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abstract

PURPOSE Population-based studies of children and adolescents with Hodgkin lymphoma (HL) report a survival
disadvantage in nonwhite—non-Hispanic black (NHB) and Hispanic—patients. Whether disparities persist
after adjustment for clinical and treatment-related variables is unknown. We examined survival by race/ethnicity
in children receiving risk-based, response-adapted, combined-modality therapy for HL in contemporary
Children’s Oncology Group trials.

PATIENTS ANDMETHODS This pooled analysis used individual-level data from 1,605 patients (younger than age 1
to 21 years) enrolled in phase III trials for low-risk (AHOD0431), intermediate-risk (AHOD0031), and high-risk
(AHOD0831) HL from 2002 to 2012. Event-free survival (EFS) and overall survival (OS) were compared between
non-Hispanic white (NHW) and nonwhite patients. Cox proportional hazards for survival were estimated for both
de novo and relapsed HL, adjusting for demographics, disease characteristics, and therapy.

RESULTS At median follow up of 6.9 years, cumulative incidence of relapse was 17%. Unadjusted 5-year EFS
and OS were 83% (SE, 1.2%) and 97% (SE, , 1%), respectively. Neither differed by race/ethnicity. In
multivariable analyses for OS, nonwhite patients had a 1.883 higher hazard of death (95% CI, 1.1 to 3.3). Five-
year postrelapse survival probabilities by race were as follows: NHW, 90%; NHB, 66%; and Hispanic, 80% (P,
.01). Compared with NHW, Hispanic and NHB children had 2.7-fold (95% CI, 1.2 to 6.2) and 3.5-fold (95% CI,
1.5 to 8.2) higher hazard of postrelapse mortality, respectively.

CONCLUSION In patients who were treated for de novo HL in contemporary Children’s Oncology Group trials, EFS
did not differ by race/ethnicity; however, adjusted OS was significantly worse in nonwhite patients, a finding
driven by increased postrelapse mortality in this population. Additional studies examining treatment and survival
disparities after relapse are warranted.

J Clin Oncol 37:3009-3017. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Approximately 1,200 children and adolescents are
diagnosed with Hodgkin lymphoma (HL) annually
in the United States. Today, 5-year survival exceeds
95% with contemporary combined-modality therapy
(CMT).1 For the 15% to 20% of patients with relapsed
disease, more than 70% achieve remission with
current salvage therapies, including hematopoietic cell
transplantation (HCT).2-4 Despite continued advances,
population-based5,6 and single-center studies7 sug-
gest that non-Hispanic black (NHB) and Hispanic—
versus non-Hispanic white (NHW)—race/ethnicity are
associated with higher relapse rates and worse overall
survival (OS). In 2008, Metzger et al7 reported higher
incidence of late relapse and worse event-free survival
(EFS) in black—versus white—children receiving risk-
directed CMT at St Jude Children’s Research Hospital
between 1990 and 2005. In a recent report from the
SEER program, Grubb et al6 reported that black—versus

white—patients with HL had inferior OS at 5 and
25 years. In multivariable analyses, Hispanic ethnicity
independently predicted poor disease-specific survival
(DSS).6

Parsing out reasons for observed disparities in HL has
been challenging. Proposed hypotheses for cancer
health disparities often relate to racial/ethnic differences
in disease and host biology, or to systems-level factors
that influence access to high-quality cancer care.8-10

These include differences in treatment location,11

health insurance, clinical trial enrollment,10,12 receipt
of guideline-recommended therapy, and post-treatment
surveillance.13,14

Existing studies that are suggestive of racial/ethnic
disparities in childhood HL are limited by a lack of
detailed clinical characteristics and therapeutic ex-
posures in the current treatment era. Over the last two
decades, the Children’s Oncology Group (COG) has
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conducted a series of phase III clinical trials evaluating
dose-dense chemotherapy with response adaptation. To
determine the effect of race/ethnicity on survival in the
current treatment era, we examined EFS and OS in NHW,
NHB, and Hispanic children receiving risk-stratified,
response-adapted therapy for de novo HL in contemporary
COG trials.

PATIENTS AND METHODS

Data Source and Cohort Selection

The analytic cohort included patients age 1 to 21 years with
newly diagnosed classic HL (cHL) enrolled in one of three
phase III COG trials in the United States between 2002 and
2012. Trials were defined by risk groups and included
AHOD003115 (intermediate risk), AHOD043116 (low risk),
and AHOD083117 (high risk). Primary objectives, treatment
details, and results of these studies have been published.
Each trial enrolled patients with newly diagnosed HL and
evaluated dose-dense chemotherapy with augmentation
of chemotherapy or radiation therapy (RT) on the basis
of initial treatment response. Response was determined
by central review, and RT administration guidelines were
standardized across all patients. For patients enrolled in
AHOD0431, a salvage therapy arm for recurrent disease
was prespecified in the protocol and required reconsent
for participation.16 The Central Institutional Review Board
for the National Cancer Institute approved the original treat-
ment protocols, as did the institutional review boards
of participating COG institutions. Informed consent was
obtained from participants or guardians at the time of
enrollment.

Between 2002 and 2012, 2,155 patients enrolled in COG
trials for the treatment of de novo HL and 1,605 patients
(76%) were included (Fig 1). Patients who were treated

outside of the United States (n = 299), with lymphocyte
predominant histology (n = 86), and who withdrew consent
after one cycle (n = 37) were excluded. Race and ethnicity
were documented by treating institutions at the time of
study enrollment. Ethnicity was categorized as Hispanic or
non-Hispanic. Race was categorized as black or African
American (hereafter referred to as black), white or Cau-
casian (hereafter referred to as white), Asian/Pacific Is-
lander, and other/mixed race. For the purpose of this study,
analyses were restricted to patients who were NHW, NHB,
and Hispanic. In total, 49 patients who were of Asian/Pacific
Islander ethnicity and 79 patients who were of other/mixed
race were excluded (Fig 1). For primary survival analyses,
comparisons were made between NHW and nonwhite
(NHB and Hispanic) patients.

Estimates of neighborhood socioeconomic status (SES)
were assigned to patients using a linkage between indi-
vidual patient zip code tabulation area and the US Census
in the method of Krieger et al.18 Patients were categorized
as either low or nonlow SES. Those residing in neighbor-
hoods with more than 20% of households below the federal
poverty level were defined as low SES.

Statistical Analysis

This was a pooled, secondary analysis of prospectively
collected patient-level data. Baseline disease and de-
mographic characteristics were compared across racial/
ethnic groups using x2 test for categorical variables and
analysis of variance for continuous variables. EFS was
measured from the date of study enrollment to the date of
first relapse, subsequent malignant neoplasm (SMN), or
death from any cause. Cumulative incidence of relapse was
estimated with SMN and death as competing events. OS
was measured from the date of study enrollment to the date
of death. Patients with no events were censored at the time

Children and adolescents (age ≤ 1-21 years) with
HL enrolled in COG trials:

AHOD0031, AHOD0431, AHOD0831
(N = 2,155)

Excluded
   Patients not treated in the United States
   Lymphocyte predominant histology
   Asian/Pacific Islander
   Other/mixed race
   Patients who withdrew consent
      after only one cycle of therapy

(n = 550 [26%])
(n = 299)
(n = 86)
(n = 49)
(n = 79)
(n = 37)

Non-Hispanic white, non-Hispanic black, Hispanic
patients (age ≤ 1-21 years), with classical HL, enrolled in

COG trials in the United States (2002-2012)
(n = 1,605)

Final cohort:

FIG 1. Cohort selection. COG,
Children’s Oncology Group; HL,
Hodgkin lymphoma.
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of last contact. Kaplan-Meier estimates of 5-year EFS and
OS were compared across race/ethnicity.

Multivariable cox proportional hazards regression analyses
were used to identify risk factors for EFS and OS and are
presented as hazard ratios (HRs) with 95% CIs. Pre-
selected disease and clinical characteristics known to be
associated with HL survival were included in final multi-
variable models, as were variables with P values less than
.15 in multivariable regression models for EFS and OS.
Backward selection was performed to determine the most
robust model. Interactions between race/ethnicity and
the following baseline characteristics were not statisti-
cally significant: age, stage, histology, bulk disease, and
neighborhood SES. Final regression models were adjusted
for age, HL histology, Ann Arbor stage, B symptoms, bulk
disease, and RT. A P value of less than .05 was considered
statistically significant.

Additional analyses were performed on NHW, NHB, and
Hispanic patients with relapsed disease. Survival was
measured from the date of first relapse, marking the end of
upfront therapy, to the date of death. Multivariable models
were adjusted for baseline characteristics at diagnosis,
including age, histology, stage, B symptoms, bulk disease,
RT during upfront therapy, and initial COG protocol. Mul-
tivariable models in the relapsed cohort were run both with
and without the neighborhood SES variable to examine
its impact on the overall hazard of death by race/ethnicity.
For descriptive purposes, causes of death after relapse
were categorized as HL related or tumor progression, tox-
icity or treatment related, and other/unknown. Analyses
were conducted using SAS software (SAS/STAT User’s
Guide, Version 9.3; SAS Institute, Cary, NC).

RESULTS

Baseline patient characteristics are listed in Table 1. Sixty-
seven percent of the cohort (n = 1,083) was NHW. Among
nonwhite patients (n = 522), 40% were NHB (n = 210) and
60%were Hispanic (n = 312). Median age at diagnosis was
14.6 years (6 3.5 years); a higher-proportion of nonwhite
patients were younger than 15 years at diagnosis (P, .01).
The proportion of patients with public/government versus
private insurance differed significantly by race/ethnicity:
16% of NHW patients versus 41% and 44% of NHB and
Hispanic patients, respectively, had public/government
insurance (NHW v nonwhite, P , .01). Similarly, a higher
proportion of nonwhite—versus NHW—patients resided in
low-SES neighborhoods (P, .01). Nonwhite patients were
more likely to present with stage III/IV disease—versus
stage I/II disease (P , .01) —or bulky disease (P = .04).
Sixty-eight percent of patients received RT, and this did not
differ by race/ethnicity (Table 1).

Impact of Race/Ethnicity on Survival Outcomes

EFS and OS. Median follow up was 6.9 years (range, 0.1 to
14.6 years). Pooled 5-year EFS was 82% (SE, 1.1%) and

did not significantly differ between NHW (82%; SE, 1.5%)
and nonwhite (84%; SE, 2.4%) patients in unadjusted
(P = .62; Fig 2) or adjusted analyses (P = .60). Five-year
cumulative incidence of relapse was 17% (SE, 1.0%).
Cumulative SMN incidences at 10 and 12 years were
1.3% (SE, 0.4%) and 2.7% (SE, 1.0%), respectively.
Pooled 5-year OS was 97% (SE, 0.5%) and did not differ
between NHW (98%; SE, 0.5%) and nonwhite (96%; SE,
1.1%) patients in unadjusted analyses (P = .06; Fig 2). In
multivariable analyses for OS, however, nonwhite race/
ethnicity and age 15 years or older were significantly
associated with a higher hazard of death. Compared with
NHW patients, nonwhite children had a 1.88-fold in-
creased risk of all-cause mortality (95% CI, 1.06 to 3.33;
Table 2).

Relapsed cohort. Median time to relapse was 1.0 year
(range, 0.1 to 8.8 years) and did not differ by race/
ethnicity. Among 261 participants with relapse events,
70% were NHW (n = 182) and 30% were nonwhite
(NHB, n = 32; Hispanic, n = 47). Fifteen percent of
patients with relapse events enrolled in subsequent COG
trials for salvage therapy (NHW, n = 36; nonwhite, n = 4),
including 15 patients who reconsented to the salvage
treatment arm of AHOD0431. Baseline disease char-
acteristics of the relapsed cohort are listed in Appendix
Table A1 (online only).

Median duration of follow up postrelapse was 4.8 years
(range, 0 to 12.8 years) and did not significantly differ by
race/ethnicity (P = .07). A total of 37 patients (14%) who
experienced a first relapse died; pooled 5-year postrelapse
survival was 83% (SE, 3.0%). Unadjusted survival esti-
mates postrelapse differed significantly by race/ethnicity.
Five-year postrelapse survival in NHW children was 87%
(SE, 3.2%) versus 67% (SE, 12.2%) in NHB, and 80% (SE,
7.5%) in Hispanic patients (P = .008; Fig 3)

In multivariable analyses, differences in postrelapse sur-
vival between NHW, NHB, and Hispanic patients remained
statistically significant (Table 3). Compared with NHW
patients, NHB patients had nearly 3.5-fold higher hazards
of postrelapse mortality (HR, 3.45; 95% CI, 1.46 to 8.16;
Table 3). Hispanic children also had significantly higher
hazards of death after relapse compared with NHW chil-
dren (HR, 2.72; 95% CI, 1.19 to 6.23; Table 3). Including
neighborhood SES in regression models did not mitigate
observed differences in overall or postrelapse mortality risk
by race/ethnicity.

Among deaths in the relapse cohort, progression of HL was
the documented cause in 51% (NHW: n = 10; nonwhite:
n = 9). Treatment-related toxicity was the documented
cause of death in 24% (NHW: n = 3; nonwhite: n = 6), and
nine patients had unknown cause of attribution. Finally,
among the 37 patients who died postrelapse, five received
salvage therapy in the setting of a COG clinical trial (Ap-
pendix Table A2, online only).
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TABLE 1. Demographics and Clinical Characteristics of NHW and nonwhite (NHB and Hispanic) Patients With De Novo Hodgkin Lymphoma
Characteristic Entire Cohort, No. (%) NHW, No. (%) Nonwhite,* No. (%) P

Total 1,605 1,083 (67) 522 (33)

Age, years

Mean 6 SD 14.6 6 3.5 15.1 6 3.1 13.6 6 4.0 , .001

, 15 720 (45) 438 (40) 282 (54)

$ 15 885 (55) 645 (60) 240 (46)

Sex

Male 824 (51) 533 (49) 291 (56) , .001

Female 781 (49) 550 (51) 231 (44)

Study

AHOD0031 1,255 (78) 850 (79) 405 (78) .014

AHOD0431 226 (14) 163 (15) 63 (12)

AHOD0831 124 (8) 70 (6) 54 (10)

Histology

NS 1,315 (82) 919 (85) 396 (76) .010

MC 154 (10) 79 (7) 75 (14)

cHL, NOS 136 (8) 85 (8) 51 (10)

Stage

I 120 (7) 70 (7) 50 (10) .001

II 944 (59) 672 (62) 272 (52)

III 294 (18) 181 (16) 113 (22)

IV 247 (15) 160 (15) 87 (16)

B symptoms

No 1,186 (74) 809 (75) 377 (72) .430

Yes 418 (26) 273 (25) 145 (28)

Unknown 1 (, 1) 1 (, 1)

Bulk disease

No 544 (34) 380 (35) 164 (32) .036

Yes 1,050 (65) 699 (65) 351 (67)

Unknown 11 (1) 4 (, 1) 7 (1)

Radiation

No 516 (32) 340 (31) 176 (34) .350

Yes 1,089 (68) 743 (69) 346 (66)

Payment

Private 1,084 (68) 851 (79) 233 (45) , .001

Government 395 (25) 170 (16) 225 (43)

Self-pay 42 (3) 19 (2) 23 (4)

Other 20 (1) 7 (, 1) 13 (3)

Unknown 64 (4) 36 (3) 28 (5)

Neighborhood SES

Low 205 (13) 56 (5) 149 (29) , .001

Non-low 1,363 (85) 1,007 (93) 356 (68)

Missing 37 (2) 20 (2) 17 (3)

Abbreviations: cHL, classic Hodgkin lymphoma; MC, mixed cellularity; NHB, non-Hispanic black; NHW, non-Hispanic white; NOS, not
otherwise specified; NS, nodular sclerosing; SES, socioeconomic status; SD, standard deviation.

*Non-Hispanic black and Hispanic.
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DISCUSSION

In this analysis of 1,605 children and adolescents receiving
upfront therapy for HL in contemporary COG trials in the
United States, we observed no difference in relapse rate,
SMN, or EFS between NHW and nonwhite patients. Results

of our analyses suggest that, in patients with access to
cooperative group trials, uniform risk-directed therapy with
a response-adapted, combined-modality approach elimi-
nates the EFS gap by race/ethnicity in children with HL.
This is notable, as nonwhite children were more likely to
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FIG 2. Kaplan-Meier curves for (A) event-free survival (EFS) and (B) overall survival (OS) in non-Hispanic white (NHW) versus nonwhite (non-Hispanic black
and Hispanic) patients with de novo Hodgkin lymphoma.

TABLE 2. Multivariable Model for 5-Year EFS and OS in De Novo Hodgkin Lymphoma

Variable

5-Year EFS OS

HR (95% CI) P HR (95% CI) P

Age (R: $ 15), years

, 15 0.69 (0.54 to 0.90) .005 0.46 (0.25 to 0.85) .014

Race/ethnicity (R: NHW)

Nonwhite 0.92 (0.70 to 1.20) .540 1.88 (1.06 to 3.33) .031

Histology (R: NS)

MC 0.60 (0.34 to 1.05) .120 1.06 (0.30 to 3.74) .980

cHL, NOS 0.70 (0.48 to 1.02) 0.97 (0.38 to 2.50)

Stage (R: IV)

I and II 0.65 (0.48 to 0.88) .010 0.82 (0.40 to 1.73) .790

III 0.59 (0.39 to 0.89) 0.72 (0.28 to 1.89)

B symptoms (R: Yes)

No 0.67 (0.52 to 0.87) .011 0.39 (0.22 to 0.68) .004

Bulk Disease (R: Yes)

No 0.81 (0.62 to 1.06) .300 0.51 (0.29 to 1.04) .180

Unknown 0.94 (0.23 to 3.83) NA

Radiation (R: Yes)

No 1.50 (1.15 to 1.95) .003 0.91 (0.46 to 1.77) .780

Abbreviations: cHL, classic Hodgkin lymphoma; EFS, event-free survival; HR, hazard ratio; MC, mixed cellularity; NA, not available; NHW,
Non-Hispanic white; NOS, not otherwise specified; NS, nodular sclerosing histology; OS, overall survival; R, reference.
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present with advanced stage disease, have public in-
surance, and live in high-poverty areas.

Nationally representative studies of children and adoles-
cent/young adults (age 15 to 39 years) with cancer report
that nonwhite race/ethnicity, public insurance, and low SES
are associated with advanced stage at presentation and
worse DSS.19,20 In an analysis of the Florida Cancer Reg-
istry, Grubb et al6 reported that black children with HL were
more likely than white children to present with advanced
disease (41% v 29%; P = .02), but were less likely to receive
RT (34% v 45%; P , .01). The difference in therapy was
hypothesized to influence the significantly worse DSS in
black patients. In another population-based analysis of
58,000 adolescent/young adults from the California Cancer
Registry, Keegan et al13 reported that nonwhite patients
were more likely to have public or no insurance and
advanced-stage HL at diagnosis. Despite being more likely
to present with advanced-stage HL, black and Hispanic
patients were less likely than white patients to receive
CMT.13 In this population-based cohort, not receiving RT
was an independent predictor of higher mortality.

Racial differences in presenting characteristics of patients
in the COG cohort mirrored those reported in population-
based studies. Specifically, more nonwhite patients in COG
were from high-poverty neighborhoods and presented with
advanced-stage disease. Unlike prior studies, however,
NHW and nonwhite patients in our cohort were equally
likely to receive CMT, possibly narrowing the gap in EFS
observed in prior reports. In addition to receiving risk-
directed CMT, patients enrolled in COG studies received
dose-dense chemotherapy with a response-adapted ap-
proach. This is in contrast to the St Jude cohort in which

patients received risk-based CMT without response ad-
aptation. Similar to our cohort, a higher proportion of
black—versus white—patients from the St Jude cohort
were from low-income households and presented with
advanced-stage HL (P , .05). In contrast to our findings,
however, black—versus white—patients at St Jude had
inferior 5-year EFS (black v white: 71% v 84%; P = .01).
In the COG cohort, EFS did not significantly differ by race/
ethnicity in unadjusted or adjusted analyses of pooled data
across risk groups. In addition to differences in treatment
intensity between the historic St Jude approach and the
contemporary COG approach, use of response-adapted
therapy and higher rate of RT in COG trials may have re-
duced the risk of later relapse in our patients with advanced-
stage disease.

We observed a significant difference in OS by race/ethnicity
in the COG cohort, with nonwhite patients having an
88% higher hazard of death compared with NHW patients
after adjustment for clinical and treatment factors in multi-
variable analyses. This survival difference was largely driven
by differential hazards of postrelapse mortality between
racial/ethnic groups. Compared with NHW patients, NHB
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FIG 3. Kaplan-Meier curves for postrelapse survival in non-Hispanic
white (NHW), non-Hispanic black (NHB), and Hispanic patients.
Time zero is the date of relapse.

TABLE 3. Multivariable Model of OS Postrelapse (n = 261)

Variable

OS Postrelapse

HR (95% CI) P

Age (R: $ 15), years

, 15 0.36 (0.15 to 0.86) .022

Race/ethnicity (R: NHW)

NHB 3.45 (1.46 to 8.16) .005

Hispanic 2.72 (1.19 to 6.23) .018

Histology (R: NS)

MC 0.94 (0.21 to 4.13) .970

cHL, NOS 0.89 (0.34 to 2.36)

Stage (R: IV)

I and II 1.40 (0.40 to 4.87) .800

III 1.43 (0.47 to 4.38)

B symptoms (R: Yes)

No 0.51 (0.21 to 1.21) .120

Bulk disease (R: Yes)

No 1.03 (0.36 to 2.98) .990

Unknown NA

Radiation (R: Yes)

No 0.68 (0.32 to 1.47) .330

Study (R: AHOD0831)

AHOD0031 1.89 (0.42 to 8.59) .140

AHOD0431 0.32 (0.01 to 7.19)

Abbreviations: cHL, classic Hodgkin lymphoma; HR, hazard ratio;
MC, mixed cellularity; NHB, non-Hispanic black; NHW, non-Hispanic
white; NOS, not otherwise specified; NS, nodular sclerosing; OS,
overall survival; R, reference.
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and Hispanic patients in our cohort had between 2.7-fold
and 3.5-fold higher hazards of postrelapse mortality, re-
gardless of adjustment for neighborhood SES.

In recent decades, numerous novel agents and advances in
the field of HCT have led to improved outcomes for patients
with relapsed HL.21-24 The success of salvage regimens,
however, depends not only on disease biology and treat-
ment tolerability, but also on patients having access to
these interventions. NHB patients in the United States are
consistently underrepresented in early-phase cooperative
group studies where many novel agents are trialed.25 In the
experience from St Jude, although black—versus white—
children had higher relapse rates, similar access to salvage
therapy within the single institution may have resulted in
comparable OS between groups. Baseline differences in
neighborhood SES or insurance status between NHW and
nonwhite patients in COG may have affected salvage
treatment options and the location of care postrelapse.
However, differences in postrelapse survival across NHW
and nonwhite patients in our cohort cannot be entirely
explained by SES, as adjustment for neighborhood SES did
not reduce the hazard of mortality in nonwhite children.

In addition to being less likely to enroll in early-phase trials,
NHB and Hispanic patients are historically less likely than
NHW patients to undergo HCT. Studies of patients with
HL from the Center for International Blood and Marrow
Transplant Research database report that nonwhite pa-
tients comprise a significantly smaller proportion of trans-
plantation populations than white patients.26 Thus, it is also
possible that NHB and Hispanic patients in our cohort were
less likely to undergo HCT after relapse. Some patients in
the COG cohort also died of treatment-related mortality
(TRM) and toxicities after relapse. Although our study did
not examine differences in TRM by race/ethnicity, other
studies in pediatric oncology have suggested that TRM
rates differ by race and treatment location.7,27

This analysis is subject to some limitations. Although we
have data on front-line therapy, cumulative chemotherapy
doses, and RT adherence, response-adaptation rates were
not analyzed given similar EFS across racial/ethnic groups.
Details about salvage treatment beyond upfront therapy,
including the receipt of HCT, were not uniformly available,
which limited our ability to control for these factors in
analyses of postrelapse outcomes. We also did not have
information about whether patients participated in clinical
trials through other cooperative groups postrelapse. Future
studies to address these limitations may include analyses of
salvage trials, registries linked to insurance claims, or data
from other national and international consortia, including
the Center for International Blood and Marrow Transplant
Research. We did not have individual-level SES data, which
could have provided more granular detail about the impact
of poverty on outcomes. For this cohort, information about
genetic ancestry28 was not available, and race/ethnicity
were not exclusively documented by self-report. Thus, it is

possible that this study may have been subject to potential
misclassification of race/ethnicity. Whereas sociodemo-
graphic characteristics of NHB andHispanic patients in our
cohort trended in the same direction, we were unable to
adjust for sociocultural factors, which also can affect health
outcomes. In future trials, prospective collection of data on
health beliefs and acculturation, in addition to self-reported
race/ethnicity, will be imperative. Given the absence of
validated biomarkers of outcome in HL,29 racial/ethnic
differences in tumor biology beyond histology were not
addressed.30 We did not examine host pharmacogenomics
or polymorphisms that affect drug metabolism, which may
contribute to differences in tumor response or toxicities.31

Despite these limitations, the strength of this study is the
large, well-characterized cohort of children and adoles-
cents with HL for whom we had complete clinical and initial
treatment data from contemporary phase III clinical trials.

CONCLUSION

In the controlled setting of cooperative group clinical trials,
treatment with dose-dense, response-adapted therapy for
patients with newly diagnosed HL eliminates racial/ethnic
differences in EFS. This observation suggests that current
approaches to risk stratification with response-adapted
regimens are highly effective for both NHW and non-
white children with HL. Despite comparable EFS across
NHW and nonwhite patients in our cohort, OS differed
significantly after adjusting for baseline clinical, disease,
and treatment variables. This striking difference in the risk
of all-cause mortality between NHW and nonwhite patients
raises the possibility that differences in salvage therapy or
supportive care outside of the cooperative group clinical
trials may be driving the disparities observed at the pop-
ulation level.12

Critical areas of future study and policy initiatives to reduce
racial disparities in HL should focus on facilitating clinical
trial enrollment in NHB and Hispanic populations, both in
the upfront and relapsed settings. Additional analyses
examining racial/ethnic differences in salvage therapy,
including clinical trial participation rates, are needed.
Concerns about radiation-associated late effects, over the
next decade, will lead to less RT use. Thus, access to
clinical trials will be especially important as more novel
agents are introduced. Finally, studies should also examine
why nonwhite patients are more likely to present with
advanced-stage disease, a finding consistently reported in
both registry- and consortium-based analyses.

In the coming years, the field of pediatric and adolescent
HL will focus on investigating novel agents to both improve
survival outcomes and reduce the risk of long-term
treatment-related morbidities.32 Given the findings of this
work, it is imperative that simultaneous efforts are focused
on improving health equity, expanding clinical trial par-
ticipation, and identifying drivers of racial/ethnic disparities
in children with relapsed disease.
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APPENDIX

TABLE A1. Baseline Demographics and Clinical Characteristics of NHW, NHB, Hispanic Patients With Relapsed Hodgkin Lymphoma
Characteristic All, No. (%) NHW, No. (%) NHB, No. (%) Hispanic, No. (%) P

Total 261 182 (70) 32 (12) 47 (18)

Age, years (mean 6 SD) 15.2 6 3.0 15.6 6 2.7 15.5 6 2.9 13.7 6 3.6 , .001

Time to relapse, months (mean 6 SD) 17.6 6 15.7 17.5 6 14.5 21 6 23.7 15.6 6 13.8 .330

Age group, years

1-15 95 (36) 59 (32) 9 (28) 27 (57) .004

$ 15 166 (64) 123 (68) 23 (72) 20 (43)

Sex

Male 132 (51) 91 (50) 11 (34) 30 (64) .035

Female 129 (49) 91 (50) 21 (66) 17 (36)

Study

AHOD0031 192 (74) 138 (76) 21 (66) 33 (70) .100

AHOD0431 42 (16) 31 (17) 4 (13) 7 (15)

AHOD0831 27 (10) 13 (7) 7 (22) 7 (15)

Histology

NS 211 (81) 152 (84) 24 (75) 35 (75) .480

MC 20 (8) 12 (7) 4 (13) 4 (9)

cHL, NOS 30 (11) 18 (10) 4 (13) 8 (17)

Stage

I 12 (5) 7 (4) 3 (9) 2 (4) .029

II 155 (59) 116 (64) 11 (34) 28 (60)

III 41 (16) 23 (13) 11 (34) 7 (15)

IV 53 (20) 36 (20) 7 (22) 10 (21)

B symptoms

No 176 (67) 125 (69) 18 (56) 33 (70) .350

Yes 85 (33) 57 (31) 14 (44) 14 (30)

Bulk disease

No 81 (31) 57 (31) 10 (31) 14 (30) .920

Yes 178 (68) 123 (68) 22 (69) 33 (70)

Unknown 2 (, 1) 2 (1)

Radiation

No 97 (37) 64 (35) 14 (44) 19 (40) .570

Yes 164 (63) 118 (65) 18 (56) 28 (60)

Payment

Private 179 (69) 145 (80) 16 (50) 18 (38) , .001

Government 61 (23) 29 (16) 13 (41) 19 (40)

None 5 (2) 2 (1) 2 (6) 1 (2)

Other 6 (2) 2 (1) 4 (9)

Unknown 10 (4) 4 (2) 1 (3) 5 (11)

Neighborhood SES

Low 30 (11) 13 (7) 11 (34) 6 (13) .001

Nonlow 229 (88) 167 (92) 21 (66) 41 (87)

Abbreviations: cHL, classic Hodgkin lymphoma;MC,mixed cellularity; NHB, non-Hispanic black; NHW, non-Hispanic white; NOS, not otherwise specified;
NS, nodular sclerosing; SD, standard deviation; SES, socioeconomic status.
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TABLE A2. Salvage Trial Enrollment and Cause of Death in Patients With Relapsed Disease, by Race/Ethnicity (N = 37)

Patient Race/Ethnicity Documented Cause of Death
Enrolled in COG Trial for

Salvage Therapy?

1 Hispanic Toxicity Yes

2 Hispanic Other/unknown No

3 Hispanic Tumor* Yes

4 Hispanic Other/unknown No

5 Hispanic Other/unknown No

6 Hispanic Tumor No

7 Hispanic Tumor No

8 Hispanic Tumor No

9 Hispanic Tumor No

10 NHB Toxicity No

11 NHB Toxicity No

12 NHB Toxicity No

13 NHB Tumor No

14 NHB Tumor No

15 NHB Tumor No

16 NHB Toxicity No

17 NHB Toxicity No

18 NHB Tumor No

19 NHW Toxicity Yes

20 NHW Tumor No

21 NHW Tumor No

22 NHW Other/unknown Yes

23 NHW Tumor No

24 NHW Other/unknown No

25 NHW Tumor No

26 NHW Tumor No

27 NHW Other/unknown Yes

28 NHW Other No

29 NHW Tumor No

30 NHW Tumor No

31 NHW Tumor No

32 NHW Toxicity No

33 NHW Other/unknown No

34 NHW Tumor No

35 NHW Tumor No

36 NHW Other/unknown No

37 NHW Toxicity No

Abbreviations: COG, Children’s Oncology Group; NHB, Non-Hispanic black; NHW, Non-Hispanic white.
*Tumor indicates Hodgkin lymphoma relapse or progression.
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