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Abstract

Background: Risk of nonrelapse mortality (NRM) after hematopoietic cell transplantation (HCT) is high. Patient-level clinical
prediction models such as the HCT–comorbidity index (HCT-CI) help identify those at increased risk for NRM, but the inde-
pendent contribution of social determinants of health on HCT outcomes is not well characterized. Methods: This study
included 1602 patients who underwent allogeneic HCT between 2013 and 2019 at City of Hope. Census tract–level social vul-
nerability was measured using the social vulnerability index (SVI). Fine-Gray multivariable regression evaluated the associa-
tion between SVI and 1-year NRM. Subgroup analysis examined risk of NRM across combined SVI and HCT-CI categories and
by race and ethnicity. Results: Cumulative incidence of 1-year NRM after HCT was 15.3% (95% confidence interval [CI] ¼ 13.6%
to 17.1%). In multivariable analysis, patients in the highest SVI tertile (highest social vulnerability) had a 1.4-fold risk
(subdistribution hazard ratio [sHR]¼1.36, 95% CI ¼ 1.04 to 1.78) of NRM compared with individuals in the lower tertiles;
patients in the highest SVI tertile who also had elevated (�3) HCT-CI scores had the highest risk (sHR¼1.81, 95% CI ¼ 1.26 to
2.58) of 1-year NRM (reference: lower SVI tertiles and HCT-CI < 3). High social vulnerability was associated with risk of 1-year
NRM in Asian (sHR¼2.03, 95% CI ¼ 1.09 to 3.78) and Hispanic (sHR¼1.63, 95% CI ¼ 1.04 to 2.55) but not non-Hispanic White
patients. Conclusions: High social vulnerability independently associated with 1-year NRM after HCT, specifically among
minority populations and those with a high comorbidity burden at HCT. These findings may inform targeted approaches for
needs assessment during and after HCT, allowing for timely interventions to improve health outcomes in at-risk patients.

Allogeneic hematopoietic cell transplantation (HCT) is an estab-
lished treatment for malignant and nonmalignant hematologic
diseases. Advances in treatment strategies have contributed to
a growing number of patients undergoing HCT, with an esti-
mated 10 000 patients who undergo allogeneic HCT annually in
the United States alone (1). However, the benefit of HCT should
be balanced by the risk of nonrelapse mortality (NRM) during
the first year after transplantation attributed, in part, to compli-
cations associated with prolonged cytopenia and the develop-
ment of graft-versus-host disease (GVHD) after HCT.
Established patient-related risk factors for NRM after HCT in-
clude older age, male sex, and the burden of comorbidities at
the time of HCT (2-4). To this end, clinical prediction models
such as the HCT–comorbidity index (HCT-CI) have been

developed to identify those at increased risk for NRM after HCT
(2,5), allowing for appropriate risk-stratification and real-time
decision making regarding the intensity of HCT conditioning
and supportive care during HCT. That said, it is increasingly rec-
ognized that these patient-level variables alone do not explain
the variability in outcomes after HCT. Studies conducted mostly
in non-oncology populations suggest that social determinants
of health, which include individual factors (eg, education, em-
ployment) as well as the neighborhood and environment in
which people work and live, can substantially impact health
outcomes (6-8).

The Centers for Disease Control (CDC) social vulnerability in-
dex (SVI) was initially developed as a tool to evaluate communi-
ties’ resilience when confronted by disaster (9). More recently,
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SVI has been used to determine the impact of neighborhood-
level social vulnerability on health outcomes in oncology and
non-oncology populations (9-11). The SVI provides an overall
composite vulnerability score as well as scores for each compo-
nent of the index, allowing for delineation of specific
neighborhood-level components (eg, socioeconomic status
[SES], education, housing, transportation) that constitute social
determinants of health (12). Specifically, studies have found
that higher SVI scores, which indicate higher social vulnerabil-
ity, are associated with poorer surgical (eg, adverse postopera-
tive outcomes) and oncologic (eg, mortality) outcomes, with
the impact particularly notable among minority populations
(10,13,14). The SVI differs from other indices such as the area
deprivation index and community risk score, because of its abil-
ity to provide additional information on important environment
and neighborhood-level determinants of health.

To date, there have been no studies examining the associa-
tion between a patient’s neighborhood-level socioeconomic en-
vironment and NRM after HCT. Importantly, little is known
about the interaction between established risk factors (eg, HCT-
CI) for NRM and neighborhood-level socioeconomic factors. To
fill this gap, we used the CDC SVI to evaluate the relationship
between census tract–level social vulnerability and NRM after
HCT in a demographically diverse population of patients who
underwent HCT and further explored the interaction of baseline
comorbidity at the time of HCT and race and ethnicity on social
vulnerability.

Methods

Study Population and Definitions

This was a retrospective cohort study of patients living in
California who underwent a first allogeneic HCT for hemato-
logic disease at City of Hope (COH) from 2013 to 2019. Patients
were identified from the COH Long-term Follow-up program,
which supports follow-up of all patients receiving HCT at COH.
The Long-term Follow-up protocol was approved by the COH in-
stitutional review board, and all patients or their legal represen-
tatives provided informed consent. This protocol collects
information on patients’ demographics (age, sex, race and eth-
nicity [Alaska Native, American Indian, Asian, Black, Hispanic,
multiracial, Native Hawaiian, non-Hispanic White, White with
ethnicity not specified, missing or unknown], and address), in-
surance, diagnosis, HCT conditioning, GVHD prophylaxis, leuko-
cyte antigen [HLA] match, cytomegalovirus (CMV) status,
comorbidities to derive the HCT-CI, and performance score
(Lansky, Karnofsky). Euclidean distance to COH was calculated
for all patients, given the recognized importance of timely ac-
cess to subspeciality care in populations with high comorbidity
burden (15,16). Vital status and cause of death were obtained
from the National Death Index. Causes of deaths were classified
as primary disease, subsequent malignant neoplasms, GVHD,
infection, cardiopulmonary, organ failure, external, or other.
NRM included causes other than primary disease.

Myeloablative conditioning was defined as receipt of at least
8 Gy of fractionated body and/or marrow irradiation or busulfan
(>8mg/kg) with cyclophosphamide (120 mg/kg) or with clofara-
bine (40 mg/m2) (17). HLA match was categorized as matched (8
of 8), mismatched, or haploidentical, and CMV status was posi-
tive if the donor and/or recipient was CMV positive. High HCT-
CI was defined as having a score of at least 3. Low performance
status was defined as a performance score of no more than 80.

Established criteria were used to define severity of acute GVHD
(18) and relapse risk (high, standard) (19) at HCT.

Social Vulnerability

The CDC SVI was used to measure social vulnerability. The SVI
comprises 4 themes constructed using 15 social and environ-
mental variables from the US census (theme 1: SES [poverty, un-
employment, per capita income, no high school diploma];
theme 2: household composition and disability [persons aged
65 years and older, persons aged 17 years and younger, single
parent households, civilian with a disability]; theme 3: minority
status and language [minority status, limited English]; and
theme 4: housing and transportation [multi-unit housing, mo-
bile homes, crowded housing, no vehicle access, group quar-
ters]) (12). Overall, SVI and individual theme scores are ranked
across the California census tracts as percentiles ranging from 0
(least vulnerable) to 1 (most vulnerable). Patient addresses at
the time of HCT were geocoded to determine census tract–level
Federal Information Processing Standards codes, which were
used to determine the SVI scores for each individual. Census
2014, 2016, and 2018 data were used for patients who underwent
HCT between 2013-2015, 2016-2017, and 2018-2019, respectively.

Statistical Analysis

Descriptive statistics of patient demographics, insurance status,
diagnosis, HCT-related variables, HCT-CI scores, performance
scores, and risk of relapse were generated for the cohort and by
vital status (alive, NRM). The primary outcome measure was
NRM at 1-year post-HCT. Patients were at risk for NRM from the
date of HCT until date of death, date last known alive, or 1 year
after HCT, whichever came first. Death due to non-NRM and re-
ceipt of a second HCT was treated as competing risks. Patients
alive at beyond 1 year after HCT were censored at 1 year.

Cumulative incidence of NRM was calculated taking into
consideration competing risk of relapse-related mortality and
second HCT. All univariable and multivariable analyses were
conducted using the Fine-Gray subdistribution hazard model
(20). Subdistribution hazard ratios (sHRs) and their 95% confi-
dence intervals (CIs) were determined to quantify magnitude of
risk. We first estimated a clinical model by examining the asso-
ciation between baseline variables at time of HCT (ie, age, HCT-
CI, distance to COH, performance status, sex, race and ethnicity
[Asian, Hispanic, non-Hispanic White (NHW), other]), diagnosis,
conditioning, risk of relapse, CMV status, and HLA match indi-
vidually with 1-year NRM in univariable analysis. Multivariable
regression was conducted by including all the variables in the
univariable analyses with a P value of no more than .1. Acute
lymphoblastic leukemia, acute myeloid leukemia, lymphoma,
and other diagnoses were combined because there was no sig-
nificant difference in their subdistribution hazard ratios.
Because of high collinearity between GVHD prophylaxis and
HLA match, GVHD prophylaxis was not included in the multi-
variable model. After establishing the clinical model, the inter-
action between SVI and race and ethnicity was found to be
significant (P¼ .048). Hence, race and ethnicity–specific analyses
were performed to evaluate the association between SVI and 1-
year NRM. Univariable and multivariable analyses were con-
ducted as described above to develop a clinical model for each
group. SVI as a binary variable (ie, highest tertile [most vulnera-
ble] vs lower 2 tertiles [less vulnerable]), defined by the
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population as a whole, was added to the model. This was done
for the overall SVI ranking as well as for each of the 4 themes.

To assess the risk of NRM among the most vulnerable and
at-risk patients, we created an ordinal variable combining over-
all SVI tertile and HCT-CI into 1) lower 2 SVI tertiles (low social
vulnerability) and low (<3) HCT-CI score (reference); 2) low so-
cial vulnerability and high (�3) HCT-CI score; 3) high social vul-
nerability (upper SVI tertile) and low HCT-CI score; and 4) high
social vulnerability and high HCT-CI score. The variables in-
cluded in the multivariable model for risk of 1-year NRM by SVI
and HCT-CI categories were the same as those included in the
clinical model described above (excluding HCT-CI score).

All statistical analyses were 2-sided, and a P value less than
.05 was considered statistically significant. All analyses were
conducted using SAS 9.4 (SAS Institute Inc, Cary, NC).

Results

Patient Characteristics

Between 2013 and 2019, 1602 patients underwent a first alloge-
neic HCT at COH. Patient characteristics are detailed in Table 1.
The median age at HCT was 52.0 (range ¼ 1.0-78.0) years. The
race and ethnicity composition of the cohort was 13.2% Asian,

Table 1. Cohort characteristics

Characteristic

Overall cohort Alive at 1 year 1-year NRM
(n¼ 1602) (n¼ 1245) (n¼ 245)

No (%) No (%) No (%)

Age at HCT, median (range) 52.00 (1-78) 51.00 (1-76) 57.00 (2-78)
Sex

Female 708 (44.2) 548 (44.0) 104 (42.4)
Male 894 (55.8) 697 (56.0) 141 (57.6)

Race and ethnicity
Asian 211 (13.2) 156 (12.5) 40 (16.3)
Hispanic 563 (35.1) 432 (34.7) 89 (36.3)
Non-Hispanic White 715 (44.6) 565 (45.4) 98 (40.0)
Other or unknowna 113 (7.1) 92 (7.4) 18 (7.4)

Insurance status
Public 565 (35.3) 428 (34.4) 97 (39.6)
Private 947 (59.1) 739 (59.4) 138 (56.3)
Uninsured or unknown 90 (5.6) 78 (6.3) 10 (4.1)

Diagnosis
AML 651 (40.6) 503 (40.4) 93 (38.0)
ALL 369 (23.0) 293 (23.5) 56 (22.9)
Lymphoma 116 (7.2) 92 (7.4) 14 (5.7)
MDS 291 (18.2) 208 (16.7) 65 (26.5)
Other 175 (10.9) 149 (12.0) 17 (6.9)

Conditioning
Myeloablative 736 (45.9) 587 (47.1) 97 (39.6)
Reduced intensity 866 (54.1) 658 (52.9) 148 (60.4)

Risk relapse
Low 966 (60.3) 798 (64.1) 121 (49.4)
High 636 (39.7) 447 (35.9) 124 (50.6)

GVHD prophylaxis
Tacrolimus/Sirolimus 1021 (63.7) 800 (64.3) 140 (57.1)
Calcineurin inhibitor with MMF or MTX 17 (16.3) 209 (16.8) 45 (18.4)
Post-HCT cyclophosphamide 292 (18.2) 220 (17.7) 59 (24.1)
Other 18 (1.1) 16 (1.3) 1 (0.4)

Performance status, median (range) 90 (50-100) 90 (50-100) 80 (60-100)
HCT-CI score, median (range) 2.00 (0-11) 2 (0-11) 3 (0-11)
CMV status

Negative 214 (13.4) 172 (13.8) 27 (11.0)
Positive 1388 (86.6) 1073 (86.2) 218 (89.0)

HLA match
Matched 1116 (69.7) 888 (71.3) 151 (61.6)
Mismatched 275 (17.2) 203 (16.3) 47 (19.2)
Haplo 211 (13.2) 154 (12.4) 47 (19.2)

Distance to City of Hope, median (range), miles 28.0 (0.5-369.6) 28.0 (0.5-369.6) 27.2 (3.0-359.9)
Overall SVI ranking, median (range) 0.46 (0-1.00) 0.45 (0-1.00) 0.49 (0.01-1.00)
SVI socioeconomic status, median (range) 0.45 (0-1.00) 0.45 (0-1.00) 0.51 (0-1.00)
SVI household composition and disability, median (range) 0.45 (0.01-1.00) 0.45 (0.01-1.00) 0.49 (0.02-1.00)
SVI minority status and language, median (range) 0.51 (0-1.00) 0.51 (0-1.00) 0.58 (0.01-1.00)
SVI housing and transportation, median (range) 0.42 (0-1.00) 0.42 (0-1.00) 0.42 (0.01-1.00)

aIncludes 74 (4.6%) Black, 39 (2.5%) other or missing. ALL¼ acute lymphoblastic leukemia; AML¼acute myeloid leukemia; CMV¼ cytomegalovirus; GVHD¼graft-

versus-host disease; HCT¼hematopoietic cell transplantation; HCT-CI¼hematopoietic cell transplantation–comorbidity index; HLA¼human leukocyte antigen;

MDS¼myelodysplastic syndrome; MMF¼mycophenolate mofetil; MTX¼methotrexate; NRM¼nonrelapse mortality; SVI¼ social vulnerability index.
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35.1% Hispanic, 44.6% NHW, and 7.1% other (4.6% Black, 2.5%
other or missing). The majority was male (55.8% vs 44.2% fe-
male), had private insurance (59.1%), had an underlying diagno-
sis of acute myeloid leukemia (40.6%), received reduced
intensity conditioning (54.1%), had low risk of relapse (60.3%),
and had an HLA-matched donor (69.7%).

The cumulative incidence of NRM in the first year after HCT
was 15.3% (95% CI ¼ 13.6% to 17.1%). The most common causes
of NRM for the overall cohort were infection (48.2%), GVHD
(18.8%), and respiratory failure (13.1%), and these proportions
were similar across SVI tertiles (data not shown).

Risk Factors for 1-Year NRM

In univariable analysis, risk factors for 1-year NRM were older
age (sHR¼ 1.02, 95% CI ¼ 1.01 to 1.02; P< .001), lower perfor-
mance status (�80) at HCT (sHR¼ 1.73, 95% CI ¼ 1.34 to 2.22), di-
agnosis of myelodysplastic syndrome (sHR¼ 1.56, 95% CI ¼ 1.09
to 2.23; reference¼ALL), high relapse risk (sHR¼ 1.63, 95% CI ¼
1.27 to 2.09), and HCT-CI score (sHR¼ 1.10, 95% CI ¼ 1.04 to 1.17;
per integer increase; Table 2). The multivariable clinical model
included age at HCT, relapse risk, performance status, HCT-CI,
and HLA match. Added to this model, patients in the highest
tertile SVI had a 1.3-fold risk (sHR¼ 1.36, 95% CI ¼ 1.04 to 1.78) of
NRM compared with individuals in the lower 2 tertiles. Highest
tertiles of SVI themes independently associated with NRM in-
cluded SES (sHR¼ 1.39, 95% CI ¼ 1.06 to 1.81), household compo-
sition and disability (sHR¼ 1.31, 95% CI ¼ 1.01 to 1.69), and
minority status and language (sHR¼ 1.33, 95% CI ¼ 1.02 to 1.75;
Table 3). Of note, SVI was associated with all-cause but not
relapse-related mortality (Supplementary Tables 1 and 2, avail-
able online).

The cumulative incidence of 1-year NRM increased incre-
mentally in the following SVI-HCT-CI categories: low social vul-
nerability and low HCT-CI (12.8%, 95% CI ¼ 10.3% to 15.6%); high
social vulnerability and low HCT-CI (14.4%, 95% CI ¼ 10.8% to
18.6%); low social vulnerability and high HCT-CI (15.9%, 95% CI
¼ 12.7% to 19.4%); high social vulnerability and high HCT-CI
(21.8%, 95% CI ¼ 16.8% to 27.2%) (Table 4 and Figure 1). In multi-
variable analysis, patients with high social vulnerability and
high HCT-CI had the greatest risk of 1-year NRM (sHR¼ 1.81,
95% CI ¼ 1.26 to 2.58; Table 4).

Impact of SVI on NRM by Race and Ethnicity

In NHW patients, neither high tertile of overall SVI nor any of
the individual subthemes were associated with risk of NRM.
High overall SVI tertile was associated with increased risk of
NRM in Hispanic (sHR¼ 1.63, 95% CI ¼ 1.04 to 2.55) and Asian
(sHR¼ 2.03, 95% CI ¼ 1.09 to 3.79) patients, and the risk was in-
creased for high tertile of SES (sHR¼ 1.81, 95% CI ¼ 1.14 to 2.90)
among Hispanic patients and high tertiles of household compo-
sition and disability (sHR¼ 2.05, 95% CI ¼ 1.09 to 3.85) and hous-
ing and transportation (sHR¼ 2.33, 95% CI ¼ 1.25 to 4.34) among
Asian patients (Figure 2).

Discussion

In this large, contemporary cohort of adults who underwent al-
logeneic HCT, we found significant associations between
neighborhood-level social vulnerability, measured by the SVI,
and risk of 1-year NRM. The dyad of living in neighborhoods
with higher social vulnerability and having a high comorbidity

burden posed a substantial risk of 1-year NRM. The components
of SVI that increased risk of 1-year NRM differed by race and
ethnicity. In Hispanic patients, overall SVI and SES were associ-
ated with 1-year NRM, and in Asian patients, overall SVI, house-
hold composition and disability, and housing and
transportation were associated with 1-year NRM. We found no
association between SVI and 1-year NRM in NHW patients un-
dergoing HCT. These findings highlight the important role local

Table 2. Univariable analysis for risk of 1-year nonrelapse mortality

Variable sHR (95% CI) P

Age at HCT 1.02 (1.01 to 1.02) <.001
Sex

Female 1.00 (Referent) —b

Male 1.07 (0.83 to 1.38) .61
Race and ethnicity .29

Asian 1.43 (0.99 to 2.07) .06
Hispanic 1.15 (0.86 to 1.53) .35
Non-Hispanic White 1.00 (Referent) —b

Other 1.17 (0.72 to 1.93) .53
Insurance status at time of HCT .24

Private 1.00 (Referent) —b

Public 1.19 (0.92 to 1.54) .19
Uninsured or unknown 0.76 (0.40 to 1.45) .41

Diagnosis .002
Acute lymphoblastic leukemia 1.00 (Referent) —b

Acute myeloid leukemia 0.94 (0.67 to 1.31) .71
Lymphoma 0.79 (0.44 to 1.42) .43
Myelodysplastic syndrome 1.56 (1.09 to 2.23) .01
Other 0.63 (0.36 to 1.07) .09

Conditioning
Myeloablative 1.00 (Referent) —b

Reduced intensity 1.34 (1.04 to 1.73) .02
Risk relapse

Low 1.00 (Referent) —b

High 1.63 (1.27 to 2.09) <.001
GVHD prophylaxis .01

Tacrolimus/Sirolimus 1.00 (Referent) —b

Calcineurin inhibitor with MMF or MTX 1.25 (0.89 to 1.75) .19
Post-HCT cyclophosphamide 1.45 (1.07 to 1.96) .02
Other 0.38 (0.05 to 2.82) .34

Performance status �80 1.73 (1.34 to 2.22) <.001
HCT-CI score 1.10 (1.04 to 1.17) <.001
CMV status

Negative 1.00 (Referent) —b

Positive 1.27 (0.85 to 1.89) .24
HLA match .003

Matched 1.00 (Referent) —b

Haploidentical 1.74 (1.25 to 2.41) <.001
Mismatched 1.28 (0.93 to 1.78) .13

Distance to City of Hope 1.00 (0.99 to 1.00) .10
Overall SVIa 1.26 (0.98 to 1.63) .07

SVI socioeconomic statusa 1.26 (0.98 to 1.62) .07
SVI household composition

and disabilitya

1.24 (0.96 to 1.60) .10

SVI minority status and languagea 1.24 (0.96 to 1.60) .09
SVI housing and transportationa 1.18 (0.92 to 1.52) .20

aAnalysis conducted for highest tertile of SVI compared with lower 2 tertiles as

referent groups. CI¼ confidence interval; CMV¼ cytomegalovirus; GVHD¼graft-

versus-host disease; HCT-CI¼hematopoietic cell transplantation–comorbidity

index; HLA¼human leukocyte antigen; MMF¼mycophenolate mofetil;

MTX¼methotrexate; sHR¼ subdistribution hazard ratio; SVI¼ social vulnerabil-

ity index.
bNot applicable.
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social-environmental factors play in health outcomes following
HCT, specifically among different racial and ethnic groups.

Previous studies have highlighted how low SES and
Medicaid insurance status can be associated with inferior out-
comes after cancer treatment, including HCT (21-30). However,
these studies have largely relied on SES derived from zip codes
or individual-level insurance status, which do not provide a
complete picture of social determinants of health outcomes. A
previous study did find that worse county-level community
health status was associated with poorer survival and increased
risk of NRM following HCT (31), however county-level data are
not reflective of individuals’ immediate surroundings,

especially in large, diverse, densely populated areas. Indices
that incorporate additional aspects of social determinants of
health such as community resources and housing conditions at
the neighborhood level are needed to comprehensively evaluate
how social and environmental factors influence health out-
comes. In this study, we found that higher vulnerability in each
individual component of SES, household composition and dis-
ability, and minority status and language was associated with
increased risk of 1-year NRM by more than 30%. There are sev-
eral potential explanations related to health behaviors and
maintenance for the associations seen between individual SVI
themes and NRM. For example, lower SES has been associated
with neighborhood safety concerns and decreased physical ac-
tivity (32), which are in turn related to overall health status and
comorbidities. Household composition has been associated
with increased caregiver burden and decreased medication ad-
herence (19), which can be compounded by lack of access to
transportation (33). Furthermore, multiple studies have found
that health-related outcomes are better for patients receiving
language-concordant care (34). Translating measures such as
SVI into clinical care may identify which patients would benefit
from approaches such as evaluating neighborhood safety and
resources, implementing home physical activity and health
maintenance programs, providing home health assistance, and
allocating additional resources to ensure equitable language-
concordant care.

The HCT-CI has been a useful clinical tool to determine the
burden of comorbidities prior to HCT and the risk of NRM after
HCT. To our knowledge, our study is the first to examine the im-
pact of living in socially vulnerable areas in patients with high
comorbidity burden at the time of HCT. The cumulative inci-
dence of NRM in patients who had a high comorbidity burden
and also lived in areas with high social vulnerability at the time
of HCT approached 25% at 1-year post-HCT, and this translated
into a nearly twofold increased risk of NRM compared with
patients who had a low comorbidity burden and also lived in
areas with lower social vulnerability at the time of HCT. Tools
such as the SVI can be complementary to the HCT-CI to identify
which would derive particular benefit from modified interven-
tion and monitoring approaches. For example, if patients live in
areas with higher vulnerability within the themes of household
composition or housing and transportation, additional support
for local housing, medical transportation, medication delivery,

Table 3. Multivariable analysis for risk of 1-year nonrelapse
mortalitya

Covariable sHR (95% CI) P

Age at HCT 1.02 (1.01 to 1.02) <.001
Relapse risk

Low 1.00 (Referent) —d

High 1.50 (1.17 to 1.92) .002
Performance status 0.97 (0.96 to 0.99) <.001
HCT-CI score 1.09 (1.03 to 1.15) .006
HLA match

Matched 1.00 (Referent) —d

Haploidentical 1.92 (1.38 to 2.67) <.001
Mismatched 1.48 (1.06 to 2.07) .02

SVI overall (highest tertile)b,c 1.36 (1.04 to 1.78) .02
SVI socioeconomic status (highest

tertile)b,c

1.39 (1.06 to 1.81) .02

SVI household composition and disability
(highest tertile)b,c

1.31 (1.01 to 1.69) .04

SVI minority status and language (highest
tertile)b,c

1.33 (1.02 to 1.75) .04

SVI housing and transportation (highest
tertile)b,c

1.26 (0.97 to 1.63) .09

aSVI overall and SVI themes were each adjusted for the preceding non-SVI varia-

bles but not for each other. CI¼ confidence interval; CMV¼ cytomegalovirus;

HCT-CI¼hematopoietic cell transplantation–comorbidity index; HLA¼human

leukocyte antigen; sHR¼ subdistribution hazard ratio; SVI¼ social vulnerability

index.
bEach SVI component was added independently to the baseline clinical model.
cReference: lower 2 SVI tertiles.
dNot applicable.

Table 4. Cumulative incidence and risk of 1-year nonrelapse mortality per SVI and HCT-CI category

SVI or HCT-CI
category

No. of events/
No. at risk

Cumulative incidence, % (95% CI) Unadjusted Adjusted

Day 100 Day 180 Day 365 sHR (95% CI) Pa sHR (95% CI) Pa

Model 1
Lower SVI tertiles 149/1058 6.5 (5.1 to 8.1) 9.9 (8.2 to 11.8) 14.1 (12.1 to 16.3) 1.00 (Referent) —b 1.00 (Referent) —b

Highest SVI tertile 96/544 6.8 (4.9 to 9.1) 10.3 (7.9 to 13.1) 17.7 (14.6 to 20.1) 1.26 (0.98 to 1.63) .07 1.36 (1.04 to 1.78) .02
Model 2

Lower SVI tertiles
Low HCT-CI (<3) 78/611 5.6 (3.9 to 7.6) 9.3 (7.2 to 11.8) 12.8 (10.3 to 15.6) 1.00 (Referent) —b 1.00 (Referent) —b

High HCT-CI (�3) 71/447 7.8 (5.6 to 10.6) 10.7 (8.1 to 13.8) 15.9 (12.7 to 19.4) 1.26 (0.92 to 1.74) .007 1.20 (0.87 to 1.66) .003
Highest SVI tertile

Low HCT-CI (<3) 44/305 6.2 (3.9 to 9.3) 9.5 (6.6 to 13.1) 14.4 (10.8 to 18.6) 1.13 (0.78 to 1.64) 1.23 (0.85 to 1.79)
High HCT-CI (�3) 52/239 7.5 (4.6 to 11.3) 11.3 (7.7 to 15.7) 21.8 (16.8 to 27.2) 1.75 (1.24 to 2.48) 1.81 (1.26 to 2.58)

aModel 1 adjusted for age at HCT, risk of relapse, performance status, HLA match, and HCT-CI; model 2 adjusted for age at HCT, risk of relapse, performance status,

HLA match. CI¼ confidence interval; HCT-CI¼hematopoietic cell transplantation–comorbidity index; sHR¼ subdistribution hazard ratio; SVI¼ social vulnerability

index.
bNot applicable.
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or remote health monitoring to decrease the burden associated
with frequent in-person visits may help improve health behav-
iors including clinical follow-up and medication adherence.
Additionally, with continued advancements in health-care de-
livery, incorporation of composite indices into clinical decision-
making algorithms may help identify which patients would be
candidates for approaches such as outpatient HCT and cellular
immunotherapy and which patients may need closer monitor-
ing and additional resource allocation.

Interestingly, although living in a neighborhood with higher
social vulnerability was not associated with 1-year NRM in
NHW patients, it was in Asian and Hispanic patients, who con-
stituted 48% of our patient population. Racial disparities in
health outcomes have been well reported, including in HCT
recipients, and have largely been attributed to associations be-
tween race and ethnicity, SES, and access to health care, as well
as unmeasured comorbidities and inherent differences in dis-
ease biology (8,21,24,30). In an effort to better elucidate the
mechanistic links between social determinants of health and
HCT outcomes, this study included measures of all of these var-
iables. Access to health care, as assessed by insurance status
and distance to the treating center, was not associated with 1-
year NRM. On the other hand, worse neighborhood-level SES, as
measured by the SVI, was independently associated with 1-year
NRM in the overall cohort and was especially pronounced in
certain racial and ethnic populations. This suggests that attrib-
uting inferior outcomes among racial and ethnic minorities to
more traditional measures of SES (eg, household income) alone
may underestimate the complex social determinants of health
that impact outcomes after HCT. Of note, although SVI-based
minority status and language was associated with increased
risk of 1-year NRM in the overall cohort, the association was not
significant in race and ethnicity–specific subanalyses, poten-
tially because of the lack of racial and ethnic diversity by census
tract.

A strength of our study is that we used census tract–level
data, which are more reflective of a person’s immediate neigh-
borhood and environment than use of zip code or county-level
data. Additionally, applying the SVI to our cohort allowed us to
evaluate overall social vulnerability as well as specific themes
to identify which social and environmental factors had the
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Figure 1. One-year NRM by SVI and HCT-CI. Cumulative incidence of 1-year

NRM by highest or lower 2 SVI tertiles and high (�3) or low (<3) HCT-CI. HCT-

CI¼hematopoietic cell transplantation–comorbidity index; NRM ¼ nonrelapse

mortality; SVI¼ social vulnerability index.

Figure 2. Impact of SVI by race and ethnicity. Risk of 1-year nonrelapse mortality for those in the highest SVI tertile (reference: lower 2 tertiles) stratified by race and

ethnicity: (A) non-Hispanic White, adjusted for age and performance status; (B) Hispanic, adjusted for age and risk of relapse; (C) Asian, adjusted for performance status

and diagnosis; (D) other, adjusted for hematopoietic cell transplantation–comorbidity index, performance status, and diagnosis. Adjusted covariables varied by race

and ethnicity because multivariable models were fitted separately for each race and ethnicity group resulting in differently adjusted models. Error bars represent 95%

confidence interval. SES¼ socioeconomic status; SVI¼ social vulnerability index.
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greatest impact on outcomes. Integration of individual-level
SES information in future SVI-based analyses may further eluci-
date neighborhood vs individual determinants of health. We ac-
knowledge that this was a single-center study and that
differences in supportive care practices could have influenced
outcomes, which may speak to the generalizability of our find-
ings to other HCT populations. That said, our cohort comprised
a diverse patient population, which enabled more specific anal-
yses by race and ethnicity than previous studies. The relatively
small proportion of Black patients included in the current study
is reflective of the broader demographics of southern California,
with its high Hispanic and Asian minority populations.
Additional studies may be needed to determine whether the
associations seen in our study persist on a geographically
broader scale. Lastly, whereas the outcome of interest in this
study was 1-year NRM, future studies may also consider evalu-
ating the relationship between social vulnerability and longer-
term (>1 year) health outcomes post-HCT.

In conclusion, we found that higher social vulnerability, es-
pecially among minorities, is associated with increased risk of
1-year NRM following allogeneic HCT, and the combination of

SVI and HCT-CI may identify which patients are at highest risk
for 1-year NRM. As HCT is increasingly used to treat hemato-
logic diseases, it is critical to continue identifying and mitigat-
ing risk factors for adverse HCT outcomes. For the clinical team,
use of an index such as the SVI can aid in risk stratification,
needs assessment, and resource allocation, such as language,
caregiver, transportation, and housing support pre- and post-
HCT. An improved understanding of the dynamic interplay be-
tween disease, host, and social-environmental factors may also
inform health policy to improve community-level resources
and equitable access to care to ultimately improve outcomes in
particularly at-risk patients.
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