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Abstract

Background: Racial/ethnic disparities in the utilization of hematopoietic cell
transplantation (HCT) have been reported for patients with hematologic malig-
nancies, but population-based data are lacking for lymphoma patients. The objec-
tive of this study was to determine whether racial and ethnic disparities exist in
the utilization of autologous HCT for lymphoma in the United States.

Method: We used Surveillance, Epidemiology, and End Results data linked to
Medicare fee-for-service claims. We included Medicare beneficiaries aged 66+
years with Hodgkin or Non-Hodgkin lymphomas diagnosed between 2008 and
2015. The primary outcome was time-to-autologous HCT. We used Cox propor-
tional hazards models to estimate racial/ethnic differences in utilization. Missing
data were handled using multiple imputation with chained equations.

Results: We included 40,605 individuals with lymphoma. A total of 452 autolo-
gous transplants were performed. In the unadjusted model, Non-Hispanic Black
patients were 51% less likely to receive a transplant than Non-Hispanic White
patients (95% CI, 0.26-0.96; p = 0.04). After adjusting for age at diagnosis and
sex, Non-Hispanic Black patients were 61% less likely to receive a transplant (95%
CI, 0.20-0.76; p = 0.01). However, observed differences attenuated and became
non-significant after adjustment for socioeconomic factors (adjusted hazard ratio
[aHR], 0.62; 95% CI, 0.32-1.21; p = 0.16) and disease-specific factors (aHR, 0.58;
95% CI, 0.30-1.12; p = 0.11), separately. In the fully adjusted model, we also did
not observe a statistically significant association between Non-Hispanic Black
race/ethnicity and receipt of transplant (aHR, 0.54; 95% CI, 0.28-1.05; p = 0.07).

Conclusion: In this population-based cohort study of lymphoma patients, Non-
Hispanic Black patients were less likely to receive autologous HCT compared to
Non-Hispanic White patients, but this difference was partially explained by so-

cioeconomic and disease-specific factors.
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1 | INTRODUCTION
In the United States, approximately 90,000 cases of lym-
phoma are diagnosed each year and 20,000 individuals die
from their disease." Autologous hematopoietic cell trans-
plantation (HCT) is considered the standard-of-care treat-
ment for relapsed and refractory Hodgkin lymphoma (HL)
and Non-Hodgkin lymphoma (NHL) because it has been
shown to improve outcomes including overall survival.®
According to data from the Center for International Blood
and Marrow Transplant Research (CIBMTR), approximately
1000 patients with HL and 2500 patients with NHL receive
this potentially life-saving therapy each year.® Collectively,
lymphoma is the second most common indication for autol-
ogous HCT behind plasma cell disorders.” Despite the im-
portance of autologous HCT in the treatment of lymphoma,
previous studies have shown that racial/ethnic minorities
are less likely to receive this therapy compared to Non-
Hispanic White patients*’ However, data are lacking for
lymphoma patients diagnosed since the early 2000s, and the
factors that contribute to racial/ethnic differences in trans-
plant utilization have been understudied for these patients.®
The objective of this study was to determine whether
racial and ethnic disparities exist in the utilization of au-
tologous HCT for lymphoma using the SEER-Medicare
linked database for patients diagnosed between 2008 and
2015. Since autologous HCT is a potentially life-saving
therapy for patients with lymphoma, it is important to un-
derstand whether disparities in treatment exist that might
lead to inferior survival for minorities. In addition, it re-
mains unclear whether demographic, socioeconomic, and
disease-specific factors account for lower autologous HCT
utilization among racial/ethnic minorities. Importantly,
since autologous HCT does not require the availability
of a donor, differences in treatment utilization cannot be
confounded by donor availability. Based on prior research,
we hypothesized that Non-Hispanic Black patients would
underutilize autologous HCT even after adjustment for
potential confounders.

2 | METHOD

2.1 | Data source

This was a population-based cohort study using SEER
cancer registry data (2008-2015) linked to Medicare

fee-for-service claims (2007-2016). The version of SEER
data used in this study was the SEER-18 database, which
covers 28% of the US cancer population.” Medicare is a
federally funded health insurance program that provides
health insurance coverage to adults aged 65 years or
older. Part A provides coverage for inpatient hospital care,
skilled nursing facility care, some home healthcare, and
hospice care. Part B provides coverage for physician visits,
outpatient services, preventive services, and some home
healthcare.” Individuals included in the SEER database
were linked to their Medicare claims every 2 years using
personal identifiers. Approximately 96% of individuals
aged 65 years or older in the SEER database are matched
to Medicare claims.” This study was determined exempt
from review by the Institutional Review Board at Weill
Cornell Medicine.

2.2 | Cohort

We included individuals aged 66 years or older who were
diagnosed with HL or NHL between 2008 and 2015. The
age 66 years was selected so that eligible individuals would
have 1 year of continuous Medicare fee-for-service claims
in the year prior to their cancer diagnosis in order to cal-
culate their Charlson Comorbidity Index score. SEER pro-
vides only the month and year of an individual's cancer
diagnosis date. In order to identify cancer diagnosis date,
we set the day of diagnosis to the 15th day of each month.'°
Eligible individuals were required to have to continuous
coverage in Medicare Parts A and B for 1 year prior to
diagnosis to at least 3 months after diagnosis unless they
died following diagnosis. We excluded individuals who
were diagnosed by autopsy or death certificate, those who
lacked microscopic confirmation of their lymphoma, and
those enrolled in Medicare Part C (managed care) plans.

2.3 | Study outcomes

The primary outcome was receipt of autologous HCT. This
was identified using a combination of Current Procedural
Terminology (CPT) and International Classification of
Diseases (ICD) codes (Table S1). We operationalized
this as a time-to-event variable. Time-to-stem cell collec-
tion was identified as an exploratory outcome. For both
autologous HCT and stem cell collection, only incident
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SEER registry participants with lymphoma, diagnosed
between 2008-2015, with non-missing cancer
diagnosis month
N=99,086

FIGURE 1
population

Flowchart for study

Age < 66 years at lymphoma diagnosis date,
n=28,152

Diagnosed with cancer from autopsy or death
certificate, n=729

.| Without continuous Medicare Part A/B coverage or
d enrolled in HMO, n= 28,465

N Without microscopic confirmation of cancer
g diagnosis, n=865

outcomes were considered. We obtained CPT and ICD
codes through a focused literature review, American
Society of Transplantation and Cellular Therapy billing
guidelines, discussion with billing physicians, and man-
ual review of codes.!’ We used a combination of inpatient
and outpatient billing codes to avoid missing outcomes.
We identified outcomes at any point following the diagno-
sis of lymphoma.

2.4 | Keyindependent variable

The key independent variable was race/ethnicity. Race/
ethnicity was defined based on the SEER race recode and
origin variables.'? SEER reports race as White, Black,
American Indian or Alaska Native, or Asian or Pacific
Islander. SEER reports ethnicity as Hispanic or Non-
Hispanic. Hispanic ethnicity is determined using the
North American Association of Central Cancer Registries
algorithm."® We combined the race and ethnicity variables
into five categories: Non-Hispanic White, Non-Hispanic
Black, Asian or Pacific Islander, Other, and Hispanic.14
The Other category included American Indians, Alaska
Natives, and individuals with unknown race/ethnicity.

2.5 | Covariates

We selected covariates based on Andersen's Behavioral
Model of Health Services Use.'>'® Covariates included
predisposing factors (age at cancer diagnosis and bio-
logic sex), enabling factors (marital status, Distressed
Communities Index, region, distance to nearest transplant
center, and year of cancer diagnosis), and need factors/ill-
ness level (Charlson Comorbidity Index, lymphoma sub-
type, and Ann Arbor stage). The Distressed Communities
Index is a composite measure of socioeconomic status

that combines seven complimentary socioeconomic met-
rics into a single score at the ZIP code level. These seven
metrics encompass three separate socioeconomic status
domains: education, income, and occupation. ZIP codes
are then sorted into quintiles with higher scores corre-
sponding to more distressed areas.'” Further description
of the DCI metrics is provided in Table S2. The use of a
composite variable for socioeconomic status avoids the
problem of multicollinearity.'® We obtained a list of trans-
plant centers from the National Marrow Donor Program.*’
The driving distance to the nearest transplant center was
calculated at the ZIP code level using the Microsoft Bing
Maps Application Programming Interface. The patient
ZIP code at the time of diagnosis was used. If the ZIP code
was outside the continental United States, we used the
Haversine distance instead. Charlson Comorbidity Index
was calculated as previously described.*’**

2.6 | Statistical analysis

We first compared differences in baseline characteristics
using chi-squared tests. We described receipt of autolo-
gous HCT and stem cell collections by calculating the pro-
portion of patients receiving each service with exact 95%
CIs. We modeled each outcome using Cox proportional
hazards models.”® We censored patients at the time of
death, loss of continuous enrollment in Medicare Parts A
and B, or the end of the study (31 December 2016). We
evaluated the proportional hazards assumption for race/
ethnicity by assessing log-log plots and testing Schoenfeld
residuals. We explored interactions between race/eth-
nicity and each covariate separately. For each outcome,
we created five models with different specifications: (1)
unadjusted, (2) adjusted for predisposing factors, (3) ad-
justed for enabling factors, (4) adjusted for need factors,
and (5) fully adjusted. Age at diagnosis, distance to nearest
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transplant center, and year of diagnosis were modeled as
continuous variables using restricted cubic splines with
three knots.?* Adjusted hazard ratios (aHRs) with 95%
CI were estimated for each race/ethnicity. We performed
several subgroup analyses: patients with diffuse large B-
cell lymphoma (DLBCL) only; patients with DLBCL, T-
cell lymphomas (TCL), mantle cell lymphoma (MCL),
and Hodgkin lymphoma (HL) only (i.e., excluding indo-
lent lymphomas); and patients aged 66-74 years only (i.e.,
excluding the oldest patients in the cohort). Missing data
were handled using multiple imputation with chained
equations.® Since the fraction of missing data was <10%
for every variable, we used 10 imputations. Multinomial
logistic regression was used for the imputation procedure,
and the regression model included the study outcomes to
avoid introducing bias into the results.* Statistical tests
were performed at a two-sided o of 0.05. Statistical analy-
ses were conducted in SAS version 9.4 and Stata version
16.1.

3 | RESULTS

3.1 | Cohort characteristics

We included 40,605 adults with lymphoma diagnosed
between 2008 and 2015 (Figure 1). The most frequent
type of lymphoma was DLBCL (37%) followed by follicu-
lar lymphoma (17%), marginal zone lymphomas (11%),
T-cell lymphomas (7%), mantle cell lymphoma (5%),
Hodgkin lymphoma (4%), and other lymphomas (19%).
Most patients were Non-Hispanic White (84%) followed
by Hispanic (7%), Non-Hispanic Black (4%), Asian (3%),
and Other (2%). Compared to Non-Hispanic White pa-
tients, Non-Hispanic Black patients were more likely
to be younger at diagnosis (median age 74, vs. 77 years,
p < 0.001), female (55% vs. 48%, p < 0.001), unmar-
ried (14% vs. 6%, p < 0.001), reside within 60 miles of a
National Marrow Donor Program transplant center (75%
vs. 67%, p = 0.003), reside in an area with a DCI of 5 (41%
vs. 12%, p < 0.001), reside in in the southern United States
(41% vs. 24%, p < 0.001), and have two or more points on
the Charlson Comorbidity Index (46% vs. 32%, p < 0.001).
Patient characteristics for other races/ethnicities are
shown in Table S3. Missing data were present for marital
status (8%), Distressed Communities Index (3%), and Ann
Arbor stage (7%).

3.2 | Autologous HCT

A total of 452 transplants were performed for an overall
utilization rate of 1.1%. Median follow-up was 2.4 years

.. 7333
Cancer Medicine -WI LEYJ—

Open Access,

2.5 1

2.0 A

Utilization (%)

Autologous HCT

Stem Cell Collection

Race
[m== NHW mmm NHB = Asian Other

Hispanic ]

FIGURE 2 Autologous HCT and stem cell collections for
Hodgkin and Non-Hodgkin lymphomas. Utilization (%) refers to
the proportion of lymphoma patients who received an autologous
transplant or stem cell collection. Error bars refer to 95% exact
confidence intervals for proportions

for Non-Hispanic Whites (interquartile range [IQR],
0.9-4.7), 2.1 years for Non-Hispanic Blacks (IQR, 0.6—
4.3), 1.8 years for Asians (IQR, 0.5-4.1), and 2.0 years for
Hispanics (IQR, 0.6-4.3). Autologous HCT utilization
was highest for mantle cell lymphoma (4.4%) followed by
T-cell lymphomas (2.3%), DLBCL (1.3%), HL (1.2%), fol-
licular lymphoma (0.5%), other lymphomas (0.4%), and
marginal zone lymphomas (<1%). Crude transplant utili-
zation rates for each race/ethnicity are shown in Figure 2.
Transplant utilization was highest for Non-Hispanic
Whites and Hispanics (1.2% for both groups) followed by
Asians (<1%) and Non-Hispanic Blacks (<1%). Median
time from diagnosis to transplant was 1.0 years (IQR, 0.6—
1.5) for Non-Hispanic Whites, 0.6 years (IQR, 0.5-2.0) for
Non-Hispanic Blacks, 0.6 years (IQR, 0.5-1.1) for Asians,
and 1.1 years (IQR, 0.6-1.4) for Hispanics. Unadjusted and
adjusted HRs for the association between race/ethnicity
and autologous HCT utilization are shown in Table 1. In
the unadjusted model, Non-Hispanic Black patients were
51% less likely to receive a transplant than Non-Hispanic
White patients (95% CI, 0.26-0.96; p = 0.04). After ad-
justing for age at diagnosis and sex, Non-Hispanic Black
patients were 61% less likely to receive a transplant (95%
CI, 0.20-0.76; p = 0.01). However, observed differences
attenuated and became non-significant after adjustment
for socioeconomic factors (aHR, 0.62; 95% CI, 0.32-1.21;
p = 0.16) and disease-specific factors (aHR, 0.58; 95%
CI, 0.30-1.12; p = 0.11), separately. In the fully adjusted
model, we also did not observe a statistically significant
association between Non-Hispanic Black race/ethnicity
and receipt of transplant (aHR, 0.54; 95% CI, 0.28-1.05;
p =0.07).
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3.3 | Stem cell collection

A total 0f498 stem cell collections were performed for a uti-
lization rate of 1.2%. As with autologous HCT, utilization
was highest for mantle cell lymphoma (4.5%) followed by
T-cell lymphomas (2.4%), DLBCL (1.6%), HL (1.4%), fol-
licular lymphoma (0.6%), other lymphomas (0.4%), and
marginal zone lymphomas (<1%). Collection rates for
each/ethnicity are shown in Figure 2. Median time from
diagnosis to stem cell collection was 0.9 years (IQR, 0.5-
1.4) for Non-Hispanic Whites, 0.7 years (IQR, 0.5-1.8) for
Non-Hispanic Blacks, 1.2 years (IQR, 0.5-1.8) for Asians,
and 0.9 years (IQR, 0.5-1.3) for Hispanics. Among pa-
tients who underwent stem cell collections, 83% of Non-
Hispanic Whites went on to receive transplants compared
to 81% of Hispanics, 69% of Non-Hispanic Blacks, and 63%
of Asians. Unadjusted and adjusted HRs for the associa-
tion between race/ethnicity and stem cell collections are
shown in Table 2. In the unadjusted model, there were
no significant racial/ethnic differences in utilization. The
unadjusted HRs were 0.66 (95% CI, 0.38-1.14) for Non-
Hispanic Blacks, 0.67 (95% CI, 0.33-1.35) for Asians, and
1.18 (95% CI, 0.85-1.65) for Hispanics. In the age- and
sex-adjusted model, Non-Hispanic Blacks were 48% less
likely to undergo a stem cell collection procedure (95%
CI, 0.30-0.90; p = 0.02). Similar to autologous HCT, the
differences were attenuated and became non-significant
after adjustment for socioeconomic factors (aHR, 0.85;
95% CI, 0.481.48; p = 0.56) and disease-specific factors
(aHR, 0.77; 95% CI, 0.44-1.34; p = 0.35), separately. In
the fully adjusted model, there was no statistically sig-
nificant association between Non-Hispanic Black race/
ethnicity and receipt of stem cell collection (aHR, 0.72;
95% CI, 0.41-1.26; p = 0.25).

3.4 | Subgroup analyses

In our subgroup analysis of patients with DLBCL (the
most frequent disease histology in our study), we ob-
served a similar pattern of utilization with Non-Hispanic
White patients having the highest utilization of both au-
tologous HCT and stem cell collections (Figure S1 and
Tables S4 and S5). However, given the reduced sample
size and smaller number of transplants compared to
the entire cohort, the differences were not statistically
significant. The results were similar for our subgroup
analysis of patients with DLBCL, TCL, MCL, and HL.
These results are shown in Figure S2 and Tables S6 and
S7. Finally, in our subgroup analysis of patients aged
66-74 years, we found that Non-Hispanic Black patients
were 59% less likely to receive a transplant compared to
Non-Hispanic White patients in the unadjusted model
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(95% CI, 0.21-0.80; p = 0.01). Non-Hispanic Black pa-
tients were also 45% less likely to receive a stem cell
collection in the unadjusted model (95% CI, 0.32-0.96;
p = 0.04). However, these differences attenuated and
became non-significant in the fully adjusted models
(Figure S3 and Tables S8 and S9. Interestingly, in the
fully adjusted model for stem cell collections including
only patients aged 66-74 years, we found that patients
with unspecified race/ethnicity (including American
Indians, Alaska Natives, and those with unknown/race
ethnicity) were 56% less likely to receive a collection
compared to Non-Hispanic White patients, though this
finding was considered exploratory (95% CI, 0.21-0.94;
p = 0.03) (Table S9).

4 | DISCUSSION

In this population-based cohort study of adults with lym-
phoma diagnosed in the United States between 2008 and
2015, we found that autologous HCT utilization was high-
est for Non-Hispanic Whites and Hispanics followed by
Asians and Non-Hispanic Blacks. However, differences in
autologous HCT utilization by race/ethnicity were only
statistically significant between Non-Hispanic Black pa-
tients compared to Non-Hispanic White patients. This ob-
served difference in utilization persisted after adjustment
for age and sex but was no longer statistically significant
after adjustment for socioeconomic and disease-specific
factors. Non-Hispanic Black patients were more than
three times more likely to reside in the most economically
distressed areas (defined as a DCI score of 5), and they had
a higher comorbidity burden at the time of diagnosis. This
suggests that racial/ethnic differences in autologous HCT
utilization for lymphoma are partially explained by differ-
ences in these factors.

One of the earliest studies to investigate racial/ethnic
differences in HCT utilization for lymphoma was pub-
lished by Mitchell et al. in 1997.° The authors used inpa-
tient hospital discharge data from California, Maryland,
Massachusetts, and New York between 1988 and 1991. A
total of 23,304 adults with HL and NHL were included.
The proportion of patients receiving any type of HCT was
2.2%-3.4% depending on the state. After adjustment for
age, sex, insurance type, year of diagnosis, and lymphoma
subtype (HL or NHL), the adjusted odds ratio (aOR) of
receiving any type of HCT for lymphoma was 0.34-0.45
for Non-Hispanic Blacks, 0.40-0.74 for Hispanics, 1.32
for Asians, and 0.60-2.60 for other minorities compared
to Non-Hispanic Whites. These differences were statisti-
cally significant for Non-Hispanic Blacks in all four states,
Hispanics in New York, and other racial minorities in
Maryland/Massachusetts.
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In a more recent study, Joshua et al. included 9482 pa-
tients with NHL diagnosed in the United States between
1997 and 2002.* The authors estimated age-adjusted
ORs of receiving autologous HCT using aggregate data
from the CIBMTR and Surveillance, Epidemiology, and
End Results (SEER) database. Using Black race as the
reference, the OR of receiving autologous HCT for NHL
was 2.03 for Whites (95% confidence interval [CI], 1.86-
2.22; p < 0.001]. Another study of California inpatient
hospital discharge data included 9137 patients with
lymphoma hospitalized between 2002 and 2003 and fol-
lowed through 2005. The authors found that there was
no significant difference in HCT utilization between ra-
cial groups after adjustment for age, sex, lymphoma sub-
type (HL or NHL), distance to treatment, insurance type,
and socioeconomic indicators.” Our study augments
the existing literature by including a large population-
based cohort of patients diagnosed in the contemporary
time period, adjusting for novel covariates such as the
Distressed Communities Index and driving distance to
nearest NMDP transplant center, and using multiple
models to identify factors that contribute to racial/eth-
nic differences in utilization.

Although prior studies have reported racial/ethnic dif-
ferences in HCT utilization for patients with hematologic
malignancies, the factors contributing to these differences
have been understudied. In a CIBMTR analysis of 28,450
patients with multiple myeloma, Non-Hispanic Black pa-
tients had lower Karnofsky performance status and higher
HCT-Comorbidity Index prior to transplant compared to
Non-Hispanic White and Hispanic patients.?” In a single-
center study of 562 patients with multiple myeloma, Black
patients were more likely to reside in lower median house-
hold income tertiles than White patients and were more
likely to be uninsured at the time of diagnosis.”® However,
differences in autologous HCT utilization persisted even
after adjustment for these factors.”” In a single-center
study of patients with acute myeloid leukemia, the au-
thors manually reviewed charts to determine the reasons
why allogeneic HCT was not performed for Black patients
with intermediate- or high-risk karyotypes.*® They found
that documented reasons included older age (27%), re-
fractory disease (21%), comorbidities or poor performance
status (16%), death (9%), lack of available donor (6%),
drug use or incarceration (6%), and offered but declined
(3%). Given differences between allogeneic and autolo-
gous HCT, it is likely that the frequency of those reasons
would differ for lymphoma patients being evaluated for
autologous HCT. Additional research is needed to under-
stand barriers to transplantation from the perspective of
patients using mixed methods. Studies are also needed to
understand the financial impact of transplantation on ra-
cial/ethnic minorities since socioeconomic status partially

accounts for decreased utilization for Non-Hispanic Black
patients.

4.1 | Limitations

Our cohort was limited to patients aged 66 years or older
at the time of diagnosis. In the United States, the me-
dian age at diagnosis for NHL is 67 years.”’ However,
since younger patients are more likely to be eligible for
autologous HCT, our cohort may not be representative of
the patients who are most likely to receive a transplant.
The small number of transplants within specific dis-
ease subgroups prevented us from performing subgroup
analyses for most lymphoma subtypes. However, we ob-
served a similar pattern of utilization in several different
subgroups. We also adjusted for disease histology in our
models to account for different distributions of aggressive
and indolent lymphomas between racial/ethnic groups.
We were unable to determine the number of prior lines
of therapy prior to transplant since complete treatment
information (including Medicare Part D data) was not
available for most patients in the cohort. Additional limi-
tations include exclusion of some states with high-volume
transplant centers (e.g., Texas), exclusion of Medicare Part
C beneficiaries, the small number of racial/ethnic minori-
ties compared to Non-Hispanic Whites, and the limited
follow-up for patients diagnosed at the end of the study
period. Finally, our study was unable to account for un-
measured confounders including disease status at trans-
plant, discrimination, and mistrust.*?

5 | CONCLUSION

In conclusion, we found that Non-Hispanic Black pa-
tients were less likely to receive autologous HCT com-
pared to Non-Hispanic White patients. This difference in
utilization was partially explained by socioeconomic and
disease-specific factors. In particular, Non-Hispanic Black
patients were more than three times more likely to reside
in the most economically distressed areas, and they had a
higher comorbidity burden at the time of diagnosis. After
adjustment for these factors, no significant differences in
utilization were observed. Our findings suggest that inter-
ventions to improve access to autologous transplantation
should focus on reducing financial toxicity of transplanta-
tion and developing less toxic conditioning regimens for
patients with comorbidities. With the advent of chimeric
antigen receptor T-cell therapy, the field of oncology is
rapidly changing. In the future, fewer lymphoma patients
may be offered autologous HCT. However, as lymphoma
treatments become increasingly sophisticated and more
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patients are offered novel therapies, it will be critical to
ensure equal access for disadvantaged populations.

ACKNOWLEDGMENTS
The authors thank Koen van Besien, MD, PhD and Peter
Martin, MD for their reviews of the manuscript.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are avail-
able from SEER-Medicare. Restrictions apply to the avail-
ability of these data, which were used under license for
this study. Data are available at https://healthcaredeliv
ery.cancer.gov/seermedicare/ with the permission of
SEER-Medicare.

ORCID
John L. Vaughn © https://orcid.org/0000-0001-8122-3852
Narendranath Epperla ( https://orcid.org/0000-0002-8216-3457

Laura C. Pinheiro © https://orcid.org/0000-0002-6920-8526

REFERENCES

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics,
2021. CA Cancer J Clin. 2021;71(1):7-33.

2. Kanate AS, Majhail NS, Savani BN, et al. Indications for he-
matopoietic cell transplantation and immune -effector
cell therapy: guidelines from the American Society for
Transplantation and Cellular Therapy. Biol Blood Marrow
Transplant. 2020;26(7):1247-1256.

3. Center for International Blood and Marrow Transplant
Research Number of HCTs performed in the United States and
reported to CIBMTR - donor type and disease category by year
2013-2017. U.S. Department of Health and Human Services.
December 12, 2018. Accessed March 29, 2021. https://blood
stemcell.hrsa.gov/sites/default/files/bloodstemcell/data/trans
plant-activity/transplants-year-disease-category.pdf

4. Joshua TV, Rizzo JD, Zhang M-J, et al. Access to hematopoi-
etic stem cell transplantation: effect of race and sex. Cancer.
2010;116(14):3469-3476.

5. Mitchell JM, Meehan KR, Kong J, Schulman KA. Access
to bone marrow transplantation for leukemia and lym-
phoma: the role of sociodemographic factors. J Clin Oncol.
1997;15(7):2644-2651.

6. Shah NN, Xi Y, Liu Y, et al. Racial and socioeconomic dispari-
ties in mantle cell lymphoma. Clin Lymphoma Myeloma Leuk.
2019;19(6):e312-e320.

7. Mitchell JM, Conklin EA. Factors affecting receipt of expen-
sive cancer treatments and mortality: evidence from stem cell
transplantation for leukemia and lymphoma. Health Serv Res.
2015;50(1):197-216.

8. Kirtane K, Lee SJ. Racial and ethnic disparities in hematologic
malignancies. Blood. 2017;130(15):1699-1705.

9. Enewold L, Parsons H, Zhao L, et al. Updated overview of the
SEER-medicare data: enhanced content and applications. J
Natl Cancer Inst Monogr. 2020;2020(55):3-13.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Open Access,

Pinheiro LC, Soroka O, Kern LM, Higgason N, Leonard JP,
Safford MM. Racial disparities in diabetes care among inci-
dent breast, prostate, and colorectal cancer survivors: a SEER
Medicare study. J Cancer Survivo. 2021. doi:10.1007/s11764-
021-01003-z

Shaw J, Harvey C, Richards C, Kim C. Temporal trends in
treatment and survival of older adult diffuse large B-Cell lym-
phoma patients in the SEER-Medicare linked database. Leuk
Lymphoma. 2019;1-9.

National Cancer Institute Attachment A For the SEER-
medicare PEDSF file SEER research data record description
cases diagnosed in 1973-2015. U.S. Department of Health and
Human Services. August 2020. Accessed April 15, 2021. https://
healthcaredelivery.cancer.gov/seermedicare/aboutdata/pedsf_
attachment_a.pdf

NAACCR Race and Ethnicity Work Group. NAACCR Guideline
for Enhancing Hispanic/Latino Identification: Revised NAACCR
Hispanic/Latino Identification Algorithm [NHIA v2.2.1]. North
American Association of Central Cancer Registries; 2011.
Vaughn JL, Pinheiro LC, van Besien K, Safford MM. Racial dif-
ferences in utilization of hematopoietic cell transplantation for
lymphoma in the United States. Biol Blood Marrow Transplant.
2020;26(3):5195.

Andersen R, Newman JF. Societal and individual determinants
of medical care utilization in the United States. Milbank Mem
Fund Q Health Soc. 1973;51(1):95-124.

Andersen R, Newman JF. Societal and individual deter-
minants of medical care utilization in the United States.
Milbank Mem Fund Q Health Soc. 2005;83(4):95-124.
doi:10.1111/j.1468-0009.2005.00428.x

Economic Innovation Group. Distressed communities index.
Published 2021. Accessed March 17, 2021. https://eig.org/dci
Yost K, Perkins C, Cohen R, Morris C, Wright W. Socioeconomic
status and breast cancer incidence in California for different
race/ethnic groups. Cancer Causes Control. 2001;12(8):703-711.
National Marrow Donor Program Transplant centers. Published
2021. Accessed February 6, 2021. https://bethematch.org/about
-us/global-transplant-network/transplant-centers/

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new
method of classifying prognostic comorbidity in longitu-
dinal studies: development and validation. J Chronic Dis.
1987;40(5):373-383.

Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comor-
bidity index for use with ICD-9-CM administrative databases. J
Clin Epidemiol. 1992;45(6):613-619.

Klabunde CN, Potosky AL, Legler JM, Warren JL. Development
of a comorbidity index using physician claims data. J Clin
Epidemiol. 2000;53(12):1258-1267.

Cox DR. Regression models and life-tables. J R Stat Soc Ser B
Methodol. 1972;34(2):187-220.

Gauthier J, Wu QV, Gooley TA. Cubic splines to model relation-
ships between continuous variables and outcomes: a guide for
clinicians. Bone Marrow Transplant. 2020;55(4):675-680.
Raghunathan T, Lepkowski J, Hoewyk J, Solenberger P. A
multivariate technique for multiply imputing missing val-
ues using a sequence of regression models. Surv Methodol.
2000,27:85-95.

Moons KG, Donders RA, Stijnen T, Harrell FE Jr. Using the out-
come for imputation of missing predictor values was preferred.
J Clin Epidemiol. 2006;59(10):1092-1101.


https://healthcaredelivery.cancer.gov/seermedicare/
https://healthcaredelivery.cancer.gov/seermedicare/
https://orcid.org/0000-0001-8122-3852
https://orcid.org/0000-0001-8122-3852
https://orcid.org/0000-0002-8216-3457
https://orcid.org/0000-0002-8216-3457
https://orcid.org/0000-0002-6920-8526
https://orcid.org/0000-0002-6920-8526
https://bloodstemcell.hrsa.gov/sites/default/files/bloodstemcell/data/transplant 10activity/transplants 10year 10disease 10category.pdf
https://bloodstemcell.hrsa.gov/sites/default/files/bloodstemcell/data/transplant 10activity/transplants 10year 10disease 10category.pdf
https://bloodstemcell.hrsa.gov/sites/default/files/bloodstemcell/data/transplant 10activity/transplants 10year 10disease 10category.pdf
https://doi.org/10.1007/s11764-021-01003-z
https://doi.org/10.1007/s11764-021-01003-z
https://healthcaredelivery.cancer.gov/seermedicare/aboutdata/pedsf_attachment_a.pdf
https://healthcaredelivery.cancer.gov/seermedicare/aboutdata/pedsf_attachment_a.pdf
https://healthcaredelivery.cancer.gov/seermedicare/aboutdata/pedsf_attachment_a.pdf
https://doi.org/10.1111/j.1468-0009.2005.00428.x
https://eig.org/dci
https://bethematch.org/about 10us/global 10transplant 10network/transplant 10centers/
https://bethematch.org/about 10us/global 10transplant 10network/transplant 10centers/

7338 .
—I—Wl LEY_Cancer Medicine _

217.

28.

29.

30.

31.

VAUGHN ET AL.

Schriber JR, Hari PN, Ahn KW, et al. Hispanics have the lowest
stem cell transplant utilization rate for autologous hematopoi-
etic cell transplantation for multiple myeloma in the United
States: a CIBMTR report. Cancer. 2017;123(16):3141-3149.
Fiala MA, Finney JD, Liu J, et al. Socioeconomic status is in-
dependently associated with overall survival in patients with
multiple myeloma. Leuk Lymphoma. 2015;56(9):2643-2649.
Fiala MA, Finney JD, Stockerl-Goldstein KE, et al. Re: dispar-
ities in utilization of autologous hematopoietic cell transplan-
tation for treatment of multiple myeloma. Biol Blood Marrow
Transplant. 2015;21(7):1153-1154.

Bierenbaum J, Davidoff AJ, Ning Y, Tidwell ML, Gojo I,
Baer MR. Racial differences in presentation, referral and
treatment patterns and survival in adult patients with acute
myeloid leukemia: a single-institution experience. Leuk Res.
2012;36(2):140-145.

Howlader N, Noone AM, Krapcho M, et al. (eds). SEER Cancer
Statistics Review, 1975-2017. Bethesda, MD: National Cancer
Institute; 2020. https://seer.cancer.gov/csr/1975_2017/

32.

Institute of Medicine (US) Committee on Understanding and
Eliminating Racial and Ethnic Disparities in Health Care.
Unequal Treatment: Confronting Racial and Ethnic Disparities
in Health Care. 2003.

SUPPORTING INFORMATION
Additional supporting information may be found online
in the Supporting Information section.

How to cite this article: Vaughn JL, Soroka O,
Epperla N, Safford M, Pinheiro LC. Racial and ethnic
differences in the utilization of autologous
transplantation for lymphoma in the United States.
Cancer Med. 2021;10:7330-7338. https://doi.
org/10.1002/cam4.4249



https://seer.cancer.gov/csr/1975_2017/
https://doi.org/10.1002/cam4.4249
https://doi.org/10.1002/cam4.4249

