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Abstract

Purpose—Despite significant improvements in treatment for ovarian cancer, survival is poorer 

for non-Hispanic black (NHB) women compared to non-Hispanic white (NHW) women. 

Neighborhood socioeconomic status (SES) has been implicated in racial disparities across a 

variety of health outcomes and may similarly contribute to racial disparities in ovarian cancer 

survival. The purpose of this analysis is to assess the influence of neighborhood SES on NHB-

NHW survival differences after accounting for differences in tumor characteristics and in 

treatment.

Methods—Data were obtained from 2432 women (443 NHB and 1989 NHW) diagnosed with 

epithelial ovarian cancer in Cook County, Illinois between 1998 and 2007. Neighborhood (i.e., 

census tract) SES at the time of diagnosis was calculated for each woman using two well-

established composite measures of affluence and disadvantage. Cox proportional hazard models 

measured the association between NHB race and survival after adjusting for age, tumor 

characteristics, treatment, year of diagnosis, and neighborhood SES.

Results—There was a strong association between ovarian cancer survival and both measures of 

neighborhood SES (P < .0001 for both affluence and disadvantage). After adjusting for age, tumor 

characteristics, treatment, and year of diagnosis, NHB were more likely than NHW to die of 

ovarian cancer (hazard ratio [HR] = 1.47, 95% confidence interval [CI]: 1.28–1.68). The inclusion 
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of neighborhood affluence and disadvantage into models separately and together attenuated this 

risk (HRaffluence = 1.37, 95% CI: 1.18 –1.58; HRdisadvantage = 1.28, 95% CI: 1.08–1.52; and 

HRaffluence + disadvantage = 1.28, 95% CI: 1.08–1.52.

Conclusions—Neighborhood SES, as measured by composite measures of affluence and 

disadvantage, is a predictor of survival in women diagnosed with ovarian cancer in Cook County, 

Illinois and may contribute to the racial disparity in survival.
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Introduction

Ovarian cancer is the most lethal gynecologic cancer and the fifth-leading cause of cancer 

deaths among women in the United States. [1]. In 2014, an estimated 21,980 incident cases 

and 14,270 deaths occurred in the United States. [2]. Whereas non-Hispanic white (NHW) 

women are at a 30% greater risk of developing ovarian cancer compared to non-Hispanic 

blacks (NHBs) [3], NHB have significantly poorer survival [3–5], and evidence suggests 

this disparity is increasing [2,6–8]. Racial disparities in survival from breast [9], prostate 

[10], and colorectal [11] cancer have been attributed to racial differences in screening rates, 

which lead to later-stage diagnoses in NHBs. However, ovarian cancer lacks a population-

based screening mechanism [12], and findings on racial differences in stage at diagnosis are 

inconsistent [5,8,13,14]. Even when diagnosed at similar stages, NHB women have 

consistently poorer survival than NHWs [4,6].

This survival disparity is partly due to racial differences in patient characteristics, in which 

NHBs have more aggressive tumors [15], a poorer response to treatment [16,17], more 

limited access to high-quality medical facilities and providers [18], and a lower availability 

and uptake of treatments than NHWs [6,19,20]. Although these individual-level factors play 

a role in ovarian cancer survival, they may not fully account for the differential survival 

observed between NHBs and NHWs, as contextual factors may also contribute to this 

disparity [21–23]. One important contextual factor is neighborhood socioeconomic status 

(SES). Area-level measures of SES, including neighborhood SES, have been associated with 

a variety of health outcomes [24–28]. Significant associations have been observed between 

components of neighborhood SES and breast cancer screening [29], ovarian cancer tumor 

characteristics [15], and breast [30–33], ovarian [34], and prostate [35] cancer outcomes. 

Moreover, the effects of area-level SES appear to differ by race, with some studies reporting 

stronger associations for NHB than for other racial or ethnic groups [29,36,37]. To our 

knowledge, comprehensive measures of neighborhood SES have not been evaluated in 

association with racial disparities in survival from ovarian cancer.

Neighborhood SES provides a contextual basis that may positively or negatively influence 

ovarian cancer survival independent of individual-level factors [38]. For example, affluent 

neighborhoods may have strong social networks, whose members have greater knowledge of 

and access to advances in health care [39,40]. Conversely, disadvantaged neighborhoods 

may present barriers to seeking and receiving health care [41,42], which may result in 
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poorer overall health and increased psychosocial vulnerability for their residents [43]. In 

addition, neighborhood SES may influence survival through its effect on the type and 

availability of treatment. Timely and aggressive treatment is essential to prolonging survival 

in women with ovarian cancer [44–46], and the presence or absence of factors impacting 

treatment, such as access to care [47], ability to pay for care [48], or quality of care [18], 

may cluster geographically.

Cook County, the location of the city of Chicago, is the second most populous county in the 

United States. It is a demographically diverse geographic area containing 1344 census tracts, 

of which 866 are in the city of Chicago and 478 are in suburban Cook County [49]. Cook 

County is highly racially and economically segregated. In 2000, the county’s black 

Dissimilarity Index [50] was 75.9% in suburban Cook County and 85.6% in Chicago [51], 

which exceeded other U.S. metropolitan areas with the exception of Milwaukee and Detroit 

[52]. More than one-third of Cook County’s census tracts (n = 495) are designated by the 

U.S. Department of Health and Human Services [53] as Medically Underserved Areas or 

Populations.

Concentrated affluence [54] and concentrated disadvantage [55] are comprehensive and 

complementary measures of neighborhood SES based on the concept of “ecological 

differentiation.” One aspect of ecological differentiation is the “economic stratification” that 

characterizes neighborhood concentrations of disadvantage or affluence [54,56]. 

Neighborhoods that lack economic resources also tend to be deficient in other areas such as 

education, employment, and health care [57]. By contrast, neighborhoods with greater 

physical capital, such as good housing and schools, tend to have residents with greater 

economic means, higher educational attainment, and greater overall access to resources [58].

The purpose of this analysis is to assess whether racial disparities in survival existed in NHB 

and NHW women diagnosed with ovarian cancer in Cook County, Illinois from 1998 to 

2007 using two measures of neighborhood SES, concentrated affluence and disadvantage. 

We also examined whether neighborhood SES contributed to any observed survival 

disparity after accounting for individual-level treatment and clinical characteristics.

Materials and methods

Study population

This study was reviewed and approved by the Institutional Review Board of the University 

of Illinois at Chicago, and the Illinois Public Health Department, Illinois State Cancer 

Registry (ISCR). Cancer registry data for eligible ovarian cancer cases diagnosed between 

January 1, 1998 and July 11, 2007 in Cook County, Illinois were obtained from the ISCR. 

ISCR is the only source of population-based cancer incidence data for the state of Illinois 

[59], and data for diagnosis years 1998 through 2007 are estimated to be 98%–100% [60] 

complete based on North American Association of Central Cancer Registry certification. 

Cases of invasive epithelial ovarian cancer (ovarian cancer) were eligible for inclusion if 

they were 20 years or older at diagnosis and either NHB or NHW. Eligible histology codes 

included International Classification of Diseases for Oncology, Third Edition (ICD-O-3) 

histology codes (ICD-O-2 for diagnoses before 2001) for epithelial ovarian cancer 
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(specifically, ICD-O-3 codes 8010–8046, 8441–8442, 8460–8462, 8470–8472, 8480–8482, 

8380–8382, 8140–8260, 8050–8074, 8562, 8120, 8130, 9014, 8313, 9015, 8800, 8801, 

9000, 8310, 8323, 8440, 8450, 8490, 8570, and 8574) [3].

Data were available for all cases on age, race, Hispanic ethnicity, and Surveillance 

Epidemiology and End Results (SEER) general summary stage at diagnosis [61]. Vital status 

was available through July 11, 2012. First course treatment data, based on Facility Oncology 

Registry Data Standards, were available for all cases diagnosed in 1998–2002 and 2004–

2009. Because treatment information was not available for cases diagnosed in 2003, these 

cases were not included in the analytical sample. Among the 2795 eligible cases available 

for analysis, 359 were excluded because they lacked information on treatment (262 were 

diagnosed in 2003, when no treatment data were collected, and 97 were missing treatment 

data despite availability) or did not have valid FIPS (Federal Information Processing 

Standards) codes (n = 4). The final sample included 2432 women (1989 NHWs and 443 

NHBs). Data were available for the following clinical characteristics: age at diagnosis, stage 

at diagnosis, tumor grade, year of diagnosis, type of surgical treatment, type of 

chemotherapy treatment, and patient vital status.

Vital status

Cancer-specific mortality was not available for analysis; therefore, all-cause mortality was 

used. Because most women with ovarian cancer die of the disease or disease-related 

complications, all-cause mortality is considered a reasonable estimate of cancer-specific 

survival for ovarian cancer [3,62]. Five-year survival time was calculated by subtracting the 

date of ovarian cancer diagnosis from the date of death or censoring (≤5 or >5 years). Vital 

status was assigned as alive or dead based on vital status reported through July 11, 2012.

Variables

Both neighborhood SES index variables were constructed using U.S. Census data. Patient 

addresses were geocoded using ArcGIS U.S. Street Locator (ESRI, 12.0; Redlands, CA) and 

matched to 2000 U.S. Census data to obtain the nine census variables used in the 

construction of these indices. Final affluence and disadvantage variables were created using 

methods identical to those used in Peterson et al. [15] that were developed previously 

[54,55]. Briefly, concentrated affluence (affluence) was constructed from the following three 

census variables: percent college educated, percent of families with incomes above $75,000, 

percent in managerial or professional occupations. Each factor was standardized to have a 

mean of 0 and SD of 1, then summed to create the final affluence variable. Concentrated 

disadvantage (disadvantage) was created similarly using the following six census variables: 

percent below poverty, percent unemployed, percent receiving public assistance, percent in 

female-headed households with children under 18 years, percent under 18 years, and percent 

NHB. Higher scores for each index variable represented greater concentrated affluence or 

greater concentrated disadvantage. Both variables were divided into quartiles, with the 

lowest quartile (Q1) serving as the reference level in multivariate models. These composite 

measures were used in place of separate SES measures, creating uncorrelated measures 

accounting for most of the variance with the included census variables [63].
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Stage at diagnosis was categorized as early stage (SEER summary stage I/II), late stage 

(SEER summary stage III/IV) and unknown or unstaged. Pathologic grade was categorized 

as low grade (well or moderately differentiated), high grade (poor or undifferentiated), or 

unknown or ungraded [4]. Surgical treatment was categorized as any surgery (debulking 

cytoreductive or other) or none. Chemotherapy was categorized as administered (multiagent, 

single agent, or other), recommended but not administered, or contraindicated. Year of 

diagnosis was included in multivariate models to account for changes in diagnostic 

procedures or effectiveness of treatments that may have affected survival over time [64] and 

divided into two periods roughly at the midpoint of the data (1998–2002 and 2004–2007) to 

account for the lack of treatment data for the year 2003. Age at diagnosis was included in all 

models (<50, 50–64, 65–74, and ≥75 years) [65].

Statistical analysis

The distribution of individual-level factors (i.e., age, stage, grade, year of diagnosis, receipt 

of surgical treatment, and chemotherapy) was examined by race, quartile of affluence, 

quartile of disadvantage, and treatment status. Differences in these distributions were tested 

using χ2 and t test statistics for categorical and continuous variables, respectively. The 

Cochran-Armitage test was used to evaluate the linear trend of these variables by quartile of 

affluence and quartile of disadvantage.

Six multivariate Cox proportional hazards models were constructed to measure the 

association between NHB race and survival, including (1) age-adjusted; (2) previous 

covariates plus tumor characteristics and diagnosis year; (3) previous covariates plus 

treatment; (4) previous covariates plus concentrated affluence; (5) previous covariates plus 

concentrated disadvantage (excluding concentrated affluence); and (6) previous covariates 

plus concentrated disadvantage and concentrated affluence. Interaction terms for treatment 

variables and indices of neighborhood SES, as well as race and both indices were evaluated. 

No violations of the proportional hazards assumption were observed (P-values for 

interaction with time ranged from .26 to .28). A sensitivity analysis exploring the potential 

impact of insurance status on survival was conducted by limiting the data to Medicare-

eligible women aged 65 years and older.

Statistical comparisons of all models were performed using log likelihood ratio methods. 

Statistical significance was set to P less than .05, and all analyses were conducted using SAS 

9.3 (SAS Institute Inc., Cary, NC). All statistical tests were two sided.

Results

A total of 300 of 443 (67.7%) NHB and 1055 of 1989 (53%) NHW women died (P <.0001) 

during the analysis period. Table 1 lists the distribution and association of patient 

characteristics by race and quartile of concentrated affluence and disadvantage. Mean 

survival was 0.7 years shorter for NHBs (P < .0001) than for NHWs, and median survival 

was 2.0 years for NHBs versus 4.2 years for NHWs (P < .0001). NHB were diagnosed at 

younger ages (60.1 vs. 62.8 years, P = 0.0004) and later stages of disease (69% vs. 60.8% at 

stage IV, P < .0001). Although fewer tumors in NHBs were high grade (38.4% vs. 43.8%, 

respectively), a larger proportion were unknown or ungraded (35% vs. 30.2% in NHWs). 
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NHB were less likely to receive surgery (P < .0001) and chemotherapy (P = .003); in 

addition, NHB lived in neighborhoods with significantly lower mean affluence scores (−2.0 

vs. 0.5, P < .0001) and higher mean disadvantage scores (7.0 vs. −1.6, respectively, P < .

0001). No difference was observed in year of diagnosis (P = .15).

The highest quartile of affluence was associated with a longer survival time (P <.0001), less 

advanced tumor stage (P =.002), and receipt of surgery and chemotherapy (P < .0001 for 

both). The opposite pattern was observed with respect to disadvantage: The highest quartile 

was associated with a shorter survival time (P <.0001), more advanced tumor stage (P =.

0003), and no surgery or chemotherapy (P < .0001 for both). Disadvantage was also 

associated with tumor grade, with an increasing proportion of ungraded tumors with 

increasing quartile of disadvantage (P =.02). Because the strongest effects of both affluence 

and disadvantage were observed in the highest quartile, these variables were evaluated as 

binary in subsequent Cox models, with the highest quartile compared with the lower three 

quartiles as the reference category.

Age-adjusted Cox proportional hazards models estimating the association between race 

(NHB vs. NHW) and ovarian cancer survival are listed in Table 2. NHB were more likely to 

die after diagnosis with ovarian cancer (model 1: hazard ratio [HR] = 1.84, 95% confidence 

interval [CI]: 1.62–2.09), which was similar after adjusting for tumor characteristics (model 

2: HR = 1.69, 95% CI: 1.48–1.92). The inclusion of treatment information reduced this risk 

slightly (model 3: HR = 1.47, 95% CI: 1.28–1.68), as did inclusion of neighborhood SES 

affluence and disadvantage (model 4: HR = 1.37, 95% CI: 1.18–1.58 and model 5: HR = 

1.28, 95% CI: 1.08–1.52). The HR for (model 6, which included both indices, remained 

unchanged from the previous model: HR = 1.28, 95% CI: 1.08–1.52). None of the 

interaction terms examined (i.e., treatment and affluence, treatment and disadvantage, race 

and affluence, and race and disadvantage) were significant. Survival differences between 

NHB and NHW begin immediately after diagnosis and persisted through the entire 5-year 

period examined (Fig. 1). Sensitivity analyses restricted to Medicare-eligible women to 

explore the potential effects of insurance demonstrated similar associations between NHB 

race and survival in all models (model 4: HR = 1.34, 95% CI: 1.09–1.64; model 5: HR = 

1.33, 95% CI: 1.06–1.69; and model 6: HR = 1.33, 95% CI: 1.05–1.68).

Discussion

These results demonstrate a significant disparity in survival between NHW and NHB 

diagnosed with ovarian cancer in highly segregated Cook County, Illinois, which is 

consistent with analyses of nationally representative data [4,6,66]. Survival disparities 

persisted after accounting for individual-level prognostic factors and treatment. Importantly, 

racial differences in treatment, as observed in this study and described in detail in our earlier 

work [20], contribute to the racial disparity in survival. Both neighborhood affluence and 

neighborhood disadvantage were significantly associated with survival. After accounting for 

these variables in separate models, the risk of death for NHB women was attenuated, 

although the HRs remained statistically significant. These results suggest that neighborhood 

SES may contribute to the racial disparity in survival among women diagnosed with ovarian 

cancer, which is consistent with a previous analysis examining the effects of neighborhood 

Brewer et al. Page 6

Ann Epidemiol. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



disadvantage on ovarian cancer-specific survival in a hospital-based study of cases 

diagnosed in Cook County, Illinois during an earlier time period [34]. The mechanisms 

through which neighborhood SES affects cancer survival are difficult to measure; however, 

we hypothesize several ways in which indicators of neighborhood affluence and 

disadvantage might influence ovarian cancer survival.

Neighborhood affluence is associated with healthier environments [67], better self-rated 

health [68], and higher levels of social support for residents [69], each of which improves 

cancer survival [70–72]. Neighborhood-level affluence and individual-level affluence are 

strongly correlated [69]. Affluent individuals possess greater economic resources and social 

capital, which enable them to avail themselves of the treatment advances associated with 

better cancer survival [39,40]. In addition, individual-level affluence is associated with 

private health insurance [73], which is associated in turn with greater access to gynecologic 

oncologists [74] and participation in clinical trials [75], factors that also result in improved 

ovarian cancer survival [76,77].

Neighborhood disadvantage has a negative effect on the overall environment and also on 

individual residents. Disadvantage at the neighborhood level creates an environment of 

physical and social disorder [78,79], producing conditions that challenge health-seeking 

behaviors [41,80–83], including delays in seeking timely care or treatment which negatively 

impacts cancer survival [84,85]. Residents of disadvantaged neighborhoods suffer from 

greater social isolation [86], which also adversely impacts health-seeking behaviors, in turn 

leading to later-stage diagnoses, suboptimal treatment [87], and increased cancer mortality 

[88]. Moreover, residents of disadvantaged neighborhoods are more likely to be 

disadvantaged themselves [67]. Individual-level disadvantage is associated with poor health 

care [83] and a greater number of comorbidities [89–92], both of which have been 

associated with suboptimal cancer treatment [93–95], failure to complete treatment [96], and 

treatment complications [95].

Finally, the decrease in the survival disparity after adjustment for the two measures of 

neighborhood SES may reflect underlying differences in a variety of factors that tend to 

cluster geographically, such as access and quality of care [18,47], cultural or religious 

beliefs [97,98], health-seeking behaviors, trust in health care providers [99], and 

environmental stress [100,101].

The use of two composite measures to reflect neighborhood SES is a strength of this 

analysis. Concentrated affluence is conceptually related to, but distinct from, concentrated 

disadvantage. While poverty has become more geographically concentrated, so has the 

concentration of high-level resources (i.e., education, occupation, and income) [54]. Rather 

than considering the distribution of socioeconomic resources on a continuum from highly 

disadvantaged to highly affluent, Sampson et al. [56] point out the need to separate affluence 

and disadvantage analytically. That is, it is not simply the absence of socioeconomic 

resources can negatively impact health; instead, the presence of socioeconomic resources 

may additionally exert a positive effect on health. Together, these measures reflect the 

contextual effect of neighborhood SES on the survival experience of women with ovarian 

cancer. Importantly, these two composite measures are more appropriate representations of 
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the construct of neighborhood SES than are single measures. Moreover, they address the 

problem of collinearity that occurs when multiple single-SES measures are used in 

multivariate models [99].

These findings should be interpreted in light of certain limitations. First, cases were limited 

women diagnosed with ovarian cancer exclusively in Cook County, Illinois, which may not 

be representative of other regions of the United States. Cook County is highly segregated 

geographically [52], so the effects of neighborhood SES in this region may be greater than 

such effects seen in other geographic areas. A second limitation is the unknown insurance 

status of patients, which has been shown to impact survival with ovarian and other cancers 

[4,35,102]. However, the sensitivity analysis restricted to Medicare-eligible women aged 65 

years and older [5] produced estimates similar to the original analysis.

In summary, neighborhood SES, as measured by concentrated affluence and concentrated 

disadvantage, was associated with significantly poorer survival for NHB women compared 

to NHW women. Our findings suggest a greater proportion of NHB women lived in 

neighborhoods with higher concentrated disadvantage and lower concentrated affluence, 

compared to NHWs. These results suggest that the contextual effect of neighborhood SES 

may partly explain the observed survival differences between NHB and NHW diagnosed 

with ovarian cancer. Further research should investigate how these contextual differences 

impact factors more proximate to survival, including patient-related factors (e.g., barriers to 

care, health-seeking behavior, religiosity, reasons for treatment refusal) as well patient-

provider characteristics (e.g., communication, mistrust, perceived racism).
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Fig. 1. 
Probability of survival by race after diagnosis with ovarian cancer, Cook County, Illinois, 

1998–2007.

Brewer et al. Page 14

Ann Epidemiol. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brewer et al. Page 15

T
ab

le
 1

Pe
rc

en
t d

is
tr

ib
ut

io
n 

an
d 

as
so

ci
at

io
n 

of
 p

at
ie

nt
 c

ha
ra

ct
er

is
tic

s,
 b

y 
ra

ce
 a

nd
 q

ua
rt

ile
*  

of
 a

ff
lu

en
ce

 a
nd

 d
is

ad
va

nt
ag

e 
(N

 =
 2

43
2)

V
ar

ia
bl

es
R

ac
e

B
y 

qu
ar

ti
le

 o
f 

af
fl

ue
nc

e 
sc

or
e

B
y 

qu
ar

ti
le

 o
f 

di
sa

dv
an

ta
ge

 s
co

re

N
H

W
N

H
B

P
1s

t
2n

d
3r

d
4t

h 
(h

ig
he

st
)

P
T

re
nd

1s
t

2n
d

3r
d

4t
h 

(h
ig

he
st

)
P

T
re

nd

n 
= 

19
89

 
(%

)
n 

= 
44

3 
(%

)
n 

= 
60

4 
(%

)
n 

= 
60

5 
(%

)
n 

= 
60

9 
(%

)
n 

= 
61

4 
(%

)
n 

= 
61

2 
(%

)
n 

= 
61

0 
(%

)
n 

= 
61

5 
(%

)
n 

= 
59

5 
(%

)

M
ea

n 
su

rv
iv

al
, y

3.
2

2.
5

<
.0

00
1

4.
5

4.
6

5.
5

5.
8

<
.0

00
1

5.
8

5.
9

4.
8

3.
9

<
.0

00
1

 
SD

1.
9

2.
0

4.
3

4.
4

4.
5

4.
6

4.
6

4.
6

4.
3

4.
2

 
M

ed
ia

n
4.

2
2.

0
2.

8
2.

9
4.

6
5.

3
5.

2
5.

4
3.

2
2.

2

M
ea

n 
ag

e,
 y

62
.8

60
.1

.0
00

4
61

.5
63

.8
61

.5
62

.3
.9

4
62

.9
61

.1
62

.8
62

.2
.8

7

 
SD

14
.5

14
.3

14
.8

14
.4

14
.6

14
.0

14
.6

14
.6

14
.3

14
.4

SE
E

R
 s

ta
ge

 a
t d

ia
gn

os
is

<
.0

00
1

.0
02

.0
00

3

 
E

ar
ly

 (
SE

E
R

 s
ta

ge
 I

 o
r 

II
)

62
7 

(3
1.

5)
92

 (
20

.7
)

17
0 

(2
8.

2)
16

4 
(2

7.
1)

19
9 

(3
2.

7)
18

6 
(3

0.
3)

19
6 

(3
2.

0)
20

8 
(3

4.
1)

17
4 

(2
8.

3)
14

1 
(2

3.
7)

 
L

at
e 

(S
E

E
R

 s
ta

ge
 I

II
 o

r 
IV

)
12

09
 (

60
.8

)
30

1 
(6

9.
0)

36
3 

(6
0.

1)
39

4 
(6

5.
1)

35
9 

(5
9.

0)
39

4 
(6

4.
2)

37
0 

(6
0.

5)
36

5 
(5

9.
8)

38
9 

(6
3.

3)
38

6 
(6

4.
9)

 
U

nk
no

w
n 

or
 u

ns
ta

ge
d

15
3 

(7
.7

)
50

 (
11

.3
)

71
 (

11
.7

)
47

 (
7.

8)
51

 (
8.

3)
34

 (
5.

5)
46

 (
7.

5)
37

 (
6.

1)
52

 (
8.

4)
68

 (
11

.4
)

Pa
th

ol
og

ic
 g

ra
de

.0
74

5
.1

2
.0

2

 
L

ow
 g

ra
de

51
7 

(2
6.

0)
11

8 
(2

6.
6)

15
9 

(2
6.

3)
16

0 
(2

6.
5)

16
3 

(2
6.

8)
15

3 
(2

4.
9)

15
1 

(2
4.

7)
17

5 
(2

8.
7)

16
5 

(2
6.

8)
14

4 
(2

4.
2)

 
H

ig
h 

gr
ad

e
87

1 
(4

3.
8)

17
0 

(3
8.

4)
23

3 
(3

8.
6)

25
7 

(4
2.

5)
26

4 
(4

3.
3)

28
7 

(4
6.

7)
27

5 
(4

4.
9)

27
4 

(4
4.

9)
25

5 
(4

1.
5)

23
7 

(3
9.

8)

 
U

nk
no

w
n

60
1 

(3
0.

2)
15

5 
(3

5.
0)

21
2 

(3
5.

1)
18

8 
(3

1.
0)

18
2 

(2
9.

9)
17

4 
(2

8.
3)

18
6 

(3
0.

4)
16

1 
(2

6.
4)

19
5 

(3
1.

7)
21

4 
(3

6.
0)

Y
ea

r 
of

 d
ia

gn
os

is
.1

47
1

.4
0

.0
1

 
E

ar
ly

 (
19

98
–2

00
2)

12
85

 (
64

.6
)

27
0 

(6
0.

9)
40

0 
(6

6.
2)

37
7 

(6
2.

3)
39

5 
(6

4.
9)

38
3 

(6
2.

4)
36

3 
(5

9.
3)

38
8 

(6
3.

6)
41

9 
(6

8.
1)

38
5 

(6
4.

7)

 
L

at
e 

(2
00

4–
20

07
)

70
4 

(3
5.

4)
17

3 
(3

9.
1)

20
4 

(3
3.

8)
22

8 
(3

7.
7)

21
4 

(3
5.

1)
23

1 
(3

7.
6)

24
9 

(4
0.

7)
22

2 
(3

6.
4)

19
6 

(3
1.

9)
21

0 
(3

5.
3)

Su
rg

er
y 

pe
rf

or
m

ed
<

.0
00

1
<

.0
00

1
<

.0
00

1

 
A

ny
16

46
 (

82
.8

)
29

2 
(6

5.
9)

45
1 

(7
4.

1)
46

7 
(7

7.
1)

50
2 

(8
3.

2)
51

8 
(8

4.
4)

52
5 

(8
5.

7)
52

9 
(8

6.
8)

48
4 

(7
8.

7)
40

0 
(6

7.
2)

 
N

on
e

34
3 

(1
7.

2)
15

1 
(3

4.
1)

15
8 

(2
5.

9)
13

9 
(2

2.
9)

10
1 

(1
6.

8)
96

 (
15

.6
)

87
 (

14
.3

)
81

 (
13

.3
)

13
1 

(2
1.

3)
19

5 
(3

2.
8)

C
he

m
ot

he
ra

py
 a

dm
in

is
te

re
d

.0
03

<
.0

00
1

<
.0

00
1

 
A

dm
in

is
te

re
d

13
44

 (
67

.6
)

26
3 

(5
9.

4)
34

8 
(5

7.
1)

40
3 

(6
6.

5)
41

1 
(6

8.
2)

44
5 

(7
2.

5)
43

6 
(7

1.
2)

41
5 

(6
8.

0)
41

3 
(6

7.
2)

34
3 

(5
7.

7)

 
R

ec
om

m
en

de
d 

bu
t n

ot
 

ad
m

in
is

te
re

d
36

 (
1.

8)
7 

(1
.6

)
11

 (
1.

8)
14

 (
2.

3)
11

 (
1.

8)
7 

(1
.1

)
11

 (
1.

8)
11

 (
1.

8)
10

 (
1.

6)
11

 (
1.

8)

 
C

on
tr

ai
nd

ic
at

ed
60

9 
(3

0.
6)

17
3 

(3
9.

1)
25

0 
(4

1.
1)

18
9 

(3
1.

2)
18

1 
(3

0.
0)

16
2 

(2
6.

4)
16

5 
(2

7.
0)

18
4 

(3
0.

2)
19

2 
(3

1.
2)

24
1 

(4
0.

5)

M
ea

n 
af

fl
ue

nc
e 

sc
or

e†
0.

5
−

2.
0

<
.0

00
1

−
3.

1
−

1.
4

0.
6

4.
0

<
.0

00
1

1.
6

0.
9

−
0.

1
−

2.
4

<
.0

00
1

Ann Epidemiol. Author manuscript; available in PMC 2016 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brewer et al. Page 16

V
ar

ia
bl

es
R

ac
e

B
y 

qu
ar

ti
le

 o
f 

af
fl

ue
nc

e 
sc

or
e

B
y 

qu
ar

ti
le

 o
f 

di
sa

dv
an

ta
ge

 s
co

re

N
H

W
N

H
B

P
1s

t
2n

d
3r

d
4t

h 
(h

ig
he

st
)

P
T

re
nd

1s
t

2n
d

3r
d

4t
h 

(h
ig

he
st

)
P

T
re

nd

n 
= 

19
89

 
(%

)
n 

= 
44

3 
(%

)
n 

= 
60

4 
(%

)
n 

= 
60

5 
(%

)
n 

= 
60

9 
(%

)
n 

= 
61

4 
(%

)
n 

= 
61

2 
(%

)
n 

= 
61

0 
(%

)
n 

= 
61

5 
(%

)
n 

= 
59

5 
(%

)

 
SD

2.
7

2.
1

0.
7

0.
5

0.
7

1.
6

2.
5

2.
3

2.
9

1.
5

M
ea

n 
di

sa
dv

an
ta

ge
 s

co
re

‡
−

1.
6

7.
0

<
.0

00
1

4.
8

−
0.

4
−

1.
8

−
2.

7
<

.0
00

1
−

3.
6

−
2.

2
−

0.
9

6.
7

<
.0

00
1

 
SD

2.
4

6.
5

6.
6

3.
2

1.
9

1.
5

0.
9

0.
3

0.
6

5.
5

Q
ua

rt
ile

 o
f 

af
fl

ue
nc

e
<

.0
00

1
—

—

 
H

ig
he

st
 (

4t
h 

Q
)

58
7 

(2
9.

5)
27

 (
6.

1)
—

—
—

—
—

—
—

—

 
3r

d
55

8 
(2

8.
0)

51
 (

11
.5

)
—

—
—

—
—

—
—

—

 
2n

d
48

7 
(2

4.
5)

11
8 

(2
6.

6)
—

—
—

—
—

—
—

—

 
1s

t
35

7 
(1

8.
0)

24
7 

(5
5.

8)
—

—
—

—
—

—
—

—

Q
ua

rt
ile

 o
f 

di
sa

dv
an

ta
ge

<
.0

00
1

—
—

 
H

ig
he

st
 (

4t
h 

Q
)

22
0 

(1
1.

1)
37

5 
(8

4.
7)

—
—

—
—

—
—

—
—

 
3r

d
58

1 
(2

9.
2)

34
 (

7.
7)

—
—

—
—

—
—

—
—

 
2n

d
59

7 
(3

0.
0)

13
 (

2.
9)

—
—

—
—

—
—

—
—

 
1s

t
59

1 
(2

9.
7)

21
 (

4.
7)

—
—

—
—

—
—

—
—

* A
ff

lu
en

ce
 a

nd
 d

is
ad

va
nt

ag
e 

di
vi

de
d 

in
to

 f
ou

rt
hs

 a
t t

he
 q

ua
rt

ile
s 

of
 th

e 
sa

m
pl

e 
di

st
ri

bu
tio

n.

† H
ig

he
r 

sc
or

es
 r

ef
le

ct
 g

re
at

er
 c

on
ce

nt
ra

te
d 

af
fl

ue
nc

e.

‡ H
ig

he
r 

sc
or

es
 r

ef
le

ct
 g

re
at

er
 c

on
ce

nt
ra

te
d 

di
sa

dv
an

ta
ge

.

Ann Epidemiol. Author manuscript; available in PMC 2016 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brewer et al. Page 17

T
ab

le
 2

H
R

 f
or

 N
H

B
 v

er
su

s 
N

H
W

 s
ur

vi
va

l a
m

on
g 

w
om

en
 w

ith
 o

va
ri

an
 c

an
ce

r,
 a

ll 
m

od
el

s 
ad

ju
st

ed
 f

or
 a

ge
 a

t d
ia

gn
os

is
 (

N
 =

 2
43

2)

V
ar

ia
bl

es
M

od
el

 1
M

od
el

 2
M

od
el

 3
M

od
el

 4
M

od
el

 5
M

od
el

 6

H
R

 (
95

%
 C

I)
H

R
 (

95
%

 C
I)

H
R

 (
95

%
 C

I)
H

R
 (

95
%

 C
I)

H
R

 (
95

%
 C

I)
H

R
 (

95
%

 C
I)

R
ac

e

 
N

H
W

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

 
N

H
B

1.
84

 (
1.

62
– 

2.
09

)
1.

69
 (

1.
48

–1
.9

2)
1.

47
 (

1.
28

–1
.6

8)
1.

37
 (

1.
18

–1
.5

8)
1.

28
 (

1.
08

–1
.5

2)
1.

28
 (

1.
08

–1
.5

2)

St
ag

e 
at

 d
ia

gn
os

is

 
E

ar
ly

 (
SE

E
R

 S
ta

ge
 I

 o
r 

II
)

—
1.

00
 (

re
fe

re
nc

e)
1.

00
 (

re
fe

re
nc

e)
1.

00
 (

re
fe

re
nc

e)
1.

00
 (

re
fe

re
nc

e)
1.

00
 (

re
fe

re
nc

e)

 
L

at
e 

(S
E

E
R

 S
ta

ge
 I

II
 o

r 
IV

)
—

5.
13

 (
4.

27
–6

.1
7)

4.
76

 (
3.

91
–5

.7
8)

4.
77

 (
3.

92
–5

.8
0)

4.
71

 (
3.

88
–5

.7
3)

4.
75

 (
3.

91
–5

.7
8)

 
O

th
er

 o
r 

un
st

ag
ed

—
3.

40
 (

2.
65

–4
.3

5)
2.

92
 (

2.
27

–3
.7

5)
2.

92
 (

2.
27

–3
.7

5)
2.

94
 (

2.
28

–3
.7

7)
2.

95
 (

2.
30

–3
.8

0)

Pa
th

ol
og

ic
 g

ra
de

 
L

ow
 g

ra
de

—
1.

00
 (

re
fe

re
nc

e)
1.

00
 (

re
fe

re
nc

e)
1.

00
 (

re
fe

re
nc

e)
1.

00
 (

re
fe

re
nc

e)
1.

00
 (

re
fe

re
nc

e)

 
H

ig
h 

gr
ad

e
—

1.
26

 (
1.

09
–1

.4
7)

1.
36

 (
1.

17
–1

.5
9)

1.
37

 (
1.

18
–1

.6
0)

1.
37

 (
1.

17
–1

.6
0)

1.
38

 (
1.

18
–1

.6
1)

 
O

th
er

 o
r 

un
kn

ow
n

—
1.

66
 (

1.
42

–1
.9

5)
1.

18
 (

1.
00

–1
.4

0)
1.

19
 (

1.
01

–1
.4

1)
1.

19
 (

1.
01

–1
.4

0)
1.

20
 (

1.
01

–1
.4

1)

Y
ea

r 
of

 d
ia

gn
os

is
*

 
E

ar
ly

 (
19

98
–2

00
2)

—
1.

00
 (

re
fe

re
nc

e)
1.

00
 (

re
fe

re
nc

e)
1.

00
 (

re
fe

re
nc

e)
1.

00
 (

re
fe

re
nc

e)
1.

00
 (

re
fe

re
nc

e)

 
L

at
e 

(2
00

4–
20

07
)

—
1.

01
 (

0.
91

–1
.1

3)
0.

99
 (

0.
88

–1
.1

1)
1.

01
 (

0.
90

–1
.1

3)
1.

02
 (

0.
91

–1
.1

4)
1.

02
 (

0.
91

–1
.1

5)

Su
rg

er
y 

pe
rf

or
m

ed

 
A

ny
—

—
1.

00
 (

re
fe

re
nc

e)
1.

00
 (

re
fe

re
nc

e)
1.

00
 (

re
fe

re
nc

e)
1.

00
 (

re
fe

re
nc

e)

 
N

on
e

—
—

3.
14

 (
2.

75
–3

.5
9)

3.
09

 (
2.

71
–3

.5
3)

3.
04

 (
2.

65
–3

.4
7)

3.
02

 (
2.

64
–3

.4
5)

C
he

m
ot

he
ra

py
 a

dm
in

is
te

re
d

 
A

dm
in

is
te

re
d

—
—

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

 
R

ec
om

m
en

de
d 

bu
t n

ot
 a

dm
in

is
te

re
d

—
—

2.
67

 (
1.

90
–3

.7
5)

2.
62

 (
1.

87
–3

.6
8)

2.
71

 (
1.

93
–3

.8
1)

2.
67

 (
1.

90
–3

.7
5)

 
C

on
tr

ai
nd

ic
at

ed
—

—
1.

44
 (

1.
26

–1
.6

5)
1.

43
 (

1.
25

–1
.6

4)
1.

41
 (

1.
24

–1
.6

1)
1.

43
 (

1.
25

–1
.6

3)

A
ff

lu
en

ce

 
1s

t q
ua

rt
ile

—
—

—
1.

00
 (

re
fe

re
nc

e)
—

1.
00

 (
re

fe
re

nc
e)

 
2n

d 
qu

ar
til

e
—

—
—

1.
08

 (
0.

93
–1

.2
6)

—
1.

15
 (

0.
98

–1
.3

5)

 
3r

d 
qu

ar
til

e
—

—
—

0.
91

 (
0.

78
–1

.0
7)

—
1.

02
 (

0.
85

–1
.2

1)

 
4t

h 
qu

ar
til

e 
(h

ig
he

st
)

—
—

—
0.

77
 (

0.
65

–0
.9

1)
—

0.
86

 (
0.

72
–1

.0
4)

D
is

ad
va

nt
ag

e

Ann Epidemiol. Author manuscript; available in PMC 2016 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brewer et al. Page 18

V
ar

ia
bl

es
M

od
el

 1
M

od
el

 2
M

od
el

 3
M

od
el

 4
M

od
el

 5
M

od
el

 6

H
R

 (
95

%
 C

I)
H

R
 (

95
%

 C
I)

H
R

 (
95

%
 C

I)
H

R
 (

95
%

 C
I)

H
R

 (
95

%
 C

I)
H

R
 (

95
%

 C
I)

 
1s

t q
ua

rt
ile

—
—

—
—

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

 
2n

d 
qu

ar
til

e
—

—
—

—
0.

97
 (

0.
82

–1
.1

4)
0.

96
 (

0.
82

–1
.1

3)

 
3r

d 
qu

ar
til

e
—

—
—

—
1.

25
 (

1.
07

–1
.4

6)
1.

21
 (

1.
03

–1
.4

3)

 
4t

h 
qu

ar
til

e 
(h

ig
he

st
)

—
—

—
—

1.
30

 (
1.

08
–1

.5
6)

1.
23

 (
1.

00
–1

.5
1)

A
ll 

m
od

el
s 

ad
ju

st
ed

 f
or

 a
ge

 in
 f

ou
r 

ca
te

go
ri

es
: l

es
s 

th
an

 5
0,

 5
0–

64
, 6

5–
74

, a
nd

 7
5 

ye
ar

s 
or

 m
or

e.

* Pa
tie

nt
s 

di
ag

no
se

d 
in

 2
00

3 
ex

cl
ud

ed
 d

ue
 to

 m
is

si
ng

 tr
ea

tm
en

t d
at

a.

Ann Epidemiol. Author manuscript; available in PMC 2016 August 01.


