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Adolescents and young adults (AYA) diagnosed with cancer between 15 and 39 years of age
have poor survival when compared with patients diagnosed during childhood (1 to 14 years
old). They also have not seen the same improvement in survival — leaving an AYA Gap.(1) In
light of this phenomenon, the National Cancer Institute (NCI) has deemed AYAs a
vulnerable population. Hodgkin Lymphoma (HL) represents a prototypical AYA malignancy,
with incidence peaking between 20 and 25 years; furthermore, the improvements in
childhood HL survival have not been seen in AYAs.(1, 2) While previous studies have
examined the impact of race/ethnicity, socioeconomic status (SES) and insurance on
survival,(1-8) health care delivery remains unstudied in HL AYAs. In particular, aspects of
cancer care delivery such as supportive care, multidisciplinary decision-making and therapy
delivery mechanisms remain unstudied. This is further complicated by the fact that there is
no validated, systematic and widely-available measure that captures cancer care delivery at a
granular level.(9, 10)

In order to evaluate currently-unmeasurable aspects of health care delivery, we used care at
NCI-designated Comprehensive Cancer Centers (CCC; or Children’s Oncology Group
[COG] for patients <21y) to serve as a surrogate. We also investigated barriers and
facilitators to access to CCC/COG facilities for AYAs with HL.

We constructed a population-based cohort of 1,094 patients with newly-diagnosed HL
between the ages of 1 and 39 years, using the Los Angeles (LA) County cancer registry
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(Cancer Surveillance Program [CSP]). Patients were eligible for inclusion if they were
diagnosed between 1998 and 2008, both living in and receiving treatment in LA County.
CSP is a member of the NCI-funded Surveillance, Epidemiology and End Results program.
(11) This project was approved by the State of California’s Committee for the Protection of
Human Subjects and the institutional review boards of City of Hope and the University of
Alabama at Birmingham.

ICDO-3 histology codes were used to identify cases, and the CSP collaborative staging
schema was employed for staging.(11) Nodular lymphocyte predominant HL was excluded
due to small numbers (n=41). Similar to other diseases examined by our group with this
approach,(12, 13) we assigned patients to the facility where they received all or part of the
first course of treatment after systematically examining the facility associated with each
episode of care in the registry. We considered patients treated at CCC/COG if: (1) at any age
they were cared for at one of three CCCs in LAC (UCLA/Jonsson, USC/Norris/CHLA or
City of Hope) or (2) at <21 years they were cared for at one of three COG sites without CCC
designation (Kaiser Permanente, Harbor-UCLA, or Cedars-Sinai). All other patients were
considered to have received care at non-CCC/COG sites. CSP provided each patient’s
residential address at diagnosis. After geocoding hospital addresses, we used Geographic
Information Systems (GIS) to measure straight line distance between the patient residence
and nearest CCC/COG [ArcMap 10.2, esri, Redlands, CA].

To calculate overall survival, Kaplan-Meier survival analysis was used. Hazard ratio (HR) of
mortality and associated 95% confidence interval (CI) was calculated using Cox regression
analyses. Multivariable regression was stratified by treatment site and the results in Table 1
depict stepwise model-building. Payor and SES were collinear in predicting overall survival,
therefore a combination variable was created; patients with private insurance and high SES
served as the referent group, and were compared to all others. Logistic regression was used
to model predictors of receiving care at a CCC/COG. Odds ratios (OR) with 95% ClI
represented the magnitude of association for each predictor. We examined the facilitators/
barriers to CCC/COG care stratified by age (1-21 and 22-39 years) due to payor-driven
access to healthcare (equal in California for all patients 21 years and younger). Because
payor and SES were not collinear in predicting care by treatment site, they were included
separately in the multivariable model. Two-sided tests with p<0.05 were considered
statistically significant. SAS 9.3 (SAS Institute, Cary, NC) was used for all analyses.

The majority of the 1,094 newly-diagnosed HL patients were AYAs (88%). The distribution
of patients by stage was comparable across CCC/COG and non-CCC/COG sites (p=0.9).
CCC/COG sites saw a higher proportion of patients who were publicly insured (p=0.03) and
in the highest SES group (p=0.01). Patients treated at CCC/COGs lived closer to a
CCC/COG (p<0.001). [Supplementary Table 1]

The 5-year overall survival was comparable between children (1-14 years: 96%, 95%ClI,
93-100%) and younger AYAs (15-21 years: 95%, 95%CI, 92-98%, p=0.3; 22-39 years:
95%, 95%ClI, 92-97%, p=0.4), but significantly inferior among older AYAs (30-39 years:
87%, 95%ClI, 83-91%; p<0.001). This allowed us to combine the children and younger
AYA:s into a single group for all subsequent analyses; older AYAs (30-39 years) experienced
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an inferior outcome as compared to all younger patients combined (1-29 years: 95%,
95%Cl, 93-97%, p<0.001). [Supplementary Figure 1] This inferior outcome in older AYAs
persisted when they were treated at non-CCC/COG sites (30-39 years: 86%, 95%Cl, 82—
90% vs. 1-29 years: 94%, 95%CI, 92-97%; p<0.001), but not when they were treated at
CCCI/COG sites (30-39 years: 96.7%, 95%Cl, 91-100% vs. 1-29 years: 96.8%, 95%Cl, 95—
99%; p=0.9). Finally, overall survival differed by race/ethnicity (Asian/Pacific-1slander
(API1): 97%, 95%CI, 92-100%; NHWSs: 96%, 95%CI, 93-98%; and African-American/
Hispanics: 89%, 95%CI, 89-95%; p=0.03). However while these racial/ethnic differences in
outcome held true at non-CCC/COG sites (API: 96%, 95%ClI, 91-100%; NHW: 95%,
95%Cl, 93-98%; African-American/Hispanics: 90%, 95%ClI, 87-94%, p=0.03), there were
no statistically significant racial/ethnic differences in overall survival at CCC/COG sites
(API: 100%; NHW: 98%, 95%CIl, 91-100%; African-American/Hispanic: 96%, 95%Cl, 91—
100%, p=0.8). [Supplementary Figure 2]

Table 1 presents a series of multivariable models stratified by treatment site. Model 1
examined the impact of age at diagnosis on survival, adjusting for sex and stage. Model 2
examined the impact of race/ethnicity, adjusting for variables in Model 1. Model 3 examined
the impact of SES/payor, adjusting for variables in Model 2.

With respect to age at diagnosis, we observed a 2.2-fold higher risk of mortality for 30-39
year-olds (p<0.001; referent group: 1-29 years) among those not treated at CCC/COG sites,
after adjusting for all clinical and sociodemographic variables. However, those treated at
CCC/COG sites did not demonstrate any difference in mortality by age (HR=0.7, p=0.8;
referent group 1-29 years).

Regarding race/ethnicity, African-American/Hispanics were at a 1.7-fold higher risk of
mortality when compared with NHW (p=0.03) among those not treated at CCC/COG sites
(Model 2: after adjusting for age at diagnosis, sex and stage). Adjusting for SES/payor status
did not alter these findings. However, for those treated at CCC/COG sites, after adjusting for
the same variables, the risk of mortality was comparable between African-American/
Hispanics and NHWSs (HR=1.1, p=0.9; Models 2 and 3).

Insurance/SES did not have an impact on mortality, among either those treated at the
CCC/COG (p=0.6) or those at non-CCC/COG sites (p=0.6).

In examining predictors of care at CCC/COG sites, a higher proportion of children with HL
were treated at CCC/COG (1-14y: 63%) as compared to 15-21 year-olds (32%), 22-29
year-olds (10%) or 30-39 year-olds (8%, p<0.0001). [Supplemental Figure 3] Table 2
presents findings from multivariable models which explored the predictors of being treated
at CCC/COG sites, stratified by age at diagnosis of HL (<21 vs. 22-39 years).

Among <21 year-olds, older age (15-21 years: OR=0.2, p<0.001) and lower SES (mid/low
SES: OR=0.4, p=0.01) predicted lower odds of treatment at a CCC/COG site. Patients who
were <21 years with public or no insurance trended towards a higher odds of receiving
treatment at CCC/COG sites but this did not reach statistical significance. Distance did not
predict treatment site in younger patients. [Table 2]
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Among patients >21 years at diagnosis, race/ethnicity (African-American/Hispanic:
OR=0.4, p=0.02) and living >10 miles from the nearest CCC/COG site (OR=0.4, p=0.01)
predicted lower odds of treatment at such a site. [Table 2]

In summary, older AYAs (30-39 years) and patients from African-American or Hispanic
backgrounds with newly-diagnosed HL experience inferior survival when compared with
younger or non-Hispanic white patients. Importantly, treatment at CCC/COG can mitigate
these outcome disparities. We identify potential barriers to receiving treatment at a
CCC/COG facility in both younger patients (AYA age and lower SES) and older AYAs
(African-American/Hispanic race/ethnicity and living further from the nearest CCC/COG
site).

Using a system-level approach, we generate novel hypotheses in AYAs with HL that build
upon previously described disparities.(2-8, 14) We use a surrogate measure (CCC/COG)
which includes aspects of supportive care, multidisciplinary decision-making and therapy
delivery mechanisms, all components of the NCI comprehensiveness designation(15) — the
best possible option in the absence of a granular, validated measure.(10)

These population-level findings indicate that poor survival in older AYAs (30-39 years) and
African-American/Hispanic patients with HL can be mitigated by treatment at CCC/COGs.
These results highlight a prevailing need to address health care delivery in cancer,
specifically in AYAs and patients facing barriers to access (lower SES; underrepresented
minorities; living further from specialized care).
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