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Abstract

Associations between race, socioeconomic status (SES) and health outcomes have been well
established. One of the ways in which race and SES affect health is by influencing one’s access to
resources, which confers ability to avoid or mitigate adverse outcomes. The fundamental cause of
disease approach argues that when a new screening tool is introduced, individuals with greater
resources tend to have better access to the innovation, thus benefiting from early detection and
leading to better survival. Conversely, when there is no established screening tool, racial and SES
differences in early detection may be less pronounced. Most ovarian cancer is diagnosed at
advanced stages, because of the lack of an effective screening tool and few early symptoms.
However, once detected, racial differences may still be observed in mortality and survival
outcomes. We examined the racial differences in diagnosis and survival among ovarian cancer
cases diagnosed during 1994-1998, in Cook County, lllinois (N=351).

There were no racial differences in the stage at diagnosis: 51.7% of white and 52.9% of black
women were diagnosed at later stages (I11 and 1V). Only age was associated with the stage at
diagnosis. Tumor characteristics also did not differ between white and black women. Compared to
white women, black women were less likely to be married, less educated, more frequently used
genital powder, had tubal ligation, and resided in higher poverty census tracts. As of December 31,
2005, 44.3% of white and 54.5% of black women had died of ovarian cancer. Controlling for
known confounding variables, the hazard ratio for ovarian cancer death between black and white
women was 2.2. The findings show that fundamental cause perspective provides a potential
framework to explore subtleties in racial disparities, with which broader social causes may be
accounted for in explaining post diagnosis racial differences.
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Introduction

Although the overall health status of the US population has improved over the past decades,
racial and socioeconomic differences in health outcomes have continued to exist (Margellos,
Silva, & Whitman, 2004; Williams & Collins, 2001). In fact, Berkman (2009) questions
whether we are losing ground in reducing socioeconomic disparities in health. Researchers
have argued that one’s social position, often characterized by race and SES, affects one’s
health status and outcomes (House & Williams, 2000; Shaw, Tunstall, & Smith, 2003;
Sudano & Baker, 2006). Link and Phelan argue that these social factors affect one’s access
to resources, such as knowledge, money, prestige, and social networks, which determines
the ability to avoid diseases and to prevent adverse outcomes (Link, Northridge, Phelan, &
Ganz, 1998; Link & Phelan, 1995, 2002). Consequently, when a new screening or treatment
tool is introduced, those who are socially advantaged tend to have better access to the
innovation, thus, are more likely to benefit from early detection and treatment.

Expanding this fundamental cause of disease approach, we ask an additional question
examining racial differences in ovarian cancer in the US. We argue that when there is no
effective screening tool, racial differences in diagnosis and detection are minimized. And
yet, once the disease is detected, blacks would have a higher rate of mortality and their
survival time would be significantly shorter compared to white counterparts. In this paper,
we examine two aspects of racial disparities in ovarian cancer outcomes in the US: detection
and survival. In the context of the fundamental cause of disease approach, we tested the
following hypotheses: 1) the stage at diagnosis of ovarian cancer will not be significantly
different between black and white women; however, 2) the length of survival from time of
diagnosis to death will be significantly shorter for black women compared to white women.

Background

Health disparities

Racial differences in health in the US have been well documented (Geronimus, Bound, &
Waidmann, 1999; House & Williams, 2000; Hummer, 1996). For the most part, blacks have
higher rates of morbidity and mortality compared to whites. Life expectancy at birth was
shorter for blacks (73.6 years) than for whites (78.5 years) in 2007 (Centers for Disease
Control and Prevention [CDC], 2008a). Although the overall age-adjusted mortality rates
have decreased for all Americans, the death rate of blacks was 1.3 times higher compared
with whites in 2006 (CDC, 2008a). Disease-specific mortality rates for a variety of illnesses
also have been higher among blacks than whites (Elo & Drevenstedt, 2004). For example,
higher cancer mortality rates for blacks than whites have been observed over time
(American cancer society [ACS], 2004; US Cancer Statistics Working Group, 2007). The
mortality rates for colorectal, prostate, breast, and cervical cancers among blacks have been
higher compared with the rates among whites, and the racial differences held true after
controlling for SES; and even in the highest SES strata, mortality rates were still higher for
blacks compared to whites (Chu, Miller, & Springfield, 2007). Furthermore, the racial
disparities in cancer mortality rates not only sustained in the periods of 1990-2000 in the
US, but for some cancer sites, the racial differences actually have widened.
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Fundamental cause approach

Fundamental cause of disease approach argues that differential social conditions between
racial and SES groups are underlying reasons for the persistent racial disparities in a broad
range of health indicators over time (Link et al., 1998; McKeown, 1976, 2005). The
fundamental cause perspective asserts that the ability to minimize adverse health outcomes
often depends on one’s resource accessibility (Link & Phelan, 1995). Generally, resources
influence health by facilitating lifestyle behaviors that favorably affect levels of exposure to
risk and protective factors to prevent diseases, improve health status, and mitigate adverse
outcomes (Link et al., 1998; Link & Phelan, 1995). Even if new treatment technologies
emerge over time, the gap in health outcomes between black and white racial groups may
remain unchanged, unless inequalities in access to resources are addressed (Link & Phelan,
2005).

In some instances, we observe a shift in the pattern of racial differences, as new information
or technology is introduced. For example, the mortality rate of lung cancer was higher for
whites than for blacks before the 1960s. The second report on the mortality of British
Doctors Study was published in 1956, and by then it was clearly concluded that smoking
increases the risk of lung cancer (Doll & Hill, 1956). After the knowledge regarding the
association between smoking and lung cancer was made available to the public in the mid
60s with the first Surgeon General’s report on smoking and health, the lung cancer mortality
rate has declined faster among whites than blacks (Schneiderman & Levin, 1972). In the mid
60s, the lung cancer mortality rate for blacks surpassed the rate for whites and this pattern
persists to this day (Horner et al., 2009).

SES and race are key components of social stratification particularly in the US (Massey,
2007). A frequent topic of recent health disparity research is: whether race is solely a marker
for one’s socioeconomic location or whether race represents additional social conditions,
such as discrimination or social exclusion, which may independently affect health outcomes
even after controlling for SES (Cummings & Jackson, 2008; Williams & Jackson, 2005;
Winkleby, Cubbin, Ahn, & Kraemer, 2006). But race and SES are often closely associated
and together influence one’s access to resources and exposure to risks (Chen, Martin, &
Matthews, 2006; Galea et al., 2007; Kawachi & Lochner, 2002).

Ovarian cancer epidemiology

Ovarian cancer is the fifth leading cause of female cancer deaths in the US; more than
22,000 women are diagnosed with ovarian cancer and 16,000 women die from the disease
each year (Jemal et al., 2009). Concerning ovarian cancer, incidence and mortality rates are
in fact higher for white women compared to the rates among black women. Between 2001
and 2005, the incidence rate was 14.3 per 100,000 white women and 10.1 per 100,000 black
women (Jemal et al., 2009). The annual ovarian cancer mortality rate was also higher for
white women (8.9 per 100,000) compared to the rate for black women (6.9 per 100,000)
(Horner et al., 2009). Globally, the ovarian cancer incidence rates are higher in highly
industrialized countries, such as Northern Europe (13.3 per 100,000) compared to the rates
in Africa, such as Eastern (5.8 per 100,000) or Northern (2.6 per 100,000) Africa (Parkin,
Bray, Ferlay, & Pisani, 2005).

The National Cancer Institute (NCI) defines cancer health disparities as “differences in the
incidence, prevalence, mortality, and burden of cancer and related adverse health conditions
that exist among specific population groups in the United States” (Center to Reduce Cancer
Health Disparities, 2009). Although incidence and mortality rates are useful indicators for
cancer disparities, these measures may miss subtle differences in cancer outcomes between
racial groups. For example, while the ovarian cancer incidence and mortality rates have been
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consistently higher for whites compared to blacks, the five-year relative survival rate was
lower in black women (37.5%) compared to white women (44.7%), between 1996 and 2003
(Horner et al., 2009).

A myriad of risk factors affect the incidence and survival of ovarian cancer. Family history
of ovarian cancer is negatively associated with survival (Kupelian et al., 2006; Whittemore,
Harris, & Itnyre, 1992; Yancik, 1993), and the risk of ovarian cancer, in general, increases
with age (Brescia & Dubin, 1989; Storey et al., 2008). Early age of menarche and hormone
replacement therapy (HRT) use have been reported to increase the risk of ovarian cancer
(Beral & Million Women Study Collaborators, 2007; Lacey et al., 2002; Modugno et al.,
2004). Although the findings are rather mixed, genital talcum powder use may increase the
risk of ovarian cancer (Gertrg et al., 2000; Huncharek, Geschwind, & Kupelnick, 2003). The
ovarian cancer risk decreases with the use of oral contraceptives, parity, and greater number
of lifetime ovulatory cycles (Adami et al., 1994; Robbins et al., 2009; Whittemore et al.,
1992). Other factors associated with ovarian cancer risk reduction are tubal ligation and
hysterectomy (Green et al., 1997; Hankinson et al., 1993; Wong & Singh, 2003).

Tumor characteristics are closely associated with prognosis of ovarian cancer. Stage of
disease at diagnosis, histologic grade, and extent of residual disease are known factors
affecting prognosis of ovarian cancer (Agarwal & Kaye, 2005; Winter et al., 2007). Ovarian
cancer cases are classified utilizing the International Federation of Gynecology and
Obstetrics (FIGO) staging system (Pecorelli, Benedet, Creasman, & Shepherd, 1999). Stage
I represents cancer limited to ovaries; Stage Il indicates disease contained within the pelvic
cavity; Stage 1l cancer has spread outside of the pelvis and into the peritoneal cavity; and
Stage IV specifies distant metastasis. Ovarian cancer is also classified according to the
histology of the tumor. Grade describes the degree of abnormality (differentiation), which
relates to the clinical behavior of tumor. Grade ranges from borderline, well-defined (Grade
1), moderately differentiated (grade 2), to poorly differentiated (Grade 3 and 4). Some cases
are not graded for various reasons (grade X) (Chen et al., 2003). Women diagnosed with
ovarian cancer at an earlier stage, where the tumor is localized and well-differentiated, tend
to have better prognosis.

Dietary patterns have been suggested to influence survival after a cancer diagnosis (Nagle et
al., 2003; Prentice et al., 2007). Indices of diet quality such as the recommended food score
(RFS), have been reported to be associated with survival outcomes for various types of
cancers, including ovarian cancer (Mai et al., 2005). The RFS is based on reported food
intake based on dietary guidelines, which emphasize consumption of fruits, vegetables,
whole grains, and lean meats (Mai et al., 2005; Dolecek et al., 2009). Dolecek and others
(2008 (2009) also reported that cured and red meat consumption was negatively and fruits
and vegetables were favorably associated with ovarian cancer survival.

The risk of ovarian cancer death increased among long-term (five or more years) estrogen
users (Danforth, et al., 2007). Early age of menarche and HRT use are also known to
negatively affect ovarian cancer prognosis (Beral & Million Women Study Collaborators,
2007; Lacey et al., 2002; Modugno et al., 2004).

Cancer survival may be also associated with quality of health care (Albain, Unger, Crowley,
Coltman, & Hershman, 2009; Hershman et al., 2009). Researchers argue that compared to
white women, black women are less likely to receive specialist consultation or surgery, more
likely to underuse therapy, and more likely to experience treatment delay (Du et al., 2008;
Hershman et al., 2009; Steyerberg, Earle, Neville, & Weeks, 2005). In addition, Hand and
colleagues (1991) found that urban hospitals with more poorly insured patients were
associated with late diagnoses of breast cancer. Higher volume hospitals, particularly the
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volume of specific procedures, seem to show better patient outcomes, indicating the
presence of more practiced care providers (Allareddy, Allareddy, & Konety, 2007; Shahian
& Normand, 2003). And, ethnic minorities were more likely to receive care in lower volume
hospitals and were less likely to be referred to specialists in high-volume hospitals compared
with white patients (Trivedi, Sequist, & Ayanian, 2006).

Often, early detection improves cancer outcomes and survival (Bast et al., 2007; CDC,
2008b; Jacobs & Menon, 2004). Unlike breast or cervical cancer, however, no effective and
reliable screening measures exist for ovarian cancer, resulting in delayed detection (Buys et
al., 2005; Calonge & US Preventive Services Task Force, 2004; Horner et al., 2009).
Additionally, ovarian cancer often exhibits very few early symptoms (Jacobs & Menon,
2004). The majority of ovarian cancer cases are detected after the cancer has already
metastasized (Buys et al., 2005), often resulting poor prognosis. Given these characteristics,
ovarian cancer presents a unique opportunity for exploring subtle racial disparities.

The study utilized data on women diagnosed with ovarian cancer who participated in a case-
control study. The original study included 351 women diagnosed with epithelial ovarian
cancer in Cook County, Illinois from June 1, 1994 through January 31, 1998. The ovarian
cancer patients were diagnosed in 47 hospitals located throughout Cook and surrounding
counties which included 291 census tract areas, ranging from 1 to 4 cases in each census
tract. All cases participating in the study underwent surgery as initial treatment. However,
additional information on follow-up treatment was not available for the cohort. The protocol
was approved by the University of Illinois at Chicago IRB.

To determine vital status of these cancer cases, a National Death Index (NDI) search was
conducted through 2005. From the NDI search, 70.1% (n=246) were matched to the death
files and 29.9% (n=105) were not matched. Of those matched cases, 161 cases were
documented as death from ovarian cancer.

We examined stage at diagnosis and length of survival from date of diagnosis to date of
death (or censored) for the ovarian cancer cases. The demographic variables, race (black vs.
white women), years of education, and marital status (currently married vs. other), were
included in the analysis. Case residential addresses at the time of diagnosis were geocoded
allowing census tract level percent of residents living below poverty line to be used as an
area-based measure of SES. We controlled for known characteristics associated with ovarian
cancer incidence and survival including: age at diagnosis, grade of tumor, and the presence
of residual lesions (greater than 2 cm vs. less than 2 cm). Other factors associated with
incidence and prognosis were also controlled for: smoking history, genital powder use, oral
contraceptive use, hormone use, familial cancer history, parity, age at menarche, length of
ovulatory period (LOP), tubal ligation, hysterectomy, and recommended food score.

Smoking history, genital power use, oral contraceptive use, and familial cancer history were
dichotomous variable (yes vs. no). Hormone use was a dichotomous variable indicating five
or more years of hormone use. Familial cancer history was a dichotomous variable on
whether or not the woman has any family members who had cancer. Parity was a four
ordinal category variable (none, 1, 2, and three or more). Age at menarche and
recommended food score were continuous variables. The recommended food score, a
measure that reflects optimal diet for cancer prevention, was calculated using information
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from a validated food frequency questionnaire which ascertained usual dietary intake (Block
et al., 1986; Mai et al., 2005).

To estimate the length of ovulatory period, we calculated the length of potential ovulatory
period in months: from age at menarche to age at the point of interview (or up to 50 years
old). We then subtracted months being pregnant, the length of time not having period after
pregnancy, and months of being on oral contraceptives from the potential ovulatory period.
Finally, the tertile (low, medium, and high) of the length of ovulatory period was examined
within age group (20-40, 41-50, and older than 51), to separate out the effects of age itself
from the length of ovulatory period.

Two health services related factors known to be associated with outcomes were included:
Annual number of patients served and the proportion of Medicaid patients, utilizing the
Research Oriented DataSet (RODS) (Hand et al., 1991). Three dummy variables (low,
medium, and high) were created for the percent of Medicaid patients.

We examined differences between black and white women in tumor characteristics (Table 1)
and risk factors (Table 2). Chi-square and t-tests were used to identify statistically
significant differences for these descriptive comparisons.

The two hypotheses were tested using a series of regression models. Ordinal regression
models were used to examine difference in stage at diagnosis (Stages | to 1V) by race. Model
I included demographic variables only. Individual level risk factors were added into Model
I1. The full model, Model 11, included hospital characteristics and the census level poverty
variable. Odds ratios with 95% confidence intervals for explanatory variables are presented
in Table 3. Cox proportional hazards regression analyses on survival time to event were
performed (years from diagnosis to death or censored) to predict survival differences
between the race groups (Table 4). Survival functions for black and white women were
compared, controlling for age at diagnosis, stage, residual lesion, and grade, marital status,
and education (Model I). We then entered other associated factors (Model I1). Finally,
hospital characteristics and the census level poverty variable were included (Model I11).

Secondary analyses were performed to explore the pattern of racial differences by stage at
diagnosis. The Cox regressions among early stage cases (Stages | and I1) and late stage cases
(Stages 111 and V) were compared.

Sample characteristics

Tables 1 and 2 summarize the comparisons of the cancer characteristics and outcomes
between black and white women. Overall, 84% were white women, and the mean age at
diagnosis was 52 years old. Women in later stages were significantly older. More than half
of women were diagnosed at later Stages (111 or 1V), and nearly 37% of the cases were
poorly differentiated or undifferentiated (Grades 3 and 4). More than 36% had 2 cm or
greater residual legions. None of these tumor characteristics differed by race.

Overall, 51% died (n=179) by the end of 2005. Of those, 90% were ovarian cancer deaths.
There were no significant racial differences in the stage distribution in the number cases and
deaths. Years of follow up ranged from 0.5 to 11.6 years. The proportion of deaths was
significantly higher for later stages for both race groups.
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White women were more likely than black women to be currently married and have
completed more years of education. Black women were more likely than white women to
reside in high poverty neighborhoods. Overall, 24% of women were nulliparous and 38%
had three or more children. Women with a family history of cancer accounted for 56.7% of
the sample. Mean age at menarche was 12.6 years old. The age-adjusted length of ovulatory
period did not differ by race group.

Nearly 55% of white women and 44% of black women had used oral contraceptives. Also,
8.5% of white women and 5.5% of black women had been on hormone therapy more than
five years. Black women were more likely (22%) than white women (11%) to have tubal
ligation. Over 91% of white women and 87% of black women had a history of
hysterectomy. Smoking history did not differ by race. On the other hand, black women were
significantly more likely (30%) than white women (11%) to have used genital powder. The
average recommended food score did not differ by race.

While the size of the hospital where women were diagnosed did not differ by race, the
proportion of Medicaid patients served was significantly different: On average, in hospitals
where black women were diagnosed, 25% of patients were on Medicaid, while 15% of
patients were on Medicaid in hospitals from which white women were diagnosed.

Stage at diagnosis

The ordinal logistic regression models (Table 3) showed the probabilities of being diagnosed
at each stage (Stages I to 1V). Race did not predict the stage at diagnosis. Age was positively
associated with the stage, older women being more likely to be diagnosed at a later stage.
All other variables showed no statistically significant associations with the stage at
diagnosis.

Length of survival

Table 4 describes three models examining the length of survival. Across the three models,
stage at diagnosis, tumor grade, and the size of the residual lesions were consistently
associated with mortality. In addition, the cumulative survival probability was significantly
lower for black women than for white women, after controlling for all other variables.
Figure 1 depicts the cumulative survival probability by race, controlling for confounding
factors.

Stage specific survival curves by race group are presented in Figures 2 and 3. The Cox
regression model for the early stage cases (Stages | and I1) showed that the cumulative
survival probability was significantly lower for black women compared to white women
(p=.020), controlling for all other variables. Although the survival curves for the late stage
cases (Stages Il and 1V) in figure 3 also showed the trend suggesting poorer survival for
black women than white women, but the pattern was not statistically significant (p=.058).

Discussion

The study findings demonstrated that the stage at diagnosis of ovarian cancer did not differ
by race, but the length of survival was significantly longer for white women than black
women. This difference in the survival outcome was observed particularly among the early
stage cases. Standard surveillance reports may overlook existing health disparities. The
ovarian cancer incidence and mortality rates are higher for white women compared to black
women. However, in spite of compatible profiles in the most powerful predictors, such as
stage and age at diagnosis, tumor grade, that are known to influence survival after an ovarian
cancer diagnosis, the black women in our sample demonstrated less favorable survival
outcomes than their white counterparts. Even with a variety of etiologic factors added in
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statistical models, the race effect on survival persisted. Further research is required to
identify mechanisms as to how these racial differences may occur.

Although the racial difference in the length of survival were observed in both early and late
stage cases, the difference was more profound among the cases diagnosed at early stages,
compared to the late stage cases (Figures 2 and 3). Although the confidence limits are wide,
the racial differences by stage are unlikely due to small sample size. These estimates are
controlled for a variety of confounding and prognostic factors, but there may be other
unmeasured factors at play. This is an observational study, and those unmeasured factors
may not be random. If replicable, this finding may imply a real disparity in the disease
process itself and the management of disease between black and white women when
diagnosed at the earlier stages. One of the reasons that the probability of ovarian cancer
death among the late stage cases did not differ by race may be due to the fact that existing
treatments are minimally effective for advanced ovarian cancer, regardless of factors
associated race or SES.

Racial differences in multiple factors, such as access to and quality of care, neighborhood
environments, and adherence to treatment, may affect cancer outcomes. These broader
contextual factors need to be taken into consideration in designing interventions to minimize
the disparity observed here (Howe et al., 2003; Webster et al., 2008). Previous studies
speculate that differential treatment recommendations may be a potential reason for higher
mortality rates among ethnic minorities (Chan et al., 2008; Howe et al., 2003). As Bilimoria
and colleagues (2009) concluded, the post-operative mortality of cancer patients was
improved with specialty surgeons compared to general surgeons across the cancer types.
Thus racial/ethnic differences in access to specialty surgeons may be a cause of disparities in
cancer survival. The lack of insurance may also interfere with obtaining optimal treatment.

Similarly, other differences between white and black women, such as diet, physical
activities, other behavioral factors, and health care utilization, may further influence ovarian
cancer outcomes, as observed in other diseases (Hu, Manson, & Stampfer, 2001; Ruder,
Dorgan, Kranz, Kris-Etherton, & Hartman, 2008 ; Stampfer, Hu, Manson, Rimm, & Willett,
2000). Health behaviors and lifestyle factors, however, are in large part shaped by one’s
level of social and economic resources (Link et al., 1998; Link & Phelan, 1995, 2002;
Phelan, Link, Diez-Roux, Kawachi, & Levin, 2004). Thus, pathways through which social
factors affect more proximal risks such as behaviors and environmental conditions need to
be further examined.

Finally, patterns of disease outcomes need to be thoughtfully monitored as the social and
medical environments change. Currently, more advanced methods of ovarian cancer
screening are under evaluation, such as trans-vaginal ultrasound and serum CA125 test (Bast
etal., 2007; Chu et al., 2007; Jacobs & Menon, 2004). With these new technologies, a key
issue that we may face in the near future is how to ensure all race groups benefit from new
tools.

Limitations and strengths

Although the results suggest racial differences in ovarian cancer survival, caution should be
made when interpreting our study findings for several reasons. First, the study sample is
healthier than the general population of epithelial ovarian cancer cases because these women
were well enough to participate in a case-control study, thus limiting the generalizability of
the study findings. This difference in the sample characteristics would undoubtedly
influence the survival outcomes. In addition, the issue of small sample size of black women
in the study cannot be ignored.
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Second, the lack of lifestyle and clinical data after diagnosis is another limitation. For
example, we know that all cases in the study sample received a surgery as an initial
treatment; however, information on care providers and quality that may affect survival
outcomes was unavailable.

Third, the survival follow-up by NDI search may have introduced potential misclassification
bias. The NDI database includes all death records in the US. And there is a small possibility
that some women may have moved out of the country and died, which may not have been
detected by the NDI search.

To counterbalance these limitations, there are also several strengths of the study. First,
unlike national level cancer registry data, the study dataset contained precise histo-pathology
classification for cases because the initial study recruitment required a second review by a
study gynecologic pathologist. Second, the study followed the sample over a ten-year
period, which enhanced statistical power. Third, the nature of the original case-control study
goals and objectives allowed inclusion of a vast number of potential variables that might be
relevant to both ovarian cancer etiology and survival.

Conclusion

This study found no racial differences in stage at diagnosis, and yet, significant racial
differences in survival, controlling for a wide range of confounding factors. Significant
efforts to reduce racial disparities in cancers with effective screening approaches have been
made over the past years (CDC, 2008b). Racial disparities in cancer outcomes are often
examined for cancer types for which screening methods are available (Pinkowish, 2009).
However, little attention has been given to racial differences in cancers without screening
options or when the stage at diagnosis may not differ by race. We provide an example where
the fundamental cause approach offers a framework to better pinpoint underlying disparities.
Often, ovarian cancer is not part of the health inequities discussion. However, when
descriptive data were carefully examined we observed that racial differences occurred even
when stage at diagnosis did not differ by race. It would be useful to better understand the
social factors behind these differences so that interventions can begin to ameliorate them.
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Figure 1.

Cox regression cumulative survival curve for ovarian cancer by race

* Controlled for stage, grade, residual lesion, age at diagnosis, years of education, marital
status, familial cancer, age at menarche, length of ovulation period, parity, smoking, oral
contraceptive use, hormone use, vaginal powder use, tubal ligation, hysterectomy,
recommended food score, % census level poverty, % of Medicaid patients, and humber of
patients served.
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Figures 2 & 3.

Within stage Cox regression cumulative survival curve for ovarian cancer by race

* Controlled for grade, residual lesion, age at diagnosis, years of education, marital status,
familial cancer, age at menarche, length of ovulation period, parity, smoking, oral
contraceptive use, hormone use, vaginal powder use, tubal ligation, hysterectomy,
recommended food score, % census level poverty, % of Medicaid patients, and humber of
patients served.
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Table 1

Distribution of selected characteristics of ovarian cancer cases by race

| Total | White | Black | p
Number of cases | 351 | 296 | 55 |
Mean age at diagnosis | 52.4 | 52.3 | 52.9 | n.s.
% Stage at diagnosis
Stage | 39.0 40.3 39.2
Stage Il 7.7 7.9 7.8 n.s.
Stage 111 42.7 44.1 43.1
Stage IV 7.7 7.6 9.8
Mean age by stage at diagnosis
Stage | 49.6 493 51.6
Stage Il 51.6 515 51.7 n.s.
Stage 111 54.9 55.0 54.5
Stage IV 56.2 56.7 54.0
% Grade
Borderline 20.2 20.9 16.4
Grade 1 10.8 10.5 12.7
ns.
Grade 2 20.5 19.9 23.6
Grade 3 & 4 36.8 37.8 30.9
Grade X 11.7 10.8 16.4
% Residual lesions
<2cm 63.6 63.8 62.7 n.s.
>=2cm 36.4 36.2 37.3
% Vital status
Ovarian cancer death 459 443 54.5
ns.
Other death 51 4.7 7.3
Alive 49.0 51.0 38.2
Mean length of survival | 6.7 years | 6.9 years | 5.8 years | <.05
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Table 2

Distribution of ovarian cancer risk factors by race

| Total | White | Black | p
Number of cases | 351 | 296 | 55 |
% Marital status
Currently married 56.7 61.8 29.1 <.01
Other 433 38.2 70.9
Mean years of education | 135 | 13.6 | 12.7 | <.05
Mean age at menarche | 12.6 | 12.6 | 124 | n.s.
% Parity
Nulliparous 24.2 23.6 27.3
1 child 16.2 16.9 12.7 ns.
2 children 214 21.6 20.0
3 or more children 38.2 37.8 40.0
% Length of ovulatory period
Low 33.0 321 38.2
n.s.
Medium 339 35.1 27.3
High 33.0 328 345
% Familial cancer history | 56.7 | 58.8 | 455 | n.s
% Oral contraceptive use | 53.0 | 54.7 | 43.6 | n.s
% Hormone use, >=5yrs | 8.0 | 8.5 | 55 | n.s.
% Tubal ligation | 129 | 112 | 2138 | <05
% Hysterectomy | 90.5 | 91.2 | 87.0 | n.s
% Smoking history
Never 422 419 43.6
n.s.
Former 37.3 37.2 38.2
Current 20.5 20.9 18.2
% Genital powder use | 14.2 | 113 | 29.6 | <.01
Mean recommended food score | 7.95 | 7.98 | 7.76 | n.s.
% poverty for case residential census tract | 7.9 | 5.6 | 20.3 | <.01
Mean patient volume of diagnosing hospital | 21,220 | 21,141 | 21,640 | n.s.
% Medicaid patients of diagnosing hospital | 16.5 | 14.9 | 25.0 | n.s.
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Estimated odds ratio (95% CI) under ordinal regression models predicting ovariancancer stage at diagnosis

OR (95% ClI)

| Model | | Modern Model 111
Stage at diagnosis
Stage | (ref) - - -
Stage I1 2.8 (0.6, 12.4) 0.5 (0.02, 10.9) 2.4(0.1,80.1)
Stage 111 3.9(0.9, 17.5) 0.7 (0.03,15.7) 35(0.1, 116.4)
Stage IV 53.3 (11.1, 2555 | 10.0(0.4,2304) | 487 (1.4, 1689.7)"

Age at diagnosis

1.03 (1.01, 1.05)

*

1.03 (1.01, 1.06)

1.03 (1.01, 1.06)"

Black women | 1.1 (0.6, 2.0) | 1.0 (0.6, 1.9) | 1.2(0.6,2.7)
Years of education | 1.0(0.9, 1.0) | 1.0(0.9, 1.0) | 1.0(0.9, 1.0)
Currently married | 15 (L0, 2.3) | 14(0.9,2.2) | 13(0.8,2.1)
Familial cancer | | 0.7 (0.5,1.2) | 0.7(0.5,1.2)
Age at menarche 0.9 (0.8, 1.0) 0.9(0.8,1.1)
LoP

Low (ref) - -

Medium 13(0.7, 2.3) 12(0.7,2.1)

High 0.9(0.4,1.7) 0.8 (0.4, 1.6)
Parity

Nulliparous (ref) - -

1 child 1.2 (0.6, 2.5) 1.4(0.7, 2.8)

2 children 1.1(0.6,2.3) 1.3 (0.6, 2.5)

3 or more children 1.0 (0.5, 2.0) 1.0(05,2.1)
Smoking history | | 1.0 (0.6, 1.6) | 1.0(0.7, 1.6)
Oral contraceptive use | | 1.2(0.7,2.0) | 1.2(0.7,2.2)
Hormone use, >=5yrs | | 0.6(0.3,1.2) | 0.6 (0.3, 1.3)
Genital powder use | | 15(0.8,2.7) | 1.5(0.8,2.9)
Tubal ligation | | 0.9 (0.5, 1.8) | 0.9(0.4,1.7)
Hysterectomy | | 1.8(0.8, 4.0) | 1.9(0.9,4.3)
Recommended food score | | 1.0 (0.9, 1.0) | 1.0 (0.9, 1.0)
% Census level poverty | | | 1.0 (1.0, 1.0)
% Medicaid patients | | | 1.0 (1.0,1.0)
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| OR (95% Cl)
| Model | | Model 11 | Model 111
Annual number of patients | | | 1.0 (1.0,1.0)
*
p<.05
**
p<.01

Note: Model | and I are reduced models and Model 111 is the full model.
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Table 4

Cox regression models predicting ovarian cancer-specific mortality

HR (95% CI)

| Model | Model 11 Model 111
Stage at diagnosis
Stage | (ref) - - -
Stage Il 3.0(13,6.9)" 2.8(1.2,6.6) 28(1.2,6.7)"
Stage 111 6.1(32,11.6) | 6.2(3.2,121)" | 59(3.0,11.6)"
Stage IV 55(25,12.3)" | 5.0 (2.2,11.6)™ | 4.7 (2.0,10.9)"
Grade

Borderline (ref)

Grade 1 1.3(0.4,4.2) 2.1(0.6,7.8) 2.2(0.6,8.0)
Grade 2 40(15,106) | 6.0(2.0,17.9) | 65(2.2,19.7)*"
Grade 3/4 42(1.6,11.2)" | 6522, 192 | 6.8(2.3, 20.0)"
Grade X 57(20,15.6) | 7.2(2.3,22.3)" | 7.9 25, 24.5)
Residual lesions >=2 cm | 1.6 (1.0, 2.5)* | 1.7 (1.0, 2.6)* 1.7 (1.1, 2.8.)*
Age at diagnosis | 1.0 (1.0, 1.0) | 1.0 (1.0, 1.0) | 1.0 (1.0, 1.0)
Black women | 1711, 27)" | 213,34 | 22@1 4"
Years of education | 1.0 (10, 1.1) | 1.0 (L0, 1.1) | 1.0 (L0, 1.1)
Currently married | 1.1(0.8, 1.5) | 1.2(08,18) | 1.3(0.9, 1.9)
Familial cancer | | 0.9(0.6,1.2) | 0.9(0.6,1.2)
Age at menarche | | 0.9 (0.8, 1_0)* | 0.9(0.8,1.0)
LOP
Low (ref) - -
Medium 0.9 (0.6, 1.4) 1.0 (0.6, 1.5)
High 0.7 (0.4,1.2) 0.8 (0.5, 1.4)
Parity
Nulliparous (ref) - -
1 child 2.0 (1.1, 3.6)* 1.7 (09, 31)
2 children 0.8 (0.5, 1.5) 0.7 (0.4, 1.3)
3 or more children 0.7 (0.4,1.3) 0.6 (0.3,1.2)
Smoking history | | 1.0 (0.7, 1.4) | 11(0.7,15)
Oral contraceptive use | | 1.1(0.7,1.8) | 1.0(0.7,1.7)
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HR (95% CI)

|

|  Modelt | Modetnr | Model
Hormone use, >=5yrs | | 0.6 (0.3,1.0) | 0.4 (0.2, 0‘9)*
Genital powder use | | 0.8(0.5,1.4) | 0.8 (0.5,1.5)
Tubal ligation | | 1.0(0.6,1.7) | 1.0(0.6,1.7)
Hysterectomy | | 1.1(0.5,2.3) | 1.1(0.5,2.4)
Recommended food score | | 1.0 (0.9, 1.0) | 1.0 (0.9, 1.0)
% Census level poverty | | | 1.0 (1.0, 1.0)
% Medicaid patients | | | 1.0 (1.0, 1.0)
Number of patients served | | | 1.0 (1.0, 1.0)

*
p<.05

*

*
p<.01

Note: Model I and I1 are reduced models and Model 111 is the full model.
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