czechowicz, MD, Pediatrics, Children’s Hospital,
Harvard Medical School, Boston, Massachusetts
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nology and Neuroscience, Baxter Healthcare Corporation, Deer-
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Elizabeth Dunn, Pediatric Allergy/Immunology and Blood and
Marrow Transplant Division, UCSF Benioff Children’s Hospital,
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Christopher C. Dvorak, MD, Pediatric Allergy/Immunology
and Blood and Marrow Transplant Division, UCSF Benioff
Children’s Hospital, University of California, San Francisco,
California

Kerstin Felgentreff, MD, Immunology, Children’s Hospital,
Harvard Medical School, Boston, Massachusetts

Alexandra H. Filipovich, MD, Pediatric Clinical Immunology,
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pital Medical Center, Cincinnati, Ohio

Thomas A. Fleisher, MD, Department of Laboratory Medicine,
Clinical Center, National Institutes of Health, Bethesda, Maryland

Lisa R. Forbes, MD, Pediatric Allergy/Immunology, Chil-
dren’s Hospital of Philadelphia, Perelman School of Medicine,
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Patricia C. Fulkerson, MD, PhD, Pediatric Allergy/Immu-
nology, Cincinnati Children’s Hospital Medical Center, Cincin-
nati, Ohio

Alfred P. Gillio, MD, Pediatric Hematology/Oncology, Hack-
ensack University Medical Center, Hackensack, NJ

Frederick Goldman, MD, Blood and Marrow Transplant, and
Pediatric Hematology/Oncology, Children’s Hospital of Ala-
bama, University of Alabama School of Medicine, Birmingham,
Alabama

Rashmi Gopal-Srivastava, PhD, Office of Rare Diseases
Research, National Institutes of Health, Bethesda, Maryland

Nancy S. Green, MD, Pediatric Hematology/Oncology, New
York-Presbyterian Hospital, Columbia University Medical Cen-
ter, New York, New York

Tayfun Gungor, MD, Pediatric Immunology and Blood and
Marrow Transplantation, Children’s Hospital Zurich, University
of Zurich, Zurich, Switzerland

Elie Haddad, MD, PhD, Pediatric Immunology, Mother and
Child Ste-Justine Hospital, Montreal, Quebec, Canada

Imelda Celine Hanson, MD, Pediatric Allergy/Immunology,
Baylor College of Medicine, Texas Children’s Hospital, Houston,
Texas

Jeanette Haugh, RN, Pediatric Hematology/Oncology and
Stem Cell Transplant, Hackensack University Medical Center,
Hackensack, NJ

Jennifer R. Heimall, MD, Pediatric Allergy/Immunology,
Children’s Hospital of Philadelphia, Perelman School of Medi-
cine, University of Pennsylvania, Philadelphia, Pennsylvania

Emily Hovermale, Immune Deficiency Foundation, Towson,
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Mary Hurley, Chronic Granulomatous Disease Association,
San Marino, California

Sumathi Iyengar, MD, Wiskott-Aldrich Foundation, Smyrna,
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Elizabeth M. Kang, MD, Laboratory of Host Defenses,
National Institute of Allergy and Infectious Diseases, National
Institutes of Health, Bethesda, Maryland
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fornia, Los Angeles, California

Renna Killen, RN, Blood and Marrow Transplant, Children’s
Hospital Los Angeles, University of Southern California, Los
Angeles, California

Alan P. Knutsen, MD, Pediatric Allergy/Immunology, Cardinal
Glennon Children’s Hospital, St Louis University School of
Medicine, St Louis, Missouri

James LaBelle, MD, PhD, Pediatric Hematology/Oncology,
Children’s Hospital, Harvard Medical School, Boston,
Massachusetts

Jason Law, MD, Pediatric Hematology/Oncology, UCSF Beni-
off Children’s Hospital, University of California, San Francisco,
California

Brent R. Logan, PhD, Center for International Blood and
Marrow Transplant Research and Division of Biostatistics, Med-
ical College of Wisconsin, Milwaukee, Wisconsin

Janel R. Long-Boyle, PharmD, PhD, Department of Clinical
Pharmacy, School of Pharmacy, University of California, San
Francisco, California

Maxim Lutskiy, MD, Pediatric Allergy/Immunology, Chil-
dren’s Hospital, Harvard Medical School, Boston, Massachusetts

Harry L. Malech, MD, Laboratory of Host Defenses, National
Institute of Allergy and Infectious Diseases, National Institutes of
Health, Bethesda, Maryland

Rebecca A. Marsh, MD, Pediatric Hematology/Oncology,
Cincinnati Children’s Hospital, Cincinnati, Ohio

Caridad Martinez, MD, Pediatric Hematology/Oncology,
Texas Children’s Cancer Center, Baylor College of Medicine,
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Fred Modell, Jeffrey Modell Foundation, New York, New York

Vicki Modell, Jeffrey Modell Foundation, New York, New York

Maria Teresa de la Morena, MD, Pediatric Allergy/Immu-
nology, University of Texas Southwestern Children’s Medical
Center, Dallas, Texas

Sarah K. Nicholas, MD, Pediatric Allergy/Immunology, Texas
Children’s Clinical Care Center, Baylor College of Medicine,
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was unable to attend this workshop but whose discussion was
contributory)
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Columbia, Vancouver, British Columbia, Canada

Suzanne Skoda-Smith, MD, Pediatric Allergy/Immunology,
Seattle Children’s Research Institute, University of Washington
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cians and Surgeons, New York, New York
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TABLE E1. Patient advocacy group resources for patients with PIDs in the United States
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Group

Leadership and financial
resource(s)

Disease(s)

Year started

Purpose, goal, and activities

Immune Deficiency
Foundation (IDF), Towson,
Md

Contact:
WWWw.primaryimmune.org/

Jeffrey Modell Foundation
(JMF), New York, NY
Contact: http://www.info4pi.

org/jmf/

Chronic Granulomatous
Disease Association, San
Marino, Calif

Contact: http://www.
cgdassociation.org/index.
php

Wiskott-Aldrich Foundation,
Smyrna, Ga

Contact: http://www.wiskott.
org/

Severe Combined
Immunodeficiency Family
Network

Contact: http://www.scid.net/

Affiliated with the Immune
Deficiency Foundation
(IDF)

Severe Combined
Immunodeficiency Angels
for Life Foundation,
Lakeland, Fla

Contact: http://www.
scidangelsforlife.com/

Marcia Boyle; nonprofit with
corporate sponsorship

Vicki and Fred Modell;
nonprofit with corporate
sponsorship

Mary and Alan Hurley;
nonprofit with corporate
sponsorship

Sumathi Iyengar, MD;
nonprofit with corporate
sponsorship

Barbara Ballard; Listserv and
Web site

Heather Smith; nonprofit with
corporate sponsorship

PID

PID

CGD

WAS, including hereditary X-

linked thrombocytopenia

SCID

SCID

1980

1987

1993

2003

1997

2008

1) US national patient or-
ganization for PID dis-
eases dedicated to
improving the diagnosis,
treatment, and quality of
life of persons with PID
diseases through advo-
cacy, education, and
research

Administrative oversight
of the USIDNET (Table

2

-

Globailglonproﬁt organization
dedicated to early diagnosis,
meaningful treatments, and,
ultimately, cures through
research, physician
education, public awareness,
advocacy, patient support,
and newborn screening;
there are >100 Jeffrey
Modell Diagnostic and
Research Centers and 230
Referral Centers worldwide.
Reference: Modell et al™!

Patient organization dedicated
to helping those with CGD
and advancing research
toward a cure

Dedicated to funding research
to find improved cures for
WAS and providing up-to-
date information and
support for families living
with WAS worldwide
1) Maintain SCID e-mail

Listserv Support Group;

contact: mailgroup@

scid.net

Self-help support group

and a resource guide to

families afflicted with

SCID designed to pro-

mote education, aware-

ness, diagnosis, newborn
screening, and research

. related to SCID
To increase awareness, benefit

research, and provide parent
and family education for
those affected by SCID

2

-
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TABLE E2. PIDTC progress to address key questions in HCT for patients with SCID and non-SCID

Item Question

PIDTC progress and/or approach

SCID: Key questions from 2008 Consensus Workshop (Griffith et al“?)

1 How are the extent and durability of T-cell, B-cell, and NK cell
lineage-specific reconstitution and function after HCT affected by
the transplantation regimen/strategy used? Is full donor chimerism
needed?

2 To minimize toxic effects yet achieve full and durable immune
reconstitution, what are the best transplantation strategies?

3 What is the overall survival and long-term clinical status of patients
with SCID treated with HCT in North America?

4 How do the specific SCID genotypes affect transplantation outcomes,
including engraftment, sustained thymopoiesis, and function of B-
cell and NK cell populations?

5 What is the significance of the recipient’s residual T-cell immunity
before HCT, as observed in patients with CID, and how does this
affect selection of an optimal donor, conditioning regimen, and graft
manipulation?

6 When the donor graft is T-cell depleted, what is the relation of the
method used, source of cells, and extent of T-cell depletion on
posttransplantation GVHD (with or without GVHD prophylaxis)?

7 If an HLA-matched related graft is unavailable, can we develop an
algorithm to identify next-best graft source and HCT regimen for
patients with SCID?

8 Patients undergoing transplantation for SCID, particularly those who
have received HLA-haplotype disparate T cell-depleted grafts,
constitute a unique clinical model for examining interactions
between donor and host cells that shape the immune repertoire, and
contribute to tolerance.

9 For long-term SCID survivors who received treatments other than
transplantation, a similar retrospective analysis and comprehensive
evaluation of lymphoid populations and their function is also
urgently needed.

10 What is the role of HCT vs GT for a specific gene defect, if available?

Progress: To address these questions, PIDTC Protocols 6901 and 6902
for SCID will capture as baseline data the type of donor and
transplantation regimen used; in Protocol 6902, for subjects who
survive >2 years after HCT, immunologic reconstitution and
function and lineage-specific chimerism will be assessed. We
anticipate it will be possible to study at least 400 subjects in a cross-
sectional visit for Protocol 6902.

Progress: PIDTC Protocols 6901 and 6902 will examine the
importance of the baseline genetic defect, immune phenotype, graft
type, and transplantation regimen for post-HCT outcomes, including
lineage-specific chimerism and immune function.

Progress: PIDTC Protocol 6902 will capture baseline data, including
the transplantation approach, and assess long-term outcomes,
including survival, growth, organ function, quality of life, and
complications, such as late recurrence of immune deficiency,
development of autoimmune diseases, chronic infections, or
malignancies. To avoid a survival bias, each participating center has
submitted for eligibility on Protocol 6902 their entire cohort of
patients undergoing transplantation or with intention to
transplantation for SCID, including those who have expired in the
interim.

Progress: To study the importance of genotype and phenotype for
outcome of HCT in children with SCID, PIDTC Protocol 6901 will
capture this information prospectively. For Protocol 6902, the
consortium will endeavor to obtain samples and genotype all
subjects enrolled on the cross-sectional study, if this testing was not
performed or was not available for these historic cases.

Progress: PIDTC Protocols 6901 and 6902, in addition to enrolling
“true SCID” (stratum A), also include patients with residual T-cell
immunity, including “leaky SCID,” Omenn syndrome, and reticular
dysgenesis (stratum B). The importance of donor type, conditioning
regimen, and graft manipulation for HCT outcomes will be analyzed.

Progress: The databases for PIDTC Protocols 6901 and 6902 will
include information about graft source and manipulation, and if the
subject experienced GVHD, so that the importance of aspects of the
graft for post-HCT outcomes, including GVHD, can be assessed.

Progress: PIDTC Protocols 6901 and 6902 will capture information on
HLA typing of the donor and recipient, graft source, and HCT
regimen for each patient with SCID in an effort to analyze the
importance of these variables for outcomes.

Progress: For subjects enrolled in the cross-sectional study of PIDTC
Protocol 6902 who received T cell-depleted haploidentical HCT
without MAC, samples will be obtained to investigate the current
status of immune reconstitution. Of particular interest is the state of
mixed chimerism that has been observed in such patients, with T
cells of donor origin and other hematopoietic elements, including
antigen-presenting cells of myeloid lineages and in some patients
also B cells of host type.

Progress: PIDTC Protocols 6901 and 6902 are inclusive of patients
with ADA-SCID who have received PEG-ADA enzyme replacement
therapy and of all patients with SCID who have received GT. Data
sets inclusive of lymphoid populations comparable with those for
patients receiving HCT for SCID will be collected, and outcomes
will be analyzed.

Progress: 1t is anticipated that factors important for risk/benefit of the
HCT procedure will be identified in PIDTC Protocols 6901, 6902,
6903, and 6904, which aim to assemble the comprehensive
experience of HCT in North America for SCID, WAS, and CGD.
This information will further the decision-making process regarding
HCT vs GT for a specific gene defect in an individual patient.

(Continued)
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Item

Question

PIDTC progress and/or approach

SCID: New key questions

1

2

Regarding T-cell, B-cell, and NK cell reconstitution after HCT for
SCID, what determines kinetics, level of reconstitution, durability,
and quality of immune reconstitution? Can a preparative regimen be
designed to facilitate the reconstitution of particular lineage(s) while
minimizing patient toxicity? What is the role of the thymus in this
process? What differences in outcomes are attributable to the
patients’ underlying genetic defects? What is the contribution of
CD34" stem cell vs common lymphoid progenitor engraftment in
determining long-term T-cell reconstitution? Are there aspects of
recovery of T-cell numbers, phenotype, and function that affect the
recovery of B-cell function? What are the critical determinants of
reconstitution of B-cell function, and are they distinct among SCID
genotypes?

What is the role of autologous NK cells in transplantation outcome for
patients with SCID, in particular, in T"B NK™ SCID, which
includes the RAG and Artemis genetic defects? What is the role of
NK cells in graft rejection, can NK cells be suppressed/ablated by
using nonchemotherapy approaches, and can the NK cell-specific
receptors and ligands be manipulated to promote engraftment and
reduce the risk of GVHD after transplantation?

Non-SCID: Key questions from 2008 Workshop (Griffith et al"?)

1

How does immune function compare for age-matched patients with
WAS who have or have not received HCT?

How do the specific gene mutations, ages, disease manifestations, and
prior treatments (eg, splenectomy) influence the risk vs benefit of
HCT for patients with WAS?

Does attaining full donor lymphoid and myeloid chimerism reduce the
risk of post-HCT autoimmune and inflammatory complications for
WAS?

What degree of donor chimerism in the myeloid compartment is
required for clinical cure of CGD?

For CGD, does the burden of infectious and inflammatory
manifestations relate to the biochemical consequences of the
underlying genotype?

On the basis of the biochemical profile and clinical course of individual
patients with CGD, is it possible to develop guidelines as to those
patients most likely to benefit from HCT?

Do the recent advances in HCT regimens, such as high-resolution HLA
matching for unrelated donor selection and the newer reduced-
intensity and non-MAC regimens, offer possible advantages for
patients with non-SCID PIDs?

Non-SCID: New key questions

1

What are the mechanisms of pretransplantation and posttransplantation
autoimmune/inflammatory complications in patients with non-SCID
PIDs? Is autoimmunity after HCT related to the extent of donor
chimerism, and in particular, what is the contribution of mixed
chimerism in the myeloid and B-cell lineages? What are the best
approaches to transplantation of patients with WAS with
autoimmune disease, and should full donor chimerism be the goal?

Approach: For each subject enrolled in PIDTC 6901, the prospective
observational study, lineage-specific engraftment data will be
studied for each subject to determine the kinetics, level of
reconstitution, durability, and quality of immune reconstitution.
Baseline clinical information, as well as content of the preparative
regimen and type of graft, will also be recorded, and the importance
of these factors for lineage-specific engraftment and for
reconstitution of immune function, including T-cell and B-cell
function will be assessed.

Approach: For each subject enrolled in PIDTC 6901, the presence or
absence of autologous NK cells at baseline pretreatment will be
recorded, and where data are available, posttransplantation NK cell
chimerism will be studied and correlated with clinical events.
Hypotheses generated regarding the role of autologous NK cells in
engraftment and GVHD will then be considered for future
hypothesis-driven preclinical and/or clinical studies in HCT for
SCID.

Progress: For each patient with WAS enrolled in PIDTC Protocol
6904, their baseline pre-HCT and post-HCT immune function will
be assessed so that these can be compared; however, control subjects
who have not received transplant will not be studied as a part of the
protocol.

Progress: Demographics, including age and baseline variables, such as
the specific gene mutation, disease manifestations, and prior
treatments, including splenectomy, will be included in the outcomes
analyses of PIDTC Protocol 6904.

Progress: Data concerning extent of lymphoid and myeloid lineage-
specific donor chimerism and the occurrence of autoimmune and
inflammatory complications after HCT will be collected in PIDTC
Protocol 6904.

Progress: Data concerning extent of myeloid lineage-specific donor
chimerism after HCT and the oxidase activity of the subject’s
myeloid cells both before and after HCT will be collected in PIDTC
Protocol 6903.

Progress: In PIDTC Protocol 6903 subject variables, including the
genotype of their defect and their baseline burden of infectious and
inflammatory manifestations before HCT, will be collected.

Progress: PIDTC Protocol 6904 aims to assemble the comprehensive
experience of HCT in North America for CGD; it is anticipated that
factors important for risk/benefit decisions regarding the HCT
procedure for individual patients will be identified.

Progress: Information about HLA matching for MUD or unrelated
cord blood donor selection and the type of conditioning regimen
used will be collected for subjects enrolled on PIDTC Protocols
6903 for CGD and 6904 for WAS, so that the importance of these
variables of for HCT outcomes can be analyzed.

Approach: For PIDTC Protocols 6903 and 6904, baseline incidence of
autoimmune/inflammatory complications will be recorded and
compared with the posttransplantation incidence. Posttransplantation
lineage-specific chimerism will be correlated with the incidence of
autoimmune/inflammatory complications. These outcomes will be
used to develop hypotheses regarding the relation of myeloid and/or
B-cell donor chimerism to autoimmune/inflammatory events for
patients with WAS and best approach to transplantation, to be
addressed in future prospective clinical studies.

(Continued)
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Item

Question

PIDTC progress and/or approach

2

4

What is the importance of the CGD genotype or phenotype in the
decision to move forward with HCT? New research indicates the
level of oxidase activity in a patient with CGD is directly related to
overall survival; is this the best indicator of need for HCT? When is
the best time to provide HCT for patients likely to benefit because of
their low/absent neutrophil oxidase activity?

How does the clinical status and genotype/phenotype of the patient
with CGD affect the choice of transplantation regimen?

Should or should not carrier donors be used in HCT for X-linked and
autosomal recessive CGD? Are the oxidase production levels of
carrier donors stable over time, and will the expression in a recipient
be the same as in the donor?

For which forms of PID other than SCID would it be beneficial for the
PIDTC or the PIDTC in collaboration with the IEWP-EBMT to
study outcomes by means of natural history studies? Such studies are
expected to form the basis for planning future prospective treatment
clinical trials.

Approach: For PIDTC Protocol 6903, the relation of CGD genotype
and/or phenotype, including level of oxidase activity, to survival will
be compared for subjects who receive HCT vs those who do not. The
survival data will be used to generate hypotheses regarding the best
time to provide HCT depending on the patient’s genotype/
phenotype, which is to be investigated in future clinical studies.

Approach: In PIDTC Protocol 6903 the current experience in selection
of transplantation regimens for HCT in patients with CGD will be
analyzed. The importance of clinical status at baseline, as well as
subject genotype/phenotype, in choice of the transplant regimen will
be assessed.

Approach: Information about the oxidase levels of carrier donors and,
where available, the stability of these oxidase levels over time will
be a part of the baseline assessments in Protocol 6903. Recipient
oxidase expression will be compared with that of the donor.

Approach: A feasibility study for future longitudinal observational and
cross-sectional studies in HCT for rare PIDs will be conducted
before selection of the next study the PIDTC will undertake.

RAG, Recombination-activating gene.
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TABLE E3. Transplantation summary for patients with SCID, WAS, and CGD: selected publications, 2005 to the present

Other
non-SCID Other
Study (year) scID WAS CGD PID disease(s) Design Comments
Rao et al (2005)™ 6 4 NA 23 NA Prospective treatment, RIC regimen
single arm, single
center
7 1 NA 11 NA Retrospective cohort, MAC regimen
center same as above
Bhattacharya et al 8 NA NA 6 NA Retrospective, single Cord blood graft, various
(2005)"* center regimens
Sato et al (2007)" 3 5 NA 1 NA Retrospective, single Various regimens
center
Straathof et al (2009)"° 9 NA NA 7 NA Prospective treatment, Antibody-based MIC
single arm, single regimen (anti-CD45
center and anti-CD52/
Campath)
Frangoul et al (2010)"’ 4 5 NA 15 340 Prospective treatment, Cord blood graft, MAC
Registration: single arm; multicenter regimen
ClinicalTrials.gov (27 centers) Cord
NCT00000603 Blood Transplantation
Study (COBLT)
sponsored by NHLBI,
NIH
Gennery et al (2010),"* 699 168 41 574 NA Retrospective, Various regimens
incorporates previous multicenter; 37 centers
Antoine et al (2003)% participating in
SCETIDE database of
EBMT/ESID
Slatter et al (2011)"'° 27 7 0 36 NA Retrospective, 2 centers Treosulfan-based
regimens
Morio et al (201 1)Hll 40 23 7 18 NA Prospective, Cord blood graft, various
observational, regimens
multicenter
Schulz et al (2011)%!? 4 0 2 6 18 Prospective treatment, Antibody-based (*°Y-
single center labeled anti-CD66)
MIC regimen for SCID
or MAC regimen for
non-SCID
DiNardo et al (2012)%"° 25 2 0 12 NA Retrospective, single Various regimens
center
Eapen et al (2012)%"* 201 144 17 244 348, all with  Retrospective, Study of survivors >2 y
inborn errors multicenter, from >450 after HCT; various
of metabolism centers participating in regimens
CIBMTR database
SCID
Dvorak et al (2008)°'° 15 NA NA NA NA Prospective treatment, Graft: megadoses of
single center haplocompatible
CD34" hematopoietic
stem cells with a fixed
dose of CD3" T cells;
no preparative regimen
given except that
fludarabine was used
when maternal
engraftment was
present
Railey et al (2009)"'° 161 NA NA NA NA Retrospective, single Graft: related donor
and Sarzotti-Kelsoe center transplants

et al (2009),"' and
Buckley et al
(2012)51%

Regimen: no patient
received
pretransplantation
chemotherapy or
posttransplantation
GVHD prophylaxis

(Continued)
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Other
non-SCID Other
Study (year) SCID WAS CGD PID disease(s) Design Comments
Iguchi et al (201 DEY 3 (X-linked SCID only) NA NA NA NA Retrospective, single Cord blood graft, various
center regimens
Yu et al (2011)%*° 9(T"B*NK'"SCIDonly) NA NA NA NA Retrospective, single Various regimens
center
Fernandes et al 249 (SCID or Omenn NA NA NA NA Retrospective, Cord blood or T-cell
(2012)%%! syndrome) multicenter, 32 centers depleted haplo-
participating in matched graft; various
EUROCORD and/or regimens
SCETIDE, EBMT/
ESID databases
Hassan et al 106 (ADA-SCID only) NA NA NA NA Retrospective, Various regimens
(2012)%% multicenter; 37 centers
participating in
SCETIDE database of
EBMT/ESID
WAS
Ozsahin et al (2008)"* NA 96 NA NA NA Retrospective, Study of survivors >2 y
multicenter; European after HCT; various
centers identified MAC regimens
through IEWP EMBT
and/or the ESID WAS
database
Friedrich et al NA 39 NA NA NA Retrospective, single Various MAC regimens
(2009)=%* center
Moratto et al (201 l),hzs NA 194 NA NA NA Retrospective, Various MAC regimens
includes 8 multicenter; European
patients reported and US centers
by Ozsahin et al
(2008)"** and
includes 66 patients
reported by
Filipovich et al
(2001)1126
Shin et al (2012)"*’ NA 47 NA NA NA Retrospective, single Various regimens, most
center are MAC
CGD
Gungor et al (2005)** NA NA 3 NA NA Retrospective, single Adult subjects with
center significant
comorbidities; RIC
regimen
Soncini et al (2009)"* NA NA 20 NA NA Retrospective, single Various MAC regimens
center
Schuetz et al (2009)"*° NA NA 12 NA NA Retrospective, single Various MAC regimens
center
Tewari NA NA 12 NA NA Retrospective, single Graft: Cord blood or bone

et al (2012)%°"

center

marrow; various MAC
regimens

MIC, Minimal-intensity conditioning; NA, not applicable; RIC, reduced-intensity conditioning.
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