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Abstract

Purpose—Racial genetic admixture (RGA), a measure to account for ancestral genetic
background that correlates with individual's racial classification, could provide insights on
causation of racial disparity in endometrial cancer (EC). Our objective is to evaluate the
association of RGA with EC outcomes.

Methods—EC patients enrolled onto the GOG-210 protocol were eligible. A randomized
subcohort stratified by stage and self-reported race/ethnicity of black or white was used.
Genotyping was performed using custom-selected Ancestry Informative Markers to calculate
individual admixture estimates of African and European ancestral background.

Results—A total of 149 patients were evaluated (self-reported race: 70 black & 79 white). Mean
RGA for African ancestry for self-reported black patients was 0.65 (range 0.04-0.86); while mean
RGA for European ancestry for self-reported white patients was 0.77 (range 0.12-0.88).
Progression-free survival (PFS) analysis using proportional hazards models stratified by stage and
race revealed that each 0.10 increase in African ancestry was associated with worse PFS with
hazard ratio (HR) of 1.11 (95% CI 0.90-1.37). Each 0.10 increase in European RGA was
associated with improved PFS with HR of 0.86 (95% CI 0.69-1.07). Using tertiles of African
RGA showed increasing risk of progression of death with increasing African RGA (with 0-5% as
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reference), HR (95% Cls) for top two tertiles are: 6%—-66%: 1.38 (0.64, 2.97), and 67%—-86%: 2.27
(0.74, 6.95).

Conclusion—RGA demonstrated a trend with PFS in self-reported black and white patients with
EC. Patients with increased levels of African ancestry showed a trend towards worse survival after
stratifying by stage/race.
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1. Introduction

Endometrial cancer (EC) is the most common gynecological cancer and the fourth most
common cancer in women in the United States [1]. Racial and ethnic differences in
incidence, mortality and survival of EC have been reported, particularly between women of
African-American (AA) and European-American ancestry [2]. The specific etiologies
underlying racial/ethnic disparities in EC are not clear. Although the overall incidence of EC
is lower in black women when compared to whites, the survival rate is significantly lower in
black females. In a review of advanced/recurrent endometrial cancer, black women were 60—
80% more likely to die from EC when controlling for other variables such as performance
status, disease stage, tumor histology, tumor grade and treatment rendered [3]. However, it is
not clear if this disparity is related to biological differences or consequences of social,
economic or cultural environments [4]. The National Cancer Institute's Strategic Plan for
Leading the Nation calls to overcome cancer health disparities, including attempts to
“understand the factors that cause cancer health disparities.” Thus, the need for further
investigations to clarify the etiology of EC racial health disparity is imperative.

One critical question remains: how is race best defined? Although self-reported categorical
race facilitates the understanding of “at risk” population differences, genetic similarity
cannot be inferred solely on self-reported racial categories. As such, the greatest limitation
in studying racial disparity lies within the use of race as a categorical variable. In order to
understand and reduce racial-related health disparities in EC, we must investigate the factors
that historically relate and statistically correlate with racial classification. Genetic admixture
serves as a tool to estimate the genetic ancestral contributions to racial/ethnic classification
and therefore has the potential to provide insights into the etiology of racial disparities in
EC.

The genetic admixture approach reflects the historical experience of long-separated
European, African and Amerindian populations that intermixed during colonization of the
New World, passing autochthonous genetic information to newly created admixed
populations. Individuals of admixed background carry unique patterns of ancestral
information from each of the parental populations that contribute to their ancestral
background. Geneticvariants informative of ancestry are known as Ancestry Informative
Markers (AlMs), which are used to calculate estimates that reflect the proportion of ancestry
in individuals. Correlation of genetic admixture estimates with clinicopathologic factors
provide insight into the racial disparity that exists in EC. This approach has previously been
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used in the field of obesity and diabetes to more accurately explain racial/ethnic differences
in health related outcomes [5-8].
The present study evaluates the extent to which genetic admixture, as a measure to represent
the ancestral genetic component that underlies racial/ethnic classification, is related to
prognosis in individuals with EC.
2. Methods

The Gynecologic Oncology Group Protocol #210 (GOG-210) involved prospective
specimen collection from patients with EC for molecular staging. The goal was to use these
specimens to “identify the molecular characteristics of EC in order to develop accurate
models of risk and identify candidate targets for therapeutic intervention.” Patients who
consented to GOG-210, thereby allowing their surgical specimens and clinical data to be
used for future research, were eligible for this study. All patients selected for this study had
histologically proven stage -1V endometrioid endometrial cancer and were self-reported
“Black/African American” or “White/Caucasian” race, with sufficient tumor-free samples
for extracted DNA.

Tissue samples were obtained from the GOG Tissue Bank and reviewed by pathology to
confirm histology and determine sufficient high-quality tissue yield devoid of tumor cells.
DNA extraction was performed utilizing Qiagen DNA Midi kit for frozen tissue and EZ1
Extractor for formalin-fixed, paraffin-embedded tissue. After PCR amplification of genomic
DNA, the GoldenGate assay on the BeadXpress system (Illumina, Inc.) was used for
genotyping. The GoldenGate assay involves biotin-labeling of genomic DNA followed by
capture of the labeled DNA onto streptavidin-coated sepharose beads. An artificial
nucleotide-based molecule that contains universal priming sequences on either end and is
complementary to the target DNA sequence of interest is then created, amplified and
hybridized to holographically-labeled silica bars that form arrays with up to 30-fold
redundancy of each target to be interrogated. Once the array has been visualized with the
BeadXpress reader, wavelength and intensity values of the fluorescence are used to
determine genotype. A custom LIMS is used to track both samples and laboratory
throughput. Allele detection and genotype calling are performed using the GenomeStudio
software v3 (Illumina, Inc.) [9]. Genotyping was performed utilizing 140 custom selected
AIM panels previously used to estimate with precision the proportion of African,
Amerindian and European admixture in individuals that account for the biodiversity of the
samples and that reduce potential confounding from population stratification [10].
Maximum likelihood estimation is used to translate the information from the AIMs into
estimates of West African, Amerindian and European ancestral estimates for each participant
[11]. This method estimates the logarithms of the individual locus probabilities at all loci,
computes the probability of the observed genotype for every possible admixture proportion
from 0 to 100, and determines the maximum likelihood estimate of ancestry for each
parental population for every individual. The range of West African, Amerindian and
European ancestral estimates is from0.00 to 1.00, but the sum of the three estimates equals
1.00.

Gynecol Oncol. Author manuscript; available in PMC 2016 April 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rocconi et al.

3. Results

Page 4

A subcohort of patients using case-cohort design was randomly sampled by random number
generation from GOG-0210 and stratified by race and stage of disease in order to get
representation across all race and stage combinations [12,13]. The selection was limited to
patients who were self-reported black or white with endometrioid tumors. The sample size
was driven by budget constraints and respective utilization of DNA material for this pilot
project; however, the observed number of 53 PFS events yields approximately 80% power to
detect a hazard ratio (HR) of 2.2 for a binary exposure with a 50/50 split. Proportional
hazards models were used to compare PFS by RGA. Continuous levels of RGA were
analyzed by 10 percentage point differences, and tertiles of African RGA were also
compared. Models were analyzed four ways: stratified by stage, and stratified by stage and
race; and each with or without adjustment for body mass index (BMI). Analyses of
individual single-nucleotide polymorphism (SNP) were done using 0/1/2 values for the
genotype and were fully adjusted for admixture proportion with significance levels adjusted
using Bonferroni adjustment to account for multiple testing. Results were considered
statistically significant if two-sided p < 0.05 or if two-tailed 95% confidence intervals (Cis)
excluded the reference value; no adjustment for multiple testing was made except for the
case of the individual SNP data. [14,15]. Analysis of variance was used to compare age and
BMI between blacks and whites, and & — 1 degree of freedom chi-square tests (where k'is
the number of categories of the characteristic of interest) were used to compare performance
status, stage, and grade between blacks and whites.

3.1. Demographics

As of August 2010, a total of 3107 patients with endometrioid endometrial cancer with self-
reported black or white race and completed data entry were available from the GOG-210
protocol. Of these, 188 patients were randomly selected stratified by race and stage. A total
of 39 were ineligible, leaving 149 patients available for analysis in this pilot study. (Table 1).

The self-reported racial breakdown was 70 black patients and 79 white patients. Mean age
was 62.1 years, and 79% of patients had GOG performance status of zero. Groups were
similar with regard to age (61.7 years black; 62.4 years white), while mean body mass index
(BMI) was higher in black than in white patients (37.5 vs. 32.9 mg/m?2). The distribution of
grade was similar between black and white patients, and the distribution of stage was similar
but was determined by the stratification. (Table 2) Importantly, using baseline analysis of
self-reported race for the entire cohort (n = 3045), a racial disparity existed with five-year
PFS of 83% for white patients and 74% for black patients (log-rank p < 0.001). (Table 3 &
Fig. 1) The relationship of PFS with race and with BMI is shown for the full cohort and the
subcohort in Table 3, and the results are consistent between the two cohorts.

3.2. Racial genetic admixture

The proportion of calculated genetic admixture varied between self-reported groups. Mean
admixture for self-reported black patients was 65% African, 15% Amerindian and 20%
European ancestry. Self-reported white patients demonstrated 6% African, 16% Amerindian,
and 79% European ancestry. Mean (zSD) RGA for African ancestry for self-reported black
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patients was 0.65 + 0.19 (range 0.04-0.86); while mean (£SD) RGA for European ancestry
for self-reported white patients was 0.77 £ 0.12 (range 0.12-0.88). (Table 4 & Figs. 2A and
2B online) RGA was compared to age, BMI, performance status, stage and grade. However,
after adjustment for race, no differences across these groups were statistically significant.
(Table 5)

Analysis of PFS by RGA revealed that African ancestry (after stratification by self-reported
race and stage) had nonsignificantly worse PFS with HR of 1.11 (95% CI 0.90-1.37) for
each 0.10 increase in African admixture. European ancestry was nonsignificantly protective
with HR of 0.86 (95% CI 0.70-1.07) for each 0.10 increase in European admixture.
Analyses stratified by stage were similar to those stratified by stage and race, as were
models adjusted for BMI. (Table 6).

The trend towards increased hazard across the full range of African RGA is shown by
analyses using tertiles of African RGA. (Table 7 & Fig. 3) After stratification by stage and
race, relative to the lowest tertile (with African RGA of 0%-5%), the HRs (95% Cls) for
progression or death were 1.38 (0.64, 2.97) and 2.27 (0.74, 6.95) for patients with African
RGA of 6%—-66% and 67%-86%, respectively (overall p-value: 0.344). Five-year PFS (95%
Cls) were 68% (53%, 80%), 65% (49%, 76%), and 58% (40%, 72%) in tertiles 1, 2, and 3,
respectively. Analyses stratified by stage were similar to those stratified by stage and race, as
were models adjusted for BMI.

3.3. Analysis of individual SNPs

No individual SNPs were significantly associated with PFS after adjustment for RGA and
after Bonferroni correction for multiple testing (all adjusted p-values = 0.702).

4. Discussion

In a retrospective review of advanced/recurrent endometrial cancer, black women had worse
survival than white women (median 10.6 vs. 12.2 months, respectively; p < 0.001). This
disparity remained when controlling for other factors such as performance status, disease
stage, tumor histology, tumor grade and treatment rendered [3]. Our findings in the entire
cohort (n = 3045) was similar with 5-year PFS of 83% for white patients compared to 74%
for black patients (p < 0.001). One potential weakness of evaluating the entire cohort was
that these patients were not enrolled onto therapeutic clinical trials, and differences in
treatment could have contributed to this disparity.

Aspects traditionally known to differ between black and white patients have been considered
as possible causes of racial/ethnic disparities. Biological factors, such as stage, grade and
high-risk histology have been suggested to be the underlying etiology [4,16-19].

Environmental factors such as obesity, body composition, diet, and physical activity have
long been considered to be major risk factors for the development of EC and responsible for
health disparity [16-18]. Likewise, social factors such as lower socioeconomic status (SES),
lack of health insurance, and limited access to medical care has been associated with lower
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likelihood of surgery and thus responsible for differences in health outcomes for black
patients [20-24].

The greatest limitation in studying racial/ethnic disparities is the reliance on the use of race
as a categorical self-reported variable. Although there has been controversy regarding the
meaning of “race” in the biomedical arena, researchers agree that the true understanding of
the etiology of such disparities relies on the decomposition of race as a category into those
genetic aspects underlying its classification. Specifically, genetic similarity cannot be
inferred simply based on racial categories or phenotypical categories (black or white).

In our analysis, we confirmed this variation with a wide range of racial genetic admixture
seen amongst self-reported races. Self-reporting black patients had a mean (£SD) African
RGA of 0.65 (+0.19) ranging from0.04-0.86. Similarly, self-reported white patients had
mean European RGA of 0.77 (x0.12) ranging from 0.12-0.88. Considering the wide range
of RGA in this cohort adds credence to the importance of decomposition of race from
categorical variables (black, white) into continuous variables of genotyping racial admixture
ancestry. Importantly, our mean for each self-reported race falls within published literature
ranges. For example, the mean African admixture in our cohort of 65% was within the range
seen in published literature of 42-82%. Likewise, the mean European admixture in white
patients of 77% was also within the published reports range of 54-96% [7,8,24-29].

Thus, it is evident that in order to understand and reduce health disparities in EC, there is a
need to further investigate the interactions of genetic factors believed to influence racial/
ethnic differences. Racial/ethnic differences in complex traits exist even after adjusting for
non-biological factors; thereby, supporting the concept that genetic differences and their
interaction with environmental factors may underlie population differences in disease risk
[29]. Therefore, the goal of this study was to declassify racial/ethnic categorization by
investigating the effects of racial genetic admixture on EC outcomes.

In this investigation, we applied a model where racial categorization is decomposed in
genetic factors. We observed a trend of worsening PFS across increasing tertiles of African
RGA. After stratifying by stage and race, HRs (95% Cls) for PFS for the top two tertiles still
described a trend (6%—66% and 67%—-86% versus 0%—-5%) were 1.38 (0.64, 2.97) and 2.27
(0.74, 6.95), respectively. Sample size and power limitations could have impacted our ability
to detect statistically significant results, however this trend did support our hypothesis that
genetic definition of race could provide insight to cancer related endpoints.

It is noteworthy that the SNPs evaluated in this manuscript have only been validated to
estimate genetic ancestry and are not meant to be indicative of causation of endometrial
cancer outcomes. However, it is feasible that these SNPs could highlight specific
chromosomal regions of interest where further evaluation could detect causative genetic
alterations. Although a much more expansive approach would be needed to perform the
required “fine-mapping” of these areas of interest, it could represent a plausible
methodology for future directions.

While the association of RGA with PFS was not statistically significant in this small pilot
study, HRs of the magnitude seen within could mean real, substantial effects due to the
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genetics of race. Further examination of these results in more robust cohorts could help
elucidate these issues further. Nonetheless, the data within is thought provoking on how we
define race/ethnicity in cancer disparities. Considering that this publication examines genetic
calculation of race to cancer outcomes, this research is an important first step that coincides
with the NCI Strategic Plan for Leading the Nation: Objective #8 to Overcome Cancer
Health Disparities. Considering the correlative significance of the genetic calculation of
race, further study in this arena is vital in unraveling the etiology of racial disparity in
endometrial cancer, improving patient outcomes and hopefully eliminating this racial
disparity in the future.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

« Racial genetic admixture offers a different methodology of evaluating racial

disparities.

» Racial genetic admixture demonstrated a trend with survival in endometrial

cancer patients.

» Patients with increased African ancestry trended towards worse survival.
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Fig. 1.

Progression free survival by self-reported race for all patients in the GOG 210 cohort.
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Hazard ratios for progression free survival by the Tertile of African Racial Genetic
Admixture Score.
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Patient selection for analysis.

Table 1

Self-reported In the original Selected for  Eligible for subcohort with

race stage GOG-0210 cohort®  subcohort admixture doneb
(min) (m/n) (m/n)

African-American

1 28/185 3/20 1/16

2 10/32 10/32 10/24

3 15/32 15/31 10/23

4 6/10 6/10 4/7

White

1 268/2230 4/19 4/17

2 39/203 4/19 3/14

3 111/351 6/23 6/21

4 41/64 19/34 15/27

Total 518/3107 67/188 53/149

m = number with PFS event in strata.
n = number in specified strata.

a . . . .
Black and white patients with endometrioid tumors.

Page 13

b, . . . . . ]
Thirty-nine patients chosen for the subcohort were not included. The non-mutually exclusive reasons were: 2 withdrew consent, 5 were not

deemed to be endometrioid cell type based on central pathology review, and 34 were not assayed for RGA.
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Table 2

Baseline characteristics by self-reported race for patients.

Black White
(n=70) (n=79)
Age, years
Mean (SE) 61.7 (1.39) 62.4 (1.33)
Median (25th, 75th) 61.6 (53.5,69.5) 60.5 (55.5, 69.7)
BMI, kg/m?
Mean (SE) 37.5(1.18) 32.9(0.93)
Median (25th, 75th) 35.4(31.0,46.2) 31.3(27.5,37.7)
Performance Status, n (%)
0 51 (73%) 66 (84%)
1 17 (24%) 13 (16%)
2 2 (3%) 0 (0%)
Stage, n (%)
I 16 (23%) 17 (22%)
I 24 (34%) 14 (18%)
I 23 (33%) 21 (27%)
v 7 (10%) 27 (34%)
Grade, n (%)
1 15 (22%) 20 (25%)
2 21 (30%) 21 (27%)
3 33 (48%) 38 (48%)

SE: standard error, 25th and 75th are the 25th and 75th percentiles, and BMI: body mass index.

Note: One black patient missing grade.
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Table 3

Comparison of race and BMI results for progression-free survival in full cohort (n = 3045)4 and subcohort (n =
149).

Variable/cohort HR (95% ClI)

Stratified by stage  Stratified by stage and race

Race (Black)

Full cohort 1.49 (1.13, 1.98) Not applicable
Subcohort 1.36 (0.76, 2.42) Not applicable

BMI (1 kg/m2)
Full cohort 0.996 (0.986, 1.006)  0.994 (0.984, 1.004)
Subcohort 0.998 (0.969, 1.028)  0.992 (0.959, 1.025)

aOf the 3107 patients in the original cohort (see Table 1), 62 patients were excluded: 4 withdrew consent, and 58 were not deemed to be
endometrioid cell type based on central pathology review.
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Table 6

Analyses of progression-free survival by racial genetic admixture.

Page 18

Admixture@ HR (95% CI) for 0.10 increase in admixture score

Stratified by stage ~ Stratified by stage and Stratified by stage and race
adjusted for BMI

Stratified by stage and race
and adjusted for BMI

African 1.07 (0.98,1.16)  1.08(0.98, 1.18) 1.11 (0.90, 1.37)
American Indian  1.08 (0.66,1.78)  1.08 (0.65, 1.79) 1.15 (0.69, 1.92)
European 0.93(0.85,1.02)  0.92(0.84, 1.01) 0.86 (0.69, 1.07)

112 (0.91, 1.37)
1.13 (0.68, 1.89)
0.86 (0.70, 1.07)

a .
Separate models were run for each admixture score.
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