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Abstract

Background—~Patients with severe combined immunodeficiency disease (SCID) who have
matched sibling donors (MSD) can proceed to hematopoietic cell transplantation (HCT) without
conditioning chemotherapy.

Objective—To determine whether the results of HCT without chemotherapy-based conditioning
from matched unrelated donors (URD), either from volunteer adults or umbilical cord blood, are
comparable to those from matched sibling donors (MSD).

Methods—A multicenter survey of SCID transplant centers in North America, Europe, and
Australia to compile retrospective data on patients who have undergone unconditioned HCT, from
either URDs (n = 37) or MSDs (n = 66).

Results—Most patients undergoing URD HCT (92%) achieved donor T-cell engraftment,
compared to 97% for MSDs, however, estimated 5-year overall and event-free survival were
worse for URD recipients (71% and 60%, respectively), compared to MSD recipients (92% and
89%, respectively; P <0.01 for both). URD recipients who received pre-HCT serotherapy had
similar 5-year OS (100%) to MSD recipients. The incidences of Grade II-1V acute and chronic
GVHD were higher in URD (50% and 39%, respectively), compared to MSD recipients (22% and
5%, respectively; P <0.01 for both). In the surviving patients, there was no difference in T-cell
reconstitution at last follow-up between the URD recipients and MSD recipients, however MSD
recipients were more likely to achieve B-cell reconstitution (72% vs. 17%; P <0.001).

Conclusion—Unconditioned URD HCT achieves excellent rates of donor T-cell engraftment
similar to MSD recipients, and reconstitution rates are adequate. However, only a minority will
develop myeloid and B cell reconstitution and attention must be paid to GVHD prophylaxis. This
approach may be safer in children ineligible for intense regimens to spare potential complications
of chemotherapy.

Keywords

Severe combined immunodeficiency; hematopoietic cell transplantation; sibling donors; unrelated
donors; umbilical cord blood; conditioning; serotherapy

INTRODUCTION

Severe combined immunodeficiency (SCID) diseases are a heterogeneous group of genetic
disorders that impair T and B cell function and, when untreated, lead to early death due to
recurrent infections. Although gene therapy has had some success in recent years, and
enzyme-replacement therapy can restore immunologic function for Adenosine Deaminase
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(ADA) deficient-SCID, the most successful treatment for SCID has been allogeneic
hematopoietic cell transplantation (HCT).1 Due to the absence of functional T cells in
patients with typical SCID, graft rejection is rare even when immunoablative conditioning is
omitted.2 The major exception to this rule is in NK-positive SCID phenotypes, where NK
cells have been shown to be capable of mediating rejection of HLA-mismatched donors
unless maternal engraftment is present and the mother is used as the donor3-2,

An HLA-matched sibling donor (MSD) is always the preferred stem cell donor with overall
survival rates exceeding 90%, especially when the transplant is performed before
opportunistic infections develop.®: 7 MSD transplants are typically performed without any
conditioning chemotherapy, because the immune system of a patient with SCID is generally
incapable of mediating rejection of the donor stem cells.® Unfortunately, most patients do
not have MSDs, in which case either a haploidentical family member or an HLA-matched
unrelated adult donor (URD) or Umbilical Cord Blood (UCB) unit can be utilized as the
stem cell source.l: @ Traditionally, many haploidentical HCTs have been performed without
pre-HCT conditioning,3 6 10 while the majority of URD or UCB recipients have been
conditioned with myeloablative doses of chemotherapy,’- 11: 12 making direct comparisons
difficult.?

Given the advances in HLA-typing technology, we hypothesized that a closely matched
URD or UCB could approximate the situation of a MSD, and thus be used to successfully
transplant patients with SCID without the need for cytotoxic conditioning, thereby sparing
the patients the potential risk of early and long-term complications of chemotherapy.
However, reports describing URD or UCB HCTSs for patients with SCID without the use of
conditioning chemotherapy are few with small numbers.13-16 Therefore, to test this
hypothesis we have assembled a cohort of 37 patients in North America, Europe, and
Australia who have undergone unconditioned URD or UCB HCT for treatment of SCID,
and compared their engraftment rates, complications, and immunologic outcomes to a
contemporaneous cohort of 66 recipients of unconditioned MSD HCT transplanted at the
same centers.

METHODS

Patient Identification

The Primary Immune Deficiency Treatment Consortium (PIDTC) consists of 33 centers in
North America with a special interest in patients with primary immunodeficiencies (PID).
The Inborn Errors Working Party of the European Blood and Marrow Transplant Society
(IEWP-EBMT) consists of over 30 centers with specialty in HCT for patients with PID. A
retrospective questionnaire-based analysis of 37 children with SCID who had undergone
unrelated donor (adult or UCB) transplant without conditioning other than serotherapy was
undertaken via a query of all members of the PIDTC and the IEWP-EBMT. Data from some
URD13 and MSD7. 18 recipients have been previously published. URD HCTs were
performed between July 1993 and November 2012 in 8 PIDTC and 8 IEWP-EBMT centers,
with a median year of HCT of 2007. A contemporaneous control cohort of 66 non-
conditioned MSD HCT recipients from the same centers was also identified, albeit with a
median HCT year of 2002. When required, participating centers obtained informed consent
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from the parents prior to HCT to use blinded information for scientific purposes in
accordance with the Declaration of Helsinki. Data were gathered and stored anonymously.

Summarized details of presenting characteristics are shown in Table I, while individual
details can be found in the supplemental Tables IA (URD recipients) and 1A (MSD
recipients). Patients with IL2RG, JAK3, or ADA defects were classified as “NK-negative,”
and patients with RAG, DCLREAC, or LIG4 mutations were classified as “NK-positive,”
while actual numbers were used to classify those without a molecular diagnosis, using a
threshold of > or <100 x 10%/L. Twenty-nine URD recipients had NK-negative forms of
SCID, including 21 with mutations of the interleukin receptor common gamma chain
(IL2RG), and 7 with either mutations in the Adenosine Deaminase (ADA) gene or
undetectable levels of ADA, and 1 undefined mutation. Eight patients had NK-positive
forms of SCID, including 2 with RAG2 deficiency, 1 with DCLRELC deficiency, 1 with
LIG4 deficiency, and 3 with undefined mutations. Of the 66 MSD recipients, 48 had NK-
negative SCID, including 20 with mutations in IL2RG, 3 with Janus Kinase 3 (JAK3)
deficiency, 23 had ADA deficiency, and 2 undefined mutations. Eighteen had NK-positive
forms of SCID, including 6 with mutations in a RAG gene, 5 with DCLRE1C mutations, and
7 with undefined mutations. All met the agreed definition of SCID from the PIDTC with
very low T cell numbers and absent proliferative response to phytohemagglutinin (PHA).1°
Both cohorts had an equal percentage of patients who met criteria for leaky SCID with
reduced number of CD3* T cells for age (>300 but < 1000/microliter up to 2 years), absence
of maternal engraftment, and < 30% of lower limit of normal T cell function (as measured
by response to phytohemagglutinin (PHA)).20

Two of 7 (29%) URD recipients and 7/23 (30%) MSD recipients received treatment with
PEG-ADA before HCT, which was withdrawn 1-8 weeks prior to HCT. The median age at
diagnosis for the URD recipients was 121 days (range, 0-947 days), while the MSD
recipients were diagnosed at a median of 82 days of age (range, 0-851 days; P = 0.18). A
similar percentage of URD recipients (19%) and MSD recipients (23%) were diagnosed by
family history or newborn screen, while the others were brought to clinical attention due to
the presence of 1 or more opportunistic infections. Whether the inciting infection had
resolved by time of HCT was not able to be reliably determined. Transplacentally-
transferred maternal T-cells were detected in 9% (3/33) of tested URD recipients and 15/58
(26%) of MSD recipients (P = 0.061). The URD and MSD recipients were very similar in
terms of their immunologic data at the time of diagnosis, with the exception that the URD
recipients had a statistically lower median number of CD4* T cells (2 x 108/L; range 0-553
x 108/L) compared to the MSD recipients (12 x 10%/L; range 0-2936 x 105/L; P = 0.04).

Transplantation Characteristics

Summarized details of transplantation characteristics are shown in Table 11, while individual
details can be found in the supplemental Tables IB (URD recipients) and 1B (MSD
recipients). The MSD HCTs were almost exclusively done using BM as the stem cell source
(97%), while 19 of the URD recipients received cells from an adult donor (16 from bone
marrow (BM) and 3 from peripheral blood stem cells (PBSC) that were ex vivo CD34-
selected), and an UCB unit was used in 18 patients (P < 0.0001). The median cell doses
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administered to the URD BM recipients were a TNC of 4.8 x 108/kg (range, 2—-10 x 108/kg),
CD34" cells of 6.1 x 10%/kg (range, 2.5-20 x 108/kg), and CD3* cells of 4.5 x 107/kg
(range, 3.4-72 x 107/kg). This did not significantly differ from the BM cell doses given to
the MSD recipients: TNC of 5.5 x 108/kg (range, 0.7-12.6 x 108/kg), CD34* cells of 8.4 x
108/kg (range, 0.8-29.1 x 10%/kg), and CD3" cells of 3.7 x 107/kg (range, 0.02-37.1 x 107/
kg). URD UCB recipients received a median TNC of 13 x 107/kg (range, 4-26 x 107/kg),
with CD34* cells of 5 x 10%/kg (range, 2-17 x105/kg) and CD3* cells of 2.1 x 107/kg
(range, 0.1-9.2 x 107/kg). HLA typing methods ranged over time from evaluating 6 loci
(HLA-A,-B,-DR) in 35% of patients to 12 loci (HLA-A,-B, -C, DR, -DQ, -DP) in 16% of
patients. All but one of the adult URDs and 14/18 UCB donors were fully matched by the
criteria in place at the time of HCT (86%), while 3 of the sibling donors were mismatched at
1 locus, and the remaining 95% were fully matched (P = 0.13).

The only conditioning utilized prior to HCT was serotherapy in the form of anti-thymocyte
globulin (ATG) or alemtuzumab in 14/37 URD recipients (38%) and 2/66 MSD recipients
(3%; P <0.0001), though this was typically administered for its ability to serve as
prophylaxis against graft-versus-host disease (GVHD).2! Because no cytotoxic
chemotherapy was utilized for any of these HCTs, we designate them as being ‘non-
conditioned.” Other pharmacologic GVHD prophylaxis regimens varied, and ranged from
none, to a single calcineurin inhibitor (Cl), such as cyclosporine (CSA) or tacrolimus, alone,
to 2 agents (CI plus either methotrexate, corticosteroids, or mycophenolate mofetil (MMF)),
to 3 agents. The majority (65%) of URD recipients received 2—-3 agents, compared to only
14% of sibling HCTs (P <0.0001), while only 1 URD HCT was done without any GVHD
prophylaxis (3%) compared to 59% of sibling donor HCTs (P <0.001). Acute and chronic
GVHD were graded by the local investigators.

Chimerism and Immune Reconstitution

Chimerism was measured in peripheral blood mononuclear cells (PBMCs), T cells (CD3"),
B cells (CD19* or CD20™), and/or myeloid cells (CD15* or CD33™). Donor T cell
engraftment was defined as the detection of any amount of donor DNA in either whole
blood or separated CD3* cells. Given variations in detection limits of the various chimerism
labs, 5% was set as the threshold amount of myeloid, or B cell chimerism required to be
considered clinically relevant. NK cell chimerism was not evaluated. Immune reconstitution
of T cell (CD3, CD4, CD8), naive T cell (CD4/CD45RA), B cell, and NK cell numbers,
quantitative immunoglobulins, and T-cell function (via proliferative response to PHA) were
measured at approximately 1 year post-HCT and at most recent follow-up. Clinical freedom
from gammaglobulin replacement therapy was utilized as a surrogate for B cell function. An
effectively normal immune system was defined as a CD4 count >400 x 10%/L,22 PHA >50%
control, and freedom from gammaglobulin replacement.

Statistical Analysis

Descriptive statistics were calculated as median and range for quantitative variables or
frequencies and percentiles for categorical variables. Comparisons between groups were
done using the nonparametric Mann-Whitney test for quantitative variables and the Fisher’s
exact test for categorical variables. Kaplan-Meier curves were used to analyze survival rates,
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with the log-rank test used to compare survival between different groups. Cumulative
incidence functions considering death from any cause or the need for a conditioned second
HCT as competing events were used to estimate other end points. Transplant-related
mortality (TRM) was defined as any death from a cause (e.g. an infection) not present at the
time of cell infusion. Age < 3.5 months was analyzed for effect of survival due to previous
data that this is a biologically relevant time-point.8 Analyses were done using NCSS8
(Kaysville, Utah). Significant differences are defined as a P value <0.05.

RESULTS

Excluding patients who received ADA enzyme replacement therapy prior to HCT, patients
were treated with HCT from a URD at a median of 49 days (range, 16-281 days) from
diagnosis, with a median of 62 days for an adult URD compared to 42 days for a UCB unit
(P =0.08). This was significantly longer than the interval between diagnosis and HCT when
a MSD was available, which took a median of only 25 days (range, 1-1389 days; P <0.001).
Similarly, the median age at time of URD HCT was older at 182 days of life (range, 40-996
days), compared with a median of 132 days of life (range, 1-2240 days) at time of MSD
HCT (P = 0.03).

Engraftment

All but one URD recipient (who died 9 days after HCT from ongoing infectious respiratory
failure) and 1 MSD control (who died 16 days after HCT from CMV pneumonitis) survived
at least 1 month following unconditioned HCT and were therefore considered evaluable for
engraftment, need for second cell infusion, and GVHD. As shown in Table I1l, initial donor
T cell engraftment was seen in 97% of MSD recipients, and 94% of URD recipients (P =
0.61). Of the URD recipients, the NK-negative patients universally engrafted donor T cells
(28/28), compared to 75% (6/8) of NK-positive patients (P = 0.04).

A similar number of MSD recipients (15%) and URD recipients (19%) ultimately required
additional infusions of donor cells to treat inadequate immune reconstitution (P = 0.78). This
was done as a non-conditioned boost in 9% of MSD recipients and 8% of URD recipients (P
= 1), while fully-conditioned second HCTs were eventually performed in 6% of MSD
recipients and 11% of URD recipients (P = 0.45). Conditioned second HCTs were more
common in NK-positive forms of SCID undergoing URD HCT (38% vs. 4% for NK-
negative; P = 0.04). The use of serotherapy may have been associated with a higher need for
second cell infusion (28% vs. 13% for no serotherapy) but did not reach statistical
significance (P = 0.39).

Chimerism was not uniformly evaluated, though the majority of tested MSD recipients
(86%, 38/44) and URD recipients (100%, 15/15) had high level (>90%) donor CD3*
engraftment (P = 0.32) (Table V). At the time of last follow-up, B cell or myeloid
chimerism >5% was detected in 48% of the MSD recipients, compared to 50% of the URD
recipients (P = 1), with no significant differences between molecular subtypes. Patients who
underwent conditioned second HCT were excluded from this analysis.
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As shown in Table I, despite the greater number of GVHD prophylaxis agents used in the
URD recipients, the incidence of any grade acute GVHD was significantly higher: 22/34
(65%) evaluable URD recipients compared to 21/63 (33%) sibling donor recipients (P =
0.005). Grade 11-1V aGVHD was seen in 17/34 (50%) URD recipients compared to only
14/63 (22%) sibling donor recipients (P < 0.01), while Grade 111-1VV aGVHD was seen in
8/34 (24%) URD recipients compared to only 3/63 (5%) sibling recipients (P = 0.02). For
both the MSD recipients and the URD recipients, the year of HCT, the presence of known
HLA mismatches, or the number of agents used for GVHD prophylaxis did not predict
subsequent aGVHD (Supplementary Table 111). However, the use of serotherapy in the URD
recipients demonstrated a trend towards being protective from Grades 11-1V aGVHD, with
an incidence of 64% (14/22) in those not receiving serotherapy, compared to 25% in those
given serotherapy (3/12; P = 0.07). For the URD recipients, there was no difference in the
incidence of Grade I1-1VV aGVHD between recipients of BM (43%) vs. other stem cell
sources (55%; P = 0.73), nor an impact of cell dose administered (data not shown). URD
recipients with any grade aGVHD trended to have an increased incidence of developing B
cell or myeloid chimerism (64%), including 2 patients with 100% donor chimerism in all
cell lines, compared to those patients who never developed any aGVHD (14%; P = 0.07),
likely due to a graft-vs.-marrow effect. This association of GVHD and donor chimerism was
not seen in the MSD recipients, possibly due to a lower degree of alloreactivity and
incidence of aGVHD.

Chronic GVHD was rare in the evaluable MSD patients (5%), and was significantly higher
in the URD recipients (33%; P <0.001). For the URD recipients, there was no difference in
the incidence of cGVHD between recipients of BM (38%) vs. UCB (38%) vs. PBSC (50%;
P = 1), nor an impact of cell dose administered (data not shown). The use of serotherapy in
URD recipients resulted in a lower incidence of cGVHD (27% vs. 47% in those not given
serotherapy), however this did not reach statistical significance (P = 0.43).

Causes of death are listed in Supplemental Tables Ib and I1b. For the MSD recipients, this
included progression of pre-existing problems/infections (n=4), probable sepsis (n=1), and
GVHD (n=1). For the URD recipients, this included progression of pre-existing problems/
infections (n=4), intraoperative complication (n=1), or GVHD (n=5), for a TRM of 3% in
the MSD recipients compared to 17% in the URD recipients (P = 0.02). Possibly because
most TRM was related to GVHD, in the URD recipients the use of serotherapy trended
towards being protective from TRM (0%) compared to those that did not receive serotherapy
(27%; P = 0.06), though this may also be due to preferential selection of serotherapy in
patients without infection at time of HCT.

As shown in Figure I, of the MSD recipients, 57 patients are alive (median follow-up of 6.9
years; range, 1-18.9 years) without a conditioned second HCT, for an estimated 5-year EFS
of 89% (95% CI, 81-97%). This was significantly better than the URD recipients, where
only 23 patients are alive (median follow-up of 3.9 years; range 1-19 years) without a
conditioned second HCT, for an estimated 5-year EFS of 60% (95% Cl, 44-77%; P < 0.01).
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In the MSD recipients, 3 of 4 patients who underwent conditioned 2nd transplants were
long-term survivors, as were all 4 URD recipients. Therefore, the estimated 5-year OS for
the MSD recipients was 92% (95% ClI, 85-98%), significantly better than for the URD
recipients whose estimated 5-year OS was 71% (95% CI, 56-87%; P < 0.01). Amongst
recipients of the same donor source, there was not a significant difference in OS between
those with NK-negative and NK-positive SCID (Table I11).

In the URD recipients, the use of serotherapy resulted in an estimated 5-year EFS of 71%
(95% ClI, 42-100%) compared to those not receiving serotherapy (38%; 95% ClI, 13-62%),
but this did not reach statistical significance (P = 0.18), likely because there was a slight
trend towards more patients in the serotherapy group requiring a conditioned second
transplant (21% vs. 4%; P = 0.14). However, because all re-transplanted patients survived,
the use of serotherapy was associated with a significantly superior estimated 5-year OS of
100% (95% ClI, 75-100%) compared to those patients that did not receive serotherapy (51%;
95% ClI, 25-77%; P < 0.01; Figure 11). Those receiving a URD HCT before 3.5 months of
age had similar outcomes (5-year OS of 69%; 95% CI 39-99%; n = 12) compared to those
transplanted after 3.5 months of age (5-year OS of 72%; 95% CI 54-90%; n = 25; P = 0.75),
as did those diagnosed in the absence of infection (5-year OS of 75%; 95% CI 33-100%; n =
7) compared to those transplanted after an infection (5-year OS of 70%; 95% CI 54-86%; n
=30; P =0.38). URD HCTs performed in the early period (1993 — 2007) had an estimated
3-year OS of 65% (95% ClI, 42-87%), compared to 80% (95% ClI, 62-98%) for those done
more recently (P = 0.42). There was no difference in 5-year OS depending on the cell source
of the unrelated donors.

Immune Reconstitution

As shown in Table 1V, T cell reconstitution was similar between the survivors of
unconditioned HCT from a MSD and an URD. The median CD3 count at 1-year post-HCT
was 1764 x 10%/L (range, 27-9287 x 108/L) from a MSD compared to 1767 x 10%/L (range
66—4673 x 105/L) from a URD (P = 0.55), and this lack of difference persisted at time of
last follow-up (P = 0.57). Subgroup analysis demonstrated that |L2RG-defective patients had
higher CD3 counts at 1-year post-HCT from a MSD compared to a URD (P < 0.01), though
at time of last follow-up, the difference was less evident (P = 0.07). Similarly, there was no
difference in the median CD4 count at either 1-year post-HCT (P = 0.58) or time of last
follow-up (P = 0.74). At time of last follow-up, 4% (2/57) of MSD recipients have very poor
CDA4 reconstitution (<200 x 106/L) compared to 4% (1/23) URD recipients (P = 1), while
12% (7/57) of MSD recipients and 26% (6/23) of URD recipients have borderline (between
200-400 x 105/L) CD4 counts (P = 0.18). Naive CD4/CD45RA counts were not always
measured, but there was no apparent difference in the median percentage at the time of last
follow-up between those undergoing MSD control HCT (19%; range, 2-80%) and URD
recipients (35%; range, 0-94%; P = 0.51).

Despite the lack of difference in the percentage of patients with detectable myeloid or B cell
chimerism between the MSD recipients and the URD recipients, there were significantly

more MSD recipients with clinical freedom from gammaglobulin replacement at both 1-year
post-HCT (63% vs. 8%; P <0.001) and the time of last follow-up (77% vs. 30%; P < 0.001).
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The URD recipients only achieved gammaglobulin replacement independence in the setting
of donor myeloid or B cell chimerism, whereas these outcomes were not linked in the MSD
recipients, possibly due to incomplete testing of lineage-specific chimerism in these patients
(19% had neither myeloid or B cell chimerism tested) or testing methods with limited
sensitivity for microchimerism. Patients with NK~ forms of SCID undergoing MSD HCT
were more likely to recover B cell function (85%; 35/41) compared to those with NK* forms
of SCID (56%; 9/16; P = 0.03), while there were too few NK* patients undergoing URD
HCT to compare. The URD stem cell source utilized did not impact on gammaglobulin
independence (25% for non-UCB vs. 36% for UCB; P = 0.67)

An effectively normal immune system was seen in significantly more MSD recipients (72%;
41/57) compared to URD recipients (26%; 6/23) who survived without a conditioned second
HCT (P < 0.001).

DISCUSSION

The data presented here represent the largest cohort of patients to be reported with SCID
undergoing URD (including UCB) HCT without conditioning chemotherapy. Because most
patients who undergo URD HCT do receive chemotherapy-based conditioning 23, the
majority of this retrospective cohort is likely composed of a selected group of patients who
were deemed too “sick” to undergo chemotherapy. Despite this selection bias, the majority
of patients engrafted donor T cells (94%) and subsequently survived (5-year OS 71%),
although some patients were not able to reverse their pre-HCT problems/infections in time.
This survival rate is comparable to what has been reported in large multi-center trials for
URD HCT (primarily with conditioning), with the IEWP-EBMT reporting a 10-year OS of
669,10 and the PIDTC soon to report a 5-year OS of 64% (Pai S-Y, personal
communication). Furthermore, T cell immune reconstitution in survivors of unconditioned
URD HCTs was generally adequate and comparable to that seen in recipients of
unconditioned MSD HCTs. We have therefore demonstrated that chemotherapy prior to
URD (or UCB) HCT is not always required for patients with SCID due to deficiencies in
IL2RG, ADA, and possibly even some NK* genotypes, as long as the primary goal is donor
T-cell reconstitution. Up to 20% of recipients of unconditioned HCTSs require repeat HCTSs,
either as unconditioned boosts or with conditioning chemotherapy. While this is a limitation
of this approach, the need for repeat HCTs has also been reported after conditioned HCTs.”

However, important differences remain between URD and MSD HCT, especially with
respect to the high rates of GVHD seen after URD HCT, which contributed to 5 of the 6
deaths not related to progression of a pre-HCT problem. Of note, in many URD recipients,
the development of GVHD was linked with the achievement of at least modest amounts of
donor myeloid or B cell chimerism, likely from a direct immunologic attack on the
recipients’ bone marrow.24 25 While likely of ultimate benefit to the patient as it correlated
with freedom from gammaglobulin replacement, this “graft-vs.-marrow” effect is not a
reliable or safe method to achieve 100% donor chimerism. The high rate of GVHD seen in
this cohort is likely multifactorial, as lower number of GVHD prophylaxis agents
administered, the stem cell source, and the presence of known HLA-mismatches were not
predictive for developing GVHD, though the failure to use pre-HCT serotherapy trended
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towards increased GVHD. We did find that the use of ATG was associated with an
improved overall survival in the URD recipients. While this may be a direct protective effect
from excessive alloreactivity, it is also possible that the use of serotherapy was simply a
surrogate marker for “healthier” patients whose infections were under control at the time of
HCT, as many clinicians avoid using serotherapy in an actively infected patient due to
concerns of slower T cell recovery.

It should be noted that 43% of patients either received a known HLA-mismatched donor or
underwent URD HCT in an era when HLA-typing was more limited than is currently
employed, and that future analyses, confined to only to those with 10/10 (or 12/12) HLA
allele-matched donors might demonstrate lower rates of GVHD. One potential method to
decrease these rates of GVHD might be to utilize more aggressive in vivo T-cell depletion
with alemtuzumab, 28 though this could delay post-HCT T cell recovery?’ and both URD
recipients in this cohort who received alemtuzumab eventually underwent a fully-
conditioned second HCT. Another possibility would be to utilize a relatively less-toxic pre-
HCT chemotherapeutic agent, such as the monoclonal antibody rituximab or the non-
alkylating fludarabine, with the goal of eliminating antigen-presenting host B cells that
might contribute to the development of subsequent GVHD.28: 29 Furthermore, it should be
noted that the majority of patients in this cohort underwent URD HCT after being diagnosed
with one or more opportunistic infections, and it has been shown that the presence of certain
infections (especially CMV30 and HHV-631) following HCT is linked to the subsequent
development of GVHD, presumably via the release of inflammatory cytokines. Therefore, it
is possible that this high rate of GVHD may become less of a problem as more patients are
identified via newborn screening and proceed to well-matched HCT in the absence of a
severe opportunistic infection. However, if indeed B cell recovery is linked to a graft-vs.-
marrow effect, efforts to improve GVHD prophylaxis may subsequently result in decreased
rates of complete T & B cell immunologic recovery.

In addition to GVHD and subsequent TRM leading to poorer survival for the URD
recipients, the other major difference with survivors of unconditioned MSD HCT was the
relative lack of freedom from clinical gammaglobulin replacement. Most surviving MSD
recipients (77%) were able to stop gammaglobulin and 72% were considered to have
“complete” immune reconstitution (to the limits of this retrospective analysis) with normal
CD4* T-cell counts and clinical gammaglobulin independence. Conversely, only 30% of
surviving URD recipients were off gammaglobulin and only 26% had “complete” T and B
cell reconstitution, though this degree of B cell recovery from an unconditioned URD HCT
is similar to what has been reported for IL2RG-deficient patients undergoing non-
conditioned haploidentical HCT (34%, also tightly linked to donor B cell engraftment).32 In
the URD recipients, B cell recovery was tightly linked to myeloid engraftment, however,
this was not the case for the MSD recipients, despite the lack of an agent to produce ‘space’
in the bone marrow niches. The exact mechanism behind this interesting dichotomy remains
to be elucidated.

For patients with non-SCID primary immunodeficiencies, all of whom undergo pre-HCT
conditioning chemotherapy, advances in HLA-typing during a relatively modern era of
2000-2005 have allowed URD HCT to produce equivalent outcomes to MSDs.10 However,
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for patients with SCID, the outcomes were worse for URD HCTs compared to MSDs.10
Some of this may be attributable to the delay in time from SCID diagnosis (typically via the
presence of a severe opportunistic infection) to the time of HCT that is required for the
unrelated donor search process (a median of 24 additional days for this cohort), during
which time the patient’s infection may worsen. However another factor may potentially be
the use of conditioning chemotherapy, which is used far more frequently in the recipients of
URD HCT compared to MSD HCT, and appears in our cohort to be unnecessary to
successfully achieve donor T-cell engraftment. Data from the PIDTC demonstrates that for
patients with SCID transplanted from 2000-2009, the use of chemotherapy-based
conditioning was associated with inferior survival when an active infection was present at
the time of HCT (Pai S-Y, personal communication). Although advances in individualized
drug dosing and other supportive care techniques have made the use of conditioning
chemotherapy safer, there is still a finite risk of fatal end-organ toxicity, such as liver
sinusoidal obstruction syndrome,33 which does not occur in non-conditioned HCTs. The
only TRM in the URD recipients of this cohort resulted from GVVHD or an unusual
iatrogenic intra-operative complication. This implies that improved GVHD prophylaxis
strategies could eventually enable non-conditioned HCT to become safer than a conditioned
HCT.

This study is limited by the retrospective nature of the cohort, so it is possible that a positive
selection bias was introduced by a lack of participation from centers that have performed
unconditioned URD/UCB HCTs and found poor outcomes, though the majority of surveyed
centers replied that they had no eligible patients to contribute to this cohort. Furthermore, we
do not have data on the kinetics of T cell reconstitution, nor on some newer methods of
monitoring the robustness of T cell reconstitution post-HCT, such as T cell receptor V3
family diversity by spectratyping or T cell receptor excision circles, and it is possible that
these may identify immune defects in the URD recipients not present in the MSD recipients.
Finally, we did not directly compare the clinical outcomes and immune reconstitution in
SCID patients undergoing URD HCT with or without pre-HCT conditioning because this
was not the objective of this study and we believe that a significant selection bias may exist,
with “healthier” patients allowed to receive conditioning chemotherapy and “sicker” patients
given an unconditioned URD/UCB HCT as a last-ditch effort to salvage the patient.3* This
selection bias can only be eliminated via either a randomized prospective clinical trial, or
potentially by prospective analysis of sufficient numbers of uninfected patients diagnosed
via family history or newborn screen, as the PIDTC is attempting in North America.23

In conclusion, our data demonstrate that in patients with SCID lacking MSDs, but in whom
a well-matched adult URD or UCB can be located in a timely fashion, HCT can proceed
without the use of conditioning chemotherapy in a fashion akin to common practice with a
MSD, especially in the typical (non-leaky) NK-negative subtypes included in this cohort
(i.e. mutations in IL2RG and ADA). If successful, such an approach would spare patients the
potential short-term toxicity and long-term sequelae of conditioning chemotherapy.
However, this approach is currently fraught with high rates of acute and chronic GVHD, so
careful consideration of the optimal GVHD prophylaxis regimen (based on the severity of
ongoing opportunistic infections) is required. In addition, while this approach can produce
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adequate long-term donor T-cell reconstitution, it has a much lower success rate of
achieving normal B cell function (30%) than when conditioning chemotherapy is utilized
(roughly 85%).8 Therefore, novel methods to improve donor myeloid and B cell engraftment
are still needed, such as antibody-based targeted therapy of hematopoietic stem cells.3% 36 |n
those rare patients in which T-cell reconstitution is insufficient or those patients in which
normal B cell function is desired, a subsequent conditioned HCT can still be considered in
the future after the patient has recovered from their opportunistic infections and/or organ
function has improved and matured.3”
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Event-free survival after unconditioned HCT for SCID comparing matched sibling donors

(MSD) to unrelated donors (URD), with death and conditioned second HCT as events.
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