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Jennifer Heimall15,54�, Geoffrey D.E. Cuvelier67�, Linda M. Griffith68�, Jennifer M. Puck1,2�, Christopher C. Dvorak1,2�, Morton J. Cowan1,2�, and 
Elie Haddad32,33�

Black race and Hispanic ethnicity are associated with higher mortality in severe combined immunodeficiency (SCID) following 
hematopoietic cell transplantation (HCT), though mechanisms remain unclear. We evaluated 796 children with SCID who 
received nonsibling HCT between 1982 and 2020 using data from the Primary Immune Deficiency Treatment Consortium. 
Overall survival for Black (aHR 2.47, 95%CI 1.64, 3.71) and Asian/Pacific Islander patients (aHR 1.82, 95%CI 1.00, 3.30) was 
significantly lower compared with non-Hispanic White patients, while Hispanic patients had lower event-free survival (aHR 
1.83, 95%CI 1.27, 2.63) compared with non-Hispanic White patients. Even after adjusting for age and infection, Black patients 
with SCID had more than twofold hazard of death compared with non-Hispanic White patients. NBS was associated with 
earlier diagnosis, reduced infection at HCT, and elimination of survival disparities between Black and non-Hispanic White 
patients. These findings suggest that universal, system-level interventions such as NBS can mitigate disparities in outcomes 
for children with SCID.

Introduction
Severe combined immunodeficiency (SCID) comprises a hetero
geneous group of genetic disorders of lymphopoiesis (together 
with metabolic toxicity in the context of adenosine deaminase 
[ADA] deficiency) characterized by lack of adaptive immune 
responses and is fatal if untreated. The Primary Immune Defi
ciency Treatment Consortium (PIDTC) conducted a natural 
history study of patients treated for SCID in both pre- and 
postintroduction of newborn screening (NBS) (1). Prior to 
population-based NBS for SCID, SCID was typically diagnosed 
after the development of infection or by prenatal/newborn 
testing for the small group of families with a previously affected 
child. Allogeneic hematopoietic cell transplantation (HCT) is the 
standard of care for SCID. Although human leukocyte antigen 
(HLA)–matched sibling donors (MSD) are ideal donors, alter
native donor transplants can lead to favorable outcomes with 
appropriate conditioning. As demonstrated by PIDTC (2, 3) and 
other studies (4), key features consistently associated with fa
vorable outcomes are the absence of active infections and 
younger age at HCT.

NBS for SCID was piloted in 2008 and recommended by U.S. 
Secretary of Health and Human Services for inclusion in state 
NBS panels in 2010 (5, 6). By 2018, all 50 U.S. states adopted SCID 
NBS (7, 8). With increasing adoption, survival following HCT for 
SCID notably improved in North America (9).

Race is a known predictor of HCT outcome, due to difficulties 
in finding HLA-matched donors and factors independent of HCT 
donor, stem cell source, and match quality, including health 
insurance type, distance to care, and socioeconomic status (SES) 
(10, 11). It was unclear whether these data were applicable to 
patients with SCID, given its rarity among HCT indications. 
Using PIDTC data, we showed that Black race and Hispanic 
ethnicity were associated with higher mortality among patients 
with SCID who received HCT from nonsibling donors compared 
with non-Hispanic (NH) White patients (3).

Building on that finding, we investigated the etiology of racial 
and ethnic disparities in survival of post-HCT patients with 
SCID. We hypothesized that Black patients undergoing HCT for 
SCID had a higher incidence of infection pretransplant and 
greater age at transplant due to delays in diagnosis. We further 

hypothesized that progressive implementation of NBS in North 
America reduced racial and ethnic disparities in survival after 
HCT by shortening the time to transplant and reducing pre-HCT 
infection.

Results
Survival disparities by race and ethnicity
Overall survival (OS) among the 14% of patients who received 
MSD HCT ranged from 88 to 100% with no statistically signifi
cant differences by race and ethnicity (P = 0.06, Fig. S1). Among 
recipients of MSD HCT, there was a suggestion of worse event- 
free survival (EFS) among the small number of NH Other/Un
known patients (n = 12) compared with the NH White patients 
(P = 0.05, Fig. S2). Given uniformly favorable outcomes across 
racial groups receiving MSD HCT, these were excluded from 
subsequent analyses.

Multivariable models to compare survival by race and eth
nicity included age at HCT, conditioning, donor type, SCID 
genotype, infection status, and decade of HCT (Table 1). OS 
among Black (adjusted hazard ratio [aHR] 2.47, 95% confidence 
interval [95%CI] 1.64, 3.71, P < 0.001) and Asian/Pacific Islander 
(PI) patients (aHR 1.82, 95%CI 1.00, 3.30) who received trans
plants from nonsiblings was lower compared with NH White 
patients. OS among Hispanic patients also seemed lower com
pared with NH White patients, although this difference was not 
statistically significant (aHR 1.32, 95%CI 0.93, 1.88; Fig. 1 and 
Table 2). OS for Native American and NH White patients was 
similar (aHR 0.74, 95%CI 0.35, 1.56). EFS also differed by race 
and ethnicity (P = 0.006) with lower EFS among Hispanic pa
tients (aHR 1.83, 95%CI 1.27, 2.63; Table S1). Causes of death by 
race and ethnicity (Table S2) showed infection as the most 
common cause of death (36–64% of deaths) with no statistically 
significant differences by race and ethnicity (P = 0.54).

Survival disparities stratified by trigger for diagnosis
To test whether NBS reduced observed disparities through 
earlier detection, we stratified by trigger for diagnosis. Across 
the entire cohort, 56% of diagnoses were triggered by clinical 
illness, 28% were diagnosed based on family history (FH), and 
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16% were diagnosed by NBS. The introduction of NBS resulted in 
improvement in 5-year OS for all patients who received non
sibling transplants; the greatest benefit was observed in Black 
patients diagnosed by NBS (Fig. 2; 5-year OS: NBS 100% vs. 
clinical illness 46%, P < 0.01).

Survival analyses stratified by diagnosis trigger demon
strated differences in OS between Black, Hispanic, and NH 
White patients diagnosed by clinical illness (46% vs. 67% vs. 73%, 
P < 0.001 and P = 0.02; Fig. 2 a). On the other hand, differences 
by FH (69% vs. 87%, P = 0.11; Fig. 2 b) or NBS (100% vs. 94%, P = 
0.23; Fig. 2 c) were not statistically significant. Sensitivity 
analysis restricted to patients diagnosed between 2010 and 2020 
revealed disparities persisted between Black and White patients 

diagnosed by clinical illness (33% vs. 83%, P = 0.003; Fig. S3, a–c). 
However, these findings should be interpreted with caution 
given the very low number of Black patients in this restricted 
timeframe. OS was similar in Hispanic and NH White patients 
diagnosed by FH (81% vs. 87%; P = 0.24; Fig. 2 b) or NBS (89% vs. 
94%; P = 0.81; Fig. 2 c). While there were relatively few Asian/PI 
patients, the survival disparity persisted even with NBS (5-year 
OS: 50% vs. 94%, P = 0.001; data not shown).

Patients diagnosed due to clinical illness uniformly under
went treatment later (median 226 days vs. 95 days, P < 0.001) 
and more frequently had an active infection at HCT (51% vs. 21%, 
P < 0.001) than those diagnosed by NBS. Disparities in median 
age at HCT were noted among those who received a non-MSD 

Table 1. Multivariable model of OS for non-MSD transplants

Category Variable HR (95%CI) P value Overall P value

Race/Ethnicity NH White ref <0.001

Hispanic 1.32 (0.93, 1.88) 0.12

Asian/PI 1.82 (1.00, 3.30) 0.05

Black 2.47 (1.64, 3.71) <0.001

Native American 0.74 (0.35, 1.56) 0.43

Unknown 1.95 (1.19, 3.08) 0.008

Age at treatment <3.5 mo ref 0.002

>3.5 mo 1.92 (1.27, 2.91) 0.002

Donor Typea HLA-mismatched relative ref 0.26

HLA-matched other relative 0.47 (0.20, 1.07) 0.08

HLA-matched unrelated 1.17 (0.69, 1.98) 0.55

HLA-mismatched unrelated 1.26 (0.85, 1.88) 0.25

Unrelated/unknown matching 0.80 (0.25, 2.58) 0.71

Infection status No infection ref <0.001

Active infection 2.11 (1.35, 3.29) 0.001

Missing 0.34 (0.05, 2.56) 0.30

Resolved infection 1.14 (0.69, 1.88) 0.61

Unknown infection status 1.78 (1.02, 3.11) 0.03

Genotype IL2RG/JAK3 ref <0.001

ADA 2.33 (1.29, 4.18) 0.005

DCLRE1C 4.04 (2.09, 7.81) <0.001

IL7R 1.27 (0.69, 2.33) 0.540

Novel/missing 2.34 (1.65, 3.31) <0.001

Other/unknown 3.35 (1.65, 7.23) 0.002

RAG1/2 2.18 (1.28, 3.73) 0.004

Decade of treatment 1980–1990 ref 0.02

1990–2000 1.33 (0.89, 2.04) 0.18

2000–2010 1.16 (0.76, 1.85) 0.51

2010–2020 0.61 (0.33, 1.08) 0.11

HLA, human leukocyte antigen; Ref, reference group. Bold values indicate P values that met the threshold for statistical significance.
aIn initial model building where MSD transplants were included, donor type was statistically significant; thus, donor type was retained in the final model (despite 
the subsequent exclusion of patients who received a transplant from an MSD) based on the previous statistical significance and the effect detected of HLA- 
matched other relative donor type.
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transplant diagnosed by FH (White: 54.5 days, Hispanic: 95 days, 
Black: 105.5 days; P = 0.04, Table 3), whereas there were no age 
differences by race or ethnicity among those diagnosed by 
clinical illness or NBS. Differences in prevalence of active in
fection at the time of HCT were also notable when diagnosis was 
triggered by FH where 16% of NH White patients, 29% of Black 
patients, and 50% of Native American patients came to HCT with 
active infection (P = 0.001).

Variation in patient and transplant characteristics by race 
and ethnicity
Of 925 patients who received HCT (including from MSD), 52% 
were NH White, 22% were Hispanic, 10% were Black, 4.6% 
were Asian/PI, and 4.5% were Native American (Table 4). 39% 
of both Black and Hispanic patients had an active infection at 
HCT compared with 34% of NH White patients (P = 0.52). 
Maternal engraftment and autoimmune cytopenias were most 
common in the Asian/PI population (44% and 12%, respec
tively, Table 4).

SCID genotype varied significantly by race and ethnicity (P < 
0.001). IL2RG was the most common genotype and was partic
ularly common in both Black (43%) and Asian/PI (49%) pop
ulations, whereas most Native American patients had DCLRE1C 
(38%) or RAG1 (14%) genotypes. IL7R was more prevalent in the 
Hispanic population (15%) than in the overall cohort (7%).

HLA-mismatched related donors were most used across all 
groups (Table S3) with notably high utilization among Black and 
Native American patients at 55% and 62%, respectively. Hispanic 
patients had the highest use of myeloablative conditioning at 
33%, while Native Americans were most likely to receive im
munosuppression only as a preparative approach and Black 
patients were the most likely to receive unconditioned trans
plants. Serotherapy was least utilized for Native American pa
tients (38%).

Differences in subsequent HCT, graft-vs.-host disease (GVHD), 
and immune reconstitution by race and ethnicity
Subsequent HCT was required in 16% of patients with no dif
ferences by race or ethnicity. The cumulative incidence of acute 
grade III–IV GVHD at Day 180 was 10%, and the cumulative in
cidence of chronic GVHD at 2 years was 15% (Table S2). There 
was no difference in GVHD by race or ethnicity, though there 
was a notably low rate of chronic GVHD in the Native American 
population (3.5%). Native American patients also had poorer T 
and B cell immune reconstitution after transplant compared 
with patients in other groups, likely due to the DCLRE1C geno
type and avoidance of alkylators in conditioning. Median B cell 
count 6 mo after HCT among Native American patients was 
2 cells/μl compared with 410 cells/μl for NH White patients (P < 
0.001), and median naı̈ve T cell count was 0 for Native American 

Figure 1. Overall survival for patients who 
received non-sibling stem cell transplants for 
SCID by race and ethnicity. (1) (green) NH 
White, (2) (red) NH Native American, (3) (indigo) 
Hispanic, (4) (pink) unknown or other race/eth
nicity, (5) (light green) NH Asian/PI, and (6) 
(yellow) NH Black. NH White and Native Ameri
can patients demonstrate the highest OS, and 
Black, Other, and Asian/PI patients demonstrate 
the lowest OS (P = 0.002).

Table 2. Overall survival in patients with SCID who received non-MSD HCT

Outcome NH White, 
N = 421

Hispanic, 
N = 174

Black, 
N = 77

Asian/PI, 
N = 37

Native American, 
N = 33

Unknown/Other, 
N = 54

P value

OS <0.01

Unadjusted HR for OS (95%CI) ref 1.34 (0.94, 1.90) 2.43 (1.62, 3.65) 1.79 (0.98, 3.26) 0.74 (0.35, 1.59) 2.00 (1.22, 3.28)

1-year OS 84.6 (80.8–87.8) 78.6 (71.7–84.0) 72.6 (61.2–81.2) 78.4 (61.4–88.6) 84.4 (66.5–93.2) 69.9 (55.6–80.3)

5-year OS 78.8 (74.4–82.5) 71.9 (64.4–78.2) 60.0 (47.9–70.1) 64.4 (46.5–77.6) 81.3 (63.0–91.1) 67.8 (53.3–78.6)
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patients compared with 216 cells/μl for NH White patients 
(P = 0.02, Table S4 a and b).

Discussion
In this large North American cohort of 925 patients with SCID, 
we demonstrated stark racial and ethnic disparities in survival 
among the 796 patients who received a nonsibling HCT, with 
Black and Asian/PI patients having substantially worse OS 
compared with NH White patients. Interestingly, age and in
fection status at HCT did not differ significantly by race and 
ethnicity overall. While not in the setting of a randomized 
clinical trial and with relatively small racial subgroups, we ob
served that NBS for SCID eliminated the survival disparity be
tween Black and NH White patients. This effect was not 
attributable to other changes in HCT care over time given that 
the survival disparity persisted into the contemporary era 
among the small number of patients who were still diagnosed by 
clinical illness (rather than NBS). These observations strongly 
suggest that systematic and universal policy-level practice 
changes can ameliorate the SCID survival disparities associated 
with race and ethnicity, although they likely do not fully elimi
nate the role of health insurance, distance to care, and SES. NBS 
allows for the elimination of delays in time to transplant, and our 
data suggest that racial and ethnic disparities are most notable 
within the population of those with late presentation and/or 
diagnosis.

Long-standing racial and ethnic disparities in infant mor
tality for many diseases persist into the contemporary era (12). 
Similarly, racial and ethnic disparities in mortality following 
HCT for malignant conditions such as leukemia, myelodysplastic 
syndrome, and multiple myeloma are well described in adults 
(10, 13). We noted race and ethnicity as risk factors for higher 
posttransplant mortality in SCID in a prior PIDTC publication 
(3). Using an expanded PIDTC cohort, we explored the potential 
drivers of this disparity, accounting for differences in donor type 
and conditioning. While we hypothesized that access to care, as 
measured by time from birth to diagnosis and birth to HCT, 
would be an important contributor to the survival disparity, 

differences in HCT timing by race and ethnicity were noted only 
among those diagnosed by FH, with the median time to HCT for 
Black patients almost double that of NH White patients. We also 
hypothesized that infection prior to HCT, another known pre
dictor of survival in patients with SCID, would vary by race and 
ethnicity. But notably, meaningful differences in active in
fection were largely limited to the 28% of patients diagnosed 
by FH. This substantial racial and ethnicity variability among 
those diagnosed by FH was surprising and may be attributable 
to the responsibility being placed primarily on the family and 
primary care rather than a systematic and organized program 
designed for early detection such as NBS. Furthermore, while 
we did not find quantitative differences in age at HCT or 
proportion with active infection coming into HCT, there may 
be qualitative differences in infection burden/type and the 
care received. We hypothesize that potential unmeasured 
contributors including other SES metrics, center-level vari
ation, insurance-related delays, donor availability, and dif
ferential access to early specialized evaluation likely drive the 
disparities detected.

The differences in OS seen between Black and White patients 
are particularly striking since more Black patients had SCID 
caused by variants in IL2RG or JAK3 (51%) compared with NH 
White patients (37%); IL2RG/JAK3 genotypes generally have the 
best posttransplant outcomes of all SCID genotypes (3, 9). Con
sidering these genotypic differences, the outcomes of the Black 
population were relatively worse than represented by their 60% 
5-year OS. More Asian/PI patients had variants in IL2RG com
pared with NH White patients and yet also had lower OS (64% vs. 
79%, P = 0.05). Asian/PI patients had the highest prevalence of 
maternal engraftment and autoimmune cytopenias, conditions 
that may complicate posttransplant recovery. Asian/PI patients 
were the most likely to receive umbilical cord grafts and were 
the most likely to receive conditioning. This finding aligns with 
data demonstrating reduced adult unrelated donor avail
ability for Asian patients and improved access through cord 
blood transplantation, which requires less stringent HLA 
matching and offers greater ethnic diversity compared with 
adult donor registries (14). Hispanic patients, despite having 

Figure 2. Overall survival by race and ethnicity stratified by diagnosis trigger. (a) Diagnosed by clinical illness. (b) Diagnosed by family history. 
(c) Diagnosed by newborn screen. Red represents NH White patients, blue represents Hispanic patients, and green represents NH Black patients. While there is 
a significant difference among those diagnosed by clinical illness (a, P = 0.022, P < 0.001, respectively), there is no statistical difference among those diagnosed 
by FH (b) or NBS (c).
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a higher prevalence of the relatively favorable IL7R geno
type, exhibited lower EFS (P = 0.001) compared with NH 
White patients.

The favorable OS among Native American patients with SCID 
who received non-MSD transplants is surprising given the 
predominance of DCLRE1C in the Navajo Nation, the largest tribal 
nation in the United States. DCLRE1C is generally associated with 
the worst prognosis among SCID genotypes (3). There are sev
eral potential explanations for this unexpectedly favorable 
outcome. NBS was piloted early on the Navajo reservation (15) 
due to a known founder mutation and was adopted reservation- 
wide in 2009. Local medical providers have increased awareness 
and familiarity with SCID. Nearly 40% of Native American patients 
were treated at two centers through long-standing community- 
based partnerships that may have allowed for early diagnosis and 
treatment even prior to NBS implementation. In addition, events 
such as second transplant and death may have occurred beyond 
5 years, which was the benchmark for assessing outcomes. For 
example, in cases of unconditioned HCT, which successfully res
cues patients short-term, poor long-term immune reconstitution 
frequently occurs (2, 16, 17).

Health equity interventions typically focus on individual and 
interpersonal factors, which limit sustained improvements (18). 
In contrast, structural and public health interventions, such as 
NBS, can have a profound impact by addressing multilevel 
barriers. Examples of interventions that successfully eliminated 
health disparities are sparse; one example, the Earned Income 
Tax Credit, aimed to increase individual wealth among low- 
income working families and had wide-ranging benefits, in
cluding increased prenatal care, reduction in low birth weight 
among low-income African American newborns, and enhanced 
child nutrition (19, 20).

NBS has been accompanied by centralized review by experts 
and strengthened referral pathways, allowing for earlier insti
tution of protective measures for infants with SCID, including 
isolation, breastfeeding guidance, infection prophylaxis, im
munoglobulin administration, and definitive treatment (6, 21). 
Following NBS, the median age at HCT did not vary by race or 
ethnicity, which suggests that NBS and subsequent follow-up for 
abnormal T cell receptor excision circles (TREC) screening are 
accessible to all patients regardless of race and ethnicity in our 
cohort. Moreover, previous data suggest universal screening 
across all 50 states allows for equitable access to TREC screening 
(8). Younger age at HCT led to improved OS for all patients with 
SCID, as previously described (9), and OS among Black patients 
improved notably following the introduction of NBS. The impact 
of NBS on domains other than time to HCT and infection re
quires further investigation across racial and ethnic groups.

NBS spans myriad diseases, and thus, the impact of NBS we 
show here has implications for infant morbidity and mortality 
beyond patients with SCID. However, NBS alone does not uni
formly eliminate disparities across all screened conditions, 
particularly when physiologic variability in screening bio
markers (22) or differences in downstream access to care (23) 
contribute to inequities, highlighting that the equity-promoting 
impact of NBS depends not only on detection, but also on the 
structure and timeliness of follow-up care. Consideration of Ta
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expansion of SCID NBS to other countries together with building 
HCT capacity has the potential to save many lives and to reduce 
disparities worldwide. Our findings have broad implications—the 
impact of NBS demonstrates the potential utility of systematic early 
detection, which has a role in a wide range of different diseases.

This PIDTC dataset is compiled from a large consortium of 
tertiary-care centers across the United States and Canada, and 
the near-complete capture of consecutive patients makes the 
data generalizable across these countries. However, patients 
with SCID who died prior to diagnosis or HCT or those who were 
treated outside of these centers were not evaluated in this co
hort. Such patients likely have the greatest barriers accessing 
healthcare; we may have underestimated the impact of access to 
care as a result. Indeed, SCID incidence estimates prior to SCID 
NBS were half the actual incidence once screening was in 
place (6).

The combination of race and ethnicity data with compre
hensive clinical data from baseline prior to HCT through many 
years of follow-up, including clinical history, treatment, genetic 
data, and laboratory results, yields a rare opportunity to assess 
the interactions between biological and social determinants of 
outcome. Race and ethnicity data reflect approaches to data 
collection at the time—abstraction from health records earlier 
and self-report more recently. There is thus potential for mis
classification of race and ethnicity in some patients. Measures of 
SES and access to care (such as health insurance type) were not 
available, raising concern for unmeasured confounding and 
misattribution of effects to race and ethnicity that might be more 
accurately explained by SES. Current PIDTC studies are now 
using self-report of race, ethnicity, and SES from surveys to al
low for more accurate assessment. The small numbers of pa
tients within some race and ethnicity categories (specifically 
Asian/PI patients) coupled with rare predictor variables of in
terest, such as genotype and donor type, likely reduced statis
tical power to detect differences.

In summary, this study within a large U.S. and Canadian 
combined retrospective and prospective cohort emphasizes the 
important racial and ethnic disparities that exist in survival 
following nonsibling HCT among patients with SCID. The inte
gration of racial and ethnic data with extensive clinical infor
mation provides a robust platform for investigating the interplay 
between biological and social determinants of survival. The 
higher rates of favorable genotypes (IL2RG/JAK3 in Black pa
tients and IL2RG in Asian/PI patients), and the associated poorer 
survival outcomes, present a paradox that warrants further 
exploration. The enduring impact of donor choice on survival 
outcomes, even in the contemporary era, also merits future 
study. The implementation of NBS for SCID stands out as a 
beacon of progress, contributing to equalizing survival between 
Black and NH White patients. The remarkable success of NBS not 
only provides direct benefits to SCID patients but also serves as 
an exemplar for other health interventions, illustrating the far- 
reaching impact that systemic changes can have on public 
health. Ensuring the widespread adoption of NBS remains a 
critical area for advocacy with the potential to create substantial 
improvements in health outcomes for diverse populations 
globally.

Materials and methods
Study population
Patients with a diagnosis of typical or leaky SCID or Omenn 
syndrome who received an allogeneic HCT between 1982 and 
2020 and enrolled in PIDTC prospective (NCT01346150/6901) or 
retrospective (NCT01186913/6902) natural history protocols 
from 34 U.S. and Canadian centers were included. This study 
was conducted in accordance with the Declaration of Helsinki 
and was approved by Institutional Review Boards at each par
ticipating center. Written informed consent was obtained from 
participants’ legal guardians as required by local institutional 
policies. Patients who received enzyme therapy prior to HCT or 
gene therapy were excluded due to these therapies’ relationship 
with underlying mechanisms of disparities including time to 
transplant and infection risk. HCT was performed according to 
each treating center’s standard practice. Each center entered 
clinical and laboratory data into standardized case report forms 
in a centralized database. The single, initial finding (“trigger”) 
that led to immunologic testing and confirmation of the SCID 
diagnosis was classified as follows: (1) FH; (2) NBS; or (3) clinical 
illness (including infections) (9). The following covariates were 
evaluated: age at treatment, decade of treatment, infection at the 
time of HCT, presence of transplacental maternal engraftment, 
maternal GVHD prior to HCT, and genotype, as well as graft and 
donor source, conditioning regimen, GVHD prophylaxis, and 
serotherapy (as previously defined) (2).

Exposure
The primary exposure of interest was a composite of race and 
ethnicity collected from the medical record (which may or may 
not reflect self-reported data depending on the era and institu
tion). NH White patients served as the reference group com
pared with Hispanic, NH Black, NH Asian/PI, NH Native 
American, NH Other/Unknown (defined in keeping with Na
tional Institutes of Health [NIH] enrollment reporting).

Outcomes
The primary outcome of interest was 5-year OS. Secondary 
outcomes included acute and chronic GVHD, need for a subse
quent treatment (an additional HSCT from a different donor or 
from the same donor with conditioning), and 5-year EFS (de
fined as survival without second HCT). Immune reconstitution 
and causes of death were also explored by race and ethnicity.

Statistical analysis
In univariate analysis, patient-, disease-, donor-, and transplant- 
related variables were compared between different racial and 
ethnic groups using chi-square statistics for categorical varia
bles and the Wilcoxon test for continuous variables. Analyses 
were performed separately for those who received HCT from a 
MSD given their known favorable outcomes (2, 24). The prob
ability of survival was estimated using the Kaplan–Meier 
method with the log-rank test used for univariate comparisons. 
The cumulative incidence of subsequent treatment (at 5 years), 
grade III–IV acute GVHD (at 180 days), and chronic GVHD (at 
2 years) were estimated using the cumulative incidence func
tion to allow for competing risks. Cox proportional hazards 
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regression models were used for multivariable analyses, con
trolling for patient-, disease-, donor-, and transplant-related 
variables previously shown to be associated with survival, in
cluding conditioning, infection status, and decade of HCT. 
Covariates were retained in the final model using bidirectional 
stepwise selection based on a P value < 0.05 (and the following 
confounders were ultimately included in the final multivari
able model: age at HCT, conditioning, donor type, SCID geno
type, infection status, and decade of HCT). For categorical 
variables with missing data, a separate missing group was in
cluded in the models.

To evaluate NBS as an effect modifier of disparities, analyses 
stratified by trigger for diagnosis were performed for NH White, 
Black, and Hispanic populations. Limited numbers precluded 
these analyses among Asian/PI and Native American pop
ulations. To control for the potential impact of changes in HCT 
over time, a sensitivity analysis was performed in which strat
ified analyses were restricted to patients diagnosed between 
2010 and 2020 (when NBS for SCID was introduced). Active 
infection pre-HCT (vs. resolved vs. no infection) and time to HCT 
by race and ethnicity were also stratified by trigger to investigate 
hypothesized mechanisms.

Trial registration
This trial was registered at www.clinicaltrials.gov as #NCT01346150 
and #NCT01186913.

Online supplemental material
Supplementary materials include additional tables and figures 
supporting the main analyses. Figs. S1, S2, and S3 display addi
tional survival analyses, including MSD outcomes and sensi
tivity analyses restricted to the contemporary era. Fig. S1 shows 
OS among MSD transplants. Fig. S2 shows EFS among MSD 
transplants. Fig. S3 shows sensitivity analyses evaluating di
agnosis trigger restricted to the contemporary era. Table S1 
presents the multivariable model for EFS. Table S2 details 
posttransplant outcomes, including causes of death and GVHD. 
Table S3 summarizes transplant characteristics across racial 
and ethnic groups for the entire cohort including patients who 
received HCT from a MSD, and Table S4 provides immune re
constitution data at 6 mo after transplant.

Data availability
The study data will be available upon request from the PIDTC 
after publication. Individual participant data (de-identified) and 
the data dictionary will be provided upon approval of a research 
proposal and executed data sharing agreement. The protocol, 
analysis plan, and informed consent documents are also avail
able upon request.
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Supplemental material

Figure S1. OS among MSD transplants. (1) (red) NH White, (2) (yellow) NH Native American, (3) (green) Hispanic, (4) (teal) unknown or other race/ethnicity, 
(5) (blue) NH Asian/PI, and (6) (pink) NH Black. No statistical differences in OS are detected among MSD transplants for SCID (P = 0.055).

Figure S2. EFS among MSD transplants. (1) (red) NH White, (2) (yellow) NH Native American, (3) (green) Hispanic, (4) (teal) unknown or other race/ethnicity, 
(5) (blue) NH Asian/PI, and (6) (pink) NH Black. No statistical differences in EFS are detected among MSD transplants for SCID (P = 0.053).
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Provided online are Table S1, Table S2, Table S3, and Table S4. Table S1 shows multivariable model for EFS (EFS defined by need for 
second transplant). Table S2 shows posttransplant events (causes of death, subsequent treatment, aGVHD, cGVHD) by race and 
ethnicity among non-MSD transplants. Table S3 shows transplant characteristics (including MSD). Table S4 shows (a) 
posttransplant immune reconstitution at 6 mo after HCT (including MSD) by race and ethnicity and (b) posttransplant immune 
reconstitution at 6 mo after HCT (restricted to non-MSD) by race and ethnicity.

Figure S3. Sensitivity analyses evaluating overall survival stratified by diagnosis trigger restricted to the contemporary era. (a) Diagnosed by clinical 
illness. (b) Diagnosed by family history. (c) Diagnosed by newborn screen. Red represents NH White patients, and teal represents NH Black patients. While 
there is a significant difference among those diagnosed by clinical illness (a, P = 0.003), there is no statistical difference among those diagnosed by FH (b) or NBS 
(c).
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