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Abstract

Background—Socioeconomic and demographic categories such as income, race, insurance
status and treatment center type are associated with outcomes in acute leukemia. We aimed to
determine if distance to treatment center impacts overall survival in children and young adults with
acute leukemia.

Methods—We queried the National Cancer Database for patients <39 years of age diagnosed
with Acute Myeloid Leukemia (AML) or Acute Lymphoblastic Leukemia (ALL). A backwards
elimination procedure was used to select final multivariate Cox models.

Results—In total, 12,301 patients with AML and 22,683 patients with ALL were analyzed. The
ALL model included distance to treatment center, Charlson-Deyo score, age, race, insurance
status, and community income level. US census definitions of urban vs. rural were not statistically
significant, and no interaction was significant for included variables. Compared to distances >50
miles, all other distance groups were associated with improved survival: <10 miles (HR 0.91,
p=0.04), >10 to <20 miles (HR 0.86, p=0.004) and >20 to <50 miles (HR 0.87, p=0.005). The final
model for AML included the same variables as the ALL model, except distance to treatment
center, which was not statistically significant.

Conclusion—*For children and young adults with ALL, distances >50 miles are associated with
inferior overall survival, however no difference was seen for AML. Although it is unknown if
differences in survival for ALL based on distance are driven by relapse or treatment related
mortality, increased attention to adherence, supportive care and logistics for patients traveling long
distances are warranted.

Precis:
For children and young adults with ALL, distances >50 miles to treatment center are associated

with inferior overall survival. Increased attention to adherence, supportive care and logistics for
patients traveling long distances are warranted.
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Lay Summary:

For children and young adults with Acute Lymphoblastic Leukemia, living more than 50 miles
away from the treatment center was associated with worse outcomes.
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Introduction

Outcomes for pediatric patients with Acute Lymphoblastic Leukemia (ALL) and Acute
Myeloid Leukemia (AML) have improved with successive generations of clinical trials.l 2
Improvements in disease directed therapy as well as supportive care have improved relapse
rates and decreased treatment related mortality.3 For adolescent and young adults (AYA,
ages 15-39 years),* outcomes for acute leukemia have historically lagged behind those of
younger children, though newer approaches directed towards AYAs may lead to improved
outcomes.>: 6 Despite improvements in treatment for children and young adults with acute
leukemia, certain socioeconomic or health services issues may impact outcomes. Children
with both ALL and AML have a higher risk of death if they are of a lower socioeconomic
status.” Treatment facility type may also effect outcomes. AYAs with acute leukemia treated
at a National Cancer Institute designated comprehensive cancer center or a Children’s
Oncology Group site had improve outcomes compared to those who were not treated at
these institutions.8 In adults with AML early mortality is increased in adults treated at non-
academic medical centers.® Additionally, insurance status has demonstrated variable effects
on outcomes depending on patient disease and age.1%-14 Race also appears to play a role in
outcomes as non-white children have inferior outcomes to white children for both ALL and
AML,15: 16 3lthough the reasons for this are not entirely clear and have not been
demonstrated in all studies.1”: 18

The National Cancer Database (NCDB) is a joint quality improvement initiative of the
American College of Surgeons Commission on Cancer and the American Cancer Society,
and contains registry data from approximately 70% of newly diagnosed malignancies in the
United States.19 In addition to data on area income level, race, insurance status, as well as
patient and disease specific factors, the NCDB also collects data on distance to treatment
center. Among adults with certain solid tumors, distance to treatment center is associated
with outcomes.20-21 We hypothesized that distance to treatment center impacts outcomes of
children and young adults with acute leukemia, as further distance might strain families and
caregivers to a greater degree and may lead to delays in seeking care at both diagnosis and
complications during treatment. To test our hypothesis, we queried the NCDB and
developed models to predict the contribution of distance to treatment center on overall
survival in children and AYAs with AML and ALL.
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The NCDB population is comprised of patients who were treated or diagnosed at a
Commission on Cancer accredited cancer program, which encompasses more than 1,500
facilities.19 Trained abstractors enter clinical and demographic data comparable to those
reported in the National Cancer Institute’s Surveillance, Epidemiology, and End Results
registry.22 Socio-demographic data are collected on a patient level basis or inferred from
patient zip codes at the time of diagnosis (rural vs. urban status, median income). Although
de-identified facility level characteristics (e.g. academic vs. community) are collected for
adult cases, these data are suppressed for pediatric and AYA cases due to the potential for re-
identification due to smaller patient volumes.® Charlson-Deyo score (0,1,2,3) is used to
account for overall comorbidities at the time of diagnosis.1% 23. 24

Case Selection

Definitions

Patients <39 years of age, diagnosed between 2004 and 2015 with AML or ALL were
selected from the NCDB (figure 1). The following International Classification of Diseases
for Oncology, Third Edition (ICD-O-3) codes were used to identify appropriate histological
cases: ALL (9811-9818, 9835-9837) and AML.: (9840, 9861, 9867, 98719874, 9891,
9895-9897, 9910, 9911).

Urban vs. rural designation is based on zip code of patient address at the time of diagnosis as
defined by the year 2000 United States census data. Likewise, community median income
reflects that of the patient’s zip code, not patient specific information. Sphere distance to
treatment center is the distance on earth between two points, measured from cancer center
address to the center of the zip code of patient address. Sphere distance was then categorized
by quartiles, as the large sample size allowed for a more granular assessment of distance
than if fewer groups were used. In the United States employer-sponsored private insurance
covers a majority of the population. Government insurance programs include Medicaid and
Medicare, which provide insurance for persons earning below a designated percentage of the
federal poverty level or persons 65 years of age and older, respectively. Additionally, those
without insurance do not receive financial assistance for the costs of medical care.2 In the
NCDB, insurance is categorized based on the type of primary payer at the time of diagnosis
(notably one’s insurance status could change during the course of treatment, though this is
not accounted for in the NCDB database). Regarding overall survival, to maintain
commission on cancer designation, institutions most maintain an annual follow up of 290%
within the last five years and =80% from the cancer registration reference date. However, no
cause specific mortality nor date of relapse is available.

Statistical Methods

Patient characteristics were summarized. The Kaplan-Meier method was used to estimate
overall survival (OS) by patient group. Cox proportional hazard models were used to
associate patient and other characteristics (age, gender, etc.) with OS. A backwards
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elimination procedure was used to identify the final multivariate Cox models, starting with
all factors in the univariate analysis, including diagnosis year (no screen from the univariate
analysis was performed). At each step of backwards elimination, the factor with the largest
p-value was excluded. The procedure continued until all factors in the model had p-values of
0.05 or less. Akaike information criterion (AIC) statistics were used as well. Interactions
between distance and age, race, comorbidity score, community income, and insurance status
which were defined a priori, were tested. Diagnosis year was included as a stratification
factor in the final model to account for time effect on overall survival. All tests were two-
sided and a p-value of 0.05 or less was considered statistically significant. Statistical analysis
was carried out using SAS Studio version 3.7 (SAS Institute, Cary, NC). Plots were
produced by R version 3.6 (R Foundation, Vienna, Austria).

In total, 12,301 patients with AML and 22,683 patients with ALL were available for analysis
(Table 1). For both patients with AML and ALL, slightly more than 20% of patients had a
travel distance of more than 50 miles. For all patients with AML, the five and ten year
overall survival was 51% (95% CI: 50-52%) and 48% (95% CI: 47-49%) respectively,
whereas, for ALL, the five and ten year overall survival was 79% (95% CI: 79-80%) and
76% (95% CI: 75-77%).

between Covariates and Overall Survival

The association between covariates and overall survival was carried out for ALL and AML
separately (Table 2). For patients with ALL, distance to treatment center, Charlson-Deyo
score, gender, race, insurance status, community median income, and age were all associated
with overall survival. (Figure 2). However, there was no difference in survival based on a
rural v. urban zip code. No statistically significant interactions were detected for any of the
variables. Similar findings were seen for patients with AML, although no difference was
detected based on gender. Again, no statistically significant interactions were detected for
any of the variables predicting overall survival in AML.

ALL Multivariate Model

After backwards stepwise elimination, the final ALL model included distance to treatment
center, Charlson-Deyo score, age, race, insurance status, and community median income
(Table 3). Compared to distances >50 miles, all other distance groups were associated with
improved survival: <10 miles (HR 0.91, p=0.04), >10 to <20 miles (HR 0.86, p=0.004) and
>20 to <50 miles (HR 0.87, p=0.005). Compared to Caucasian race, those of African-
American, Hispanic/Latino, and Native American race had inferior overall survival, whereas
no difference was detected for Asian race or other race. Compared to private insurance,
those with government insurance, or no insurance at diagnosis had inferior survival, and
compared to community median income of = $63,000, those with lower median incomes had
inferior survival. No statistically significant interactions were seen with any of the variables
(i.e. the effect of distance on overall survival did not depend on other factors examined).
Therefore, subgroup analyses were not performed.
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AML Multivariate Model

The final AML model included Charlson-Deyo score, age, race, insurance status, and
community median income (Table 4). As compared to ALL, distance to treatment center was
not significantly associated with OS after adjusting for other factors in the final model. Like
the ALL model, compared to private insurance, those with government insurance, or no
insurance at diagnosis had inferior survival. Additionally, compared to community median
income of = $63,000, those with lower median incomes had inferior survival. Those of
African American race had inferior overall survival compared to Caucasian race, but no
difference was seen for Asian, Hispanic/Latino, Native American, or other race compared to
Caucasian race. No statistically significant interactions were seen with any of the variables.

Discussion

The objective of this study was to determine if distance to treatment center affects outcomes
of children and AYAs with acute leukemia. Our findings demonstrate that distances greater
than 50 miles to treatment center are associated with inferior survival for patients with ALL
but not AML. For patients with ALL, this association holds for both children less than 18
years old and young adults age 18-39. Distance to treatment center remained significant
after adjusting for other socioeconomic factors such as community income and insurance
status. Further, rural vs. urban zip codes were not statistically significantly different in this
study, as has been seen in other work.” Taken together, these data suggest that the physical
distance to treatment center for ALL patients, as opposed to only the intrinsic community
factors, influence overall survival. This study adds to the existing literature using a larger
population showing multiple socioeconomic factors such as race, insurance status, and
income are all associated with survival for children and young adults with acute leukemia.

The association between distance to treatment center of more than 50 miles with poorer
overall survival in ALL for both children and young adults but not AML is intriguing. Data
from the NCDB does not discern between treatment related and disease related mortality.
However, it is plausible that the difference in general treatment approaches for ALL and
AML may be responsible. Typical treatment for ALL is delivered mostly on an outpatient
basis and extends for multiple years requiring patients to take many trips to the treatment
center for therapy as well as for complications such as febrile neutropenia. Although some
young adult regimens utilized during the study timeframe include greater amounts of
inpatient chemotherapy administration (e.g. hyper-fractionated cyclophosphamide,
vincristine, Adriamycin, and dexamethasone)26 they still include a maintenance period
where adherence and travel to the treatment center is needed.?”- 28 Conversely, AML
treatment is typically given almost exclusively inpatient (although some centers deliver
outpatient therapy) and lasts for months as opposed to years. The lack of an association with
treatment center distance for AML is consistent with a smaller previous study of adults.2?
Potential challenges relating to patients with ALL traveling to appointments leading to
delays in therapy or difficulty getting to the treatment center for emergent complications
might be responsible for the differences observed in this study, although data from the
NCDB is not available to specifically test that hypothesis. Perhaps greater emphasis on
partnering with regional centers for emergency management or pre-emergent planning/
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training with patients and families might benefit this population. Additionally, our results did
not show that for each distance category there was a proportionally worse hazard ratio as
patients became more distant from their treatment center, but rather a threshold effect at 50
miles. As the NCDB dataset only measures from the center of a patient’s zip code to the
treatment center, we were unable to measure other aspects of travel to treatment center, such
as traffic patterns or type of transportation utilized. Therefore, this distance may not fully
account for the total transportation time for a given patient.

Interestingly, in some studies of adults with solid tumors, longer distance to treatment
centers seems to predict better outcomes.2%: 2L For instance, in adults with head and neck
cancer, those in the highest quartile for travel distance were more likely to present with early
stage disease and those with oral cavity cancer were more likely to receive appropriate
surgical therapy.22 For men with prostate cancer, longer travel distances are associated with
decreased overall mortality, except in those with Medicaid insurance.?! This general
improvement seen with longer treatment distances is likely confounded by center type (i.e.
patients traveling to a tertiary care facility) or socioeconomic status (i.e. those able to travel
further may be of higher status).2%: 21 Improved outcomes in lung transplant recipients who
travel further for transplantation suggests this phenomena is not unique to cancer therapy.3°
Our study did not show improved survival for patients with longer distance to treatment
centers for either AML or ALL. One possible explanation for this is that most children and
young adults with acute leukemia are treated at tertiary centers (whereas many other cancer
types in adults may be treated in the community setting), perhaps negating the effect of
center type.

To our knowledge this study is also the largest performed in children and young adults to
demonstrate the impact of income, and insurance status on outcomes in acute leukemia. Our
study found that lower community median income was associated with lower overall
survival for both ALL and AML. These findings confirm prior studies in a more robust
sample. A previous meta-analysis of children with acute leukemia found that, among those
with ALL, lower individual level socioeconomic status is associated an almost twofold
increased risk of death, and in AML, low area-wide socioeconomic status is associated with
an approximately 25% higher risk of death.” Additionally, our study showed patients with
government or no insurance had inferior outcomes compared to private insurance for both
ALL and AML. Previously, among young adults with AML, insurance status has been
shown to impact survival,1% and in a NCDB study of adults with AML, non-private
insurance has been associated with worse survival.12 Alternatively, studies of acute leukemia
induction mortality in children using the Pediatric Health Information System (PHIS)
database did not detect a difference based on insurance type (notably most patient
undergoing induction therapy are treated inpatient or are followed very closely as an
outpatient).11. 13

Our study also demonstrated inferior outcomes for African Americans vs. Caucasians in
both AML and ALL, as well as inferior outcomes for Hispanic/ Latino and Native
American’s with ALL. Previous studies in children with acute leukemia have shown variable
results. A study from the Children’s Oncology group demonstrated that Hispanic and black
children with AML have worse survival than white children,15 though a study from St. Jude
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Children’s Research Hospital did not detect a difference between white and black children
with AML.18 A study using the PHIS database found that black and white patients with
AML have comparable on-therapy mortalityl” A study of children utilizing the National
Cancer Institute’s Surveillance, Epidemiology, and End Results database from 1973-1999
showed that black, Hispanic, and Native American patient’s with ALL have decreased
survival compared to white and Asian/Pacific Islander patients.1® The frequency of Native
American’s living in more remote areas might play a role in their inferior overall survival. In
a large NCDB study of adults with AML, black race has been associated with worse
survival.12 Hematopoietic Cell Transplantation (HCT) may be required for cure of acute
leukemia. Having Hispanic or black race/ethnicity has been associated with lower utilization
of HCT in adults,3! and in adults with AML, post-remission therapy is more often delayed
in blacks compared to whites.32 In our study of over 32,000 patients with acute leukemia,
race clearly impacted overall survival for both children and young adults after adjusting for
additional socioeconomic risk factors.

Our study has notable limitations. First, the NCDB is not able to discern between relapse
and treatment related mortality as a cause of death. As this is a population level study, the
differences seen between ALL and AML may generate hypothesis, but cannot definitively
explain the reason why treatment distance impacts outcome. Additionally, distance to
treatment center data provided by the NCDB is based on the distance from the center of the
patient’s zip code and does not specifically address how far or how long the patient traveled
to their treatment center, or if they obtained new lodging closer to the treatment center
during therapy. In this dataset, only 1-2% of patients were designated as being from a rural
zip code, which may have limited the power to detect a difference based on urban v. rural zip
code. Our study found an association with Charlson-Deyo score and overall mortality,
however previous studies have shown that different comorbidity scales may be more optimal
to predict risk of inpatient mortality in children.24 Unfortunately, Charlson-Deyo score is the
only available comorbidity score in the data-set. The NCDB censors treatment center type
for patients younger than 40 years so we were unable to correct for potential confounding of
this variable. Although the NCDB contains registry data from approximately 65% of newly
diagnosed malignancies in the United States, approximately 8% of all patients in this study
did not have outcome data, and it is unclear if this may bias our findings.19 Additionally, the
NCDB is limited to centers with accreditation from the Commission on Cancer, and it is
unknown if the results of our study remain valid for non-accredited facilities, or if patients
living further from their treatment facility are more or less likely to received care at an
accredited facility. AYAs with acute leukemia appear to have improved outcomes when
treated at specialized centers.® We also were not able to assess treatment center volume, but
a previous study of children with ALL showed that induction mortality in ALL does not vary
by center volume.33

Overall our study demonstrated that for patients with ALL, a distance to treatment center of
>50 miles, is associated with inferior survival. This group represents more than 20% of
children and young adults with ALL and an increase in attention to adherence, supportive
care and logistics for patients living >50 miles from their treatment center is warranted.
Further research to determine if differences in survival are driven by relapse or treatment
related mortality can help inform which factors (e.g. compliance with medication and
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pointments, caregiver emotional stress, financial toxicity, etc.) should be targeted for

intervention.
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Cases Diagnosed with ALL,
2004-2015, Age <39 years
N= 23,705

N= 15,595
Excluded Diagnosis
Acute Promyelocytic Leukemia
N= 2,926
Myeloid Leukemia Associated with Down
N
Syndrome
N=67
Therapy Related Myeloid Neoplasm
N=301
AML Cases for Analysis
N= 12,301
Figure 1.

Included patients based on histology.

Excluded Diagnosis
Burkitt Leukemia
N= 1,022

ALL Cases for Analysis
N= 22,683
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Figure 2:

Kaplan-Meier plot of overall survival for patients with ALL based on distance to treatment

center. At 60 months, the overall survival rate was 77%, 82%, 83% and 77% for patients <10
miles, >10 to <20 miles, >20 to <50, and >50 miles to treatment center, respectively. In this
analysis, which does not incorporate covariates, overall survival was not significantly

different for those <10 miles and those >50 miles. However, inferior survival was seen for

those >50 miles from treatment center versus those who were>10 to <20 miles or >20 to <50

miles.
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Table 2.

Page 14

Univariate model of patient characteristics and overall survival. Note, a lower hazard ratio implies a decreased

risk of death.

Acute Lymphoblastic Leukemia

Acute Myeloid Leukemia

Characteristic HR (95% CI) Pairwise P Overall P HR (95% CI) Pairwise P Overall P
Sphere Distance to Center

<10 Miles v. >50 Miles 1.04 (0.96-1.13) 0.29 <.0001 1.05(0.98-1.13) 0.20 0.0066
10-20 Miles v. >50 Miles 0.76 (0.69-0.84)  <.0001 0.94 (0.87-1.03)  0.18

20-50 Miles v. >50 Miles 0.76 (0.70-0.84)  <.0001 0.93 (0.86-1.01) 0.10

Charlson-Deyo Score

ov.3 0.30 (0.20-0.43)  <.0001 <.0001 0.41 (0.31-0.56)  <.0001 <.0001
1v.3 0.53 (0.35-0.79)  0.0018 0.61 (0.44-0.84)  0.0023

2v.3 0.91 (0.56-1.50) 0.71 0.92 (0.62-1.35) 0.66

Gender

Male v. Female 1.16 (1.09-1.24) <.0001 <.0001 1.02 (0.97-1.08) 0.4276 0.4276
Race

African American v. Caucasian ~ 1.57 (1.41-1.74)  <.0001 <.0001 1.33 (1.23-1.44) <.0001 <.0001
Asian v. Caucasian 0.95(0.80-1.12) 0.54 0.97 (0.85-1.10) 0.62
Hispanic/Latinos v. Caucasian 1.48 (1.38-1.59) <.0001 0.94 (0.86-1.01) 0.11

Native American v. Caucasian ~ 1.72 (1.25-2.37)  0.0009 1.03 (0.76-1.40) 0.84

Others v. Caucasian 0.91 (0.68-1.23) 0.54 0.74 (0.55-1.00) 0.0477

Insurance

Government v. Private 1.27 (1.19-1.36) <.0001 <.0001 1.20 (1.13-1.27) <.0001 <.0001
Not Insured v. Private 2.59 (2.32-2.89) <.0001 1.39(1.25-1.54) <.0001

Community Median Income

< $38,000 v. = $63,000 1.72 (1.57-1.88) <.0001 <.0001 1.32 (1.21-1.42) <.0001 <.0001
$38,000- $63,000 v. > $63,000  1.35(1.26-1.46)  <.0001 1.17 (1.10-1.26)  <.0001

Age

>18v. <18 5.56 (5.22-5.92)  <.0001 <.0001 1.56 (1.46-1.67)  <.0001 <.0001
Rural

Yes v. No 0.89 (0.67-1.19) 0.43 0.4325 0.97 (0.77-1.21) 0.76 0.76
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Table 3.

Page 15

Multivariate model of ALL patient characteristics and overall survival. Note, a lower hazard ratio implies a
decreased risk of death. After adjusting for covariates, a distance of >50 miles to treatment center is associated
with the lowest overall survival.

Characteristic

HR (95% CI)

p

Sphere Distance to Center
<10 Miles v. >50 Miles
10-20 Miles v. >50 Miles
20-50 Miles v. >50 Miles
Charlson-Deyo Score

0v.3

1v.3

2v.3

Age

>18v. <18

Race

African American v. Caucasian
Asian v. Caucasian
Hispanic/Latinos v. Caucasian
Native American v. Caucasian
Others v. Caucasian
Insurance

Government v. Private

Not Insured v. Private
Community Median Income
< $38,000 v. = $63,000
$38,000— $63,000 v. = $63,000

0.91 (0.84-0.995)
0.86 (0.78-0.95)
0.87 (0.79-0.96)

0.41 (0.28-0.61)
0.60 (0.40-0.90)
0.68 (0.41-1.13)

5.59 (5.24-5.99)

1.30 (1.16-1.45)
0.95 (0.80-1.13)
1.19 (1.10-1.28)
154 (1.10-2.14)
0.93 (0.67-1.29)

1.26 (1.17-1.35)
1.27 (1.13-1.43)

1.27 (1.15-1.40)
1.16 (1.07-1.26)

0.04
0.0043
0.0048

<.0001
0.01
0.13

<.0001

<.0001
0.53
<.0001
0.01
0.68

<.0001
<.0001

<.0001
0.0003
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Table 4.

Multivariate model of ALL patient characteristics and overall survival. Note, a lower hazard ratio implies a
decreased risk of death. After adjusting for covariates, distance to treatment center is no longer significant.

Characteristic HR (95% CI) P

Charlson-Deyo Score

1duosnuey Joyiny

1duosnuen Joyiny

Ov.3 0.45 (0.33-0.62) <.0001
1v.3 0.64 (0.46-0.89)  0.01
2v.3 0.91 (0.61-1.35)  0.63
Age

>18v. <18 1.55 (1.45-1.67) <.0001
Race

African American v. Caucasian  1.24 (1.14-1.34)  <.0001
Asian v. Caucasian 1.02 (0.89-1.16) 0.80

Hispanic/Latinos v. Caucasian ~ 0.92 (0.85-1.01) 0.07
Native American v. Caucasian ~ 1.02 (0.74-1.40) 0.90

Others v. Caucasian 0.75 (0.55-1.04)  0.09
Insurance

Government v. Private 119 (1.12-1.27) <.0001
Not Insured v. Private 1.26 (1.13-1.41) <.0001

Community median income
< $38,000 v. = $63,000 1.21(1.11-1.32) <.0001
$38,000- $63,000 v. = $63,000  1.14 (1.07-1.23)  0.0002

1duosnuey Joyiny

1duosnuen Joyiny
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