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Summary
Background Studies reporting on the impact of social determinants of health on childhood cancer are limited. The
current study aimed to examine the relationship between health disparities, as measured by the social deprivation
index, and mortality in paediatric oncology patients using a population-based national database.

Methods In this cohort study of children across all paediatric cancers, survival rates were determined using the
Surveillance, Epidemiology, and End Results (SEER) database from 1975 to 2016. The social deprivation index was
used to measure and assess healthcare disparities and specifically the impact on both overall and cancer-specific
survival. Hazard ratios were used to assess the association of area deprivation.

Findings The study cohort was composed of 99,542 patients with paediatric cancer. Patients had a median age of 10
years old (IQR: 3–16) with 46,109 (46.3%) of female sex. Based on race, 79,984 (80.4%) of patients were identified as
white while 10,801 (10.9%) were identified as Black. Patients from socially deprived areas had significantly higher
hazard of death overall for both non-metastatic [1.27 (95% CI: 1.19–1.36)] and metastatic presentations [1.09 (95% CI:
1.05–1.15)] compared to in more socially affluent areas.

Interpretation Patients from the most socially deprived areas had lower rates of overall and cancer-specific survival
compared to patients from socially affluent areas. With an increase in childhood cancer survivors, implementation
of social determinant indices, such as the social deprivation index, might aid improvement in healthcare
outcomes for the most vulnerable patients.
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Introduction
Childhood cancer is the leading cause for death by dis-
ease in the United States,1 despite 85% of children
surviving past five years.2 The gap in childhood health
care outcomes is greatest among racial and ethnic mi-
norities particularly for cancers that are most amenable
to treatment.3 These differences are thought to be due in
large part to social determinants of health (SDoH),4

which are the environmental factors that impact well-
being with four commonly cited examples being in-
come, education, employment, and social support.5

Poverty has been found to have the single most pro-
found effect on SDoH.6 In the United States (US) alone,
16% of children were determined to be living in poverty
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according to the US Census Bureau in 2020.7 While
most of the published literature on SDoH focuses on
poverty, inequalities in terms of educational attainment,
food insecurity, health care access, housing, and trans-
portation have been demonstrated to have an impact on
healthcare outcomes.8–11

Although SDoH have been reported to have a sig-
nificant impact on a host of cancer outcomes in adults,5

studies reporting on the impact of SDoH in childhood
cancer have been limited.12–15 In a systematic review by
Tran et al., in 2022, inconsistent findings have been
found on the association of SDoH and paediatric can-
cer.16 In a prospective study on the topic, Bona et al.
found that 20% of the 99 families with children
1
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Research in context

Evidence before this study
Health disparities have been described in the United States for
several paediatric cancers; however, the association between
social determinants of health and paediatric cancer has been
inconsistently reported. We searched PubMed and Google
scholar for relevant articles written in English. There have
been several studies reporting lower overall survival in
paediatric cancer patients with acute lymphoblastic leukaemia
and tumours of the central nervous system using the area
deprivation index. Due to being derived from geographical
data from the census tract, the area deprivation index has
been unable to be applied beyond the state level. Limited
studies have reported on the impact of health disparities and
their outcomes in patients with paediatric cancer using
national data.

Added value of this study
We used a national cancer registry to provide estimates of
paediatric cancer mortality across the United States at the

county-level for patients based on degree of social inequity.
Using the social deprivation index, we show significantly
worse overall and cancer-specific survival in paediatric cancer
patients residing in areas of lower socioeconomic status. We
found significantly worse outcomes for patients who reported
being racially Black or who presented with nonmetastatic
cancer.

Implications of all the available evidence
Among paediatric cancer patients, social inequities impact
health outcomes. Social determinants of health screening
tools would likely benefit the patient. While there are several
available social determinants of health assessment tools, the
social deprivation index can be uniquely applied to four
geographical levels—county, census tract, aggregated Zip
Code Tabulation Area, and Primary Care Service Area—
therefore, the social deprivation index may be a valuable tool
used in clinical practice to assess for health disparities at the
patient, community, and national level.
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receiving chemotherapy for a primary cancer had in-
come ≤200% the federal poverty line and at least one
episode of a food, energy, or housing insecurity.17 With
an increasing incidence of paediatric cancer and rising
minority population as described by Aristizabal et al.,
there is an increased need to address cancer health
disparities in paediatric populations.12 Moreover, there
is a need for practical interventions to improve out-
comes in the paediatric population.18 Limited studies
have assessed the impact of SDoH in paediatric cancer
using the area deprivation index, using geographical
data based on census tracts, in patients with acute
lymphoblastic leukaemia19,20 and primary central ner-
vous system tumours.21 Due to the lack of census tract
data in large cancer databases, studies looking at na-
tional survival outcomes are unable to be performed
using such data, however. The social deprivation index
(SDI) is a similar measure of area level deprivation that
has multiple levels of disaggregation including county.22

While the SDI has been defined and subsequently
validated to assess healthcare outcomes in adults,22,23 the
SDI has not been assessed in children. The SDI is based
on a composite of weighted factors based on geographic
data using income, education, employment, housing,
household characteristics, and transportation. Impor-
tantly, the SDI is valuable in being able to quantify
SDoH measures.22

Using the SDI, the purpose of this project is to
stratify survival outcomes across all paediatric cancers
and to describe differences in survival outcomes based
on SDoH. The hypothesis is that patients from the most
socially deprived areas will have worse oncological sur-
vival outcomes compared to patients from less socially
deprived areas.
Methods
Data source and study population
The Surveillance of Epidemiology and End Results
(SEER) database represents one of the largest datasets in
describing outcomes in cancer, accounting for 30% of
the population in the US.24 SEER importantly contains
data that is valuable for an analysis on a population level
to describe survival outcomes including for childhood
cancer.25 The SEER 18 dataset is based on 18 population-
based cancer registries from 13 states.24 After IRB
approval (1871434-3), the SEER data was used to analyse
paediatric patients (≤19 years old) diagnosed between
1975 and 2016. Patients were included using the Inter-
national Classification for Oncology, third edition
(ICD-O-3) to classify patients with a paediatric cancer.26

Primary cancer type was defined by the World Health
Organization based on the International Classification
of Childhood Cancer (ICCC).27 A total of 1223 cases
were excluded due to missing census SDI demographic
data from Honolulu county, Kauai county, Hawaii
county, Maui county, or Alaska county. A total of 72
cases were excluded with missing county data. A total of
281 cases with survival months missing were excluded.
A summary of patients included in the study can be
found in Fig. 1. This study adhered to the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.

Social deprivation index (SDI)
Social deprivation for each patient was determined using
the 5-year American Community Survey (ACS) county
level data from 2011 to 2015. The ACS provides
population-level estimates of the US population annually
based on random sampling of housing units. Further
www.thelancet.com Vol 20 April, 2023
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Fig. 1: Flow diagram for study participants.
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information on the collection of the data and survey
methods can be found on the ACS website: https://www.
census.gov/programs-surveys/acs. The latest SDI scores
were quantified as originally described by Butler et al., in
2015.22 The SDI uses seven SDoH characteristics:
percent living in poverty, percent with less than 12 years
of education, percent single parent household, percent
living in rented housing unit, percent living in over-
crowded housing unit, percent of households without a
car, and percent non-employed adults under 65 years of
age.22 The SDI scores are weighted based on the SDoH
characteristics with a range given of 1–100 from national
county percentile rankings.22 Higher SDI scores are
associated with worse social conditions. We defined SDI
based in quartiles for analysis (Quartile 1 = 0–25,
Quartile 2 = 26–50, Quartile 3 = 51–75, Quartile
4 = 76–100), as published previously.23

Variables
Patient demographic data included age (in years),
gender, race, and ethnicity. As healthcare outcomes
based on racial and ethnic status are recognized to have
an impact on social determinants of health,28 these
variables were included.

Endpoints
The primary endpoint in our study was overall survival
with the secondary endpoint of cancer-specific survival
among patients with a paediatric cancer diagnosis.
Based on the SEER classification, cancer-specific sur-
vival was defined based on survival from the primary
cancer with other causes of death censored.29 Survival
time is based on the period from cancer diagnosis to
either mortality or loss to follow-up. Survival time was
evaluated up to a period of 10 years.
www.thelancet.com Vol 20 April, 2023
Statistical analysis
For continuous variables the median and interquartile
range were recorded while for categorical variables the
frequency and percentage were recorded. Patient de-
mographics were assessed using the Chi-square test for
categorical variables and Kruskal–Wallis test for
continuous variables to assess overall differences in SDI
quartiles. Kaplan–Meier curves were performed to
assess both overall and cancer-specific survival based on
SDI quartiles for up to 10 years. To assess statistical
differences in the survival curves, the log-rank test was
utilized. Separate sub analyses were performed using
metastatic (M) stage and race/ethnicity. A cox propor-
tional hazard regression model was performed of factors
associated with overall survival. A backward stepwise
technique was used with elimination of nonsignificant
covariates to produce a multivariable model. Signifi-
cance was defined for all tests using a two-tail p-value of
<0.05. Basic analysis in this study was conducted using
both the Social Sciences version 28.0 (IBM Corporation)
and Stata version 17 (Stata Corporation). The
RCommander package of R version 4.1.0 was used for
statistical analysis.30
Results
Patient population and characteristics
A total of 99,542 paediatric oncology patients met
inclusion criteria. In the entire cohort, patients had a
median age of 10 years old (IQR: 3–16) with 46,109
(46.3%) identified as being female sex. Based on race,
79,984 (80.4%) patients were recorded as white while
10,801 (10.9%) patients were Black. According to
metastatic (M) stage, 45,776 (46.0%) of patients had
defined M0 stage disease while 38,551 (38.7%) of
patients had defined M1 stage disease in the
population.

In Table 1, a summary of the patient demographics
can be found based on SDI quartiles. Significant dif-
ferences (p < 0.001) in patients being recorded as
Black was found across SDI quartiles. Black patients
were most likely to be from the most socially deprived
area (17.1% vs. 4.1%) compared to the least deprived
area. There were similarly significant differences
(p < 0.001) in patients having M1 stage disease at
presentation across SDI quartiles. Patients with M1
stage disease at presentation were most often to be
from the most socially deprived area (42.2% vs.
35.5%).

SDI-related risk of death
Survival differences were determined based on quar-
tiles. 10-year overall and cancer-specific survival haz-
ard ratios are described based on quartiles in Table 2.
Based on overall survival, patients had significantly
(p < 0.001) higher hazard of death [1.15 (95% CI:
1.11–1.19)] in the most socially deprived area
3
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Characteristics No. (%) Total p-valueb

Quartile 1a Quartile 2 Quartile 3 Quartile 4

No. 23,239 24,906 24,343 27,054 99,542

Age, Median (IQR), y 9.8 [3–16] 9.7 [3–16] 9.7 [3–16] 9.6 [3–16] 10.0 [3–16] 0.001

Sex

Female 10,941 (47.1) 11,467 (46.0) 11,151 (45.8) 12,550 (46.4) 46,109 (46.3) 0.032

Male 12,298 (52.9) 13,439 (54.0) 13,192 (54.2) 14,504 (53.6) 53,433 (53.7)

Race

White 21,245 (91.4) 19,854 (79.7) 18,561 (76.2) 20,324 (75.1) 79,984 (80.4) <0.001

Black 946 (4.1) 2036 (8.2) 3204 (13.2) 4615 (17.1) 10,801 (10.9)

Otherc 1048 (4.5) 3016 (12.1) 2578 (10.6) 2115 (7.8) 8757 (8.8)

Ethnicity

Hispanic 1715 (7.4) 4001 (16.1) 6787 (27.9) 11,692 (43.2) 24,195 (24.3)

M Stage

M0 10,729 (46.2) 11,304 (45.4) 11,544 (47.4) 12,199 (45.1) 45,776 (46.0) <0.001

M1 8257 (35.5) 9197 (36.9) 9677 (39.8) 11,420 (42.2) 38,551 (38.7)

Unknown 4253 (18.3) 4405 (17.7) 3122 (12.8) 3435 (12.7) 15,215 (15.3)

Primary Site

Leukaemia 5537 (23.8) 6133 (24.6) 6474 (26.6) 7811 (28.9) 25,955 (26.1) <0.001

CNS 4278 (18.4) 4273 (17.2) 3942 (16.2) 4214 (15.6) 16,707 (16.8)

Lymphoma 3407 (14.7) 3754 (15.1) 3358 (13.8) 3594 (13.3) 14,113 (14.2)

Miscellaneousd 2900 (12.5) 3267 (13.1) 3078 (12.6) 3471 (12.8) 12,716 (12.8)

Carcinoma 1949 (8.4) 2144 (8.6) 2120 (8.7) 2117 (7.8) 8330 (8.4)

Germ Cell 1395 (6.0) 1511 (6.1) 1602 (6.6) 1875 (6.9) 6383 (6.4)

Soft Tissue 1431 (6.2) 1604 (6.4) 1537 (6.3) 1803 (6.7) 6375 (6.4)

Bone 1401 (6.0) 1369 (5.5) 1448 (5.9) 1594 (5.9) 5812 (5.8)

Skin 892 (3.8) 807 (3.2) 714 (2.9) 520 (1.9) 2933 (2.9)

Unspecified 49 (0.2) 44 (0.2) 70 (0.3) 55 (0.2) 218 (0.2)

Follow-up time, Median (IQR), y 8.3 (2.4–17.8) 8.0 (2.3–16.8) 6.1 (1.9–12.3) 6.6 (1.8–13.8) 7.1 (2.1–14.8) <0.001

aIncreasing quartiles indicate increasing levels of social deprivation. bp values detected overall differences using ANOVA for continuous variables and Pearson Chi-Square for
categorical variables. cIncludes American Indian/Alaska Native, Asian/Pacific Islander. dIncludes Wilms, neuroblastoma, embryonal, paragangliomas, myeloma, mast cell or
other lymphoreticular tumours.

Table 1: Baseline patient demographics among all paediatric cancer patients by Social Deprivation Index Quartiles.
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compared to the least deprived area. A linear trend
was found based on overall survival with worst sur-
vival in the most deprived areas. Based on cancer-
specific survival, patients had significantly
(p < 0.001) higher hazard of death [1.15 (95% CI:
1.10–1.19)] in Q4. Patients from Q4 similarly had
worse cancer-specific survival than in each of the other
quartiles. Kaplan–Meier curves for overall and cancer-
specific survival based on quartiles for all paediatric
SDI Quartile Overall survival

Survival % (95% CI) Hazard ratio p va

Quartile 1 76.7 (76.1–77.3) 1 [referent] NA

Quartile 2 75.9 (75.3–76.4) 1.04 (1.00–1.07) 0.0

Quartile 3 75.8 (75.2–76.4) 1.05 (1.01–1.09) 0.0

Quartile 4 73.8 (73.3–74.4) 1.15 (1.11–1.19) <0.0

SDI, Social deprivation index; NA, Not applicable.

Table 2: 10 year overall and cancer-specific survival with hazard ratios strati
cancer patients can be found in Fig. 2. Patients in
Table 2 from Q4 had a 10-year overall survival of
73.8% (95% CI: 73.3–74.4%) and cancer-specific sur-
vival of 77.1% (95% CI: 76.5–77.7%).

Metastatic stage of presentation-related risk of
death
Survival differences were further defined based on
metastatic disease for the cohort. In Table 3, 10-year
Cancer-specific survival

lue Survival % (95% CI) Hazard ratio p value

79.6 (79.1–80.2) 1 [referent] NA

7 79.0 (78.4–79.5) 1.04 (0.99–1.08) 0.086

14 79.3 (78.7–79.8) 1.02 (0.97–1.06) 0.45

01 77.1 (76.5–77.7) 1.15 (1.10–1.19) <0.001

fied by Social Deprivation Index quartiles.

www.thelancet.com Vol 20 April, 2023
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Fig. 2: Kaplan–Meier estimates by social deprivation quartile based on (A) overall and (B) cancer-specific survival.
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overall and cancer-specific survival hazard ratios are
described for quartiles based on the presence or absence
of metastatic disease. Patients from Q4 with non-
metastatic cancer were found to have a significantly
(p < 0.001) higher risk of overall [1.27 (95% CI:
1.19–1.36)] and cancer-specific [1.28 (95% CI:
1.19–1.38)] hazard of death. Patients from Q4 with
metastatic cancer were similarly found to have a higher
risk of both overall [1.09 (95% CI: 1.05–1.15)] and
cancer-specific hazard of death [1.08 (95% CI:
1.02–1.14)] with significant differences (p = 0.001 overall
and p = 0.007 cancer specific). Kaplan–Meier curves for
overall and cancer-specific survival based on quartiles
for both non-metastatic and metastatic disease can be
found in Fig. 3. In metastatic presentations, there is no
statistical difference noted between Q1, Q2 and Q3. The
only difference is seen in the most deprived Q4 popu-
lation. Non-metastatic patients in Table 3 had a 10-year
overall survival from Q4 of 81.3% (95% CI: 80.6–82.1%)
SDI Quartile No. (%) Overall survival

Survival % (95% CI) Hazard ratio

M0 Disease

Quartile 1 10,729 (23.4) 85.0 (84.2–85.7) 1 [referent]

Quartile 2 11,304 (24.7) 84.1 (83.3–84.5) 1.06 (0.99–1.13)

Quartile 3 11,544 (25.2) 82.4 (81.6–83.2) 1.19 (1.11–1.27)

Quartile 4 12,199 (26.6) 81.3 (80.6–82.1) 1.27 (1.19–1.36)

M1 Disease

Quartile 1 8257 (21.4) 69.1 (68.1–70.2) 1 [referent]

Quartile 2 9197 (23.9) 67.7 (66.7–68.7) 1.05 (0.99–1.10)

Quartile 3 9677 (25.1) 69.8 (68.8–70.8) 0.97 (0.92–1.03)

Quartile 4 11,420 (29.6) 66.9 (66.0–67.9) 1.09 (1.04–1.15)

M, Metastases; SDI, Social deprivation index; NA, Not applicable.

Table 3: 10 year overall and cancer-specific survival stratified by metastatic

www.thelancet.com Vol 20 April, 2023
and cancer-specific survival of 83.8% (95% CI:
83.1–84.5%). Metastatic patients in Table 3 had a 10-year
overall survival from Q4 of 66.9% (95% CI: 66.0–67.9%)
and cancer-specific survival of 70.7% (95% CI:
69.8–71.6%).

Race/ethnicity-related risk of death
Patients were separately subdivided by race and
ethnicity in Table 4. Black patients had lower 10-year
overall [67.6% (95% CI: 66.1–69.0%) vs. 75.2% (95%
CI: 74.5–75.8%)] and cancer-specific [71.5% (95% CI:
70.1–72.9%) vs. 78.2% (95% CI: 77.6–78.8%)] sur-
vival in Q4 compared to non-Black patients. In
contrast, patients of Hispanic ethnicity had similar
10-year overall [74.3% (95% CI: 73.4–75.2%) vs.
73.5% (95% CI: 72.7–74.3%)] and cancer-specific
[77.5% (95% CI: 76.7–78.4%) vs. 76.7% (95% CI:
76.0–77.5%)] survival in Q4 compared to non-
Hispanic patients.
Cancer-specific survival

p value Survival % (95% CI) Hazard ratio p value

NA 87.1 (86.4–87.8) 1 [referent] NA

0.1 86.4 (85.7–87.0) 1.05 (0.98–1.14) 0.17

<0.001 85.5 (84.8–86.1) 1.13 (1.05–1.22) <0.001

<0.001 83.8 (83.1–84.5) 1.28 (1.19–1.38) <0.001

NA 72.5 (71.5–73.5) 1 [referent] NA

0.1 71.5 (70.5–72.5) 1.04 (0.98–1.10) 0.24

0.29 73.7 (72.7–74.6) 0.95 (0.89–1.00) 0.06

0.001 70.7 (69.8–71.6) 1.08 (1.02–1.14) 0.007

and non-metastatic disease.
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Fig. 3: Kaplan–Meier estimates based on metastatic disease and social deprivation quartile. Denoted is (A) overall and (B) cancer-specific survival
for localized disease along with (C) overall and (D) cancer-specific survival for metastatic disease.
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Univariate and multivariate cox proportional
hazards regression analysis
To identify predictors of overall survival, a univariate
analysis was performed with significant factors included
into the multivariate analysis in Table 5. SDI was
significantly associated with overall survival (p < 0.001).
Q4 was significantly associated with a higher hazard of
death [1.08 (95% CI: 1.04–1.12)]. Patients of Black race
[1.36 (95% CI: 1.31–1.41)] as well as Hispanic ethnicity
[1.07 (95% CI: 1.04–1.11)] had a higher hazard of death.
As SDI is based on ACS data from 2011 to 2015, a
separate cox proportional hazards regression was per-
formed with patients exclusively diagnosed during this
period. This data shows similar findings and is provided
in the Supplementary Table S1.
Discussion
This is one of the first studies to quantify SDoH to
assess a national cohort of paediatric oncology patients.31

The results of this study show that patients from the
most socially deprived areas consistently have worse
overall and cancer-specific survival compared to patients
from more socially affluent areas. These data were
evaluated in numerous ways and across different time-
lines to try and make the series more contemporary.
Ultimately, the findings remained consistent whether
the evaluation focused on a specific subset of malig-
nancy, a more limited timeframe, or a more contem-
porary series. Most striking, paediatric oncology patients
from Q4, the most socially deprived with non-metastatic
disease had roughly 30% higher risk of death for both
overall and cancer-specific survival compared to patients
from Q1, the most socially affluent quarter of the cohort.
These findings emphasize that health outcomes are
impacted by social and community contexts.

Inequities based on race were found among patients
from the most socially deprived areas, with patients
more likely to be Black. In a SEER study by Tehranifar
et al., racial and ethnic minorities were found to have
worse survival in cancers that were more amenable to
medical interventions.32 When Q4 was subdivided in
our study, both non-Black and Black populations still
were found to have lower survival rates than Q1, but the
decrease in survival was more profound in the Black
population. While Butler et al. excluded percent Black
from the constructed SDI model, the disproportionately
higher percentage of Black patients in Q4 and associated
worse survival outcomes in this population cannot be
completely accounted for currently.22 Although patients
of Hispanic ethnicity were found to be disproportion-
ately higher in Q4, this did not translate to worse
www.thelancet.com Vol 20 April, 2023
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SDI Quartile No. (%) Overall survival Cancer-specific survival

Survival % (95% CI) Hazard ratio p value Survival % (95% CI) Hazard ratio p value

Race

non-Black

Q1 22,293 (25.1) 76.9 (76.3–77.5) 1 [referent] NA 79.8 (79.2–80.3) 1 [referent] NA

Q2 22,870 (25.8) 76.3 (75.7–76.9) 1.02 (0.98–1.06) 0.24 79.4 (78.8–79.9) 1.02 (0.98–1.07) 0.29

Q3 21,139 (23.8) 76.8 (76.2–77.5) 1.00 (0.96–1.04) 0.87 80.2 (79.5–80.8) 0.97 (0.93–1.02) 0.24

Q4 22,439 (25.3) 75.2 (74.5–75.8) 1.09 (1.05–1.13) <0.001 78.2 (77.6–78.8) 1.08 (1.04–1.13) <0.001

Black

Q1 946 (8.8) 72.1 (68.8–75.1) 1 [referent] NA 76.6 (73.5–79.5) 1 [referent] NA

Q2 2036 (18.9) 70.5 (68.3–72.6) 1.01 (0.87–1.17) 0.91 74.3 (72.2–76.3) 1.06 (0.89–1.25) 0.52

Q3 3204 (29.7) 68.9 (67.1–70.7) 1.09 (0.95–1.25) 0.24 73.6 (71.9–75.3) 1.11 (0.95–1.29) 0.21

Q4 4615 (42.7) 67.6 (66.1–69.0) 1.15 (1.01–1.31) 0.04 71.5 (70.1–72.9) 1.21 (1.05–1.41) 0.01

Ethnicity

non-Hispanic

Q1 21,524 (28.6) 76.7 (76.1–77.3) 1 [referent] NA 79.6 (79.0–80.2) 1 [referent] NA

Q2 20,905 (27.7) 76.0 (75.4–76.6) 1.03 (0.99–1.07) 0.18 79.0 (78.4–79.6) 1.04 (0.99–1.08) 0.11

Q3 17,556 (23.3) 76.2 (75.5–76.9) 1.03 (0.98–1.07) 0.22 79.5 (78.9–80.2) 1.00 (0.95–1.05) 0.99

Q4 15,362 (20.4) 73.5 (72.7–74.3) 1.17 (1.12–1.22) <0.001 76.7 (76.0–77.5) 1.16 (1.11–1.22) <0.001

Hispanic

Q1 1715 (7.1) 76.7 (74.3–78.9) 1 [referent] NA 79.9 (77.6–82.0) 1 [referent] NA

Q2 4001 (16.5) 74.9 (73.4–76.4) 1.08 (0.95–1.22) 0.23 78.9 (77.5–80.3) 1.05 (0.92–1.21) 0.46

Q3 6787 (28.1) 74.5 (73.3–75.7) 1.10 (0.98–1.24) 0.11 78.6 (77.4–79.7) 1.08 (0.95–1.22) 0.26

Q4 11,692 (48.3) 74.3 (73.4–75.2) 1.12 (1.01–1.25) 0.04 77.5 (76.7–78.4) 1.14 (1.01–1.29) 0.04

Q, Quartile; SDI, Social deprivation index; NA, Not applicable.

Table 4: 10 year overall and cancer-specific survival stratified by race/ethnicity.

Articles
survival outcomes. The question of how to connect both
race and ethnicity in a disparity index will need to be
evaluated with future research endeavours.

This study utilized SDI as a method to evaluate de-
gree of social deprivation of a geographic area based on
county data and followed patients over a 10-year period.
The SDI is currently available at four geographical
levels: county, census tract, aggregated Zip Code Tabu-
lation Area (ZCTA), and Primary Care Service Area.33

Indexes that have previously been applied to the paedi-
atric oncology population are available at only a single
geographical level such as the area deprivation index
which is based on census block groups or the composite
index of socioeconomic status which is based on census
tract groups.34,35 Data generated exclusively from smaller
geographical regions offer more precise information,
but increasingly raise concerns of patient information
being reidentifiable; this data requires protective
methods to maintain compliance.36 Moreover, the un-
availability of census block group data in national cancer
databases for the paediatric population has precluded its
application beyond the state level. As socioeconomic
data for census tracts in SEER have only been collected
since 2000, follow-up time is limited.29

Overall, the findings in this manuscript can help push
for improvements in patient access and screening, the
delivery of health care, future research, and policy
www.thelancet.com Vol 20 April, 2023
changes. In the literature, social needs screening and
referrals in clinical workflows are the most cited tools for
addressing SDoH issues.37,38 Community-level SDoH as-
sessments can be used to inform health care policies
based on lack of facilities or even provide detailed infor-
mation on medical professional shortages that may affect
care in a geographic area.39 Similarly, community-level
SDoH assessments can be incorporated into the medi-
cal health record to stratify patient risk in a multitude of
health care settings such as inpatient or outpatient.40,41

With most children surviving a primary malignancy, as-
sessments that focus on childhood cancer survivorship is
increasingly more relevant due to a higher incidence of
not only secondary malignant neoplasms42 but also car-
diovascular complications43 in this population. Both
general and subspecialty medical health care providers
have a valuable role in both risk-based surveillance and
preventative medicine.44

This study has several limitations of note. While SDI
is a composite measure to assess factors related to
SDoH, this is not comprehensive by any means in
measuring patient level healthcare inequities. Having
more local or even block level metrics to measure SDoH
would provide greater specificity to individual in-
equities, however, oftentimes at the risk of becoming
too granular and only describing community pockets.
Outcomes in this study are limited to county-level data
7
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Factor HR (95% CI) p value

Age

Adolescent (>11 years old) 1 [referent] <0.001

Children (2–10 years old) 0.71 (0.69–0.73)

Infant (<2 years old) 0.94 (0.90–0.99)

Sex

Male 1 [referent] <0.001

Female 0.86 (0.84–0.88)

Race

White 1 [referent] <0.001

Black 1.36 (1.31–1.41)

Other 1.06 (1.01–1.12)

Ethnicity

Non-Hispanic 1 [referent] <0.001

Hispanic 1.07 (1.04–1.11)

Metastasis

M0 1 [referent] <0.001

M1 3.31 (3.19–3.43)

Unknown 2.07 (2.0–2.16)

Primary site

Leukaemia 1 [referent] <0.001

CNS 2.96 (2.82–3.11)

Lymphoma 0.88 (0.83–0.93)

Miscellaneous 1.49 (1.41–1.56)

Carcinoma 1.18 (1.10–1.26)

Germ cell 0.79 (0.73–0.85)

Soft tissue 2.42 (2.29–2.56)

Bone 2.90 (2.82–3.11)

Skin 0.92 (0.82–1.04)

Unspecified 2.23 (1.77–2.82)

SDI Quartile

Q1 1 [referent] <0.001

Q2 1.02 (0.98–1.06)

Q3 1.01 (0.97–1.05)

Q4 1.08 (1.04–1.12)

Q, Quartile; SDI, Social deprivation index.

Table 5: Multivariate cox proportional hazard model for overall
mortality.
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but as there are varying levels of affluence and access
across neighbourhoods the available data are further
removed from the experience of an individual patient.
Cancer treatments and outcomes have changed over the
40 years of the SEER database and some geographic
areas 40 years earlier may have been different from a
socioeconomic standpoint than they are today. Patient
factors including comorbidity are unavailable in SEER,
and therefore could not be accounted for in our study.
While the data in SEER is robust in accounting for a
large patient sample of oncology patients, it is by no
means inclusive of the entire United States and as such
data are primarily collected from academic hospitals and
metropolitan areas. As such, the study is limited to pa-
tients recorded in the SEER registry. Future prospective
studies will be needed to apply and use SDI scores as an
intervention in practice.

Conclusions
Social determinants of health are a contributor to dis-
parities in healthcare outcomes among paediatric
oncology patients. Patients from the most socially
deprived areas had significantly worse 10-year overall
and cancer-specific survival rates across all paediatric
cancers. After separating out patients with metastatic
disease, the differences in survival were present but not
as disparate as for non-metastatic disease. Of important
note, a higher proportion of patients from the most
socially deprived quartile had metastatic disease. This is
in alignment with other studies that found the greatest
differences in outcomes in patients with disease were
most amenable to medical interventions. With a lack of
any standard SDoH metric in clinical practice, patients
would likely benefit from implementation and screening
using electronic medical records. The social deprivation
index may be a useful tool to stratify individual patients
and communities who should be the target of more
focused medical attention and support. This could be an
especially valuable tool in healthcare models that are
driven by value-based care. More focus needs to be
diverted towards paediatric patients who are vulnerable,
particularly those from socially deprived areas, to create
more equitable outcomes in the field.
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