AD

GRANT NUMBER DAMD17-94-]J-4388

TITLE: Prevalence of Prognostic Biomarkers in Archival Specimens and Breast Cancer
Survival Among White, Black, and Asian Women

PRINCIPAL INVESTIGATOR: Nancy Krieger, Ph.D.

CONTRACTING ORGANIZATION: Kaiser Foundation Research Institute
Oakland, California 94612-3433

REPORT DATE: June 1998

TYPE OF REPORT: Final

PREPARED FOR: Commander
U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for public release; distribution unlimited

L0 S0B0066!

The views, opinions and/or findings contained in this report are those of the author(s) and should
not be construed as an official Department of the Army position, policy or decision unless so
designated by other documentation.

"pTIC QUALITY TIREPTCTED 1

ey




) Form Approved
REPORT DOCUMENTATION PAGE o A
Pubtic reporting burden for this collection of inf ion is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering ond maintaining the data neaded, and complating and reviewing the collecti of inf ion, Send garding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Di for Inf ion Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202:4302, and to the Office of Management and Budget, Paparwork Reduction Project (0704-0188), Washington, DC 20503.
1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
June 1998 Final (1 Sep 94 - 31 May 98)
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Prevalence of Prognostic Biomarkers in Archival Specimens and Breast Cancer DAMD17-94-J-4388

Survival Among White, Black, and Asian Women

6. AUTHOR(S)

Nancy Krieger, Ph.D.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESSIES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

Kaiser Foundation Research Institute
Oakland, California 94612-3433

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution unlimited

13. ABSTRACT Maximum 200 words) o 25sessed distributions of breast cancer tumor characteristics
and molecular prognostic biomarkers by race/ethnicity and socioeconomic position among
paraffin-embedded tumor biopsy specimens from 135 US women (48 white, 44 black, 43
Asian) diagnosed with breast cancer between 1966 and 1990. No racial/ethnic or socio-
economic differences in distributions were observed for tumor stage, lymph node invol-
vement, estrogen, progesterone, and epidermal growjh factor receptors, oncogenes Her2/
neu and p53, cytoplasmic proteins cathepsin-D and ps2, and two indices of cell growth,
Ki67 and DNA ploidy, adjusting for age at diagnosis, menopausal status, place of birth),
and, for racial/ethnic comparisons, socioeconomic position. Black and Asian women,
however, were 3.5 times (95% confidence interval [CI] = 1.2-10.1) and 3.7 times (95%
CI = 1.3-10.6) more likely than white women to have a tumor size of more than 20 mm,
and Asian women were 3.4 times (957 CI = 1.1-10.4) more likely than black women to be
positive for androgen receptor, adjusting for these same factors. No differences in
distributions by socioeconomic position were observed for these latter two tumor char-
acteristics. These data suggest that racial/ethnic and socioeconomic disparities in
breast cancer survival are unlikely to be explained by differential distributions of

molecular hyraact canear nreaga 4t Tt 1
oo T Ot T T pPpTUsTNIOOC T I CU UL VIIAL RT L O .

14. SUBJECT TERMS 15. NUMBER OF PAGES
Breast Cancer , prognostic biomarkers, race/ethnicity, social class 39
16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION OF THIS |19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT . PAGE OF ABSTRACT
Unclassified Unclassified Unclassified Unlimited
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) USAPPC V1.00

s L Prescribed by ANS! Std. Z39-18 298-102
'DTT*S QUAIITY IR0 aUd

o




FOREWORD

Opinions, interpretations, conclusions and recommendations are
those of the author and are not necessarily endorsed by the U.S.
Army.

oo Where copyrighted material is quoted, permission has been
obtained to use such material.

/b Where material from documents designated for limited
distribution is quoted, permission has been obtained to use the
material.

X Citations of commercial organizations and trade names in
this report do not constitute an official Department of Army
endorsement or approval of the products or services of these
organizations.

!JR/ In conducting research using animals, the investigator(s)
adhered to the "Guide for the Care and Use of Laboratory
Animals," prepared by the Committee on Care and use of Laboratory
Animals.of the Institute of Laboratory Resources, national
Research Council (NIH Publication No. 86-23, Revised 1985).

For the protection of human subjects, the investigator(s)
adhered to policies of applicable Federal Law 45 CFR 46.

/VR’ In conducting research utilizing recombinant DNA technology,
the investigator(s) adhered to current guidelines promulgated by
the National Institutes of Health.

Aﬂ In the conduct of research utilizing recombinant DNA, the
investigator(s) adhered to the NIH Guidelines for Research
Involving Recombinant DNA Molecules.

IVH/ In the conduct of research involving hazardous organisms,
the investigator(s) adhered to the CDC-NIH Guide for Biosafety in
Microbiological and Biomedical Laboratories.

K~ (e Kiau) &3 )48
PI - Signature -~ ° Date




TABLE OF CONTENTS

Section

Front cover

SF 298 report documentation page
Foreword

Table of Contents

Introduction

Body

Conclusion

References

Appendix 1

Appendix 2

Bibliography of published papers and meeting abstracts

List of personnel receiving pay

ii

iidi

iv

10

15

21

22

22

iv




INTRODUCTION

survival from breast cancer among women in the United States varies by
race/ethnicity (1-15) and social class (10-18). As compared to non-Hispanic
white women, survival rates are lower among black and American Indian women,
higher among Japanese and Chinese women, and comparable among Hispanic women
(all Hispanic women combined; breast cancer survival, however, is poorer among
Puerto Rican as compared to non-Hispanic white women) (1-15). Survival rates
are also inversely related to socioeconomic position, such that working class
and poor women survive less long than professional and more affluent women
(10-18) . Suggesting a link between US racial/ethnic and socioceconomic patterns
of breast cancer survival are racial/ethnic disparities in socioeconomic
position: in addition to the poverty rate being two to three times higher
among the black and Hispanic as compared to white population (19), total
household wealth among white families is eight to ten times greater than among
Hispanic and black families (20).

Reasons for racial/ethnic and socioceconomic inequalities in breast
cancer survival remain unclear. Although late stage at diagnosis, linked to
lack of access to medical care, may contribute to these disparities, US
studies indicate that racial/ethnic and socioeconomic survival differences
persist even after taking into account differential access to mammography and
stage at diagnosis (3-5,12,16,21-23). Explaining inequalities in breast cancer
survival may thus necessitate considering differences in tumor biologic
characteristics potentially affecting tumor aggressiveness and responsiveness
to treatment (4,6,7,24,25). These tumor biologic characteristics include:
oncogenes such as her-2/meu, p53, and h-ras; cytoplasmic proteins ps2 and
protease cathepsin-D; markers of cell growth, such as the Ki67 growth index
and DNA ploidy; and receptors for estrogen, progestercone, androgen, and
epidermal growth factor, whereby tumors positive for hormone receptors are
associated with better prognosis (6,7,23-42).

Presently, little is known about distribution of breast cancer molecular
prognostic biomarkers by race/ethnicity or socioeconomic position. Apart from
studies on estrogen receptor status, most research on breast cancer molecular
prognostic biomarkers has been based on samples of women who are chiefly or
exclusively white or whose race/ethnicity has not been specified (26-42); the
few comparing women from diverse racial/ethnic groups have not included
socioeconomic data (6,7). Similarly, only two (24, 25) of the handful of
studies examining US black/white differences in estrogen receptor status
(7,23-25,43-50) have included measures of socioceconomic position, and they
arrived at different conclusions about contributions of socioeconomic position
to black/white differences in estrogen receptor status.

The purpose of our study accordingly was to compare distributions of
breast cancer tumor characteristics and prognostic biomarkers by race/ethnicity
and social class among US white, black and Asian women. Molecular prognostic
biomarkers examined were: estrogen receptor, progesterone receptor, androgen
receptor, epidermal growth factor receptor, Her2/neu, cathepsin-D, p53, ps2,
Ki6é7, and DNA ploidy.

An additional goal of our study was to study to ascertain relationships
of the selected biomarkers to survival, controlling for other biological and
socioeconomic risk factors that affect survival. As explained in the body of




this report, however, the size of and number of deaths in our cohort turned
out to be insufficient to permit valid analysis.

To summarize, the tasks required to conduct our study, as described in
our initial proposal, were:

Task 1, Obtain medical char and tum blocks onthg 1-2:
a. Order medical charts; once receive them, abstract information on
tumor characteristics and surgical accession number, make copy of

pathology report
b. Using surgical accession number, order cases' tumor blocks from

Central Repository

Tagsk 2, Prepare blocks for delivery to laboratory, Months 3-4:
a. Once receive boxes of tumor blocks, sort through them to locate
the desired blocks (and indicate position in boxes, so they can be
returned to their original location)
b. Label blocks for analysis by laboratory; indicate case identification
number and attach pathology report to blocks for each case

Task Laboratory ana is £ el iomar Month, -14:

a. Establish data system for linking assay results to each cases'
identification number and for keeping track of which blocks have been
analyzed

b. Conduct immunohistochemical/image analysis for estrogen,
progesterone, and epidermal growth factor receptors, cathepsin-D,
her-2/neu, ps2, p53, h-ras, and ki67 (defined as positive or
negative) .

c. Enter assay results into ASCII file

d. Compile summary data of prevalence of the same biomarkers for
paraffin-embedded specimens for breast cancer cases diagnosed in
the early 1990s

Task 4, Mortality search, Months 13-14:

a. Determine vital status of each case, as of 12/31/94, using the

MORTLINK file
b. Enter vital status of each case into ASCII file

Task 5, Assemble data base, Month 15:

a. Link assay data and vital status data to existing data file
b. Check new data set to ensure the data are accurate

Task 6, Data analysis, return blocks, Months 16-23:

a. Compare prevalence of biomarkers in the study's archival specimens to
those of the recently-diagnosed cases

b. Conduct univariate and multivariate analyses comparing prevalence by
race/ethnicity and socioeconomic position

c¢. Conduct Kaplan-Meier survival analysis and Cox regression analyses
to evaluate the association of these biomarkers with survival among
women in and across the three racial/ethnic groups, adjusting for
other known biologic and socioeconomic risk factors for poor survival

d. Return blocks to Central Repository

Task 7, Prepare manuscript and talks based on study findings, Months 22-24




As of the date of preparing this final annual report (due June 30,
1998), we have fully completed Tasks 1 through 7.

BODY

MATERIALS AND METHODS

Study population

Our study was based on tumor specimens obtained from a random sample of
50 Asian, 50 black, and 50 white women selected for inclusion in a nested case-
control study on relationships between exposure to organochlorines and risk of
breast cancer (51). These women were members of a large health maintenance
organization, the Kaiser Permanente Medical Program (KPMCP) , who took a KPMCP
multiphasic examination offered between 1964 and 1969 in the San Francisco Bay
Area. Criteria for case inclusion were self-identified race/ethnicity and
diagnosis with breast cancer at least six months after the multiphasic
examination and prior to December 31, 1990. Among women selected, breast cancer
was diagnosed between 1966 and 1990. Among the 50 Asian women, 52% were
Chinese, 37% were Japanese, 3% were Filipino, 1% were Hawaiian, and 7% were of
other or unknown Asian ethnicity. None of the white or black women were of
Hispanic origin.

Data on the women’s sociodemographic, reproductive, and anthropometric
characteristics at the time of their multiphasic examination were obtained from
the multiphasic exam (self-administered questionnaire supplemented by a
physical examination which included measuring weight and height, with body mass
index calculated as kg/nﬁ). To supplement data on educational level, the
socioeconomic indicator available from the multiphasic exam, additional
socioeconomic indicators characterized social class composition and poverty
level for each woman’s census block-group at her time of diagnosis, using
measures validated in prior studies (52-53).

Data on age, parity, and menopausal status at diagnosis, tumor
characteristics (stage, grade, laterality, size, lymph node involvement), and
surgical accession number for each case’s tumor block were obtained from
medical chart review. Tumor stage was categorized as local, regional, and
distant. Tumor size was dichotomized as <20 mm versus > 20 mm.

We were able to locate tumor blocks (archival paraffin-embedded tumor
biopsy specimens) for 135 (90%) of the 150 study subjects (48 white women, 44
black women, 43 Asian women). The number of blocks per study subject ranged
from 1 to 25. Tumor blocks were missing for 11 women and were unavailable for 4
women, either because no biopsy was performed (2 women) or the biopsy was not
performed at KPMCP (2 women). Women missing and not missing tumor blocks did
not vary with respect to race/ethnicity, socioceconcmic position, age at
diagnosis, and stage at diagnosis.

Biomarker assays

Pathology reports were reviewed to determine which block(s) should be
analyzed for tumor markers. The block of choice was listed on the pathology
report and the histotechnician was instructed to cut 12 thin sections from each




case. One H&E slide was prepared from each group and viewed under the
microscope to assure the block contained tumor and that the tumor type and
description were consistent with the pathology report. If so, the remaining
slides were analyzed for the study’s selected prognostic biomarkers. Analyses
were conducted blind to the women’s sociodemographic, anthropometric, and
reproductive characteristics.

Biomarkers were determined by immunohistochemistry on thin sections (4-5
microns) prepared from paraffin blocks. Thin sections were attached to Probe-on
plus™ glass slides (Fisher, 15-187M), dried, and dewaxed through Hemo-De
(Fisher, 15-182-507A), and rehydrated in ethanol (100, 95, 70%) followed by a
0.1% triton-phosphate buffered saline (TPBS) buffer. Sections for determination
of estrogen, progesterone, and androgen receptor, Her2/neu, cathepsin-D, and
p53 were then boiled in 0.1 N citric acid, pH 6.0, for 30 minutes for antigen
retrieval. Sections for epidermal growth factor receptor determination were
incubated with 0.1% Nargase in phosphate buffered saline (PBS) for 10 minutes,
washed in TPBS, then blocked with 3% hydrogen peroxide in water, followed by a
TPBS wash. Prepared sections were then incubated overnight with primary
antibodies (estrogen receptor, AMAC, Inc.; progesterone receptor, Cell Analysis
Systems Labs; androgen receptor and ps2, Biogenix; epidermal growth factor
receptor and cathepsin-D, Triton Diagnostics; Her2/neu-AB3 and p53, Oncogene
Science; Ki67, Immunotech) in 1% bovine serum albumin in PBS. Tissues were then
washed with TPBS, incubated with biotinylated goad anti-mouse IgG (Zymed, 62-
6540), followed by horseradish peroxidase streptavidin (Vector, SA-5004).
Antigen was then revealed by incubating with the red substrate Aminoethyl
carbazole (AEC, Zymed 00-2007). A cut-point of >10% tumor cells stained was
used to categorize positive results for estrogen, progesterone, androgen, and
epidermal growth factor receptor and also for Her2/neu, cathepsin-D, ps2, and
Ki6é7; the respective cut-point for p53 was >5% and for S phase was >8% tumor
cells stained.

Statistical analysis

We assessed distributions of sociodemographic, reproductive,
anthropometric, and tumor characteristics of the breast cancer cases, overall
and by race/ethnicity. Univariate analyses, including odds ratios and their
952 confidence intervals (CI), were performed to compare distributions of
these characteristics by race/ethnicity and socioceconomic position, and to
assess for potential confounders or effect modifiers (54) of distribution of
tumor characteristics by race/ethnicity. We restricted measures of
socioeconomic position to individual-level education and census block-group
working class composition, since too few white and Asian women lived in
impoverished block-groups to permit meaningful comparisons (Table 1) . Relevant
confounders identified were place of birth, and age at diagnosis. Multivariate
logistic regression models (54-55), adjusting for these confounders, compared
racial/ethnic and socioeconomic distributions of tumor stage, size, lymph node
involvement and presence of molecular prognostic biomarkers. All analyses were
performed with SAS version 6.0 (56).

RESULTS

Table 1 (see Appendix for all tables) presents sociodemographic,
anthropometric, and reproductive characteristics, overall and by




race/ethnicity, of the 135 women included in this study. Asian women were
youngest at diagnosis, least likely to have ever been pregnant, and most likely
to have a low body mass index. White women were most likely to have been born
outside of the US and to have completed four or more years of college
education, and were least likely to live in working class or impoverished
block-groups. All women had comparable health care coverage, since all belonged
to the same health maintenance organization.

Overall, nearly 66% of women were diagnosed with local disease, 40% had
tumors <20 mm, and 44% had lymph node involvement (Table 2). Tumor stage and
lymph node involvement were comparable across racial/ethnic groups (Tables 2
and 4) and socioeconomic groups (Tables 3 and 5). Tumor size, however, was
greater among black and Asian women, who were 3.5 times (95% confidence
interval [CI] = 1.2, 10.1) and 3.7 times (95% CI = 1.3, 10.6), respectively,
more likely than white women to have breast tumors >20 mm in size, adjusting
for age at diagnosis, menopausal status, place of birth, and census block-group
working class composition (Table 4). By contrast, tumor size did not notably
differ by block-group working class composition and only tended to be larger
among women who had not completed four or more years of college, adjusting for
race/ethnicity, age at diagnosis, menopausal status, and place of birth (Tables
3 and 5).

With one exception, no racial/ethnic differences were apparent in
distribution of tumor prognostic biomarkers, adjusting for relevant confounders
(Tables 2 and 4). Asian women, though, were 3.4 times (95% CI = 1.1, 10.4) more
likely than black women and tended to be 1.8 times (95% CI = 0.6, 5.2) more
likely than white women to be positive for androgen receptor (Table 4).
Combining women in all three racial/ethnic groups, approximately 70% of tumors
were estrogen receptor positive and androgen receptor positive; slightly over
half were positive for progesterone receptor, cathepsin D, and Ki67; slightly
under 40% were positive for DNA ploidy; about 28% were positive for Her2/neu
and for p53; slightly over 20% were positive for ps2; and 13% were positive for
epidermal growth factor receptor. No racial/ethnic differences were observed
for distributions of tumors that were both estrogen and progesterone receptor
negative (age-adjusted odds ratio for black as compared to white women = 1.6
(95% CI = 0.5, 4.6), and for Asian as compared to white women = 0.9 (95% CI =
0.3, 2.9)).

No clear patterns of socioeconomic differences were apparent for
distribution of breast cancer molecular prognostic biomarkers, adjusted for
relevant confounders (Table 5). Estrogen and androgen receptor positive tumors,
however, tended to be less common among women with less than four years of
college education versus women with at least four years of college education,
and tumors positive for p53 tended to be more frequent among the less educated
women (Table 5).

DISCUSSION

Our study finds little evidence of racial/ethnic and socioeconomic
differences in distribution of breast cancer molecular prognostic biomarkers
among a sample of 135 white, black, and Asian women belonging to a large
health maintenance organization in the San Francisco Bay Area. Taking into
account potential confounders, however, tumor size varied by race/ethnicity,
with size greater among black and Asian as compared to white women. These data




suggest that racial/ethnic and socioeconomic disparities in breast cancer
survival are unlikely to be explained by distributions of breast cancer
molecular prognostic biomarkers.

Interpretation of our results is limited by small sample size, often
yielding large confidence intervals. Although confidence intervals for some of
the elevated or reduced odds ratios might have excluded 1 were the sample size
larger, absence of any clear racial/ethnic or socioeconomic pattern in size
and direction of estimates is notable. Moreover, given the many comparisons
performed, the observed greater prevalence of androgen receptor positive
tumors among Asian as compared to black women might be due to chance.

Other factors affecting interpretation pertain to misclassification and
bias concerning race/ethnicity, socioeconomic position, and prognostic
biomarkers. Misclassification of race/ethnicity is likely to be small, since
data were obtained by self-report. Selection bias related to socioeconomic
position may affect generalizability of results, since findings may not be
applicable to women without health care coverage. Even so, results should not
be biased for women with health care coverage, since women included in this
study were selected randomly from a cohort of women enrolled in a large health
maintenance organization. Further suggesting minimal bias introduced by the
study populations’ socioeconomic profile, proportions of women in this study
living in predominantly working class and poor block-groups were comparable to
those for the general population in the San Francisco Bay Area in the 1980s
(52) . Use of census block-group measures of socioeconomic position, however,
may have diluted estimates of effects of class position, as compared to
measures based on individual-level social class data, and resulted in residual
confounding affecting racial/ethnic comparisons adjusted for socioeconomic
position (52,57). Even so, consistent or strong associations were not observed
with available individual-level data on educational level. Lastly, although
misclassification of prognostic biomarker status is possible, these data are
unlikely to be biased by race/ethnicity or socioeconomic position, since
assays were conducted blind to these case characteristics.

Comparison of our results to prior studies of race/ethnicity,
socioeconomic position, and breast cancer prognostic biomarkers is complicated
by measurement issues involving key study variables. First, epidemiologic
analyses of breast cancer prognostic biomarkers employ a variety of assay
techniques and also use different cut-points to denote positive results (7,23-
50), rendering comparisons across studies difficult. Nevertheless, biomarker
distributions observed in our study are highly consistent with reported
positivity in other studies (7,23-50). Our results further provide additional
evidence (58,59) that biomarkers from tumors preserved in paraffin blocks for
up to 30 years were not compromised by degradation; one implication is that
such tumor blocks may be a useful resource for cancer studies requiring data
on tumor characteristics and extensive follow-up periods.

A second measurement issue concerns classification of race/ethnicity.
Most other studies on race/ethnicity and breast cancer prognostic biomarkers
do not state how they measured this key variable (6,24,43-50) . One study,
however, reported it classified race/ethnicity based on “appearance, patient
questioning, surname, or medical record review” (7). Another stated it
obtained data on race/ethnicity from a mixture of personal interviews and
hospital records (25). Our study, by contrast, along with one other (23),




categorized race/ethnicity based on self-identification, as supported by
current public health recommendations recognizing that race/ethnicity is a
social, not biological, construct (60-63).

Despite potential differences in racial/ethnic classification, as well
as regional differences in composition of racial/ethnic groups, several of our
findings are consistent with those reported in prior studies. These include
larger tumor size among African American as compared to white women (23) and
no black/white differences in distributions of p53 (7,23), DNA ploidy (7,23),
Her2/neu (7,23), Ki67 (23), epidermal growth factor receptor expression (23),
progesterone receptor status (23), and estrogen receptor status (23,50). One
investigation also reported no black/white differences for several tumor
characteristics not assessed in our study: tumor differentiation, tumor grade,
lipid-associated sialic acid, and carcinogenic embryonic antigen level (23).

In contrast to our results, however, several studies have reported that
black women to be more likely than white women to have estrogen receptor
negative tumors (7,24,25,44-49), and one found that black women were more
likely than white women to have p53 gene alterations associated with poorer
prognosis (6). An additional study also observed black women to be more likely
than white women to have a rare allele of the protooncogene h-ras (not
examined in our study), which was also associated with younger age at
diagnosis, more aggressive tumors, and poorer survival (64).

Notably, only two of the studies reporting black/white differences in
estrogen receptor status included socioeconomic variables in their analyses
(24,25) . Whereas one found that controlling for socioeconomic position
accounted for black/white differences in estrogen receptor status (24), the
other did not (25). Differences in results across these two studies and our
own may in part result from divergent approaches to measuring and analyzing
socioeconomic data.

The study that found socioeconomic position contributed to black/white
differences in estrogen receptor status used census tract-based measures, with
poverty areas defined as tracts where >7% of the population was below the
poverty line, less educated areas as tracts where <67% of the adult population
had completed 4 years of high school, and highly educated areas as tracts
where >11% of the adult population had completed 4 or more years of college
(24) . Using these measures, this study found that black and white women
residing in census tracts with, respectively, greater poverty and less
education were more likely to have estrogen receptor negative tumors;
contingently, adjusting for these socioeconomic measures greatly reduced
black/white differences in estrogen receptor status.

By contrast, the other investigation obtained data on each woman’s
educational level, poverty index (ratio of annual family income to poverty
level for a family of the same size, multiplied by 100), and occupation (25).
Analyses of socioeconomic differences in estrogen receptor status were first
conducted separately among black women and among white women and were
restricted to comparisons of affluent (poverty index >400) to less affluent
(poverty index <400) women. Notably, whereas 17% of black women and 54% of
white women were classified as “affluent” by this measure, 42% of black women
and 9% of white women had a poverty index of <126 (meaning they lived below or
up to 126% of the poverty line). This study reported that lower socioeconomic




position was associated with lower prevalence of estrogen receptors only among
breast tumors from white, but not black women, and thus, that adjusting for
this socioeconomic measure did not notably alter the greater likelihood of
black women to have estrogen receptor negative tumors (25). Lack of precision
in evaluating socioeconomic position among the black women, along with limited
overlap in distributions between the black and white women, may have
contributed to these findings. Interestingly, however, a British study
examining social class in relation to estrogen receptor status found no
difference between poor and affluent white women, using the Carstairs index of
deprivation, nor did it detect socioeconomic differences in tumor size, nodal
status, or tumor grade (65).

Additional survival analyses

In additional analyses, we sought to ascertain the prognostic
significance of the selected biomarkers among women in each racial/ethnic
group, stratified by socioeconomic position. To accomplish this task, we
ascertained each woman’s vital status as of December 31, 1994, using the
program MORTLINK, which is an updated and modified version of the CAMLIS
system (66). We then used two different analytic approaches to evaluate
relationships between the presence of the selected biomarkers and length of
survival, adjusting for other biological and socioeconomic risk factors:
Kaplan-Meier survival analyses and Cox proportional hazard regression analyses
(54,67). We quickly ascertained, however, that we lacked sufficient number of
deaths (events) to permit valid analysis.

First, among the total sample of 135 women, only 25 deaths occurred
during the follow-up period. These were distributed as follows: among white
women, 11 deaths among 48 cases; among the black women, 9 deaths among 44
cases; and among the Asian women, 5 deaths among 43 cases. The percent censored
(meaning, did not die by end of follow-up) ranged from 77 to 88.4 percent.
Based on preliminary Kaplan-Meier analyses, we determined that there were no
differences in survival rates by race/ethnicity (logrank test p value = 0.23),
nor were there differences by educational level (logrank test p value = 0.51,
for all women combined) or the working class block-group measure of
socioeconomic position (logrank test p-value = 0.45). When analyzed by Cox
regression models, we obtained comparable results, with the 95% CI for the
hazards ratio so large as to render dubious interpretation of the point
estimate. For example, the hazard ratio for comparisons of black versus white
survival overall was 0.84 (95% CI = 0.34, 1.87). Thus, while the point estimate
of 0.8 may be reasonable, as compared to prior studies on black/white
differences in breast cancer survival (1-8,1-15,21), our findings in fact have
little meaning, on account of the large confidence interval. Given that many
studies have consistently reported significant racial/ethnic and socioeconomic
disparities in breast cancer survival (1-15), our study clearly had
insufficient power to contribute meaningfully to this literature.

Our analyses of survival in relationship to estrogen receptor status are
even more illustrative of problems imposed by small sample size. The
distribution of deaths among estrogen receptor negative (ER-) and positive
(ER+) cases was as follows:




ER-
white women: 6 deaths out of 12 cases
black women: 3 deaths out of 13 cases
Asian women: 2 deaths out of 12 cases
ER+

white women: 8 deaths out of 35 cases
black women: deaths out of 29 cases
Asian women: 3 deaths out of 30 cases

o)}

When we tried to compare survival, of women with ER- versus ER+ tumors, the p-
value for the logrank test, for women in all racial/ethnic groups combined,
equaled 0.42, and differences were even less significant for analyses further
stratified by race/ethnicity. Using Cox regression models, we found that the
hazard ratio, comparing survival among ER- to ER+ women (all racial/ethnic
groups combined) was 0.56 (95% CI = 0.26, 1.22). Given the well-documented
value of estrogen receptor status in predicting breast cancer survival (7,23-
25,28,43-50), it again is clear that the small number of women in our study,
combined with the small number of deaths, renders moot meaningful
interpretation of our survival analyses.

We encountered similar problems, reflecting small sample size and large
confidence intervals, in our analyses of all the other prognostic biomarkers
examined in our study. Thus, we do not plan to report any of our findings on
breast cancer survival and instead encourage that larger studies be conducted
in the future, with adequate sample size, to address the questions our study
sought to answer about prognostic significance of breast cancer molecular
prognostic biomarkers among women in diverse racial/ethnic groups, stratified
by socioceconomic position. '

CONCLUSIONS

Taking into account difficulties in measuring both race/ethnicity and
socioeconomic position (60-63), our findings suggest that, despite marked
differences in socioeconomic position, white, black, and Asian women have
comparable distributions of breast cancer molecular prognostic biomarkers. Our
study thus lends further support to the hypothesis that experiences associated
with race/ethnicity and socioeconomic position, other than tumor biological
properties, may contribute to racial/ethnic and socioeconomic disparities in
breast cancer survival. Possible factors to consider include co-morbidity and
poorer baseline health status, compromised immunologic systems (perhaps
reflecting stress-induced changes stemming from racial discrimination and
socioeconomic deprivation), and exposure to environmental and occupational
agents affecting tumor development (25,65,68). As one step toward evaluating
these hypotheses more definitively, future research should characterize
distribution of prognostic biomarkers in larger populations of women diagnosed
with breast cancer who are diverse in their racial/ethnic and socioeconomic
composition, using well-defined and consistent measures of racial/ethnic self-
identification, socioeconomic position, and molecular prognostic biomarkers.
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APPENDIX 1

Table 1. Selected sociodemographic, reproductive, and anthropometric variables
of 135 women diagnosed with breast cancer, overall and by race/ethnicity, San
Francisco Bay Area, 1966-1990

Table 2. Selected tumor characteristics and prognostic biomarkers of 135 women
diagnosed with breast cancer, overall and by race/ethnicity, San Francisco Bay
Area, 1966-1990.

Table 3. Odds ratios and 95% confidence intervals of tumor characteristics and
prognostic biomarkers by socioeconomic position, 135 women diagnosed with
breast cancer, San Francisco Bay Area, 1966-1990.

Table 4. Odds ratios and 95% confidence intervals of tumor characteristics and
prognostic biomarkers by racial/ethnic group from logistic regression,
adjusted for age at diagnosis, menopausal status, place of birth, and working
class block-group composition, for 135 women diagnosed with breast cancer, San
Francisco Bay Area, 1966-1990.

Table 5. Odds ratios and 95% confidence intervals of tumor characteristics and
prognostic biomarkers by socioeconomic position from logistic regression,
adjusted for race/ethnicity, age at diagnosis, menopausal status, and place of
birth, for 135 women diagnosed with breast cancer, San Francisco Bay Area,
1966-1990.
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APPENDIX #2
See enclosed reprint of published paper (3 reprints enclosed) :

Krieger N, Van Den Eeden SK, Zava D, Okamoto A. Race/ethnicity, social
class, and prevalence of breast cancer molecular prognostic biomarkers:
a study of white, black, and Asian women in the San Francisco Bay Area.
Ethnicity & Disease 1997; 7:137-149.
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RACE/ETHNICITY, SOCIAL CLASS, AND PREVALENCE OF
BREAST CANCER PROGNOSTIC BIOMARKERS:
A STUDY OF WHITE, BLACK, AND ASIAN WOMEN IN THE
SAN FRANCISCO BAY AREA

NANCY KRIEGER, PHD, STEPHEN K. VAN DEN EEDEN, PHD, DAVID ZAva, PHD, AND AKIKO OKAMOTO

We assessed distributions of breast cancer prognostic biomarkers by race/ethnicity and
socioeconomic position among paraffin-embedded tumor biopsy specimens from 135 US
women (48 white women, 44 black women, 43 Asian women) diagnosed with breast
cancer between 1966 and 1990. No racial/ethnic or socioeconomic differences in distri-
butions were observed for tumor stage, lymph node involvement, estrogen, progesterone,
and epidermal growth factor receptors, oncogenes such as Her2/neu and p53, cytoplasmic
proteins cathepsin-D and ps2, and two indices of cell growth, Ki67 and DNA ploidy,
adjusting for age at diagnosis, menopausal status, place of birth and, for racial/ethnic
comparisons, working class composition of census block-group at diagnosis. Black and
Asian women, however, were 3.5 times (95% confidence interval [CI] = 1.2, 10.1) and
3.7 times (95% CI = 1.3, 10.6), respectively more likely than white women to have a
tumor size of = 20 mm, and Asian women were 3.4 times (95% CI = 1.1, 10.4) more
likely than black women to be positive for androgen receptor, adjusting for these same
factors. No differences in distributions by socioeconomic position were observed for
these latter two tumor characteristics. These data suggest that racial/ethnic and socio-
economic disparities in breast cancer survival are unlikely to be explained solely by
differential distributions of molecular breast cancer prognostic biomarkers. (Ethnicity
Dis. 1997;7:137-149)

Key WORDS: Asian, Black, Breast Cancer, Prognostic Biomarkers, Race/ethnicity, So-
cial Class, Socioeconomic Factors

Survival from breast cancer among wom-
en in the United States varies by race/eth-
nicity'-'5 and social class.'*'® As compared
to non-Hispanic white women, survival
rates are lower among black and American
Indian women, higher among Japanese and
Chinese women, and comparable among
Hispanic women (as a group; however,
breast cancer survival is poorer among
Puerto Rican as compared to non-Hispanic
white women).'-!5 Survival rates are also
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Aeron Biotechnology Inc (DZ), Department of Biosta-
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tington Avenue, Boston, MA 02115. 617-432-1571,
617-432-3755 (fax).

inversely related to socioeconomic position,
such that working class and poor women
live fewer years than professional and more
affluent women.!%-'# Racial/ethnic dispari-
ties in socioeconomic position suggest a
link between U.S. racial/ethnic and socio-
economic patterns of breast cancer survival.
In addition to the poverty rate being two to
three times higher among the black and
Hispanic as compared to the white popu-
lation,'® total household wealth among
white families is eight to ten times greater
than among Hispanic and black families.?

Reasons for racial/ethnic and socioeco-
nomic inequalities in breast cancer survival
remain unclear. Although late-stage diag-
nosis combined with lack of access to med-
ical care may contribute to these disparities,
U.S. studies indicate that racial/ethnic and
socioeconomic survival differences persist
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even after taking into account differential
access to mammography and stage at di-
agnosis.>>121621-23 Tt may therefore be nec-
essary to consider differences in tumor bi-
ologic characteristics, which potentially af-
fect tumor aggressiveness and responsive-
ness to treatment*572425 when attempting to
explain inequalities in breast cancer surviv-
al. These tumor biologic characteristics in-
clude: oncogenes such as Her2/neu, p53,
and h-ras; cytoplasmic proteins ps2 and
protease cathepsin-D; markers of cell
growth, such as the Ki67 growth index and
DNA ploidy; and receptors for estrogen,
progesterone, androgen, and epidermal
growth factor, whereby tumors positive for
hormone receptors are associated with bet-
ter prognosis.5”#-42 Of these, p53 and an-
drogen receptor most likely represent in-
herited genetic alterations, whereas the rest
reflect acquired tumor characteristics.

Presently, little is known about the dis-
tribution of diverse breast cancer molecular
prognostic biomarkers by race/ethnicity or
socioeconomic position. Apart from studies
on estrogen receptor status, most research
on breast cancer prognostic biomarkers has
been based on samples of women who are
chiefly or exclusively white, or whose race/
ethnicity has not been specified.?6-42 More-
over, the two investigations comparing
women from diverse racial/ethnic groups
have not included socioeconomic data.t-7
Similarly, only two?-? of the handful of
studies examining US black/white differ-
ences in estrogen receptor status?.23-2543-50
have included measures of socioeconomic
position, and they arrived at different con-
clusions about contributions of socioeco-
nomic position to black/white differences in
estrogen receptor status.

The purpose of our study, accordingly,
was to compare distributions of breast can-
cer tumor characteristics and prognostic
biomarkers by race/ethnicity and social
class among U.S. white, black and Asian
women. Prognostic biomarkers examined
were: estrogen receptor, progesterone re-
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ceptor, androgen receptor, epidermal growth
factor receptor, Her2/neu, cathepsin-D, p53,
ps2, Ki67, and DNA ploidy.

METHODS
Study population

Our study was based on tumor specimens
obtained from a random sample of 50
Asian, 50 black, and 50 white women se-
lected for inclusion in a nested case-control
study on relationships between exposure to
organochlorines and risk of breast cancer.5!
These women were members of a large
health maintenance organization, the Kaiser
Permanente Medical Program (KPMCP),
who took a KPMCP multiphasic examina-
tion offered between 1964 and 1969 in the
San Francisco Bay Area. Criteria for case
inclusion were self-identified race/ethnicity
and diagnosis with breast cancer at least six
months after the multiphasic examination
and prior to December 31, 1990. Among
women selected, breast cancer was diag-
nosed between 1966 and 1990. Among the
50 Asian women, 52% were Chinese, 37%
were Japanese, 3% were Filipino, 1% were
Hawaiian, and 7% were of other or un-
known Asian ethnicity. None of the white
or black women were of Hispanic origin.

Data on the women’s sociodemographic,
reproductive, and anthropometric character-
istics at the time of their multiphasic ex-
amination were obtained from the multi-
phasic exam (self-administered question-
naire supplemented by a physical exami-
nation which included measuring weight
and height, with body mass index calculat-
ed as kg/m?). To supplement data on edu-
cational level, the socioeconomic indicator
available from the multiphasic exam, addi-
tional socioeconomic indicators character-
ized social class composition and poverty
level for each woman’s census block-group
at her time of diagnosis, using measures
validated in prior studies.52-53

Data on age, parity, and menopausal sta-
tus at diagnosis, tumor characteristics
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(stage, grade, laterality, size, lymph node
involvement), and surgical accession num-
ber for each case’s tumor block were ob-
tained from medical chart review. Tumor
stage was categorized as local, regional, and
distant. Tumor size was dichotomized as
<20 mm versus = 20 mm.

We were able to locate tumor blocks (ar-
chival paraffin-embedded tumor biopsy
specimens) for 135 (90%) of the 150 study
subjects (48 white women, 44 black wom-
en, 43 Asian women). The number of
blocks per study subject ranged from 1 to
25. Tumor blocks were missing for 11
women and were unavailable for 4 women,
either because no biopsy was performed (2
women) or the biopsy was not performed
at KPMCP (2 women). Whether the women
had or did not have tumor blocks, they did
not vary with respect to race/ethnicity, so-
cioeconomic position, age at diagnosis, and
stage at diagnosis.

Biomarker assays

Pathology reports were reviewed to de-
termine which block(s) should be analyzed
for tumor markers. The block of choice was
listed on the pathology report and the his-
totechnician was instructed to cut 12 thin
sections from each case. One H&E slide
was prepared from each group and viewed
under the microscope to assure the block
contained tumor, and that the tumor type
and description were consistent with the pa-
thology report. If so, the remaining slides
were analyzed for the study’s selected prog-
nostic biomarkers. Analyses were conduct-
ed blind to the women’s sociodemographic,
anthropometric, and reproductive character-
istics.

Biomarkers were determined by immu-
nohistochemistry on thin sections (4—5 mi-
crons) prepared from paraffin blocks. Thin
sections were attached to Probe-on Plus™
glass slides (Fisher, 15-187M), dried, and
dewaxed through Hemo-De (Fisher, 15-
182-507A), and rehydrated in ethanol (100,
95, 70%) followed by a 0.1% triton-phos-
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phate buffered saline (TPBS) buffer. Sec-
tions for determination of estrogen, proges-
terone, and androgen receptor, Her2/neu,
cathepsin-D, and p53 were then boiled in
0.1 N citric acid, pH 6.0, for 30 minutes for
antigen retrieval. Sections for epidermal
growth factor receptor determination were
incubated with 0.1% Nargase in phosphate
buffered saline (PBS) for 10 minutes,
washed in TPBS, then blocked with 3% hy-
drogen peroxide in water, followed by a
TPBS wash. Prepared sections were then
incubated overnight with primary antibod-
ies (estrogen receptor, AMAC, Inc.; proges-
terone receptor, Cell Analysis Systems
Labs; androgen receptor and ps2, Biogenix;
epidermal growth factor receptor and
cathepsin-D, Triton Diagnostics; Her2/neu-
AB3 and p53, Oncogene Science; Ki67,
Immunotech) in 1% bovine serum albumin
in PBS. Tissues were then washed with
TPBS, incubated with biotinylated goad
anti-mouse IgG (Zymed, 62-6540), fol-
lowed by horseradish peroxidase streptavi-
din (Vector, SA-5004). Antigen was then
revealed by incubating with the red sub-
strate Aminoethyl carbazole (AEC, Zymed
00-2007). A cut-point of =10% tumor cells
stained was used to categorize positive re-
sults for estrogen, progesterone, androgen,
and epidermal growth factor receptor, as
well as for Her2/neu, cathepsin-D, ps2, and
Ki67; the respective cut-point for pS3 was
=5% and, for S phase, was =8% tumor
cells stained.

Statistical analysis

We assessed distributions of sociodemo-
graphic, reproductive, anthropometric, and
tumor characteristics of the breast cancer
cases, overall and by race/ethnicity. Uni-
variate analyses, including odds ratios and
their 95% confidence intervals (CI), were
performed to compare distributions of these
characteristics by race/ethnicity and socio-
economic position, and to assess for poten-
tial confounders or effect modifiers>* of dis-
tribution of tumor characteristics by race/
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ethnicity. We restricted measures of socio-
economic position to individual-level edu-
cation and census block-group working
class composition, since too few white and
Asian women lived in impoverished block-
groups to permit meaningful comparisons
(Table 1). Relevant confounders identified
were place of birth, menopausal status, and
age at diagnosis. Multivariate logistic re-
gression models,>*55 adjusting for these
confounders, compared racial/ethnic and
socioeconomic distributions of tumor stage,
size, lymph node involvement and presence
of prognostic biomarkers. All analyses were
performed with SAS version 6.0.5

REsuLTS

Table 1 presents sociodemographic, an-
thropometric, and reproductive characteris-
tics, overall and by race/ethnicity, of the
135 women included in this study. Asian
women were youngest at diagnosis, least
likely to have ever been pregnant, and most
likely to have a low body mass index.
White women were most likely to have
been born outside the US and to have com-
pleted four or more years of college edu-
cation, and were least likely to live in work-
ing class or impoverished block-groups. All
women had comparable health care cover-
age, since all belonged to the same health
maintenance organization.

Overall, nearly 66% of women were di-
agnosed with local disease, 40% had tumors
<20 mm, and 44% had lymph node in-
volvement (Table 2). Tumor stage and
lymph node involvement were comparable
across racial/ethnic groups (Tables 2 and 4)
and socioeconomic groups (Tables 3 and 5).
Tumor size, however, was greater among
black and Asian women, who were 3.5
times (95% confidence interval [CI] = 1.2,
10.1) and 3.7 times (95% CI = 1.3, 10.6),
respectively, more likely than white women
to have breast tumors =20 mm in size, ad-
justing for age at diagnosis, menopausal
status, place of birth, and census block-
group working class composition (Table 4).
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By contrast, tumor size did not notably dif-
fer by block-group working class compo-
sition, and only tended to be larger among
women who had not completed four or
more years of college, adjusting for race/
ethnicity, age at diagnosis, menopausal sta-
tus, and place of birth (Tables 3 and 5).

With one exception, no racial/ethnic dif-
ferences were apparent in distribution of the
prognostic biomarkers, adjusting for rele-
vant confounders (Tables 2 and 4). Asian
women, though, were 3.4 times (95% CI =
1.1, 10.4) more likely than black women
and 1.8 times (95% CI = 0.6, 5.2) more
likely than white women to be positive for
androgen receptor (Table 4). Of the tumors
found in all three racial/ethnic groups, ap-
proximately 70% were .estrogen receptor
positive and androgen receptor positive;
slightly over half were positive for proges-
terone receptor, cathepsin D, and Ki67;
slightly under 40% were positive for DNA
ploidy; about 28% were positive for Her2/
neu and for p53; slightly over 20% were
positive for ps2; and 13% were positive for
epidermal growth factor receptor. No racial/
ethnic differences were observed for distri-
butions of tumors that were both estrogen
and progesterone receptor negative (age-ad-
justed odds ratio for black as compared to
white women = 1.6 (95% CI = 0.5, 4.6),
and for Asian as compared to white women
= 0.9 (95% CI = 0.3, 2.9).

No clear patterns of socioeconomic dif-
ferences were apparent for distribution of
breast cancer molecular prognostic bio-
markers, adjusted for relevant confounders
(Table 5). Estrogen and androgen receptor
positive tumors, however, tended to be less
common among women with fewer than
four years of college education versus
women with at least four years of college
education, and tumors positive for p53
tended to be more frequent among the less
educated women (Table 5).

Discussion

Our study finds little evidence of racial/
ethnic and socioeconomic differences in
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TABLE 3.—Qdds Ratios and 95% Confidence Intervals of Tumor Characteristics and Prognostic Biomarkers by
Socioeconomic Position, 135 women Diagnosed with Breast Cancer, San Francisco Bay Area, 1966-1990

Working Class (WC)
Block Group =66% WC
vS.

Education Level
<4 Year-College vs.

<66% WC =4 Year-College

Characteristics OR 95% CI) OR 95% CI)
Tumor size (=20 mm vs. <20 mm) 0.94 (0.44, 2.00) 3.33 (1.40, 7.93)
Lymph node involvement (Any vs. None) 1.56 (0.66, 3.68) 1.21 (0.45, 3.26)
Tumor stage (Reg./Dist. vs. None) 1.39 (0.66, 2.99) 1.21 0.47,2.75)
Estrogen (+ vs. —) 1.34 (0.59, 3.07) 0.25 (0.07, 0.90)
Progesterone (+ vs. =) 2.03 (0.95,4.32) 0.43 (0.17, 1.07)
Androgen (+ vs. =) 0.54 (0.25, 1.19) 0.34 (0.11, 1.06)
EGFR (+ vs. —) 0.85 (0.28, 2.62) 0.83 (0.25,2.79)
Her2/Neu (+ vs. =) 1.03 (0.45,2.33) 2.59 (0.83, 8.13)
Cathepsin D (+ vs. =) 1.39 (0.66, 2.92) 1.31 (0.56, 3.07)
P53 (+ vs. =) 0.38 (0.13, 1.10) 9.24 (1.20, 71.40)
Ps2 (+ vs. =) 1.15 (0.50, 2.63) 0.87 (0.33,2.34)
Ki67 (+ vs. =) 0.83 (0.39, 1.73) 2.69 (1.07, 6.80)
DNA ploidy (+ vs. =) 1.73 (0.79, 3.77) 2.72 (0.93, 7.94)

distribution of breast cancer molecular
prognostic biomarkers among a sample of
135 white, black, and Asian women be-
longing to a large health maintenance or-
ganization in the San Francisco Bay Area.
Taking into account potential confounders,
however, tumor size varied by race/ethnic-
ity, with size greater among black and
Asian as compared to white women. These
data suggest that racial/ethnic and socioeco-
nomic disparities in breast cancer survival
are unlikely to be explained solely by dis-
tributions of breast cancer prognostic bio-
markers.

Interpretation of our results is limited by
small sample size, thus low power and con-
sequently large confidence intervals for ef-
fect estimates. Although confidence inter-
vals for some of the elevated or reduced
odds ratios might have excluded 1 were the
sample size larger, absence of any clear ra-
cial/ethnic or socioeconomic pattern in size
and direction of estimates is notable. More-
over, given the many comparisons per-
formed, the observed greater prevalence of
androgen receptor positive tumors among
Asian as compared to black women might
be due to chance.

Other factors affecting interpretation per-
tain to misclassification and bias concerning
race/ethnicity, socioeconomic position, and
prognostic biomarkers. Misclassification of
race/ethnicity is likely to be small, since
data were obtained by self-report. Selection
bias related to socioeconomic position may
affect the extent to which results can be
generalized to other populations, since find-
ings may not be applicable to women with-
out health care coverage. Even so, results
should not be biased for women with
health-care coverage, since women includ-
ed in this study were selected randomly
from a cohort of women enrolled in a large
health maintenance organization. The study
population’s socioeconomic profile further
suggests minimal bias since proportions of
women in this study living in predominant-
ly working class and poor block-groups
were comparable to those for the general
population in the San Francisco Bay Area
in the 1980s.52 Use of census block-group
measures of socioeconomic position, how-
ever, may have diluted estimates of effects
of class position, as compared to measures
based on individual-level social class data,
and may have resulted in residual con-
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TaBLE 4.—Odds Ratios and 95% Confidence Intervals of Tumor Characteristics and Prognostic Biomarkers by Racial/Ethnic Group from Logistic Regression,
Adjusted for Age at Diagnosis, Menopausal Status, Place of Birth, and Working Class Block-Group Composition, for 135 Women Diagnosed with Breast Cancer,

San Francisco Bay Area, 1966-1990
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founding affecting racial/ethnic compari-
sons adjusted for socioeconomic posi-
tion.’>%’ Even so, consistent or strong as-
sociations were not observed with available
individual-level data on educational level.
Lastly, although misclassification of prog-
nostic biomarker status is possible, these
data are unlikely to be biased by race/eth-
nicity or socioeconomic position, since as-
says were conducted blind to these case
characteristics.

Comparison of our results to prior studies
of race/ethnicity, socioeconomic position,
and breast cancer prognostic biomarkers is
complicated by measurement issues involv-
ing key study variables. First, epidemiolog-
ic analyses of breast cancer prognostic
biomarkers employ a variety of assay tech-
niques and also use different cut-points to
denote positive results,’?*Y rendering com-
parisons across studies difficult. Neverthe-
less, biomarker distributions observed in
our study are highly consistent with report-
ed positivity in other studies.”?*° Our re-
sults provide additional evidence’®° that
biomarkers from tumors preserved in par-
affin blocks for up to 30 years are not com-
promised by degradation; one implication is
that such tumor blocks may be a useful re-
source for cancer studies requiring data on
tumor characteristics and extensive follow-
-up periods.

A second measurement issue concerns
classification of race/ethnicity. Most other
studies on race/ethnicity and breast cancer
prognostic biomarkers do not state how
they measured this key variable.52#43-30 One
study, however, reported it classified race/
ethnicity based on ‘‘appearance, patient
questioning, surname, or medical record re-
view.”’ Another stated it obtained data on
race/ethnicity from a mixture of personal
interviews and hospital records.?” Our
study, by contrast, along with one other,?
categorized race/ethnicity based on self-
identification, as supported by current pub-
lic health recommendations which recog-
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TABLE 5.—Odds Ratios and 95% Confidence Intervals of Tumor Characteristics and Prognostic Biomarkers by
Socioeconomic Position from Logistic Regression, Adjusted for Race/Ethnicity, Age at Diagnosis, Menopausal
Status, and Place of Birth, for 135 Women Diagnosed with Breast Cancer, San Francisco Bay Area, 1966-1990

Working Class (WC)
Block Group =66% WC
vs.

Education Level
<4 Year-College vs.

<66% WC =4 Year-College

Characteristics OR 95% CI) OR (95% CI)
Tumor size (=20 mm vs. <20 mm) 1.64 (0.66, 4.07) 2.10 (0.78, 5.62)
Lymph node involvement (Any vs. None) 2.06 0.77,5.52) 1.16 (0.39, 341)
Tumor stage (Reg./Dist. vs. None) 1.82 (0.77, 4.34) 1.15 (0.44, 3.04)
Estrogen (+ vs. =) 1.40 (0.53,3.73) 0.29 (0.08, 1.11)
Progesterone (+ vs. —) 1.65 (0.70, 3.90) 0.57 (0.21, 1.52)
Androgen (+ vs. —) 0.49 (0.20, 1.21) 0.28 (0.08, 0.94)
EGFR (+ vs. =) 0.73 (0.20, 2.62) 0.62 (0.17, 2.30)
Her2/Neu (+ vs. —) 0.68 (0.25, 1.87) 1.97 (0.57,6.77)
Cathepsin D (+ vs. —) 1.23 (0.52,2.95) 1.46 (0.55, 3.86)
P53 (+ vs. —) 0.39 (0.11, 1.45) 7.45 (0.90, 61.97)
Ps2 (+ vs. —) 1.17 (0.46, 2.96) 1.09 (0.36, 3.28)
Ki67 (+ vs. —) 0.90 (0.39, 2.09) 2.38 (0.85, 6.65)
DNA ploidy (+ vs. —) 2.06 (0.83,5.13) 2.72 (0.83, 8.90)

nize that race/ethnicity is a social, not bio-
logical, construct.®-63

Despite potential differences in racial/
ethnic classification, as well as regional dif-
ferences in composition of racial/ethnic
groups, several of our findings are consis-
tent with those reported in prior studies.
These include larger tumor size among
black as compared to white women,? and
no black/white differences in distributions
of p53,7 DNA ploidy,”?* Her2/neu,”*?
Ki67,2 epidermal growth factor receptor
expression,? progesterone receptor status,?
and estrogen receptor status.?>° One inves-
tigation also reported no black/white differ-
ences for several tumor characteristics not
assessed in our study: tumor differentiation,
tumor grade, lipid-associated sialic acid,
and carcinogenic embryonic antigen level.??

In contrast to our results, however, sev-
eral studies have reported that black women
were more likely than white women to have
estrogen receptor negative tumors,”242>44-49
and one found that black women were more
likely than white women to have p53 gene
alterations associated with poorer progno-
sis.5 An additional study also observed

black women to be more likely than white
women to have a rare allele of the protoon-
cogene h-ras (not examined in our study),
which was also associated with younger age
at diagnosis, more aggressive tumors, and
poorer survival.®*

Notably, only two of the studies report-
ing black/white differences in estrogen re-
ceptor status included socioeconomic vari-
ables in their analyses.?*?®> Whereas one
found that controlling for socioeconomic
position accounted for black/white differ-
ences in estrogen receptor status,? the other
did not.? Differences in results across these
two studies and our own may, in part, result
from divergent approaches to measuring
and analyzing socioeconomic data, as we
discuss below, and may also reflect limita-
tions imposed by our small sample size.

First, the study that found socioeconomic
position contributed to black/white differ-
ences in estrogen receptor status* used cen-
sus tract-based measures, with poverty ar-
eas defined as tracts where =7% of the pop-
ulation was below the poverty line, less ed-
ucated areas defined as tracts where =67%
of the adult population had completed 4
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years of high school, and highly educated
areas defined as tracts where >11% of the
adult population had completed 4 or more
years of college. Using these measures, this
study found that black and white women
residing in census tracts with greater pov-
erty and with less education were more
likely to have estrogen receptor negative tu-
mors; adjusting for these socioeconomic
measures, in turn, greatly reduced black/
white differences in estrogen receptor sta-
tus.

By contrast, the other investigation ob-
tained data on each woman’s educational
level, poverty index (ratio of annual family
income to poverty level for a family of the
same size, multiplied by 100), and occu-
pation.”® Analyses of socioeconomic differ-
ences in estrogen receptor status were first
conducted separately among black and
white women and were restricted to com-
parisons of affluent (poverty index >400)
to less affluent (poverty index =400) wom-
en. Notably, whereas 17% of black women
and 54% of white women were classified as
“affluent” by this measure, 42% of black
women and 9% of white women had a pov-
erty index of <126 (meaning they lived be-
low 126% of the poverty line). This study
reported that lower socioeconomic position
was associated with lower prevalence of es-
trogen receptors only among breast tumors
in white women and, thus, adjusting for this
socioeconomic measure did not notably al-
ter the greater likelihood of black women
to have estrogen receptor negative tumors.
Lack of precision in evaluating socioeco-
nomic position among the black women,
along with limited overlap in distributions
between the black and white women, may
have contributed to these findings. Interest-
ingly, however, a British study examining
social class in relation to estrogen receptor
status found no difference between poor
and affluent white women, using the Car-
stairs index of deprivation, nor did it detect
socioeconomic differences in tumor size,
nodal status, or tumor grade.
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Taking into account difficulties in mea-
suring both race/ethnicity and socioeco-
nomic position,®*-%* our findings suggest
that, despite marked differences in socio-
economic position, white, black, and Asian
women have comparable distributions of
many breast cancer prognostic biomarkers,
other than tumor size. Our study thus lends
further support to the hypothesis that ex-
periences associated with race/ethnicity and
socioeconomic position contribute to racial/
ethnic and socioeconomic disparities in
breast cancer survival. Possible factors to
consider include co-morbidity and poorer
baseline health status, compromised im-
munologic systems (perhaps reflecting
stress-induced changes stemming from ra-
cial discrimination and socioeconomic de-
privation), and exposure to environmental
and occupational agents affecting tumor de-
velopment.236566 Ag a step toward evaluat-
ing these hypotheses more definitively, fu-
ture research should characterize distribu-
tion of prognostic biomarkers in larger pop-
ulations of women diagnosed with breast
cancer who are diverse in their racial/ethnic
and socioeconomic composition, and
should also address their relationship to
breast cancer survival, using well-defined
and consistent measures of racial/ethnic
self-identification, socioeconomic position,
and prognostic biomarkers.

ACKNOWLEDGEMENTS

This work was supported by contract DAMD17-94-
J-4388, awarded by the Department of Defense Breast
Cancer Research Program.

Thanks to Robert A. Hiatt for assistance in obtaining
the tumor blocks, to Donna Wells and Eugenie Coak-
ley for programming assistance, and to Beverly Whit-
marsh, Merril Jackson, and Sue Reinhart for medical
chart review.

REFERENCES

1. Miller BA, Ries LAG, Hankey BG, Kosary CL,
Edwards BK, eds. Cancer Statistics Review:
1973—1989. Bethesda, Md: National Cancer Insti-
tute; 1992. NIH Pub. No. 92-27809.

2. Cancer Among Blacks and Other Minorities: Sta-
tistical Profiles. Bethesda, Md: National Cancer




10.

11.

12.

13.

14.

15.

16.

Breast Cancer Prognostic Biomarkers—Krieger et al

Institute, Division of Cancer Prevention and Con-
trol; 1986. NIH Pub. No. 86-2785.

. LeMarchand L. Ethnic variation in breast cancer

survival: a review. Breast Cancer Res Treat. 1991;
18:S119-S126.

. Eley JW, Hill HA, Chen VS, Austin DE Wesley

MN, Muss HB, et al. Racial differences in survival
from breast cancer: Results of the National Cancer
Incidence Black/White Cancer Survival Study.
JAMA. 1994:272:947-954.

. Roach M 1II, Alexander M. The prognostic sig-

nificance of race and survival from breast cancer:
A model for assessing the reliability of reported
survival differences. J Natl Med Assoc. 1995;85:
214-224.

. Shiao YH, Chen VW, Scheer WD, Wu XC, Correa

P. Racial disparity in the association of p53 gene
alterations with breast cancer survival. Cancer
Res. 1995;55:1485-1490.

. Elledge RM, Clark GM, Chamness GC, Osborne

CK. Tumor biologic factors and breast cancer
prognosis among White, Hispanic, and Black
women in the United States. J Natl Cancer Inst.
1994:86:705-712.

. Simon MS, Severson RK. Racial differences in

survival of female breast cancer in the Detroit
metropolitan area. Cancer. 1996;77:308-314.

. Sugarman JR, Dennis LK, White E. Cancer sur-

vival among American Indians in Western Wash-
ington State (United States). Cancer Causes Con-
trol. 1994;5:440—-448.

Delgado DJ, Lin WY, Coffey M. The role of His-
panic race/ethnicity and poverty in breast cancer
survival. Puerto Rico Health Sci J. 1995;14:103~
116.

Ansell D, Whitman S, Lipton R, Cooper R. Race,
income and survival from breast cancer at two
public hospitals. Cancer. 1993;72:2974-2978.
Wells BC, Horm JW. Stage at diagnosis in breast
cancer: Race and socioeconomic factors. Am J
Public Health. 1992;82:1383-1385.

Gordon NH, Crowe JP, Brumberg DJ, Berger NA.
Socioeconomic factors and race in breast cancer
recurrence and survival. Am J Epidemiol. 1992;
135:609-618.

Bassett MT, Krieger N. Social class and black-
white differences in breast cancer survival. Am J
Public Health. 1986;76:1400-1403.

Dayal H, Power RN, Chiu C. Race and socioeco-
nomic status in survival for breast cancer. J
Chronic Dis. 1982;35:675-683.

Ayanian JZ, Kohler BA, Abe T, Epstein AM. The
relationship between health insurance coverage
and clinical outcomes among women with breast
cancer. N Engl J Med. 1993;329:325-331.

. Berg J, Ross R, Latourette HB. Economic status

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

147

and survival of breast cancer patients. Cancer.
1977,39:467-4717.

Morrison A, Loew CR, MacMahon B, Warram J,
Yuasa S. Survival of breast cancer patients related
to incidence risk factors. Int J Cancer. 1972; 9:
470-476.

Shea M. Dynamics of Economic Well-Being: Pov-
erty, 1991 to 1993, Current Population Reports.
Washington, DC: US Government Printing Office:
US Bureau of the Census, 1995. Series P70—45.
Eller TJ. Household Wealth and Asset Ownership:
1991. Current Population Reports. Washington,
DC: US Government Printing Office: US Bureau
of the Census, 1994; Series P70-34.

Ragland KE, Selvin S, Merril DW. Black-white
differences in stage-specific survival: analyses of
seven selected sites. Am J Epidemiol. 1991;133:
672-682.

Jones BA, Kasl SV, Curnen MGM, Owens PH,
Dubrow R. Can mammography screening explain
the race difference in stage at diagnosis of breast
cancer? Cancer. 1995;75:2103-2113.

Weiss SE, Tartter PI, Ahmed S, Brower ST, Brusco
C, Bossolt K, Amberson JB, Bratton J. Ethnic dif-
ferences in risk and prognostic factors for breast
cancer. Cancer. 1995;76:268-274.

Gordon N. Association of education and income
with estrogen receptor status in primary breast
cancer. Am J Epidemiol. 1995;142:796-803.
Chen VW, Correa P, Kurman RJ, Wu X-C, Eley
JW, Austin D, et al. Histological characteristics of
breast carcinoma in blacks and whites. Cancer
Epidemiol Biomarkers & Prev. 1994;3:127-135.
Gasparini G, Pozza F Harris AL. Evaluating the
potential usefulness of new prognostic and predic-
tive indicators in node-negative breast cancer pa-
tients. J Natl Cancer Inst. 1993;85:1206-1219.
Klijn JG, Berns EM, Bontenbal M, Foekens J. Cell
biological factors associated with the response of
breast cancer to systemic treatment. Cancer Treat
Rev. 1993; Suppl B:45-63.

Merkel DE. Prognostic markers in early breast
cancer. Contemporary. Oncology. 1992;Septem-
ber:53-60.

Koenders PG, Beex LV, Kienhuis CB, Klooppen-
borg PW, Benraad TJ. Epidermal growth factor re-
ceptor and prognosis in human breast cancer: A
prospective study. Breast Cancer Res Treat. 1993;
25:21-27.

Klijn JG, Berns PM, Schmitz PI, Foekens JA. The
clinical significance of epidermal growth factor re-
ceptor (EGF-R) in human breast cancer: A review
on 5232 patients. Endocr Rev. 1992;13:3-17.
Winstanley JH, Leinster SJ, Cooke TG, Westley
BR, Platt-Higgins AM, Rudland PS. Prognostic
significance of cathepsin-D in patients with breast
cancer. Br J Cancer. 1993;67:767-772.




148

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Ethnicity & Disease—Vo! 7, Spring/Summer 1997

Ravdin PM. Evaluation of cathepsin D as a prog-
nostic factor in breast cancer. Breast Cancer Res
Treat. 1993;24:219-226.

Isola J, Weitz S, Visakorpi T, Holli K, Shea R,
Khabbaz N, et al. Cathepsin D expression detected
by immunohistochemistry has independent prog-
nostic value in axillary node-negative breast can-
cer. J. Clin Oncol. 1993;11:36-43.

Ciocca DR, Fujimura FK, Tandon AK, Clark GM,
Mark C, Lee-Chen GI, et al. Correlation of HER-
2/new amplification with expression and with oth-
er prognostic factors in 1103 breast cancer cases.
J Natl Cancer Inst. 1992;84:1279-1282.
Toikkanen S, Helin H, Isola J, Joensuu H. Prog-
nostic significance of HER-2 oncoprotein expres-
sion in breast cancer: A 30-year follow-up. J Clin
Oncol. 1992;10:1044-1048.

Schwartz LH, Koerner FC, Edgerton SM, Sawicka
JM, Rio MC, Bellocq JP et al. pS2 expression and
response to hormonal therapy in patients with ad-
vanced breast cancer. Cancer Res. 1991;51:624—
628.

Rio MC, Bellocq JP, Gairard B, Rasmessen UB,
Krust A, Koehl C, et al. Specific expression of the
pS2 gene in subclasses of breast cancers in com-
parison with expression of the estrogen and pro-
gesterone receptors and the oncogene ERBB2.
Proc Natl Acad Sci USA. 1987;84:9243-9247.
Silvestrini R, Benini E, Daidone MG, Veneroni S,
Boracchi P, Cappelletti V, et al. p53 as an inde-
pendent prognostic marker in lymph node-nega-
tive breast cancer patients. J Natl Cancer Inst.
1993; 85:965-970.

Isola J, Visakorpi T, Holli K, Kallioniemi OP. As-
sociation of overexpression of tumor suppressor
protein p53 with rapid cell proliferation and poor
prognosis in node-negative breast cancer patients.
J Natl Cancer Inst. 1992;84:1109-1114.

Isola JJ, Helin JH, Helle MJ, Kallioniemi OP.
Evaluation of cell proliferation in breast carcino-
ma: Comparison of Ki-67 immunohistochemical
study, DNA flow cytometric analysis, and mitotic
count. Cancer. 1990;65:1180-1184.

Wintzer HO, Zipfel I, Schulte-Monting J, Heller-
ich U, von Kleist S. Ki-67 immunostaining in hu-
man breast tumors and its relationship to progno-
sis. Cancer. 1991;67:421-428.

Cattoretti G, Becker MHG, Key G, Duchrow M,
Schluter C, Galle J, et al. Monoclonal antibodies
against recombinant parts of the Ki-67 antigen
(MIB-1 and MIB-3) detect proliferating cells in
microwave-processed formalin-fixed paraffin sec-
tions. J Pathology. 1992;168:357-363.

Lesser ML, Rosen PP, Senie RT, Duthie K, Me-
nendez-Botet C, Schwartz MK. Estrogen and pro-
gesterone receptors in breast carcinoma: correla-

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

tions with epidemiology and pathology. Cancer.
1981;48:299-309.

Schwartz MR, Randolph RL, Panko WB. Carci-
noembryonic antigen and steroid receptors in the
cytosol of carcinoma of the breast. Relationship to
pathologic and clinical features. Cancer. 1985;55:
2464-2471.

Stanford JL, Szklo M, Boring CC, Brinton LA,
Diamond EA, Greenberg RS, et al. A case-control
study of breast cancer stratified by estrogen recep-
tor status. Am J Epidemiol. 1987;125:184-194.
Hulka BS, Chambless LE, Wilkinson WE, Deub-
ner DC, McCarty KS Sr, McCarty KS Jr. Hor-
monal and personal effects on estrogen receptors
in breast cancer. Am J Epidemiol. 1984;119:692—
704.

Natarajan N, Nemoto T, Mettlin C, Murphy GP.
Race-related differences in breast cancer patients.
Results of the 1982 national survey of breast can-
cer by the American College of Surgeons. Cancer.
1985;56:1704-1709.

Beverly LN, Flanders WD, Go RC, Soong SJ. A
comparison of estrogen and progesterone receptors
in black and white breast cancer patients. Am J
Public Health. 1987;77:351-353.

Gapstur SM, Dupuis J, Gann P, Collila S, Win-
chester DP. Hormone receptor status of breast tu-
mors in black, Hispanic, and non-Hispanic white
women. Cancer. 1996;77:1465-1471.

Ownby HE, Frederick J, Russo J, Brooks SC,
Swanson GM, Heppner GH, et al. Racial differ-
ences in breast cancer patients. JNCI. 1985;75:55~
60.

Krieger N, Wolff MS, Hiatt RA, Rivera M, Vo-
gelman J, Orentreich N. Breast cancer and serum
organochlorines: a prospective study among white,
black, and Asian women. JNCI. 1994;86:589-599.
Krieger N. Overcoming the absence of socioeco-
nomic data in medical records: validation and ap-
plication of a census-based methodology. Am J
Public Health. 1992;82:703-710.

Krieger N. Women and social class: A method-
ological study comparing individual, household,
and census-based measures as predictors of black/
white differences in reproductive history. J Epi-
demiol Commun Health. 1991;45:35-42.
Kleinbaum DG, Kupper LI, Morgenstern H. Epi-
demiologic Research: Principles and Quantitative
Methods. London, England: Lifetime Learning
Pub; 1982.

Breslow NE, Day NE. Statistical Methods in Can-
cer Research, Vol. I. The Analysis of Case-Control
Studies. Lyon, France: International Agency for
Research on Cancer; 1980.

SAS Institute, Inc. SAS Language and Proce-
dures: Usage, Version 6.0. Cary, NC: SAS Insti-
tute, Inc; 1990.




57.

58.

59.

60.

61.

Breast Cancer Prognostic Biomarkers—Krieger et al

Geronimus AT, Bound J, Neidert LJ. On the va-
lidity of using census geocode data to proxy in-
dividual socioeconomic characteristics. J Am Stat
Assoc. 1996;91:529-537.

Wilbur DC, Willis J, Mooney RA, Fallon MA,
Moynes R, di Sant’Agenese P. Estrogen and pro-
gesterone receptor detection in archival formaline-
fixed, paraffin-embedded tissue from breast carci-
noma: a comparison of immunohistochemistry
with the dextran-coated charcoal assay. Modern
Parhol. 1992;5:79-84.

Pertschuk LP, Geldman JG, Kim Y-D, Braithwaite
L, Schneider E, Braverman AS, et al. Estrogen re-
ceptor immunocytochemistry in paraffin embed-
ded tissues with ER1D5 predicts breast cancer en-
docrine response more accurately than H22SPy in
frozen sections or cytosol-based ligand-binding as-
say. Cancer. 1996;77:2514-2519.

Centers for Disease Control. Use of race and eth-
nicity in public health surveillance. Summary of
the CDC/ATSDR workshop. Atlanta, Georgia,
March 1-2, 1993. MMWR. 1993;42(RR-10):1-16.
Hahn RA, Stroup DE Race and ethnicity in public
health surveillance: Criteria for the scientific use

62.

63.

64.

65.

66.

149

of social categories. Public Health Rep. 1994;109:
7-15.

Williams DR, Collins C. US socioeconomic and
racial differences in health: patterns and explana-
tions. Annu Rev Sociol 1995;21:349-386.
Krieger N, Rowley DL, Herman AA, Avery B,
Phillips MT. Racism, sexism, and social class: im-
plications for studies of health, disease, and well-
being. Am J Prev Med. 1993;9(suppl 2):82-122.
Garrett PA, Hulka BA, Kim YL, Farber RA.
HRAS protooncogene polymorphism and breast
cancer. Cancer Epidemiol Biomarkers Prev. 1993,
2:131-138.

Carnon AG, Ssemwogerere A, Lamont DW, Hole
DJ, Mallon EA, George WD, et al. Relation be-
tween socioeconomic deprivation and pathological
prognostic factors in women with breast cancer.
Br Med J. 1994;309:1054—-1057.

Krieger N. Exposure, susceptibility, and breast
cancer risk: a hypothesis regarding exogenous car-
cinogens, breast tissue development, and social
gradient, including black/white differences, in
breast cancer incidence. Breast Cancer Res Treat.
1989;13:205-223.




