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Racial and Ethnic Disparities in Cancer Survival: The
Contribution of Tumor, Sociodemographic, Institutional,
and Neighborhood Characteristics
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A B S T R A C T

Purpose
Racial/ethnic disparities in cancer survival in the United States are well documented, but the un-
derlying causes are not well understood. We quantified the contribution of tumor, treatment,
hospital, sociodemographic, and neighborhood factors to racial/ethnic survival disparities in
California.

Materials and Methods
California Cancer Registry data were used to estimate population-based cancer-specific survival for
patients diagnosed with breast, prostate, colorectal, or lung cancer between 2000 and 2013 for each
racial/ethnic group (non-Hispanic black, Hispanic, Asian American and Pacific Islander, and sepa-
rately each for Chinese, Japanese, and Filipino) comparedwith non-Hispanicwhites. The percentage
contribution of factors to overall racial/ethnic survival disparities was estimated from a sequence of
multivariable Cox proportional hazards models.

Results
In baseline models, black patients had the lowest survival for all cancer sites, and Asian American
and Pacific Islander patients had the highest, compared with whites. Mediation analyses suggested
that stage at diagnosis had the greatest influence on overall racial/ethnic survival disparities ac-
counting for 24% of disparities in breast cancer, 24% in prostate cancer, and 16% to 30% in
colorectal cancer. Neighborhood socioeconomic status was an important factor in all cancers, but
only for black and Hispanic patients. The influence of marital status on racial/ethnic disparities was
stronger in men than in women. Adjustment for all covariables explained approximately half of the
overall survival disparities in breast, prostate, and colorectal cancer, but it explained only 15% to
40% of disparities in lung cancer.

Conclusion
Overall reductions in racial/ethnic survival disparities were driven largely by reductions for black
compared with white patients. Stage at diagnosis had the largest effect on racial/ethnic survival
disparities, but earlier detection would not entirely eliminate them. The influences of neighborhood
socioeconomic status and marital status suggest that social determinants, support mechanisms,
and access to health care are important contributing factors.

J Clin Oncol 36:25-33. © 2017 by American Society of Clinical Oncology

INTRODUCTION

Cancer mortality rates in the United States are
declining, but one in four deaths is still attributable
to cancer,1 and the burden on the population is not
equal. Disparities in survival by race and ethnicity
have been well documented,2,3 but the underlying
causes are not well understood. Various factors
have been implicated as contributors toward racial/
ethnic survival disparities; these include differences
in tumor characteristics at presentation,4,5 disease

management and treatment,6,7 factors that relate to
the health care institution,8 and sociodemographic
and neighborhood characteristics.9-11 The influ-
ence of these factors varies for different types of
cancer and may vary across racial/ethnic groups.

The persistent disparity in survival between
non-Hispanic white (NHW) and black patients is
particularly stark. For breast and colorectal can-
cers, this disparity is most commonly attributed
to differences in tumor characteristics at di-
agnosis. Black patients are more likely than NHW
patients to have later-stage disease, higher nodal
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involvement, hormone receptor–negative breast tumors, and can-
cers of the proximal colon.4,5,12-14 Differences in management and
treatment also influence racial/ethnic disparities in survival,6,7,15-17

but these disparities are greatly reduced,18,19 or even eliminated,20 in
equal-access health care systems, which suggests that access to care
and delivery of recommended treatments are important contribu-
tors to racial/ethnic disparities in cancer survival.

More recently, attention has focused on the contribution of
social determinants and neighborhood characteristics to racial/ethnic
disparities. Survival is known to increase with higher neighborhood
socioeconomic status (SES), but it is among those with the highest
neighborhood SES that the biggest disparities exist.9 Disparities in
survival by health insurance status also differ according to a patient’s
racial/ethnic group. Some of the largest black-white survival dis-
parities are found among patients with private insurance, but these
disparities are absent among the uninsured, which suggests that the
benefits of private health insurance are not experienced equally for all
racial/ethnic groups.10 Married cancer patients have consistently
lower mortality than unmarried patients,21 but themagnitude of this
marriage-related survival advantage also varies: NHW patients gain
the greatest benefit, and Asian Americans, the least.11

So far, to our knowledge, no study has systematically considered
the relative influence of a defined set of prognostic factors on racial/
ethnic disparities in survival across different types of cancer. We
investigated racial/ethnic disparities in cancer-specific survival for
the four most common cancers in California, and we quantified the
contribution of various tumor, sociodemographic, institutional,
treatment, and neighborhood factors to disparities in survival.

PATIENTS AND METHODS

Data
California Cancer Registry (CCR) datawere used to estimate population-

based survival by racial/ethnic group. Analyses included all patients di-
agnosed in California between 2000 and 2013 with female breast, prostate,
colorectal, or lung cancer as a first, primary malignancy. Of the 897,833 cases
eligible for inclusion, those diagnosed at autopsy or from death certificates

(n = 7,887) and those with unknown follow-up time (n = 5,276) or un-
known cause of death (n = 7,008) were excluded.

The vital status of the patient and cause of death were determined by
routine linkage to state and national mortality files. Follow-up was com-
puted as the number of days between diagnosis and either the date of death,
the date of last known contact, or the end date of follow-up (December 31,
2013). Survival was estimated by using cancer-specific survival,22 and follow-
upwas censored at the date of death for those who died of a cause other than
the primary cancer. Among the 877,662 included cancer cases, there were
222,042 cancer-specific deaths (25%). The validity of cancer-specific survival
estimates was confirmed in a sensitivity analysis by using Fine and Gray
competing risks regression models.23

Race/ethnicity was classified as NHW, non-Hispanic black (black),
Hispanic, or Asian American and Pacific Islander (AAPI).24 The three largest
AAPI subgroups by population (Chinese, Japanese, and Filipino) also were
examined separately. Approximately 1% of patients had unknown race/
ethnicity; results for these patients were not reported. A number of patient
characteristics were considered as potential explanatory factors in the
relationship between race/ethnicity and survival, and these were classified
as either tumor or treatment related, sociodemographic, institutional, or
contextual neighborhood characteristics (Table 1).

Neighborhood factors from the California Neighborhoods Data Sys-
tem25 were based on the census block group of patients’ residence at di-
agnosis. Neighborhood SES is a composite index developed with principal
components analysis of 2000 census or 2007 to 2011 American Community
Survey data on education, occupation, employment, household income,
poverty, and rent and house values.26 The components are summed, and the
composite SES score is categorized according to quintiles of the state-wide
distribution.

Statistical Analysis
Multivariable Cox proportional hazards models were used to examine

cancer-specific survival by racial/ethnic group (compared with NHW pa-
tients) for each cancer site and by sex. Proportionality of hazards for key
covariates was tested by examining the correlation between time and scaled
Schoenfeld residuals, and by graphically assessing the log-log plots of survival.
Because the assumption of proportional hazards was violated for age, Cox
models were age-stratified to allow the baseline hazards to vary.

Mediation analysis was conducted to estimate the relative contribution
of each covariable to racial/ethnic disparities in survival. The baseline model
was defined as race/ethnicity plus age. The influence of each covariable on
racial/ethnic survival disparities first was tested in a base model: race/ethnicity

Table 1. Covariables Included as Explanatory Factors in Racial/Ethnic Disparities in Survival

Tumor Treatment* Institutional†

Variable Abbreviation Variable Abbreviation Variable Abbreviation

Stage at diagnosis Stage Surgery Surgery NCI cancer center NCI
Tumor size T Size Radiation Radio

Hospital racial/ethnic composition Hosp R/E comp
Grade‡ Grade Chemotherapy Chemotherapy
Lymph node positive Nodes

Hospital health insurance composition Hosp insure comp
Histology (lung) Histology Sociodemographic
Subsite (colorectal) Subsite Health insurance status§ Hlth insure Hospital SES composition Hosp SES comp
Hormone receptor status¶(breast) HR stat Marital status Mar stat Neighborhood
Year of diagnosis Year diag SES nSES

Racial/ethnic composition nR/E comp

NOTE. See Table 2 and Appendix Table A1 (online only) for covariable definitions and categorizations.
Abbreviations: NCI, National Cancer Institute; SES, socioeconomic status.
*Treatment factors were limited to the first course of treatment.
†Institutional factors were based on the hospital that first reported the occurrence.
‡For prostate cancer, grade was based on Gleason score.
§Health insurance status was based on primary and secondary payer sources.
¶Estrogen/progesterone receptor positive.
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plus age plus covariable. Covariables then were ranked in order of their
significance of influence on racial/ethnic survival disparities (ie, by how
much the hazard ratio [HR] decreased when included in the model). The
process was performed separately for each cancer site and sex. As the in-
fluence of each covariable on survival disparities differed by racial/ethnic
group, a previously developed summary measure was used to describe the
relative influence of a covariable on survival disparities across all racial/
ethnic groups combined.27 The derived summary measure is the standard
deviation of log HR estimates (Cox regression coefficients) for the racial/
ethnic groups from the base model, and it is independent of which group is
chosen as the reference group.

Covariables then were added to the baseline model in a sequence of
multivariable models, in the order of their significance of influence. With
each addition to the multivariable model, the change in HR was assessed as
a measure of the relative change in disparity (ie, the proportion of the total
disparity contributed by that covariable, after accounting for previously
added covariables). The model was defined simply as (D2 2 D+ 4 D0) 3
100, in which D0 is the HR from the baseline model, D2 is the HR from the
model without the covariable of interest, and D+ is the HR from the model
with the covariable of interest. The change in HR was assessed both for
each racial/ethnic group and by using the summary measure for all racial/
ethnic groups, as described above. All analyses were performed in STATA
14 (STATA, College Station, TX).

RESULTS

The cohort included 264,681 breast cancers, 270,101 prostate cancers,
181,060 lung cancers, and 161,820 colorectal cancers (Table 2 and
Appendix Table A1). The racial/ethnic distribution generally was
similar for each cancer: 62% to 71% were NHW, 6% to 9% were
black, 10% to 17% were Hispanic, and 7% to 13% were AAPI. The
majority of NHW and AAPI patients lived in high-SES neigh-
borhoods, and the majority of black and Hispanic, in low-SES
neighborhoods. Black, Hispanic, and AAPI patients had a younger
age profile than NHW patients, a correspondingly lower proportion
had Medicare insurance, and a higher proportion had public or no
health insurance.

Breast Cancer
The largest racial/ethnic disparities in survival were among

womenwith breast cancer; cancer-specificmortality in black women
was two-fold higher than in NHW women in the baseline model
(HR, 2.10; 95% CI, 2.02 to 2.19; Fig 1A). Stage at diagnosis had the
greatest influence on overall survival disparities—accounting for
24% of disparities (Table 3)—but its influence varied by racial/
ethnic group. Stage explained 11% to 18% of survival disparities for
Hispanic and black women relative to NHW women, but it had no
effect on the survival advantage experienced by AAPI women.
Similarly, neighborhood SES influenced survival disparities in black
and Hispanic women (by 6% and 7%, respectively), but not in AAPI
women. Hormone receptor status reduced the HR for black and
Hispanic women compared with NHW women (by 7% and 2.5%,
respectively) but increased the survival advantage for AAPI women
(Appendix Table A2, online only). After stage at diagnosis, hormone
receptor status had the second largest influence on racial/ethnic
disparities in breast cancer survival; it accounted for 9% of the
overall disparity (Table 3). In total, adjustment for all covariables
explained 54% of the overall disparities in breast cancer survival
across all racial/ethnic groups.

Prostate Cancer
Cancer-specific mortality among black menwith prostate cancer

was 60% higher than among NHWmen in the baseline model (HR,
1.60; 95%CI, 1.52 to 1.69; Fig 1B). A large proportion of this survival
disparity was attributable to differences in stage at diagnosis, which
accounted for almost a quarter of overall survival disparities across
all racial/ethnic groups (Table 3). An additional 14% was explained
by differences in marital status, and 7% was explained by neigh-
borhood SES, though this largely was due to the influence of these
factors on survival disparities in black and Hispanic men relative to
NHWmen (Appendix Table A2). Adjustment for differences in stage
at diagnosis, marital status, and neighborhood SES reduced the
survival disparity between black andNHWmenwith prostate cancer
to nonsignificant levels. Adjustment for all covariables explained
48% of the overall disparities in prostate cancer survival across all
racial/ethnic groups.

Lung Cancer
Racial/ethnic disparities in lung cancer survival were more

pronounced in women than in men (Figs 1C and 1D). AAPI patients
had significantly lower cancer-specific mortality than NHW patients;
this survival advantage was evident for Chinese and Filipino patients
but not for Japanese patients, whose cancer-specific mortality was
similar to that of NHW patients (Appendix Table A3, online only).
Adjusting for differences in stage at diagnosis increased the AAPI
survival advantage by 9% to 14% and increased overall survival
disparities across all racial/ethnic groups by 17% in men and 30% in
women. Differences in neighborhood SES and marital status were the
largest contributors to overall survival disparities across all racial/
ethnic groups accounting for 18% and 21%, respectively, in men, and
17% and 14%, respectively, in women (Table 3). Tumor histology
influenced survival disparities in women to a much greater extent
than inmen, and it accounted for 19%of the overall survival disparity.

Colorectal Cancer
Cancer-specific mortality among patients with colorectal

cancer was 36% higher in black men (HR, 1.36; 95% CI, 1.30 to
1.43) and 34% higher in black women (HR, 1.34; 95% CI, 1.28 to
1.41) in the baseline model compared with NHW patients (Figs 1E
and 1F). In women, sequential adjustment for all covariables re-
duced the black-white survival disparity to nonsignificant levels.
AAPI patients had 8% to 10% lower cancer-specific mortality than
NHW patients in the baseline model, and adjustment for covariables
had little additional effect on this survival advantage inmen (HR, 0.88;
95% CI, 0.84 to 0.92) or women (HR, 0.90; 95% CI, 0.86 to 0.94). Of
the AAPI subgroups, Chinese men had the lowest cancer-specific
mortality (HR, 0.80; 95% CI, 0.74 to 0.87). Stage at diagnosis
explained 16% of overall survival disparities across all racial/ethnic
groups in men and 28% in women (Table 3). Marital status had
a slightly stronger influence on overall survival disparities in men,
explaining 16% of disparities compared with 13% in women. Smaller
contributions were made by differences in neighborhood SES (5%
to 6%), surgery (5%), and tumor subsite (5% to 9%). In total,
adjustment for all covariables explained 52% to 55% of overall
disparities in colorectal cancer survival across all racial/ethnic groups.

HRs from baseline models estimated by using competing risks
regression as an alternative to Cox regression differed by less than
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1% for Hispanics and blacks for each of the cancer sites examined.
They differed by less than 2% for AAPI patients for each of the
cancer sites examined.

DISCUSSION

In a diverse, contemporary, population-based sample of 877,662
patients with cancer, we found continued disparities in survival for
breast, prostate, lung, and colorectal cancer across racial/ethnic
groups. By using mediation analysis as a novel approach to quantify

the contribution of patient and tumor characteristics to racial/ethnic
survival disparities, we found that stage at diagnosis, neighborhood
SES, and marital status were the most influential factors.

The substantial influence of stage at diagnosis on racial/ethnic
survival disparities likely results from differences in both stage
distribution and stage-specific survival across racial/ethnic groups.
Black patients with breast, prostate, and colorectal cancer were all
more likely than NHW patients to be diagnosed with late-stage
tumors, and, among those with late-stage tumors, survival was
lower (data not shown). The contribution of stage at diagnosis,
therefore, is multifaceted. For the most part, stage can be seen as

Table 2. Distribution of Key Demographic and Clinical Characteristics of Patients With Cancer by Race/Ethnicity and Cancer Site: California, 2000 to 2013

Variable

% Distribution by Cancer Type

Breast Cancer
(n = 264,681)

Prostate Cancer
(n = 270,101)

Lung Cancer*
(n = 94,297 men;

n = 86,763 women)

CRC*
(n = 83,444 men;

n = 78,376 women)

NHW Black Hispanic AAPI NHW Black Hispanic AAPI NHW Black Hispanic AAPI NHW Black Hispanic AAPI

Age at diagnosis, years
15-44 9.6 15.8 22.0 18.8 0.4 1.3 0.8 0.3 1.4 2.7 4.2 3.4 4.4 6.1 11.0 7.3
45-54 21.3 26.6 28.6 29.1 8.4 15.1 9.7 6.2 7.4 14.7 10.3 10.1 12.8 18.7 19.0 17.0
55-64 25.7 25.2 23.0 25.1 31.5 37.5 29.6 26.2 20.6 28.3 20.1 20.6 20.0 25.9 23.6 22.3
65-74 22.1 18.0 16.0 16.8 37.1 32.6 38.5 41.9 32.2 30.2 31.5 29.5 24.3 24.6 23.0 25.1
$ 75 21.3 14.4 10.4 10.2 22.6 13.5 21.4 25.4 38.4 24.1 33.9 36.4 38.5 24.7 23.4 28.3

Stage at diagnosis
Local 63.7 53.9 54.8 62.4 78.9 76.7 75.1 77.9 15.4 12.3 12.7 13.0 39.3 36.0 37.3 38.1
Regional 30.3 36.4 38.2 32.2 13.1 12.7 13.2 12.5 20.5 20.6 18.1 18.5 36.4 34.0 36.9 38.5
Distant 4.5 7.8 5.4 4.1 4.6 6.4 5.8 5.3 56.8 61.7 62.4 63.1 19.9 25.3 21.5 19.2
Unknown 1.5 1.9 1.6 1.3 3.4 4.2 5.9 4.3 7.3 5.4 6.8 5.4 4.4 4.7 4.3 4.2

Marital status
Married 55.6 34.7 56.0 66.2 69.7 53.5 66.4 77.1 49.5 32.6 51.8 65.9 53.5 38.5 55.4 65.0
Unmarried† 41.4 61.2 39.8 30.7 22.2 36.9 21.0 13.7 47.9 63.3 45.1 31.5 43.1 56.6 39.9 31.3
Unknown 3.0 4.1 4.2 3.1 8.1 9.6 12.6 9.2 2.6 4.1 3.1 2.6 3.4 4.9 4.7 3.7

Health insurance status
None 0.7 1.5 1.9 1.3 0.9 2.1 2.2 1.3 1.5 3.4 3.6 2.5 1.3 2.8 4.1 2.7
Private only 59.8 54.3 51.0 63.0 51.3 50.7 45.0 45.9 37.6 32.8 32.4 34.7 47.0 44.2 43.7 45.4
Medicare‡ 26.6 17.5 12.1 11.6 35.1 22.1 24.8 26.1 39.0 24.3 25.8 23.5 36.3 24.5 20.6 20.0
Other public§ 9.5 23.9 31.4 21.2 8.4 21.8 20.9 23.2 15.8 34.9 32.6 35.4 12.8 26.1 28.1 29.4
Unknown 3.4 2.8 3.6 2.9 4.3 3.3 7.1 3.5 6.1 4.6 5.6 3.9 2.6 2.4 3.5 2.5

Neighborhood SES
5 (high) 31.4 9.5 10.4 30.5 33.8 11.8 10.5 29.7 20.5 6.5 8.4 21.7 25.9 8.9 8.5 24.5
4 25.8 17.2 15.6 26.1 25.1 18.2 15.2 24.6 22.9 12.3 13.7 22.7 24.5 15.9 14.6 24.1
3 20.8 21.4 20.1 19.9 20.1 21.1 20.5 20.3 23.4 19.2 20.1 21.4 22.3 20.2 19.7 21.1
2 14.8 25.1 24.6 15.3 14.1 23.7 24.2 15.9 20.5 26.3 25.5 19.9 17.6 25.0 25.8 17.9
1 (low) 7.2 26.8 29.3 8.2 6.9 25.2 29.6 9.5 12.7 35.7 32.3 14.3 9.7 30.0 31.4 12.4

HR status¶ (breast)
Positive 75.8 63.0 69.8 74.1

Histology (lung)
Small cell 13.9 11.3 12.5 7.7
Squamous 16.7 18.5 15.9 12.9
Adeno 35.6 37.5 39.4 51.4
Large cell 2.5 2.7 2.5 2.5
Non–small cell 24.4 25.1 23.5 21.1
Unspecified 6.9 4.9 6.2 4.4

Tumor subsite (CRC)
Proximal colon 43.7 47.6 36.8 31.6
Distal colon 23.7 24.0 26.1 31.1
Rectum 28.8 24.3 33.6 34.6
Other 3.8 4.1 3.5 2.7

NOTE. See Appendix Table A1 (online only) for the distribution of covariables not included in Table 2.
Abbreviations: AAPI, Asian American and Pacific Islander; CRC, colorectal carcinoma; HR, hormone receptor; NHW; non-Hispanic white; SES, socioeconomic status.
*The distribution of key covariables was similar for men and women with lung and colorectal cancer, so percentages reported are for both sexes combined.
†Unmarried included never married, separated, divorced, and widowed.
‡Medicare only or Medicare plus private insurance.
§Any other public, military, or any Medicaid/Medi-Cal insurance.
¶Estrogen/progesterone receptor status.
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Fig 1. Change in hazard ratios (HRs) with addition of covariables into multivariable models for each racial/ethnic group, by cancer site and sex: (A) breast cancer, (B)
prostate cancer, (C) men with lung cancer, (D) woman with lung cancer, (E) men with colorectal cancer, and (F) women with colorectal cancer. Solid gray line, non-Hispanic
white (reference); blue line with 95%CIs, non-Hispanic black; yellow line with 95%CIs, Hispanic; dark blue line with 95%CIs, Asian American and Pacific Islander; light red
dashed line, Chinese; light gray dotted line, Japanese; red long-dashed line, Filipino. Comp, composition; Hosp insure, hospital insurance composition; Hosp R/E, hospital
racial/ethnic composition; Hosp SES, hospital SES composition; HR, hormone receptor; NCI, National Cancer Institute cancer center; nR/E, neighborhood racial/ethnic
composition; nSES, neighborhood socioeconomic status.

jco.org © 2017 by American Society of Clinical Oncology 29

Racial and Ethnic Disparities in Cancer Survival

http://jco.org


Ta
bl
e
3.

P
er
ce

nt
ag

e
C
on

tr
ib
ut
io
n
of

C
ov

ar
ia
bl
es

to
O
ve

ra
ll
D
is
pa

rit
ie
s
in

S
ur
vi
va
lA

cr
os

s
A
ll
R
ac
ia
l/E

th
ni
c
G
ro
up

s
by

C
an

ce
r
S
ite

an
d
S
ex

:
C
al
ifo

rn
ia
,
20

00
to

20
13

O
rd
er

B
re
as

t
C
an

ce
r

P
ro
st
at
e
ca

nc
er

Lu
ng

ca
nc

er
C
ol
or
ec

ta
lc

an
ce

r

C
ov

ar
ia
bl
e

M
en

W
om

en

C
ov

ar
ia
bl
e

M
en

W
om

en

C
ov

ar
ia
bl
e

C
um

ul
at
iv
e

%
C
ha

ng
e

%
C
ha

ng
e

C
ov

ar
ia
bl
e

C
um

ul
at
iv
e

%
C
ha

ng
e

%
C
ha

ng
e

C
um

ul
at
iv
e

%
C
ha

ng
e

%
C
ha

ng
e

C
um

ul
at
iv
e

%
C
ha

ng
e

%
C
ha

ng
e

C
um

ul
at
iv
e

%
C
ha

ng
e

%
C
ha

ng
e

C
um

ul
at
iv
e

%
C
ha

ng
e

%
C
ha

ng
e

1
S
ta
ge

23
.6

23
.6

S
ta
ge

24
.3

24
.3

S
ta
ge

2
17

.3
2
17

.3
2
30

.6
2
30

.6
S
ta
ge

16
.2

16
.2

28
.2

28
.2

2
S
ur
ge

ry
28

.7
5.
1

M
ar

st
at

38
.0

13
.8

nS
E
S

0.
7

18
.0

2
13

.9
16

.6
M
ar

st
at

31
.9

15
.7

41
.0

12
.8

3
nS

E
S

36
.3

7.
6

nS
E
S

45
.2

7.
1

M
ar

st
at

21
.3

20
.6

0.
1

14
.0

nS
E
S

38
.0

6.
1

46
.4

5.
4

4
T
si
ze

37
.4

1.
1

H
os

p
S
E
S

co
m
p

46
.6

1.
4

H
is
to
lo
gy

30
.3

9.
0

19
.0

18
.9

S
ur
ge

ry
42

.8
4.
9

51
.2

4.
8

5
H
R
st
at

46
.6

9.
2

S
ur
ge

ry
48

.5
1.
9

H
os

p
S
E
S

co
m
p

33
.8

3.
5

21
.1

2.
1

S
ub

si
te

51
.9

9.
1

56
.5

5.
3

6
M
ar

st
at

52
.5

5.
9

H
os

p
in
s

co
m
p

48
.6

0.
1

S
ur
ge

ry
31

.5
2
2.
2

15
.4

2
5.
7

T
si
ze

52
.3

0.
4

56
.1

2
0.
4

7
N
od

es
52

.6
0.
2

G
ra
de

44
.5

2
4.
1

T
si
ze

32
.3

0.
7

10
.1

2
5.
3

H
os

p
S
E
S

co
m
p

52
.0

2
0.
3

56
.1

0.
0

8
G
ra
de

54
.4

1.
7

R
ad

io
46

.4
1.
9

H
lth

in
su

re
33

.7
1.
5

9.
2

2
0.
9

H
os

p
in
s

co
m
p

51
.6

2
0.
4

56
.2

0.
1

9
H
os

p
S
E
S

co
m
p

55
.3

0.
9

nR
/E

co
m
p

46
.4

0.
1

H
os

p
in
s
co

m
p

33
.3

2
0.
5

9.
5

0.
4

nR
/E

co
m
p

51
.6

0.
0

56
.2

0.
0

10
nR

/E
co

m
p

55
.5

0.
2

N
C
I

47
.7

1.
2

N
C
I

34
.0

0.
7

10
.4

0.
9

H
lth

in
su

re
50

.5
2
1.
1

52
.9

2
3.
2

11
C
he

m
ot
he

ra
py

55
.4

2
0.
1

H
os

p
R
/E

co
m
p

48
.2

0.
5

C
he

m
ot
he

ra
py

41
.2

7.
2

17
.4

7.
0

Y
ea

r
di
ag

52
.2

1.
7

54
.8

1.
9

12
H
os

p
R
/E

co
m
p

55
.8

0.
4

T
si
ze

47
.6

2
0.
6

Y
ea

r
di
ag

42
.4

1.
2

18
.0

0.
6

N
C
I

52
.2

0.
0

55
.8

0.
9

13
H
lth

In
su

re
53

.3
2
2.
5

nR
/E

co
m
p

41
.8

2
0.
6

18
.0

2
0.
1

H
os

p
R
/E

co
m
p

51
.9

2
0.
3

55
.4

2
0.
3

14
H
os

p
in
s
co

m
p

53
.5

0.
2

R
ad

io
40

.2
2
1.
6

15
.3

2
2.
7

15
Y
ea

r
di
ag

54
.0

0.
5

To
ta
l

co
nt
rib

ut
io
n,

%
54

.0
47

.6
40

.2
15

.3
51

.9
55

.4

N
O
TE

.C
ov

ar
ia
bl
es

w
er
e
ad

de
d
to

th
e
m
ul
tiv

ar
ia
bl
e
m
od

el
in

th
e
or
de

rs
ta
te
d.

If
a
gi
ve

n
co

va
ria

bl
e
di
d
no

ti
nfl

ue
nc

e
th
e
re
la
tio

ns
hi
p
be

tw
ee

n
ra
ce

/e
th
ni
ci
ty

an
d
su

rv
iv
al
in

th
e
ba

se
m
od

el
,i
tw

as
no

ti
nc

lu
de

d
in

th
e

m
ul
tiv

ar
ia
bl
e
m
od

el
.T

he
pe

rc
en

t
ch

an
ge

in
ov

er
al
ld

is
pa

rit
y
at
tr
ib
ut
ab

le
to

a
gi
ve

n
co

va
ria

bl
e
w
as

ad
ju
st
ed

fo
r
co

va
ria

bl
es

ad
de

d
ea

rli
er

in
th
e
se

qu
en

ce
.A

ne
ga

tiv
e
pe

rc
en

t
ch

an
ge

in
di
ca

te
s
an

in
cr
ea

se
in

ov
er
al
l

di
sp

ar
iti
es

ac
ro
ss

al
lr
ac
ia
l/e

th
ni
c
gr
ou

ps
w
he

n
th
e
co

va
ria

bl
e
is
ad

de
d
to

th
e
m
od

el
.T

he
fi
na

lc
um

ul
at
iv
e
pe

rc
en

tc
ha

ng
e
in
di
ca
te
s
th
e
to
ta
lp
ro
po

rt
io
n
of

ov
er
al
ls
ur
vi
va
ld
is
pa

rit
ie
s
ac
ro
ss

al
lr
ac
ia
l/e

th
ni
c
gr
ou

ps
ex

pl
ai
ne

d
by

al
lc
ov

ar
ia
bl
es

.T
he

ch
an

ge
in
ha

za
rd

ra
tio

w
ith

th
e
ad

di
tio

n
of

ea
ch

co
va
ria

bl
e
to

th
e
m
od

el
,f
or

ea
ch

ra
ci
al
/e
th
ni
c
gr
ou

p
(re

la
tiv

e
to

N
H
W

pa
tie

nt
s)
,i
s
sh

ow
n
in
Fi
gu

re
1
an

d
in
A
pp

en
di
x
Ta

bl
es

A
2
an

d
A
3
(o
nl
in
e
on

ly
).

A
bb

re
vi
at
io
ns

:H
lth

in
su

re
,h

ea
lth

in
su

ra
nc

e
st
at
us

;H
os

p
R
/E

co
m
p,

ho
sp

ita
lr
ac
ia
l/e

th
ni
c
co

m
po

si
tio

n;
H
os

p
S
E
S
co

m
p,

ho
sp

ita
ls
oc

io
ec

on
om

ic
st
at
us

co
m
po

si
tio

n;
H
R
st
at
,h

or
m
on

e-
re
ce

pt
or

st
at
us

;H
op

s
in
s
co

m
p,

ho
sp

ita
lh

ea
lth

in
su

ra
nc

e
co

m
po

si
tio

n;
M
ar

st
at
,m

ar
ita

ls
ta
tu
s;

N
C
I,
N
at
io
na

lC
an

ce
r
In
st
itu

te
ca
nc

er
ce

nt
er
;n

R
/E

co
m
p,

ne
ig
hb

or
ho

od
ra
ci
al
/e
th
ni
c
co

m
po

si
tio

n;
nS

E
S
,n

ei
gh

bo
rh
oo

d
so

ci
oe

co
no

m
ic

st
at
us

;R
ad

io
,

ra
di
ot
he

ra
py

;
T
si
ze
,
tu
m
or

si
ze
;
Y
ea

r
di
ag

,
ye

ar
of

di
ag

no
si
s.

30 © 2017 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Ellis et al



a modifiable risk factor for cancer prognosis, particularly given
that established early-detection modalities exist for most of the
sites evaluated in this study. However, differences in stage-specific
survival suggest that access to recommended treatment, especially
for late-stage tumors, also may influence racial/ethnic survival
disparities.

Interestingly, the contribution of stage to survival disparities
in colorectal cancer was considerably larger in women than in men,
and this finding is consistent with previous findings.28 The in-
fluence of stage on survival disparities for lung cancer also was
greatest in women, but the direction of the effect was different.
AAPI patients had a substantial survival advantage, as has been
reported previously,29,30 especially for late-stage cancers,31 and
adjustment for this increased the overall disparity across all racial/
ethnic groups. Stage at diagnosis, therefore, does not explain the
racial/ethnic survival disparities in lung cancer reported here.

Hormone receptor status was the second largest contributor
to overall racial/ethnic survival disparities for breast cancer, which
adds to the evidence base that tumor characteristics at diagnosis are
significant mediators of survival disparities, especially among black
women.32 Racial/ethnic disparities in breast cancer survival vary
considerably according to tumor subtype, however, and are likely
to be explained by intrinsic biologic differences in tumors (eg,
lymph node involvement, distant metastasis, and triple-negative
tumors) rather than simply by earlier detection.33,34

Tumor histology was an important contributing factor to racial/
ethnic survival disparities in lung cancer, especially in women, and
may reflect a differential distribution of tumor subtypes across
racial/ethnic groups. AAPI women had a higher proportion of ad-
enocarcinomas, which have a more favorable prognosis, and a lower
proportion of small-cell tumors, for which prognosis is poor. The
distribution of tumor subtypes in men did not differ across racial/
ethnic groups to the same extent. Only a small percentage of overall
racial/ethnic disparities in colorectal cancer survival was explained by
anatomic location; black patients had a notably higher proportion
of proximal tumors, which are associated with poorer survival than
tumors in the distal colon or rectum.35 The receipt of surgery,
radiation, or chemotherapy had little additional effect on survival
disparities, because these high-level treatment variables are likely
to be highly correlated with stage at diagnosis.

Marital status had one of the biggest effects on racial/ethnic
survival disparities, and, consistent with the literature, this was most
notable among men.11,21 The survival benefit associated with being
married often is attributed to increased social support; higher psy-
chological well-being; and instrumental support, such as help in
navigation of the health care system.36,37 Interestingly, health
insurance status was not a significant contributor of racial/ethnic
survival disparities, despite evidence that black-white disparities
differ by type of health insurance.10

In this study, neighborhood SES was an important explana-
tory factor, but its effect was limited exclusively to disparities in
survival for black and Hispanic patients relative to NHW patients.
AAPI patients have a neighborhood socioeconomic profile similar
to NHW patients, and the survival advantage experienced by this
group is unlikely to be explained by factors related to SES andmore
likely to be related to underlying genetic and biologic differences.29

The characteristics of a patient’s neighborhood has the potential to

affect cancer survival disparities through a number of mechanisms,
including its influence on behavioral risk factors, social support,
and access to health care.9,38

Conversely, neighborhood racial/ethnic composition had
only negligible effects on racial/ethnic survival disparities. Prior
research has shown that residence in ethnic-concordant neigh-
borhoods may confer protective survival effects,39-42 although
other studies found opposite effects of residence in high-minority
neighborhoods.43-45

The influence of hospital characteristics on racial/ethnic
survival disparities also was negligible after analysis had been ad-
justed for individual tumor and sociodemographic factors. Hospital
characteristics often contributed less than 1% toward overall racial/
ethnic survival disparities, and this finding is consistent with pre-
vious findings.8

After adjustment for a wide variety of patient and tumor
characteristics, a large proportion of the overall racial/ethnic survival
disparities remained unexplained. The survival advantage experi-
enced by AAPI patients in particular was largely unaffected by the
factors investigated. This suggests that we lacked potentially im-
portant genetic and tumor information, such as molecular markers
known to be prognostic and/or used to determine treatment (eg,
EGFR for lung cancer orKRAS for colorectal cancer). We also lacked
detailed clinical information about treatment, as well as information
about recurrence or disease progression. This study also may be af-
fected by limitations inherent to cancer registry data, such as mis-
classification of race/ethnicity, although prior research has shown this
to be minimal46,47 and validated algorithms are used to improve the
classification of Hispanic ethnicity and AAPI race/ethnicity.48,49 De-
spite these limitations, we were able to leverage a large, population-
based data set to quantify the relative contribution of multilevel
factors—clinical, patient, hospital, and neighborhood—to racial/
ethnic disparities in cancer survival and to demonstrate the im-
portance of modifiable factors and targets for intervention to
reduce survival disparities.

In conclusion, stage at diagnosis had the largest effect on
racial/ethnic disparities in survival for breast, prostate, and co-
lorectal cancers. Stage is itself influenced by a myriad of factors,
which include socioeconomic status, health insurance, uptake of
screening, and access to health care. Although earlier detection alone
will not entirely eliminate these disparities, strategies to address the
low uptake of cancer screening among black and Hispanic pop-
ulations could make an important contribution. The effect of dif-
ferences in care after diagnosis was limited, but a more nuanced
investigation into the contribution of treatment differences across
racial/ethnic groups, with more detailed information than was
available in this study, is required. The considerable influence of
neighborhood SES and marital status on racial/ethnic disparities in
survival, even after analysis is controlled for stage at diagnosis, suggests
that social determinants, support mechanisms, and access to health
care cannot be overlooked. SES and marital status are not themselves
modifiable, but more equitable access to care for underserved groups
could substantially reduce racial/ethnic disparities in cancer out-
comes. In clinical settings, ensuring that these social determinants
are assessed, and that barriers to care for vulnerable populations
are addressed, may go a long way toward the reduction of cancer
survival disparities.21,36,50,51
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Table A2. HRs With Addition of Covariables Into Multivariable Models, by Cancer Site, Sex, and Racial/Ethnic Group

Order by Cancer Type Covariable

NH Black Hispanic AAPI

HR 95% CI HR 95% CI HR 95% CI

Breast cancer
Baseline 2.10 2.02 to 2.19 1.32 1.27 to 1.36 0.88 0.84 to 0.92
1 Stage at diagnosis 1.72 1.65 to 1.80 1.17 1.13 to 1.21 0.89 0.85 to 0.93
2 Surgery 1.66 1.59 to 1.73 1.16 1.12 to 1.20 0.90 0.85 to 0.94
3 nSES 1.54 1.47 to 1.60 1.07 1.04 to 1.11 0.89 0.85 to 0.93
4 Tumor size 1.48 1.42 to 1.54 1.03 0.99 to 1.07 0.87 0.83 to 0.91
5 HR status 1.33 1.27 to 1.38 1.00 0.96 to 1.03 0.84 0.80 to 0.88
6 Marital status 1.28 1.23 to 1.34 1.00 0.96 to 1.03 0.85 0.81 to 0.89
7 Lymph nodes 1.28 1.23 to 1.34 1.00 0.96 to 1.04 0.85 0.81 to 0.89
8 Grade 1.24 1.19 to 1.29 0.98 0.94 to 1.01 0.84 0.80 to 0.88
9 SES composition 1.23 1.17 to 1.28 0.96 0.92 to 0.99 0.83 0.80 to 0.87
10 nR/E composition 1.18 1.13 to 1.23 0.92 0.89 to 0.96 0.80 0.77 to 0.84
11 Chemotherapy 1.18 1.13 to 1.23 0.92 0.89 to 0.96 0.80 0.77 to 0.84
12 R/E composition 1.16 1.11 to 1.21 0.91 0.88 to 0.95 0.79 0.76 to 0.83
13 Health insurance status 1.15 1.10 to 1.21 0.88 0.85 to 0.92 0.77 0.74 to 0.81
14 Insurance composition 1.15 1.10 to 1.21 0.88 0.85 to 0.92 0.77 0.74 to 0.81
15 Year of diagnosis 1.15 1.10 to 1.20 0.89 0.85 to 0.92 0.78 0.74 to 0.82

Prostate cancer
Baseline 1.60 1.52 to 1.69 1.13 1.08 to 1.19 0.81 0.75 to 0.87
1 Stage at diagnosis 1.18 1.12 to 1.25 0.93 0.89 to 0.97 0.70 0.66 to 0.76
2 Marital status 1.11 1.05 to 1.17 0.94 0.90 to 0.99 0.73 0.68 to 0.78
3 nSES 1.05 0.99 to 1.11 0.89 0.85 to 0.93 0.72 0.67 to 0.77
4 SES composition 1.04 0.99 to 1.10 0.88 0.84 to 0.92 0.72 0.67 to 0.77
5 Surgery 1.03 0.98 to 1.09 0.88 0.84 to 0.93 0.73 0.68 to 0.78
6 Insurance composition 1.03 0.98 to 1.09 0.89 0.84 to 0.93 0.73 0.68 to 0.78
7 Grade 1.04 0.98 to 1.10 0.90 0.86 to 0.94 0.71 0.66 to 0.76
8 Radiation 1.03 0.97 to 1.08 0.89 0.85 to 0.93 0.71 0.66 to 0.76
9 nR/E composition 1.00 0.94 to 1.05 0.86 0.82 to 0.91 0.69 0.64 to 0.74
10 NCI cancer center 1.00 0.94 to 1.05 0.86 0.82 to 0.91 0.70 0.65 to 0.75
11 R/E composition 0.98 0.93 to 1.04 0.86 0.81 to 0.90 0.69 0.64 to 0.74
12 Tumor size 0.99 0.93 to 1.05 0.86 0.81 to 0.90 0.69 0.64 to 0.74

Men with lung cancer
Baseline 1.08 1.05 to 1.11 1.08 1.05 to 1.11 0.88 0.86 to 0.90
1 Stage at diagnosis 1.04 1.01 to 1.07 0.98 0.96 to 1.01 0.80 0.78 to 0.82
2 nSES 1.00 0.97 to 1.03 0.95 0.92 to 0.97 0.80 0.78 to 0.82
3 Marital status 0.98 0.95 to 1.00 0.96 0.93 to 0.98 0.82 0.80 to 0.84
4 Histology 0.98 0.96 to 1.01 0.97 0.94 to 0.99 0.85 0.82 to 0.87
5 SES composition 0.98 0.95 to 1.01 0.96 0.93 to 0.98 0.85 0.83 to 0.87
6 Surgery 0.95 0.93 to 0.98 0.94 0.92 to 0.97 0.83 0.81 to 0.85
7 Tumor size 0.95 0.93 to 0.98 0.94 0.92 to 0.96 0.82 0.80 to 0.85
8 Health insurance status 0.95 0.93 to 0.98 0.94 0.91 to 0.96 0.83 0.81 to 0.85
9 Insurance composition 0.95 0.93 to 0.98 0.94 0.91 to 0.96 0.82 0.80 to 0.85
10 NCI cancer center 0.96 0.93 to 0.98 0.93 0.91 to 0.96 0.83 0.81 to 0.85
11 Chemotherapy 0.95 0.92 to 0.97 0.93 0.91 to 0.95 0.83 0.81 to 0.85
12 Year of diagnosis 0.95 0.92 to 0.97 0.93 0.91 to 0.96 0.84 0.82 to 0.86
13 nR/E composition 0.93 0.91 to 0.96 0.92 0.90 to 0.95 0.82 0.80 to 0.85
14 Radiation 0.93 0.90 to 0.96 0.92 0.89 to 0.94 0.82 0.80 to 0.84

Women with lung cancer
Baseline 1.07 1.04 to 1.11 0.97 0.95 to 1.00 0.80 0.78 to 0.82
1 Stage at diagnosis 1.00 0.97 to 1.03 0.92 0.90 to 0.95 0.69 0.67 to 0.71
2 nSES 0.95 0.92 to 0.98 0.89 0.86 to 0.92 0.69 0.67 to 0.71
3 Marital status 0.92 0.90 to 0.95 0.89 0.87 to 0.92 0.70 0.68 to 0.72
4 Histology 0.94 0.91 to 0.97 0.91 0.89 to 0.94 0.75 0.73 to 0.78
5 SES composition 0.94 0.91 to 0.97 0.91 0.88 to 0.93 0.75 0.73 to 0.78
6 Surgery 0.92 0.89 to 0.95 0.90 0.87 to 0.93 0.73 0.71 to 0.75
7 Tumor size 0.92 0.89 to 0.95 0.89 0.87 to 0.92 0.72 0.70 to 0.74
8 Health insurance status 0.92 0.89 to 0.95 0.89 0.86 to 0.91 0.72 0.69 to 0.74
9 Insurance composition 0.92 0.89 to 0.95 0.89 0.86 to 0.91 0.72 0.69 to 0.74
10 NCI cancer center 0.92 0.89 to 0.95 0.89 0.86 to 0.91 0.72 0.70 to 0.74
11 Chemotherapy 0.92 0.89 to 0.95 0.90 0.87 to 0.92 0.73 0.71 to 0.76
12 Year of diagnosis 0.92 0.89 to 0.95 0.90 0.87 to 0.93 0.74 0.71 to 0.76
13 nR/E composition 0.91 0.88 to 0.94 0.89 0.86 to 0.92 0.73 0.71 to 0.75
14 Radiation 0.91 0.88 to 0.94 0.89 0.86 to 0.91 0.72 0.70 to 0.75

(continued on following page)
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Table A2. HRs With Addition of Covariables Into Multivariable Models, by Cancer Site, Sex, and Racial/Ethnic Group (continued)

Order by Cancer Type Covariable

NH Black Hispanic AAPI

HR 95% CI HR 95% CI HR 95% CI

Men with colorectal cancer
Baseline 1.36 1.30 to 1.43 1.10 1.06 to 1.14 0.90 0.86 to 0.94
1 Stage at diagnosis 1.24 1.18 to 1.30 1.03 1.00 to 1.07 0.88 0.84 to 0.91
2 Marital status 1.20 1.14 to 1.26 1.04 1.00 to 1.07 0.90 0.87 to 0.94
3 nSES 1.16 1.10 to 1.22 0.99 0.96 to 1.03 0.90 0.86 to 0.93
4 Surgery 1.12 1.06 to 1.17 0.95 0.92 to 0.99 0.88 0.85 to 0.92
5 Subsite 1.10 1.05 to 1.16 0.96 0.93 to 0.99 0.91 0.87 to 0.95
6 Tumor size 1.10 1.05 to 1.16 0.96 0.92 to 0.99 0.91 0.87 to 0.95
7 SES composition 1.10 1.04 to 1.15 0.95 0.91 to 0.98 0.91 0.87 to 0.95
8 Insurance composition 1.10 1.05 to 1.15 0.95 0.91 to 0.98 0.90 0.87 to 0.94
9 nR/E composition 1.08 1.03 to 1.14 0.93 0.90 to 0.97 0.89 0.85 to 0.93
10 Health insurance status 1.08 1.02 to 1.13 0.93 0.89 to 0.96 0.88 0.84 to 0.92
11 Year of diagnosis 1.08 1.02 to 1.13 0.93 0.90 to 0.97 0.89 0.85 to 0.93
12 NCI cancer center 1.08 1.02 to 1.13 0.93 0.90 to 0.97 0.89 0.85 to 0.93
13 R/E composition 1.07 1.02 to 1.13 0.93 0.89 to 0.96 0.88 0.84 to 0.92

Women with colorectal cancer
Baseline 1.34 1.28 to 1.41 1.00 0.97 to 1.04 0.92 0.88 to 0.96
1 Stage at diagnosis 1.19 1.13 to 1.24 0.97 0.93 to 1.01 0.90 0.86 to 0.94
2 Marital status 1.14 1.09 to 1.20 0.96 0.93 to 1.00 0.91 0.87 to 0.95
3 nSES 1.11 1.05 to 1.16 0.93 0.89 to 0.97 0.91 0.87 to 0.95
4 Surgery 1.07 1.02 to 1.12 0.91 0.88 to 0.95 0.90 0.86 to 0.94
5 Subsite 1.06 1.01 to 1.11 0.91 0.88 to 0.95 0.91 0.87 to 0.95
6 Tumor size 1.06 1.01 to 1.11 0.91 0.88 to 0.95 0.91 0.87 to 0.95
7 SES composition 1.05 1.01 to 1.11 0.90 0.87 to 0.94 0.91 0.87 to 0.95
8 Insurance composition 1.05 1.01 to 1.11 0.90 0.87 to 0.94 0.91 0.87 to 0.95
9 nR/E composition 1.05 1.00 to 1.10 0.90 0.86 to 0.94 0.90 0.86 to 0.94
10 Health insurance status 1.05 1.00 to 1.10 0.89 0.85 to 0.92 0.89 0.85 to 0.94
11 Year of diagnosis 1.04 0.99 to 1.10 0.89 0.85 to 0.93 0.90 0.86 to 0.94
12 NCI cancer center 1.04 0.99 to 1.10 0.89 0.85 to 0.93 0.90 0.86 to 0.94
13 R/E composition 1.05 1.00 to 1.10 0.89 0.86 to 0.93 0.90 0.86 to 0.94

NOTE. Reference category: NHW patients.
Abbreviations: AAPI, Asian American and Pacific Islander; HR, hazard ratio. NCI, National Cancer Institute; NHW, non-Hispanic white; nR/E, neighborhood racial/ethnic
composition; nSES, neighborhood socioeconomic status; R/E, racial/ethnic; SES, socioeconomic status.
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Table A3. HRs With Addition of Covariables Into Multivariable Models, by Cancer Site, Sex, and AAPI Subgroup

Order Covariable

Chinese Japanese Filipino

HR 95% CI HR 95% CI HR 95% CI

Breast cancer
Baseline 0.80 0.73 to 0.87 0.61 0.53 to 0.71 0.99 0.92 to 1.07
1 Stage at diagnosis 0.86 0.78 to 0.94 0.70 0.61 to 0.81 0.95 0.88 to 1.03
2 Surgery 0.87 0.79 to 0.95 0.69 0.60 to 0.80 0.96 0.89 to 1.04
3 nSES 0.89 0.81 to 0.97 0.71 0.61 to 0.82 0.94 0.87 to 1.01
4 Tumor size 0.89 0.81 to 0.97 0.71 0.61 to 0.82 0.89 0.82 to 0.96
5 HR status 0.85 0.78 to 0.94 0.70 0.60 to 0.81 0.86 0.80 to 0.93
6 Marital status 0.87 0.79 to 0.95 0.70 0.61 to 0.81 0.87 0.81 to 0.94
7 Lymph nodes 0.87 0.79 to 0.96 0.70 0.61 to 0.81 0.88 0.81 to 0.94
8 Grade 0.86 0.78 to 0.94 0.70 0.61 to 0.82 0.86 0.80 to 0.93
9 SES composition 0.86 0.78 to 0.94 0.71 0.61 to 0.82 0.86 0.80 to 0.92
10 nR/E composition 0.82 0.74 to 0.90 0.69 0.59 to 0.80 0.82 0.76 to 0.88
11 Chemotherapy 0.82 0.74 to 0.90 0.69 0.59 to 0.80 0.82 0.76 to 0.89
12 R/E composition 0.80 0.73 to 0.88 0.68 0.59 to 0.79 0.81 0.75 to 0.87
13 Health insurance status 0.78 0.71 to 0.86 0.69 0.59 to 0.80 0.79 0.73 to 0.85
14 Insurance composition 0.79 0.71 to 0.86 0.69 0.59 to 0.80 0.78 0.72 to 0.85
15 Year of diagnosis 0.79 0.72 to 0.87 0.69 0.59 to 0.80 0.78 0.73 to 0.85

Prostate cancer
Baseline 0.64 0.56 to 0.74 0.61 0.50 to 0.75 0.92 0.82 to 1.04
1 Stage at diagnosis 0.59 0.51 to 0.67 0.55 0.45 to 0.68 0.78 0.69 to 0.87
2 Marital status 0.62 0.54 to 0.71 0.56 0.46 to 0.68 0.81 0.72 to 0.91
3 nSES 0.63 0.55 to 0.72 0.56 0.46 to 0.68 0.79 0.70 to 0.89
4 SES composition 0.63 0.55 to 0.72 0.56 0.46 to 0.69 0.79 0.70 to 0.88
5 Surgery 0.64 0.55 to 0.73 0.56 0.46 to 0.69 0.79 0.70 to 0.89
6 Insurance composition 0.64 0.56 to 0.73 0.56 0.46 to 0.68 0.79 0.70 to 0.89
7 Grade 0.64 0.56 to 0.73 0.56 0.46 to 0.68 0.76 0.68 to 0.86
8 Radiation 0.65 0.56 to 0.74 0.55 0.45 to 0.68 0.76 0.68 to 0.86
9 nR/E composition 0.62 0.54 to 0.71 0.54 0.44 to 0.66 0.73 0.65 to 0.83
10 NCI cancer center 0.63 0.55 to 0.72 0.55 0.45 to 0.67 0.73 0.65 to 0.83
11 R/E composition 0.62 0.54 to 0.71 0.54 0.44 to 0.66 0.72 0.64 to 0.82
12 Tumor size 0.62 0.54 to 0.71 0.54 0.44 to 0.66 0.72 0.64 to 0.82

Men with lung cancer
Baseline 0.82 0.79 to 0.85 0.96 0.89 to 1.04 0.91 0.87 to 0.95
1 Stage at diagnosis 0.74 0.71 to 0.77 0.89 0.82 to 0.96 0.82 0.79 to 0.86
2 nSES 0.74 0.71 to 0.78 0.90 0.84 to 0.98 0.82 0.78 to 0.86
3 Marital status 0.77 0.74 to 0.80 0.91 0.85 to 0.99 0.84 0.81 to 0.88
4 Histology 0.79 0.75 to 0.82 0.93 0.86 to 1.01 0.87 0.83 to 0.91
5 SES composition 0.79 0.76 to 0.83 0.94 0.87 to 1.01 0.87 0.83 to 0.91
6 Surgery 0.78 0.74 to 0.81 0.95 0.88 to 1.03 0.83 0.80 to 0.87
7 Tumor size 0.78 0.74 to 0.81 0.95 0.88 to 1.03 0.84 0.80 to 0.88
8 Health insurance status 0.78 0.74 to 0.81 0.95 0.88 to 1.02 0.84 0.80 to 0.88
9 Insurance composition 0.78 0.74 to 0.81 0.94 0.87 to 1.02 0.84 0.80 to 0.88
10 NCI cancer center 0.78 0.75 to 0.82 0.95 0.88 to 1.02 0.84 0.80 to 0.88
11 Chemotherapy 0.79 0.76 to 0.82 0.97 0.90 to 1.05 0.85 0.81 to 0.89
12 Year of diagnosis 0.79 0.76 to 0.83 0.97 0.90 to 1.05 0.85 0.81 to 0.89
13 nR/E composition 0.78 0.75 to 0.82 0.96 0.89 to 1.04 0.84 0.80 to 0.88
14 Radiation 0.78 0.74 to 0.81 0.95 0.88 to 1.03 0.83 0.80 to 0.87

Women with lung cancer
Baseline 0.76 0.72 to 0.8 0.95 0.88 to 1.02 0.75 0.71 to 0.80
1 Stage at diagnosis 0.63 0.60 to 0.67 0.86 0.80 to 0.93 0.66 0.63 to 0.70
2 nSES 0.64 0.61 to 0.68 0.87 0.81 to 0.94 0.66 0.62 to 0.70
3 Marital status 0.66 0.63 to 0.70 0.88 0.82 to 0.95 0.66 0.63 to 0.71
4 Histology 0.71 0.67 to 0.75 0.91 0.85 to 0.99 0.72 0.68 to 0.77
5 SES composition 0.71 0.67 to 0.75 0.92 0.85 to 0.99 0.72 0.68 to 0.77
6 Surgery 0.69 0.66 to 0.73 0.93 0.86 to 1.00 0.69 0.65 to 0.74
7 Tumor size 0.68 0.64 to 0.71 0.91 0.84 to 0.98 0.70 0.65 to 0.74
8 Health insurance status 0.67 0.63 to 0.70 0.90 0.84 to 0.97 0.69 0.65 to 0.73
9 Insurance composition 0.67 0.63 to 0.70 0.90 0.84 to 0.97 0.69 0.65 to 0.73
10 NCI cancer center 0.68 0.64 to 0.71 0.90 0.84 to 0.97 0.69 0.65 to 0.73
11 Chemotherapy 0.69 0.65 to 0.72 0.95 0.88 to 1.02 0.71 0.67 to 0.75
12 Year of diagnosis 0.69 0.65 to 0.73 0.95 0.88 to 1.02 0.71 0.67 to 0.76
13 nR/E composition 0.68 0.64 to 0.71 0.94 0.87 to 1.01 0.70 0.66 to 0.74
14 Radiation 0.67 0.63 to 0.71 0.94 0.87 to 1.01 0.69 0.65 to 0.73
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Table A3. HRs With Addition of Covariables Into Multivariable Models, by Cancer Site, Sex, and AAPI Subgroup (continued)

Order Covariable

Chinese Japanese Filipino

HR 95% CI HR 95% CI HR 95% CI

Men with colorectal cancer
Baseline 0.78 0.73 to 0.85 0.94 0.85 to 1.05 0.93 0.86 to 1.01
1 Stage at diagnosis 0.78 0.72 to 0.84 0.91 0.82 to 1.01 0.92 0.85 to 1.00
2 Marital status 0.81 0.75 to 0.87 0.92 0.83 to 1.03 0.96 0.88 to 1.04
3 nSES 0.81 0.75 to 0.88 0.93 0.84 to 1.03 0.94 0.87 to 1.02
4 Surgery 0.80 0.74 to 0.87 0.90 0.81 to 1.00 0.90 0.83 to 0.98
5 Subsite 0.82 0.76 to 0.89 0.92 0.83 to 1.02 0.94 0.86 to 1.02
6 Tumor size 0.83 0.76 to 0.89 0.92 0.83 to 1.02 0.94 0.86 to 1.02
7 SES composition 0.82 0.76 to 0.89 0.93 0.83 to 1.03 0.94 0.86 to 1.02
8 Insurance composition 0.82 0.76 to 0.89 0.93 0.83 to 1.03 0.94 0.86 to 1.02
9 nR/E composition 0.81 0.75 to 0.88 0.92 0.83 to 1.02 0.92 0.85 to 1.01
10 Health insurance status 0.81 0.74 to 0.87 0.92 0.83 to 1.02 0.92 0.84 to 1.00
11 Year of diagnosis 0.81 0.75 to 0.88 0.91 0.82 to 1.01 0.92 0.85 to 1.00
12 NCI cancer center 0.81 0.75 to 0.88 0.91 0.82 to 1.02 0.92 0.85 to 1.01
13 R/E composition 0.80 0.74 to 0.87 0.91 0.82 to 1.01 0.92 0.84 to 1.00

Women with colorectal cancer
Baseline 0.84 0.78 to 0.91 0.83 0.75 to 0.92 0.92 0.85 to 1.00
1 Stage at diagnosis 0.86 0.80 to 0.93 0.84 0.76 to 0.93 0.89 0.82 to 0.96
2 Marital status 0.88 0.82 to 0.95 0.84 0.76 to 0.93 0.90 0.83 to 0.98
3 nSES 0.88 0.82 to 0.95 0.85 0.76 to 0.94 0.90 0.82 to 0.97
4 Surgery 0.90 0.84 to 0.97 0.84 0.76 to 0.93 0.87 0.80 to 0.95
5 Subsite 0.92 0.85 to 0.99 0.85 0.76 to 0.94 0.89 0.82 to 0.97
6 Tumor size 0.92 0.85 to 0.99 0.85 0.76 to 0.94 0.89 0.82 to 0.97
7 SES composition 0.92 0.85 to 0.99 0.85 0.77 to 0.94 0.89 0.82 to 0.97
8 Insurance composition 0.92 0.86 to 0.99 0.85 0.76 to 0.94 0.89 0.82 to 0.97
9 nR/E composition 0.91 0.85 to 0.99 0.84 0.76 to 0.93 0.88 0.81 to 0.96
10 Health insurance status 0.91 0.84 to 0.98 0.84 0.76 to 0.93 0.87 0.80 to 0.95
11 Year of diagnosis 0.91 0.84 to 0.98 0.83 0.75 to 0.93 0.88 0.80 to 0.96
12 NCI cancer center 0.91 0.84 to 0.98 0.84 0.75 to 0.93 0.88 0.75 to 0.93
13 R/E composition 0.92 0.85 to 0.99 0.84 0.76 to 0.93 0.88 0.81 to 0.96

NOTE. Reference category: NHW patients.
Abbreviations: AAPI, Asian American and Pacific Islander; HR, hazard ratio. NCI, National Cancer Institute; NHW, non-Hispanic white; nR/E, neighborhood racial/ethnic
composition; nSES, neighborhood socioeconomic status; R/E, racial/ethnic; SES, socioeconomic status.
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