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Workshop summary
Primary Immune Deficiency Treatment Consortium
(PIDTC) update
Linda M. Griffith, MD, MHS, PhD,a Morton J. Cowan, MD,b Luigi D. Notarangelo, MD,c Donald B. Kohn, MD,d

Jennifer M. Puck, MD,b William T. Shearer, MD, PhD,e Lauri M. Burroughs, MD,f Troy R. Torgerson, MD, PhD,g

H�el�ene Decaluwe, MD, PhD,h and Elie Haddad, MD, PhD,h on behalf of the workshop participants Bethesda, Md,

San Francisco and Los Angeles, Calif, Boston, Mass, Houston, Tex, Seattle, Wash, and Montreal, Quebec, Canada
The Primary Immune Deficiency Treatment Consortium
(PIDTC) is a collaboration of 41 North American centers
studying therapy for rare primary immune deficiency diseases
(PIDs), including severe combined immune deficiency (SCID),
Wiskott-Aldrich syndrome (WAS), and chronic granulomatous
disease (CGD). An additional 3 European centers have
partnered with the PIDTC to study CGD. Natural history
protocols of the PIDTC analyze outcomes of treatment for rare
PIDs in multicenter longitudinal retrospective, prospective, and
cross-sectional studies. Since 2009, participating centers have
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Abbreviations used

ADA: Adenosine deaminase

CGD: Chronic granulomatous disease

CIBMTR: Center for International Blood and Marrow Transplant

Research

EBMT: European Group for Blood and Marrow Transplantation

GT: Gene therapy

HCT: Hematopoietic cell transplantation

IEWP: Inborn Errors Working Party

MSD: Matched sibling donor

MUD: Matched unrelated donor

NBS: Newborn screening

NCATS: National Center for Advancing Translational Sciences

NIAID: National Institute of Allergy and Infectious Diseases

NIH: National Institutes of Health

ORDR: Office of Rare Diseases Research

OS: Omenn syndrome

PAG: Patient advocacy group

PID: Primary immune deficiency disease

PIDTC: Primary Immune Deficiency Treatment Consortium

RD: Reticular dysgenesis

SCID: Severe combined immune deficiency

TREC: T-cell receptor excision circle

WAS: Wiskott-Aldrich syndrome

X-SCID: X-linked severe combined immune deficiency
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groups, and international colleagues. Funded by the National
Institute of Allergy and Infectious Diseases and the Office of
Rare Diseases Research, National Center for Advancing
Translational Sciences, the PIDTC has recently received
renewal for another 5 years. Here we review accomplishments
of the group, projects underway, highlights of recent workshops,
and challenges for the future. (J Allergy Clin Immunol
2016;138:375-85.)

Key words: Allogeneic hematopoietic cell transplantation, gene
therapy, primary immunodeficiency, clinical trial

The study of primary immune deficiency diseases (PIDs) is
challenged by the rarity of these disorders and, until recently, the
relative lack of known causative genetic defects.1,2 Treatment of
PIDs is in turn compromised by a paucity of therapies based on
specific mechanisms of disease, and only a few prospective
clinical trials have been performed to date. The Primary Immune
Deficiency Treatment Consortium (PIDTC) was formed in 20093

to bring together investigators in North America. By means of
natural history protocols, the PIDTC pools individual patient
data from multiple participating sites to analyze outcomes of
treatment approaches for rare PIDs and thereby identify best
practices. This report updates our previous account,4 with a focus
on the effect of accomplishments to date, recent workshop
proceedings, and future plans and challenges of the consortium.
PIDs ARE RARE DISEASES
Rare diseases, as defined by the US Rare Diseases Act of 2002,

affect fewer than 200,000 subjects5 or about 1 in 1500 persons.
Incidence data for PIDs,6 including severe combined immune
deficiency (SCID; previous estimate of 1 in 100,000 live births,
but now with use of newborn screening [NBS], the estimate is
2-fold higher at 1 in 58,000 live births [see below]),7 chronic
granulomatous disease (CGD; at least 1 in 250,000),8,9 and
Wiskott-Aldrich syndrome (WAS; about 1 in 100,000 to 1 in
1,000,000 male subjects),10 indicate the necessity of multicenter
collaboration to improve our understanding of the pathogenesis
and approaches to treatment of these disorders.
PIDTC MISSION, GROWTH, AND PROGRESS
The primary mission of the PIDTC has been to conduct

multicenter natural history studies of treatments for SCID,
WAS, and CGD (Table I). Initially funded in 2009 by a U54
cooperative agreement from the National Institute of Allergy
and Infectious Diseases (NIAID) and the Office of Rare Diseases
Research (ORDR), National Center for Advancing Translational
Sciences (NCATS), administrative operations are centralized at
the University of California, San Francisco and the Data
Management and Coordinating Center at the University of South
Florida. Recently, the PIDTC was renewed for 5 years. With R13
conference funding from the NIAID and ORDR, the PIDTC has
held 5 Annual Scientific Workshops to date.

This consortium has been built by the participating investiga-
tors. Groundwork included a consensus of leadership in PIDs
regarding elements needed for a successful consortium,
assessment of the feasibility of ascertaining target patient
populations, and formulation of key questions to be addressed,3

followed by a successful investigator-initiated application to the
National Institutes of Health (NIH) for initial funding and renewal
of the consortium.

Growth and progress of the PIDTC has been rapid since the
beginning for several reasons. First, there is a clear perception of
need by the PID caregiver community, as evidenced by the
participation of 33 centers in North America during the first
5-year funding period and 41 centers in addition to 3 European
centers during the present cycle. Vital collaborations directed to
leverage existing resources, including the Center for International
Blood and Marrow Transplant Research (CIBMTR), Milwaukee,
Wisconsin, and the United States Immune Deficiency Network,
Towson, Maryland,11 and international colleagues in the Inborn
Errors Working Party–European Group for Blood and Marrow
Transplantation (IEWP-EBMT), were established at the outset
(see Griffith et al,4 Table II). Several aspects of consortium frame-
work have benefited from the capability of the ORDR/NCATS, in
studying rare diseases, including the importance of enlisting
patient advocacy groups (PAGs) to encourage broad registration
of subjects; mentoring and training of young investigators; and
conducting pilot projects, as described in greater detail in
Griffith et al.4 Study protocols in patients with SCID, CGD, and
WAS were developed by disease-specific teams and reviewed
by the NIAID and the Data Management and Coordinating
Center.

Dedicated contributors at North American centers worked to
obtain approval for PIDTC protocols from their institutional
review boards, meet consortium regulatory requirements for site
qualification, and enter extensive patient data. The CIBMTR has
contributed expert multivariable statistical analysis of
transplantation outcomes for all PIDTC studies, as well as data
from the CIBMTR database for prospective studies. Recently, the
PIDTC has initiated collaborations with investigators from other
countries for retrospective studies of rare PIDs and to participate
in PIDTC Protocol 6903 in CGD.



TABLE I. Mission and vision: Primary Immune Deficiency Treatment Consortium (PIDTC)

Mission Statement

To foster collaborations across North America among researchers, physicians, allied health care workers, and patient advocacy groups with interest and

expertise in primary immunodeficiency diseases. By working together, the PIDTC aims to promote research into basic, translational, and clinical science

of blood and marrow transplantation, enzyme replacement, gene therapy, and related treatments for primary immunodeficiency diseases.

Vision Statement

Through collaborative research, including multicenter prospective interventional trials, the PIDTC aims to enhance our understanding of primary immu-

nodeficiency diseases and their therapies, with the goal of improving survival and quality of life for patients living with these rare medical conditions.
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Currently, 4 protocols are open and enrolling, as described
below and in Table II and Table E1 in this article’s Online
Repository at www.jacionline.org. PIDTC has published 3
manuscripts from the databases of Protocols 6901 and 6902
(Table III), several collaborative manuscripts (Table IV), and
workshop reports (see Table E2 in this article’s Online Repository
at www.jacionline.org).

To date, PIDTC has funded 4 pilot/demonstration projects (see
Table E3 in this article’s Online Repository at www.jacionline.
org) and 12 research fellowships (see Table E4 in this article’s
Online Repository at www.jacionline.org) to encourage research
that is early in development and to involve young investigators in
the field of PIDs. In addition, based on multinational
collaborations of the PIDTC, several articles have been published
(Table IV), with additional projects underway.
PIDTC CLINICAL STUDIES
PIDTC protocols for prospective and cross-sectional studies in

SCID are open and recruiting. Since opening in 2010, more than
160 subjects (target 259) have been enrolled in the prospective
study (Protocol 6901), and about 90 subjects (target 200) have
been enrolled in the cross-sectional study (Protocol 6902); more
than 700 subjects (target 600) have been enrolled in the
retrospective study for SCID (Protocol 6902, Table II and see
Table E1 and also Griffith et al,4 Table I). Thus since 2011, the
consortium has enrolled about 200 subjects per year into these
2 protocols (see Table E1), accruing more than 800 total
participants with SCID. Notably, for the SCID retrospective
data set, research of historic data as old as 30 years has been
needed. For this rare disease, assembly of such a resource is an
exceptional effort. For the first time, given this sample size, the
relative importance of different factors affecting long-term
survival and other outcomes after hematopoietic cell
transplantation (HCT) can be analyzed for patients with SCID
treated in North America. The databases for Protocols 6901 and
6902 are the basis of PIDTC publications to date, as described
below and in Table III.

The CGD (PIDTC Protocol 6903) and WAS (PIDTC Protocol
6904) protocols have been finalized. Center institutional review
boards are in the process of completing approvals, and enrollment
is proceeding at participating sites (Table II and see Table E1; and
also Griffith et al,4 Table I).
SIGNIFICANCE AND EFFECT OF PIDTC

PUBLICATIONS
Essentially, all studies of SCID demonstrate that HCT from an

HLA-matched sibling donor (MSD) leads to the best recovery of
immune function. The findings that HCT for SCID before
3.5 months of life or at any age in the absence of infection leads
to optimal survival and that use of haplocompatible donors (when
noMSDs are available) without conditioning is safest for patients
who are infected at the time of HCT (Table III),12 together
with wide-spread adoption of NBS for the disease in the
United States (Table IV),13 are practice changing. It was also
found that surviving patients who received reduced-intensity
conditioning or myeloablative conditioning as therapy before
HCT were more likely to have normal T-cell immunity and be
free from gammaglobulin replacement at 5 years after
transplantation.12 These studies reinforce the importance of
NBS, followed by timely HCT or other definitive therapy, for
the treatment of SCID.

IEWP-EBMT and PIDTC investigators have collaborated to
address 2 important issues (Table IV) related to a prospective
interventional clinical trial (described below). The PIDTC plans
to conduct a study on best transplantation approaches for
infants given a diagnosis of SCID at birth and who lack an
MSD. First, a comparison of outcomes after unconditioned
HCT for SCID using MSDs versus matched unrelated
donors (MUDs) has demonstrated similar survival and
engraftment of donor T cells but infrequent recovery of myeloid
and B cells, with an increased incidence of graft-versus-host
disease in patients receiving MUD compared with MSD
transplants.14 Second, the group has undertaken the first study
of busulfan pharmacokinetic monitoring in small infants,
demonstrating that model-predicted clearance increases 1.7-fold
in early life and must be carefully monitored in this patient
population.15,16

The report of NBS for SCID in 11 public health programs (10
states plus the Navajo Nation)13 indicates an incidence of typical
and leaky SCID about twice previous estimates (1 in 58,000 rather
than 1 in 100,000) in the United States. The PIDTC pilot study of
NBS conducted on the Navajo Reservation (Table III)17 was the
prototype for comprehensive NBS in the United States today.
Among patients identified in all localities by using NBS for
SCID, it appears that a larger than previously appreciated
proportion have leaky SCID, and a new group of infants
has been identified who have persistently low numbers of
T lymphocytes but do not meet the criteria for typical or leaky
SCID.18 Further clinical studies of this group are needed to
establish disease definitions and causes and determine best
management.

For Protocol 6901, the PIDTC prospective study of newly
diagnosed SCID, analysis of subjects’ baseline data shows that
today, an increasing proportion of newborns with SCID are
identified at birth because of either a prior family history of PIDs
or NBS.19 At 1 year, survival is 92% for typical SCID and 86% for
leaky SCID or Omenn syndrome (OS) for this contemporary
cohort but lower for those with reticular dysgenesis (RD).20

Clearly, many questions remain, and further work is needed to
optimize transplantation approaches, as discussed further below.

http://www.jacionline.org
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TABLE II. PIDTC protocols

PIDTC no., ClinicalTrials.gov identifier, and version history Title, mechanistic studies, and analyses currently underway

PIDTC 6901;

NCT01186913

Version 1.0 date: May 19, 2010

Current version: V3.0; August 28, 2012 (V4.0 pending release)

Title: A prospective natural history study of diagnosis, treatment and outcomes of children

with SCID disorders

Mechanistic studies:

1. T cells: post-HCT TRECs; repertoire diversity by spectratyping or Vb use

2. B cells: post-HCT reconstitution, function, and dysregulation; analysis of gamma

chain expression on CD19+ cells and plasmablast differentiation (limited to X-

SCID and JAK3 deficiency [PIDTC Pilot Project])

Analyses:

1. One-year outcomes for the first 100 subjects enrolled on this protocol are to be

described in an article that is in preparation. The T-cell mechanistic studies will

be included in this article.

2. A separate article reporting the B-cell mechanistic studies for Protocols 6901 and

6902 combined is in development.

3. Data from Protocols 6901 and 6902 will be combined to study outcomes of HCT,

GT, or ERT for ADA-SCID.

4. Other potential cohort analyses might include, for example, patients identified by

means of NBS and genotype-specific studies.

Comments:

1. V4.0 will include an option to enroll the protocol beyond the target number of sub-

jects required by power analyses to perform the analyses planned and to follow

subjects long-term.

2. Currently, Protocol 6901 is anticipated to enroll about 50 subjects during 2015 (see

Table E1); this is consistent with predictions given the US birth rate and the inci-

dence of SCID, as revised by NBS data to date.

PIDTC 6902;

NCT01346150

Version 1.0 date: November 30, 2010

Current version: V3.0; August 29, 2012 (V4.0 pending release)

Title: A retrospective and cross-sectional analysis of patients treated for SCID since

January 1, 1968

Mechanistic studies (cross-sectional analysis):

1. T cells: post-HCT TRECs; repertoire diversity by spectratyping or Vb use

2. T-cell exhaustion: study after HCT (limited to SCID [PIDTC Pilot Project])

3. T-cell HLA restriction: compare antigen-specific HLA-restricted responses by en-

grafted donor-derived T cells vs the donor’s own T cells after unmodified or

T cell–depleted transplantations (limited to selected subjects)

4. B cells: post-HCT reconstitution, function, and dysregulation; analysis of gamma

chain expression on CD19+ cells and plasmablast differentiation (limited to X-

SCID and JAK3 deficiency [PIDTC Pilot Project])

5. NK cells: functional and phenotypic attributions of NK tolerance in long-term SCID

survivors after unmodified or T cell–depleted transplantations

6. CD34+ progenitor cells: quantitate proportion of donor-derived clonogenic CD34+

cells in peripheral blood

7. Molecular diagnosis: genotyping; mutation (if not performed previously; separate

research protocol and consent)

Analyses:

1. The retrospective StratumA(typical SCID) hasbeen closed to further accrual and is in the

process of clean-up before analysis and preparation of an article. TREC analysis and

repertoire diversitywill be included in this study. Importance of variables for survival (eg,

genotype, decade of transplant, donor source, and conditioning regimen) will be

examined.

2. A separate article reporting the B-cell mechanistic studies for Protocols 6901 and

6902 combined is in development.

3. Data from Protocols 6901 and 6902 will be combined to study outcomes of HCT,

GT, or ERT for ADA-SCID.

4. PIDTC and IEWP-EBMT anticipate collaboration to study very long-term

(>20 years) outcomes of HCT for SCID.

5. Stratum B (leaky SCID, OS, and RD) will be closed in the near future to undertake

clean-up, analysis, and preparation of an article.

6. Other potential cohort analyses might include, for example, genotype-specific

studies and subjects requiring retransplantation.

(Continued)
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TABLE II. (Continued)

PIDTC no., ClinicalTrials.gov identifier, and version history Title, mechanistic studies, and analyses currently underway

Comments:

1. Additional enrollment of subjects for the cross-sectional analysis is needed; because

the retrospective analysis is fully enrolled, this should be feasible. In V4.0 of the

protocol, PIDTC will encourage centers to comprehensively recognize and follow-

up their living subjects.

PIDTC 6903;

NCT02082353

Version 1.0 Date: December 23, 2013

Current version: V1.0; December 23, 2013

Title: Analysis of patients treated for chronic granulomatous disease since January 1, 1995

Mechanistic studies (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 orDHR activity assays

2. Molecular diagnosis: genotyping; mutation (if not performed previously; separate

research protocol and consent)

3. DHR carrier study: durability of DHR activity in carrier donors and recipients

4. Microbiome study: gastrointestinal tract and skin

Analyses:

This protocol has recently opened to enrollment.

Comments:

1. Protocol 6903 is unique among PIDTC studies to date in that it includes a conven-

tional therapy arm. Clinical outcomes after HCT will be compared with standard

management.

2. CGD is an example of a PID in which the patient’s marrow contains all lineages

before transplantation, and a full donor chimera might not be needed to achieve

therapeutic effect. Therefore use of reduced-intensity preparative regimens might be

sufficient. Analysis of patient lineage-specific chimerism and relation to therapeutic

benefit will be needed.

PIDTC 6904; NCT02064933

Version 1.0 date: October 28. 2013

Current version: V1.0; October 28, 2013

Title: Analysis of patients treated for Wiskott-Aldrich syndrome since January 1, 1990

Mechanistic studies (prospective and/or cross-sectional analysis):

1. T cells: repertoire diversity by means of deep sequencing

2. B cells: KRECs; repertoire diversity by means of deep sequencing; BAFF/APRIL

level in serum

3. Chimerism: lineage-specific by means of flow cytometry (WAS protein expression)

4. Autoantibodies: microarray analysis

5. Autoimmunity: investigation of the molecular and cellular mechanisms of autoim-

munity in patients with WAS undergoing HCT (PIDTC Pilot Project)

Analyses:

This protocol has recently opened to enrollment.

Comments:

1. Mechanistic studies for this protocol will focus on identification of potential bio-

markers of autoimmunity after HCT.

2. WAS is an example of a PID in which the patient marrow contains all lineages

before transplantation, however, a full donor chimera might be needed to achieve

resolution of the disease without the complication of autoimmunity after HCT. That

is, a myeloablative preparative regimen resulting in a full donor chimera might be

needed for therapeutic effect.

ADA-SCID, ADA-deficient SCID; BAFF/APRIL, B-cell activating factor/a proliferation-inducing ligand; ERT, enzyme replacement therapy; JAK3, Janus kinase 3; KRECs, kappa-

deletion recombination excision circles; NK, natural killer.
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Definitions of SCID, leaky SCID, and OS developed by the
PIDTC from review of potential subjects for the 6901
and 6902 SCID protocols are now being used worldwide.18

Importantly, review of this experience illustrates that failure
to demonstrate either impaired lymphocyte proliferation to
PHA or maternal T-cell engraftment is the most common
reason for lack of a definitive diagnosis of SCID, emphasizing
the need for communication of the most current guidance on

http://ClinicalTrials.gov


TABLE III. Significant findings and effect of PIDTC protocol studies

Protocol(s) Study (reference) Results Effect/future outlook

PIDTC 6902 Transplantation outcomes for severe

combined immunodeficiency 2000-

2009 (Pai SY, Logan BR, Griffith LM,

et al N Engl J Med 2014;371:434-46)

Found an overall survival of at least

5 years among nearly three quarters of

240 infants with SCID from 25

clinical centers who received HCT.

Regardless of donor type, survival

rates were high for infants undergoing

transplantation within the first

3.5 months of life (94%) and those of

any age without evidence of infection

at the time of transplantation (for older

infants, 90% among those without

prior infection and 82% after

resolution of infection).

Emphasizes the importance of early

diagnosis and absence of infection for

achieving best transplantation

outcomes in patients with SCID. The

positive effect of treating this disease

early in life supports use of NBS to

ensure early diagnosis. This is the first

collaborative retrospective study of

HCT outcomes for SCID ever

conducted in North America and

demonstrates the feasibility of this

approach for study of this rare disease.

PIDTC 6901 and 6902 Establishing diagnostic criteria for

severe combined immunodeficiency

disease (SCID), leaky SCID, and

Omenn syndrome: the PIDTC

experience. (Shearer WT, Dunn E,

Notarangelo LD, et al. J Allergy Clin

Immunol 2014;133:1092-8)

Found failure to demonstrate either

impaired lymphocyte proliferation to

PHA or maternal T-cell engraftment is

the most common reason for lack of

definitive diagnosis of SCID and

related disorders, even when detection

of a genotype predictive of an SCID

phenotype is also accepted as an

alternative, among 322 children

treated at 27 North American centers.

Indicates, unexpectedly, that in the

recent decade (2000-2009), lack of

complete laboratory evaluation of

patients continues to present a

significant barrier to definitive

diagnosis of SCID and related

disorders. Emphasizes the need for

continued work to refine diagnostic

criteria for SCID. Demonstrates the

need for communication of the most

current guidance on diagnostic testing

for PIDs among those involved in

direct patient care.

PIDTC 6901 The natural history of children with

severe combined immunodeficiency:

baseline features of the first fifty

patients of the PIDTC Prospective

Study 6901. (Dvorak CC, Cowan MJ,

Logan BR, et al. J Clin Immunol

2013;33:1156-64)

For the first 50 sequential subjects, most

(92%) had mutations in a known SCID

gene. Half were given a diagnosis

based on NBS or family history and

were younger than those given a

diagnosis based on clinical signs

(median, 15 vs 81 days) and went to

transplantation earlier (median, 67 vs

214 days of life).

Supportive of NBS to ensure early

diagnosis. Notably, in this prospective

cohort most (92%) received a genetic

diagnosis of their PIDs.

PIDTC 6901 Early hematopoietic cell transplant

outcomes of children with severe

combined immunodeficiency (SCID):

the first seventy-four patients of the

Primary Immune Deficiency

Treatment Consortium (PIDTC)

prospective study 6901 (Heimall J,

Logan BR, Cowan MJ, et al. Biol

Blood Marrow Transplant

2015;21:S289-S291)

At 1 year, survival for 74 sequential

subjects who received HCT for typical

SCID, leaky SCID, OS, or RD was

88% (92% for 27 with typical SCID).

Deaths were most commonly related

to infection or conditioning toxicities.

GVHD affected about 20%.

Conditioning improved certain aspects

of immune recovery and decreased the

need for a second transplant.

Optimizing transplantation outcomes for

patients with SCID and related

disorders will require investigation

specific to this population of variables

contributing to GVHD, the toxicities

of conditioning regimens, the relation

of conditioning to immune

reconstitution, and late effects and

quality of life.

PIDTC Pilot Project SCID diagnosed by newborn screening

in Navajo Native Americans (Kwan A,

Hu D, Song M, et al. Successful

newborn screening for SCID in the

Navajo Nation. Clin Immunol 2015;

158:29-34.)

A pilot study at 2 Navajo hospitals

demonstrated feasibility of NBS in

this population, which has a founder

mutation for Artemis SCID. Of 7900

infants screened from February 2012

to July 2014, 4 had undetectable

TRECs and were referred for HCT; 1

had low TREC counts and was given a

diagnosis of non-SCID lymphopenia.

The experience of NBS in this

community served as the lead for

programs recently implemented in

multiple states in the United States.

Because of a higher frequency of

SCID mutations, risk and incidence

are higher among Navajo infants

compared with the general population.

GVHD, Graft-versus-host disease.
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diagnostic testing for PIDs among those involved in direct
patient care.

ANNUAL SCIENTIFIC WORKSHOPS
Key themes presented during recent PIDTC Annual Scientific

Workshops include the following.
NBS
To date, NBS is underway in 33 states, the District of

Columbia, Puerto Rico, and the Navajo Nation, providing for
more than 75% of US births, with additional US states
and Canadian provinces planning to implement testing within 1
to 2 years (http://primaryimmune.org/idf-advocacy-center/

http://primaryimmune.org/idf-advocacy-center/idf-scid-newborn-screening-campaign/


TABLE IV. Significant findings and effect of PIDTC collaborations

Collaboration Study (reference) Results Effect/future outlook

NBSTRN Newborn screening for severe

combined immunodeficiency in 11

screening programs in the United

States (Kwan A, Abraham RS,

Currier R, et al. JAMA

2014;312:729-38)

Found that SCID affects about 1 in

58,000 newborns in the United

States. The distribution of genetic

defects among 52 subjects

identified with SCID is different

from that described previously;

only 19% had X-linked disease,

and in 19% the genetic defect was

unknown. Data were gathered

from more than 3 million

newborns in 10 states and the

Navajo nation.

Demonstrated that the incidence of

SCID at birth is about twice as

high as previously appreciated.

The higher than expected

incidence of SCID without a

known defect provides an

opportunity for discovery of new

SCID-causing genes. Revealed a

group of patients with T-cell

lymphopenia who might not

meet all accepted criteria for

typical SCID and will require

further study. Emphasizes the

importance of NBS programs for

SCID.

PIDTC centers in California and the

CA NBSTRN

Newborn screening for severe

combined immunodeficiency and

T-cell lymphopenia in California:

results of the first 2 years (Kwan

A, Church JA, Cowan MJ, et al. J

Allergy Clin Immunol

2013;132:140-50)

Experience in standardization and

application of a high-throughput

quantitative TREC screening test

to a large population of nearly 1

million infants is described. Of 50

infants with significant T-cell

lymphopenia, 11 had typical

SCID, 3 had leaky SCID or

Omenn Syndrome, and 6 had

variant SCID or combined

immunodeficiency; the remainder

had other conditions.

Demonstrates feasibility to

implement screening for SCID and

related conditions in a large

population of newborns in the state

of California. Further work is

needed to define best follow-up

care for diagnoses of SCID and

other conditions with T-cell

lymphopenia.

IEWP-EBMT Comparison of outcomes of

hematopoietic stem cell

transplantation without

chemotherapy conditioning by

using matched sibling and

unrelated donors for treatment of

severe combined

immunodeficiency (Dvorak CC,

Hassan A, Slatter MA, et al. J

Allergy Clin Immunol

2014;134:935-43, e15)

Outcomes after unconditioned

transplantations for SCID using

HLA-matched sibling donors

(MSDs) vs MUDs are compared.

Survival and engraftment of donor

T cells were similar; however,

recovery of donor myeloid and

B cells was infrequent, and the

incidence of GVHD was higher in

MUDs compared with MSDs.

Children who will receive MUD

transplants and are ineligible for

chemotherapy preparative

regimens for HCT because of

infection or other reasons might

benefit from this approach;

however, further work is needed to

improve outcomes.

IEWP-EBMT Effect of weight and maturation on

busulfan clearance in infants and

small children undergoing

hematopoietic cell transplantation

(Savic R, Cowan MJ, Dvorak CC,

et al. Biol Blood Marrow

Transplant 2013;19:1608-14)

Pharmacokinetics of busulfan in

small infants (<_12 kg) is studied in

149 patients from 8 centers.

A model based on busulfan

therapeutic concentration at steady

state of 600-900 ng/mL (AUC,

900-1350 mM$min) is developed.

Actual body weight and age are

important clinical covariates

affecting busulfan

pharmacokinetics, and model-

predicted clearance increases 1.7-

fold between 6 weeks and 2 years

of life.

Busulfan is a chemotherapeutic agent

commonly used in preparative

regimens for HCT. This is the first

study of busulfan

pharmacokinetics in small infants.

Metabolic pathways for

metabolism of busulfan might not

be fully developed in newborns,

and therefore data acquired in

adults might not be applicable.

AUC, Area under the curve; GVHD, graft-versus-host disease; NBSTRN, Newborn Screening Translational Research Network.
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idf-scid-newborn-screening-campaign/).13 The majority of in-
fants with typical SCID, leaky SCID, OS, or RD enrolled on
PIDTC Protocol 690119 have low T-cell receptor excision circle
(TREC) numbers at birth. It will be critical to develop uniform
protocols for assessing, managing, and correcting SCID disorders
with HCT, gene therapy (GT), or enzyme replacement therapy.

Successful implementation of NBS has led to new and
unexpected research and patient care challenges. Different
states do not have uniform practices for referral and
immunologic work-up for these vulnerable infants with
low TREC numbers. Furthermore, some infants have been
found to have persistently low TREC numbers and low
T-lymphocyte counts yet do not meet the diagnostic criteria
for typical SCID, OS, leaky SCID, or RD; the natural
history and standard of care for this group remain to be
defined.13

http://primaryimmune.org/idf-advocacy-center/idf-scid-newborn-screening-campaign/
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Prospective trial for newborn SCID: Potential PIDTC

protocol 6905
Although infants affected with SCID are now given a diagnosis

earlier in their disease course than previously, optimal strategies
for HCT in newborns with SCID have yet to be defined. For
example, some centers use myeloablative conditioning for all of
their patients, including those with SCID, regardless of age,
genotype, or donor match, whereas some centers use no
conditioning for patients with typical SCID, and still others
adjust conditioning regimens based on the individual children’s
phenotype/genotype, donor type, and clinical status, including
presence of infections. Thus it is difficult to compare outcomes,
especially because we now know that the drugs used in transplant
conditioning regimens, such as busulfan and fludarabine, are
metabolized differently by newborns compared with older
infants, children, and adults. PIDTC investigators aim to study
the special needs of infants undergoing HCT for SCID and define
the minimal busulfan dose exposure that will allow robust and
sustained multilineage engraftment with minimal short- and
long-term side effects. It is anticipated that during 2015-2016,
investigators of the PIDTC will submit an application to the
NIAID for funding of a prospective clinical study comparing 2
low-dose exposures of busulfan as conditioning for HCT for the
treatment of SCID.
Other considerations for preparative regimens and

graft preparation
When a chemotherapy preparative regimen is indicated,

busulfan is generally used for HCT in patients with PIDs as the
agent for opening marrow niches because of its myeloablative
properties, accumulated experience, and known toxicity
profile. The related alkylating agent treosulfan has recently
become available in Europe,21,22 and clinical testing in the United
States is underway (see ClinicalTrials.gov NCT02048800;
NCT02349906).23 Although potential advantages of treosulfan
for use in infantsmight include reduced hepatic toxicity and lower
central nervous system penetration compared with busulfan,
further pharmacokinetic and clinical toxicity data are needed.
The experience with busulfan or treosulfan in infants is very
limited,19 and long-term follow-up with lineage-specific chime-
rism testing, developmental and cognitive function assessment,
and quality of life are needed.

A major controversy for treating SCID continues to be the use
of myeloablative and/or immunosuppressive conditioning before
HCT because of associated toxicity.24 Furthermore, minimizing
exposure to alkylating agents and ionizing radiation might be
important for certain types of SCID caused by defects in
the nonhomologous end-joining DNA repair pathway (see
Table E2).25 Nontoxic approaches to clear the stem cell niche
and enhance engraftment are in early stages of development
and include use of anti-CD117 (anti–c-kit) to deplete recipient
hematopoietic stem cells.26,27

Lymphodepletion through CD34 stem cell selection and/or
other approaches might be a critical step in graft preparation for
non-MSD donors, depending on the PID indication for HCT,
the graft source, and the extent of donor-recipient HLA
mismatch. Two new approaches to lymphodepletion include
T-cell receptor a/b and B-cell CD19 depletion of the graft
ex vivo before infusion28 and in vivoT-cell depletion by post-HCT
cyclophosphamide.29,30
GT for PIDs
Experience with GT for adenosine deaminase (ADA) defi-

ciency and X-linked severe combined immune deficiency
(X-SCID) has offered proof of principle. This might represent
effective treatment for severe PIDs and other disorders when an
MSD is unavailable.7,31,32 However, for patients with X-SCID,
the reported success of GT has been tempered by demonstration
of leukemic proliferation (because of insertional mutagenesis)
in 5 of 20 patients.33,34 Similar adverse events have recently
been demonstrated in patients receiving GT for CGD or WAS
but not for ADA-deficient SCID. Clinical trials with novel and
putatively safer vectors have been initiated in Europe and the
United States. Initial results with these self-inactivating vectors
in patients with X-SCID have demonstrated efficacy without
leukemic proliferation to date, although the number of patients
treated thus far is limited.35 Updates of GT clinical trials for
PIDs currently open in Europe and the United States are summa-
rized in Table E5 in this article’s Online Repository at www.
jacionline.org.
WAS and CGD
Controversy remains regarding optimal timing of transplanta-

tion for patients with CGD or WAS, the necessity for full donor
chimerism to correct all aspects of immune deficiency and prevent
autoimmunity, and the relative importance of non-HCT
therapy.36,37 Recent presentations related to WAS have included
a debate on indications for splenectomy,38 a discussion of
B-cell mechanisms of cell-mediated autoimmunity,39 and a
PAG-sponsored survey on quality of life in families of patients
with this disease.
Thymus, T-cell development, and reconstitution of

the immune system after HCT
Many key questions as to mechanisms of reconstitution of the

immune system and the role of the thymus after HCT in patients
with PIDs remain. The origins and role of thymic epithelial cells40

in T-cell development41 are an area of active research. Thymic
transplantation has been used as therapy for patients with
DiGeorge syndrome42,43 but is not widely available. Other topics
presented at the PIDTC Annual Scientific Workshop have
included discussion of common lymphoid progenitors,44-46

regulatory T cells,47,48 and B-cell maturation and function.49,50

Adoptive cell therapy, including virus-specific T cells, might
provide therapeutic benefit before full reconstitution of the
recipient immune system.51,52
Emerging immunodeficiencies
New technologies for the characterization of immune

deficiency have made possible the definition of new categories
of disease and advanced our understanding of immune
mechanisms in patients with PIDs. Although only 15 years ago
about 50 genetic defects for specific PIDs were known, nearly 240
have been identified today.1,2 Thusmore PIDs are now understood
based on both the specific genetic defect and phenotype.
Furthermore, an enlarging group of autoimmune diseases are
slowly being accepted as part of the spectrum of PIDs.1,2 Natural
history studies of these defined PIDs should now be possible.
Based on genotype, phenotype, and the natural history of the

http://ClinicalTrials.gov
http://www.jacionline.org
http://www.jacionline.org
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PID, hopefully, prospective treatment studies (clinical trials)
directed toward well-defined PID cohorts will become available
in the near future.
Emerging indications for HCT in patients with PIDs
Experiences in HCT for patients with very rare PIDs have been

the subject of several recent PIDTC presentations and
retrospective reports (see Table E6 in this article’s Online
Repository at www.jacionline.org). For example, the relative
advantages of HCT compared with classical management for
common variable immune deficiency53,54 were presented at the
recent 2015 workshop. This ongoing evaluation is helpful to
identify categories of PIDs potentially treatable with HCT
versus standard medical management. PIDTC is currently
collaborating with IEWP-EBMT to evaluate outcomes after
HCT for immune dysregulation, polyendocrinopathy, enteropa-
thy, X-linked syndrome.
Practice survey: Communication among medical

specialists
It has become increasingly evident that PIDTC outreach and

communication with the immunology, infectious diseases, and
hematology experts at our institutions is needed for efficient
operations for future clinical trials and for continuity of individual
patient care. In an informal practice survey conducted by PIDTC
during 2014-2015, centers indicated that immunologists, infec-
tious disease experts, and hematologists provide diagnosis and
most of the referrals of patients with PID for HCT. About half of
patients undergoing transplantation are transferred back to the
referring specialist for care after HCT. Because many of the
immunologists who care for patients with PIDs participate in the
Clinical Immunology Society, this group hosted a session
dedicated to the PIDTC at their Annual Meeting in Houston in
2015. We look forward to similar opportunities to facilitate
teamwork in the future.
PAG collaborations
Presentations from the PAGs and discussions on topics they

have selected are an integral component of the PIDTC Annual
Scientific Workshop. Recent topics have included the effect of
hospitalization for HCTon families, quality of life for families of
patients with WAS, and transitioning patients from pediatric to
adult medical care. A discussion panel was convened at the 2015
workshop to share experiences of families newly informed of a
NBS TREC result for their newborn. Importantly, all members of
the panel were in agreement that a physician immunologist with
subject matter expertise is the best health care provider to inform
parents of an NBS TREC test result. This is because the
immunologist has the medical knowledge needed to answer
questions about SCID and treatment of PIDs. Other guidance
from this group included the recommendation that health care
providers speak of ‘‘treatment’’ not ‘‘cure,’’ ‘‘delivery of an
immune system’’ not ‘‘transplant,’’ and ‘‘positive screen for very
low T cells’’ rather than ‘‘SCID,’’ when initially meeting with
families. Finally, the exceptional stress that the diagnosis of
newborn SCID places on a family was addressed. It was apparent
that there is pressing need for further study of the effect on
caregivers of the combination of postpartum depression,
cessation of breast-feeding in cytomegalovirus-seropositive
mothers, immediate hospitalization and isolation of the infant,
and preparation for HCT.
Workshop Education Day
Workshop events directed to trainees/junior faculty have

included breakout sessions, presentations from the fellowship
awardees (see Table E4) and invitations for oral presentation of
the best abstracts selected by the PIDTC abstract review commit-
tee from among those submitted by each of the participating
PIDTC sites. In 2015, a dedicated Education Day was initiated
that included teaching sessions on the clinical aspects of selected
PIDs and treatment approaches, including HCT and GT, with
trainees actively participating through abstract presentations
and discussions.
Other potential projects
At present, there is no standard of practice in the community for

long-term follow-up of patients with PIDs who have received
HCT. Investigators in the field of PIDs attempted to address this
need at a workshop sponsored by the NIH in 2009 (Griffith
et al).55 Development of a more formal guidance document might
now be timely, with the goal of educating non-PIDTC centers, as
well as third-party payers, on best clinical care for these
vulnerable patients.

An additional gap area is the lack of long-term developmental
studies of pediatric patients after HCT for PIDs. These studies are
needed to understand the effects of HCT preparative regimens on
the future development of these patients. To date, such studies in
pediatrics have focused on treatment for hematologic
malignancies, where very large doses of chemotherapy,
radiotherapy, or both are required for primary treatment of the
malignancy in addition to the preparative regimen for HCT.56

Studies of patients who received HCT for SCID are available,
but patients with ADA-deficient SCID and those with
radiation-sensitive SCID have developmental comorbidities that
might confound outcomes.57,58
FUTURE CHALLENGES FOR PIDTC
In the spring of 2015, the PIDTC convened a Leadership

Workshop at the NIH in Bethesda,Maryland, to identify goals and
define timelines for the consortium for the next 5 years and
beyond. Progress reports for the PIDTC protocols and practical
operational challenges were also presented.

Future progress of the PIDTC is dependent on meeting the
objectives of the current cooperative agreement during this 5-year
funding period. Also, given the recent growth and success of the
consortium, it has become increasingly apparent that the current
award as described (RFA-13-TR-002) is insufficient to sustain all
of the projects PIDTC would like to undertake. Application for
additional grant support (eg, RFA-AI-13-151; RFA-AI-15-040)
will be made for prospective clinical trials to be conducted by
PIDTC.

In the near future, PIDTC will consider whether to retain a
focus on natural history studies of rare PIDs, evolve into a
prospective clinical trials consortium, or both. Furthermore,
should consortium studies be limited to HCT and cellular
therapies or expand to consider other potential biologic therapies,

http://www.jacionline.org
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such as Janus kinase inhibitors or cytokine inhibitors? This is a
time of unprecedented opportunity, and PIDTC looks forward to
our continued collaborations and leadership role in future
advances in clinical research and patient care in PIDs.

We thank Elizabeth Dunn (San Francisco, Calif), Janelle Allen (Houston,

Tex), Lisa Lim and Hong-Yen Chau (Seattle, Wash), and Katia Dahan

(Montreal, Quebec, Canada) for expert coordination and management of the

PIDTC Annual Scientific Workshops, which contributed to the success of

these meetings.
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