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University of Washington
ABSTRACT

Relationship between Hormonal, Reproductive, Anthropometric,
and Lifestyle Factors and Risk of Lobular and Ductal Breast Cancer

Christopher [-Fu Li
Chairperson of the Supervisory Committee:

Professor Janet R. Daling
Public Health & Community Medicine - Epidemiology

Background:

Recent studies report that use of combined estrogen and progestin hormone replacement therapy
(CHRT) increases risk of invasive lobular breast carcinomas (ILC), but has a more modest impact
on invasive ductal carcinoma (IDC) risk. However, data on CHRT use for long durations and on
risks associated with different CHRT regimens are lacking. Further, though there is evidence that
ILC is more hormonally responsive than IDC, few studies have evaluated associations between
ILC incidence and other hormonally related breast cancer risk factors, including reproductive,
anthropometric, and lifestyle characteristics.

Methods:

A population-based case-control study of women 65-79 years of age was conducted in western
Washington State. The responses of 975 women diagnosed with breast cancer during 1997-
1999 were compared to those of 1,007 controls. Associations between use of different hormone
replacement regimens, and various reproductive, anthropometric, and lifestyle factors, and risks
of IDC (n=656) and ILC (n=196) were evaluated using polytomous regression.

Results:

Users of unopposed estrogen, even for 225 years, did not have an elevated risk of breast cancer.
Ever users of CHRT had elevated risks of lobufar, ductal, and breast carcinomas of all histologic
types (odds ratio (OR)=2.6, OR=1.6, and OR=1.7, respectively). Five or more years of oral
contraceptive use and use of alcohol also increased risk of ILC, but not IDC. Alternatively, earlier
age at menarche, later age at menopause, and obesity were more strongly associated with IDC

risk.



Conclusions:

We find that long-term use of CHRT is more strongly associated with breast cancer risk than is
ERT use, and that CHRT use increases ILC risk to a greater magnitude than it does IDC risk.
Alternatively, certain reproductive and anthropometric factors were associated with elevated risks
of IDC, but not ILC. Our results suggest that endogenous hormone levels are more strongly
related to IDC risk than to ILC risk, while exogenous hormones are more strongly related to ILC
risk than to IDC risk. Given the known heterogeneity of breast cancer, differences in etiologic
associations are not unexpected. Identification of risk factors related to different histologic types

of breast cancer will likely further our understanding of breast cancer etiology.
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CHAPTER 1:
The relationship between long-term use of hormone replacement therapy and risk

of breast cancer among women 65-79 years of age

ABSTRACT

Background: Women who use combined estrogen and progestin hormone replacement therapy
(CHRT) have been observed to be at an increased risk of breast cancer, particularly for tumors
with a lobular histology. However, there is a lack of data on women who have used CHRT for
very long durations (e.g. 215 years), and on the risk associated with different forms of CHRT.
Methods: A population-based case-control study of women 65-79 years of age was conducted
in western Washington State. The responses of 975 women diagnosed with invasive breast
cancer from 1997-1999 were compared to those of 1,007 controls. Associations between use of
different hormone replacement regimens and risks of lobular (n=196), ductal (n=656), and all
histologic types of breast cancer were evaluated using polytomous regression.

Results: Users of unopposed estrogen replacement therapy (ERT), even for 225 years, did not
have an elevated risk of breast cancer, while users of CHRT for 25 years had greater than 2.0-
fold increases in their risk of breast cancer. Some differences by histology were observed as
ever users of CHRT had a 2.6-fold (95% Cl: 1.7-4.0) increased risk of ILC and a 1.6-fold (95% Cl:
1.2-2.1) increased risk of IDC. Assaciations of similar magnitudes were seen among users of
both sequential and continuous CHRT.

Conclusions: Use of ERT, even for durations of 225 years, does not appear to increase breast
cancer risk among women 65-79 years of age. However, use of CHRT, both sequential and
continuous regimens, for 25 and 215 years does increase breast cancer risk, though it appears to

increase risk of ILC to a greater magnitude than it does IDC.



INTRODUCTION

The Collaborative Group on Hormonal Factors in Breast Cancer reported that current
users of combined estrogen and progestin hormone replacement therapy (CHRT) for 5 years or
longer have a 53% increase in breast cancer risk.' Similariy, the Women's Health Initiative
(WHI), a randomized controiled trial, found that CHRT use is associated with a 26% increase in
breast cancer risk after 5.2 years of follow-up.? However, few studies have evaluated the
possible effect of very long durations of CHRT use on breast cancer risk, or the possible
differential influence of continuous versus interrupted use of the progestin component of CHRT.

Five recent studies have reported that CHRT use is associated with a 2.0 to 3.9-fold
increased risk of invasive lobular carcinoma (ILC), the second most common histologic type of
breast cancer, but generally not with the most common histologic type, invasive ductal carcinoma
(IDC).:"7 In the three studies that evaluated duration of use, each found that ILC risk increased as
duration of CHRT use increased.”” However, these reports have been limited by relatively small
numbers of women with lobular cancer, and none have been able to evaluate the possible impact
of very long durations of hormone replacement therapy (HRT). Distinguishing between breast
carcinomas by histology is clinically important because ILCs are more likely to be hormone
receptor positive® and to have a better prognosis than IDCs,® though they are also more difficult
to detect by mammography and clinical breast exams.'® Additionally, ILC incidence rates have
increased steadily since 1977 among women 50 years of age and older in the United States,
while IDC incidence rates have remained essentially constant since 1987."

Using data from a population-based case-control study of breast cancer in older women,
we assessed the relationship between HRT and different histologic types of invasive breast

cancer focusing on specific hormone regimens, as well as on recency and duration of use.



METHODS

We conducted a population-based case-control study of women 65-79 years of age living
in the three county Seattie-Puget Sound metropolitan area. Study interviewers conducted in-
person interviews on all subjects.
Cases

Women aged 65-79 years with no prior history of in-situ or invasive breast cancer when
diagnosed with invasive breast cancer between April 1, 1997 and May 31, 1999, were eligible as
cases. The Cancer Surveillance System (CSS), the population-based tumor registry that serves
the Seattle-Puget Sound region of Washington State and participates in the Surveillance,
Epidemiology, and End Results (SEER) program of the National Cancer Institute, was used to
identify cases. In order to be eligible for the study, cases had to live in King, Pierce, or
Snohomish counties and have a Health Care Financing Administration (HCFA) record, since
these records were used to identify controls. Of the 1,210 eligible cases identified, 975 (80.6%)
were interviewed. Of the 235 cases who were not interviewed, 73% refused to be interviewed,
19% died before an interview could be conducted, 4% moved away from the area, and the
physicians treating 4% of cases refused to allow contact with their patients. Information on tumor
histology was ascertained from CSS, which abstracts data on tumor characteristics from medical
records and pathology reports from institutions serving the area. CSS classifies histology using
International Classification of Diseases for Oncology (ICD-O) codes. We divided cases into two
groups, with codes 8520 and 8522 used to define the 196 ILC cases and code 8500 used to
define the 656 IDC cases.
Controls

HCFA records were used to identify women from the general population of female
residents of King, Pierce, and Snohomish counties who were the same ages as cases to serve as
controls. Of the 1,365 eligible women selected as controls, 1,007 (73.8%) were interviewed. Of

the 358 controls who were not interviewed, 84% refused to be interviewed, 7% died after



selection but before they could be interviewed, 6% moved away from the area, and 4% we were
unable to locate.
Data Collection

The study protocol was approved by the Fred Hutchinson Cancer Research Center
Institutional Review Board, and informed consent was obtained from all study subjects. Both
cases and controls were interviewed in-person and were asked about menstrual, contraceptive
and reproductive histories, body size, and medical history, including family history of cancer.
Demaographic data and information on smoking and alcohol use were also collected. Additionally,
detailed histories of all episodes of HRT use, including beginning and ending dates, total duration,
brand, dose, and pattern of use (number of days per month) for each formulation were obtained.
A life events calendar and a photo book of hormone replacement medications used in the United
States were utilized to enhance recall. Our questioning with regard to all of these factors was
limited to exposures that occurred before each subject's reference date. The reference date used
for each woman with breast cancer was her date of diagnosis. Control reference dates were
assigned so as to reflect the expected distribution of reference dates among the cases.
Analysis

In our HRT analyses, the referent category consisted of women who never used any type
of HRT or who used HRT for a total of less than 6 months. Excluded from the analysis were
women whose only HRT use consisted of 6 months or more of shots, creams, or suppository use
(3 controls, 5 cases). Our analysis of ever use of ERT was restricted to women who were
exclusive users of ERT, that is women who had never also used CHRT for 6 months or longer.
This restriction was made because in prior studies CHRT has been observed to be more strongly
associated with breast cancer risk than is ERT.'?'® As a result of this restriction, 69 controls
(15%) and 95 cases (21%) were excluded from our analysis. With regard to patterns of CHRT
use, estrogen users who took progestin <25 days per month were considered sequential CHRT
(SCHRT) users, and those who used progestin >25 days per month were considered continuous

CHRT (CCHRT) users.



We compared all breast cancer cases to controls using unconditional logistic
regression,'* and then compared ILC and IDC cases to controls using polytomous logistic
regression.'® The 123 women with other breast cancer histologies were excluded from the latter
analysis. Both statistical approaches were used to calculate odds ratios (ORs) as an estimate of
the relative risk and to compute 95% confidence intervals (Cls). The following variables were
evaluated as potential confounders: family history of breast cancer (first degree, no first degree);
education (less than high school, high school graduate, some college, college graduate or
higher); type of menopause (natural, induced, simple hysterectomy (hysterectomy without a
bilateral oophorectomy)); age at menopause (five-year categories); age at menarche (<11, 12-13,
214); parity; age at first full-term (>26 weeks) pregnancy (never pregnant, 14-19, 20-24, 25-29,
230 years); body mass index (BMI) five years prior to reference date (quartiles of control
population); average daily alcohol use during the twenty years prior to reference date (none, <8.1
grams, 28.2 grams); and oral contraceptive use (never, <5 years, 25 years). Only adjustment for
type of menopause changed the risk estimates of the odds ratios of interest by more than 10%.
Therefore, all analyses were adjusted for type of menopause and for age (continuous) since

cases and controls were matched on age.

RESULTS

Women with breast cancer had a similar age distribution as controls, no matter what the
histology of their tumor (Table 1.1). Controls were more likely than cases to be non-white. Both
ILC and IDC cases were somewhat more likely than controls to have an earlier age at menarche,
to be older at the time of their first birth, to have a first degree family history of breast cancer, and
to have higher levels of alcohol consumption. IDC cases were more likely to be never users of
oral contraceptives, while ILC cases were more likely to have used oral contraceptives for 25
years compared to controls. Otherwise ILC cases, IDC cases, and controls were similar to each

other with respect to other demographic and reproductive characteristics.



Among women who never used CHRT, neither ever use of ERT nor fong durations of
ERT use appeared to alter breast cancer risk (Table 1.2). For example, 12.3% of controls and
10.8% of cases used ERT for 225 years (odds ratio (OR) = 0.9; 95% CI: 0.7-1.3). Neither current
users nor former users of unopposed estrogen (ERT) for 6 months or longer had an elevated risk
of breast cancer, whether for all histologic types combined, IDC, or ILC.

Ever use of CHRT, among women who never used ERT, was associated with a 1.8-fold
(95% Cl: 1.3-2.4) elevated risk of breast cancer overall, and with increases in risk of both IDC and
ILC (OR=1.7; 95% CI: 1.2-2.4 and OR=2.5; 95% Cl: 1.5-4.1, respectively) (Tabie 1.3). These
elevations in risk were greatest among women who used CHRT for 25 years or longer. Users of
CHRT for 5-15 years and 215 years had 1.7 and 1.9-fold increases in risk of IDC, respectively,
and 3.3 and 2.3-fold increases in risk of ILC, respectively. Similar results were obtained when the
analysis included CHRT users who had also ever used ERT. Current and former use of CHRT
for 6 months or longer were also associated with increased risks of all histologic types of breast
cancer, and of lobular and ductal tumors separately. Specifically, current use of CHRT was
associated with 2.0, 1.8, and 3.0-fold elevations in risk of all histologic types, ductal, and lobular
breast cancer, respectively.

The elevations in risk associated with ever and current use of CHRT differed little by the
pattern of progestin use (Table 1.4). Specifically, ever use of both SCHRT and CCHRT were
associated with elevations in risk of breast cancer of all histologic types (OR=1.9; 95% ClI: 1.3-2.7
and OR=1.7; 95% CI: 1.3-2.3, respectively) that increased in magnitude as duration of use
increased. Similarly, ever use of SCHRT and CCHRT were associated with increased risks of
both IDC (OR=1.7; 95% CI: 1.1-2.6 and OR=1.6; 95% CI: 1.1-2.2, respectively) and ILC (OR=2.7;

95% Cl: 1.4-5.0 and OR=2.6; 95% ClI: 1.6-4.2, respectively).

DISCUSSION
Certain limitations of our study should be considered when interpreting the results. We

did not conduct an independent pathology review of the tumors, but instead relied on the



diagnoses made by numerous pathologists in the Seattle-Puget Sound area. Misclassification of
tumor histology may have resulted in some instances.

Additionally, we were able to interview only 80.6% of all eligible cases and 73.8% of all
eligible controls. Our results couid be biased if the women we were unable to interview differed
from those who did participate with regard to type or patterns of hormone use. We also relied on
participants’ recall of the types of HRT used as well as the timing and duration of use. However,
studies have shown reasonable agreement between postmenopausal women'’s reports and
physicians’ or medical records.'®'® Also of note is that the majority of women who ever used
CHRT in our study were current users (83.3% of cases, 82.1% of controls), likely increasing their
ability to accurately report the specific regimens they have used.

Our results suggest that ERT use does not increase risk of breast cancer in women 65-
79 years of age, even among users of ERT for 225 years. However, the meta-analysis by the
Collaborative Group on Hormonal Factors in Breast Cancer found that current use of ERT for 25
years was associated with a 1.34-fold increased risk of breast cancer.! This meta-analysis was
limited though, in that data on the type of HRT used were only available for 39% of the eligible
women, and because the analysis was not restricted to women who were exclusive users of ERT.
As a result, some of the association that was observed may have been due to a mixing of the
effects of ERT use with CHRT use, for this study and others have found that CHRT use is a
stronger risk factor for breast cancer than is ERT use.'>" In a prior meta-analysis that was
based primarily on studies conducted before widespread use of CHRT, use of ERT for 210 years
was associated with a 15%-49% increased risk of breast cancer.?’ It is noteworthy though that
results from the Nurse’s Health Study from 1976 to 1986, a time period prior to the widespread
use of CHRT, are consistent with our results as we both found that 215 years of ERT use was not
associated with an increased risk of breast cancer.?' These resuits were not included in the
meta-analysis by Steinberg, et al. as they included results from the Nurse’s Heaith Study that
were published later® and included a larger proportion of CHRT users. Also, few studies have

focused on older women, and none of the studies described above looked specifically at



durations of 225 years of ERT use. Thus, our finding that long-term exclusive use of ERT is not
associated with an elevation in breast cancer risk among women 65-79 years of age needs to
confirmed by others.

The results of our study are in partial agreement with the five studies that have evaluated
associations between HRT use and the occurrence of ILC and IDC.>*7 With respect to ERT use,
our findings are consistent with four of these five studies in finding that ERT does not increase
risk of ILC**%7 or IDC.**7 These studies have also observed that CHRT use is associated with a
2.0 to 3.9-fold increased risk of ILC. Similarly, we found that ever use of CHRT is associated with
a 2.5-fold elevation in ILC risk. Though each of these studies also observed that CHRT use is
more strongly associated with ILC than it is with IDC, similar to only one of the previous five
studies® we observed that CHRT use is also associated with a 1.6-fold elevated risk of IDC.
However, there are also some important differences between our study and these previous
reports. Specifically, four of these five studies consisted only of cases diagnosed before 1995,
and they all included younger post-menopausal women. Our study focused on older women who
were diagnosed in more recent years (1997-1999), resuiting in a relatively high prevalence of use
of both ERT and CHRT for long durations. This provided us with greater power to measure the
relationships between long durations of HRT use and risks of ILC and IDC. Consistent with the
hypothesis that CHRT use may have a different effect on the risk of ILC and {DC, lobular
carcinomas are more likely to be both estrogen and progesterone receptor positive compared to
ductal carcinomas, suggesting that the former are more likely to be hormonally responsive.
Additionally, progesterone has long been known to promote lobular differentiation.® it is also
known that ILCs and IDCs differ with respect to the expression of a variety molecular tumor
markers other than hormone receptors, including cyclin D1,%* VEGF,?® and e-cadherin.2

Two of the five studies also reported on breast cancer risk by different patterns of CHRT
use. One found that both SCHRT and CCHRT use were associated with an increased risk of ILC
and with an increased risk of IDC that was within the limits of chance,® while the other observed

that only CCHRT was associated with an increased risk of ILC.” Similar to the former study, our



resuits suggest that use of both SCHRT and CCHRT increase ILC risk, and (to a lesser extent)
IDC risk. One limitation of the WHI is that it only evaluated CCHRT use, and thus conciusions
regarding the effect of SCHRT or other CHRT regimens on breast cancer risk could not be drawn.
However, our data and the data from Chen, et al.’ suggest that SCHRT and CCHRT are
equivalent with respect to the risks of breast cancer associated with their use.

Evidence is mounting regarding the adverse effects of adding progestin to HRT in
regards to breast cancer risk. The primary strength of our study is that it included women with
long durations of CHRT use, and it provides additional evidence that both short-term and long-
term CHRT use, whether taken in a sequential or continuous manner, are associated with
elevations in risks of ILC and IDC. However, while risk of IDC was highest among women who
used CHRT for 215 years or longer, users of CHRT for 5-15 years actually had a higher risk of
ILC than did users for 215 years. We were limited though in our number of ILC cases and there
was considerable overlap in the 95% confidence intervals of these latter two estimates. Thus,
larger studies are needed to evaluate the dose-response relationship between CHRT use and
ILC risk. Clearly though, the risk of breast cancer associated with CHRT use does appear to vary
by histologic type. Given the known heterogeneity of breast cancer, differences in etiologic
associations are not unexpected. Thus, a greater understanding of the etiology and risk factors
of different histologic types of breast cancer may aid in the development of improved

management and treatment approaches to women with breast cancer.



Table 1.1: Distribution of demographic and known risk factors for breast cancer

among 1,007 controls, 975 breast cancer cases, 656 ductal cases, and 196

lobular cases

Controls All cases Ductal Lobular
(n=1,007) (n=975) (n=656) (n=196)
Characteristic n % n % n % n %
Reference age
65-69 330 328 300 308 204 31.1 58 29.6
70-74 381 378 381 39.1 252 384 85 434
75-79 296 294 294 302 200 305 53 27.0
Race
White 925 919 929 953 623 950 188 959
Black 37 3.7 16 1.6 11 1.7 3 1.5
Asian/Pacific Islander 29 29 19 1.9 18 2.7 1 0.5
Other/unknown 16 1.6 11 1.1 4 0.6 4 2.0
Income
<$15,000 191 217 177 213 124 221 30 179
$15,000-$25,000 214 243 198 239 139 248 39 232
$25,000-$50,000 206 336 296 357 204 364 60 357
2$50,000 180 204 159 19.2 94 16.8 39 232
Missing 126 145 95 28
Marital status
Married 536 546 517 544 343 538 103 534
Widowed 315 321 301 317 201 316 65 337
Divorced/separated 121 123 125 131 87 137 23 119
Single 10 1.0 8 0.8 6 0.9 2 1.0
Missing 25 24 19 3
Education
Less than high school 153 152 126 129 87 133 19 9.7
High school graduate 395 393 376 386 251 383 84 429
Some college 286 284 312 320 210 320 59  30.1
College graduate 172 171 161 165 108 165 34 173
Missing 1 0 0 0
Age at menarche
8-11 173 172 182 188 126 194 3B 179
12-13 520 517 525 542 357 548 104 53.1
214 313 311 261 270 168 2538 57 29.1
Missing 1 7 5 0
Parity
Nulliparous 94 9.3 88 9.0 57 8.7 20 10.2
Parous 913 907 887 910 599 913 176 89.8




Table 1.1, continued

20.5
47.7
22.5

9.3

20.5

61.6
15.0
216

9.9
15.3
26.6
34.3
13.9

754
15.9
8.6

82.9
171

271
25.0
23.9
24.0

51.6
24.7

Age at first birth 187
14-19 435
20-24 205
25-29 85
230 95
Missing 187

Type of menopause
Natural 607
Induced 148
Simple hysterectomy 231
Missing 21

Age at menopause
23-39 64
40-44 99
45-49 172
50-54 222
55-68 90
Missing 360

Duration of oral contraceptive use
never 752
<5 years 159
25 years 86
Missing 10

First degree family history of breast cancer
No 771
Yes 159
Missing 77

Body mass index, quartiles
£23.32 261
23.33-26.20 241
26.21-30.11 230
230.12 231
Missing 44

Average number of grams of alcohol per day
None 518
<8.2 248
28.2 238

Missing 3

23.7

152
432
206
93
92
152

583
129
237

26

38
77
165
217
77
401

736
139
93

703
208
64

209
240
245
245

36

461
249
260

17.2
48.9
23.3
10.5

17.2

61.4
13.6
25.0

6.6
13.4
28.7
37.8
13.4

76.0
144
9.6

77.2
22.8

22.3
25.6
26.1
26.1

47.5
25.7
26.8

98
302
136

60

60

98

400
78
159
19

29
40
116
143
54
274

508
85
58

469
139
48

139
164
162
168

23

320
158
174

16.4
50.7
228
10.1

16.4

62.8
12.2
25.0

76
10.5
304
374
14.1

78.0
1341
8.9

771
22.9

220
25.9
25.6
26.5

49.1
24.2
26.7

31
84
41
20
20
31

113
29
47

19
27
47
15
84

141
30
24

146
40
10

51
43
52
42

78
61
57

17.6
47.7
23.3
11.4

17.6

59.8
15.3
249

3.6
17.0
241
42.0
134

72.3
15.4
12.3

78.5
21.5

27.1
22.9
27.7
22.3

39.8
31.1
29.1

11
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CHAPTER 2:

Reproductive and Anthropometric Factors in Relation to the Risk of Lobular and Ductal

Breast Carcinoma among Women 65-79 Years of Age

ABSTRACT

Background: Recent studies report that use of combined estrogen and progestin hormone
replacement therapy increases a woman'’s risk of invasive lobular breast carcinomas (ILC), but
has a more modest impact on her risk of invasive ductal carcinomas (IDC). These data suggest
that ILCs are more hormonally responsive and may be more strongly associated with hormonally
related breast cancer risk factors such as reproductive and anthropometric characteristics.
However, few studies have evaluated these risk factors by breast cancer histology.

Methods: A population-based case-control study of women 65-79 years of age was conducted
in western Washington State. The responses of 975 women diagnosed with invasive breast
cancer during 1997-1999 were compared to those of 1,007 controls. Assaciations between
various reproductive and anthropometric factors and risks of IDC (n=656) and ILC (n=196) were
evaluated using polytomous logistic regression.

Results: Earlier age at menarche, later age at menopause, and obesity were more strongly
associated with an increased risk of IDC than ILC. Alternatively, though within the limits of
chance, five or more years of oral contraceptive use increased risk of ILC but not IDC.
Conclusions: Associations between certain reproductive and anthropometric factors and breast
cancer risk differed by histologic type. Additional studies are needed to confirm our resuits that
suggest that factors influencing endogenous hormone levels and duration of ovarian function are
more strongly associated with risk of IDC than with risk of ILC, while exogenous hormones are

more strongly associated with ILC risk than with IDC risk.
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INTRODUCTION

Five recent studies have reported that combined estrogen and progestin hormone
replacement therapy (CHRT) use is associated with a 2.0 to 3.9-fold increased risk of invasive
lobular carcinoma (ILC), the second most common histologic type of breast cancer, but has a
more modest association with the most common histologic type, invasive ductal carcinoma
(IDC)."® ILCs are also more likely to be estrogen and progesterone receptor positive compared
to IDCs.® Thus, the development of lobular breast tumors appears to be under greater hormonal
control than is the development of ductal tumors.

There have been numerous investigations of the incidence of breast cancer in relation to
factors hypothesized to be involved in hormonal breast carcinogenesis, including a woman's
reproductive history and anthropometric characteristics. However, only one study has evaluated
the relationship between reproductive factors and the incidence of ILC.” That study compared
321 women with lobular and tubular breast cancer to 2,407 women with other histologic types of
breast cancer. It found that women with lobular and tubular carcinomas were more likely to be
older at the time of their first live birth and to have ever used oral contraceptives, but that age at
menarche and number of first live births did not differ by histology. However, this study did not
include a control group of women without breast cancer, and 82% of its subjects were pre-
menopausal at the time of their breast cancer diagnosis. Since ILC incidence rates are rising
only among postmenopausal women® and risk factors for breast cancer vary by age and
menopausal status,’ studies evaluating whether or not known hormonal risk factors for breast
cancer have different associations with risk of ILC compared to IDC among postmenopausal
women are warranted.

Using data from a population-based case-control study of breast cancer, we evaluated
the influence that reproductive and anthropometric factors have on risk of ILC and IDC among

women 65 to 79 years of age.
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METHODS

We conducted a population-based case-control study of women 65-79 years of age living
in the three county Seattle-Puget Sound metropolitan area. Study interviewers conducted in-
person interviews on all subjects.
Cases

Women aged 65-79 years with no previous history of in-situ or invasive breast cancer
who were diagnosed with invasive breast cancer between April 1, 1997 and May 31, 1999, were
eligible as cases. The Cancer Surveillance System (CSS), the population-based tumor registry
that serves the Seattle-Puget Sound region of Washington State and participates in the
Surveillance, Epidemiology, and End Results (SEER) program of the National Cancer Institute,
was used to identify cases. In order to be eligible for the study, cases had to live in King, Pierce,
or Snohomish counties and have a Health Care Financing Administration (HCFA) record, since
these records were used to identify controls. Of the 1,210 eligible cases identified, 975 (80.6%)
were interviewed. Information on tumor histology was ascertained from CSS, which abstracts
data on tumor characteristics from medical records and pathology reports from institutions serving
the area. CSS classifies histology using the International Classification of Diseases for Oncology
(ICD-0O) codes. We divided cases into two groups, with codes 8520 and 8522 used to define the
196 ILC cases and code 8500 used to define the 656 IDC cases.
Controls

HCFA records were used to identify women from the general population of female
residents of King, Pierce, and Snohomish counties who were the same ages as cases to serve as
controls. Of the 1,365 eligible women selected as controls, 1,007 (73.8%) were interviewed.
Data Collection

Informed consent was obtained from all study subjects. Both cases and controls were
interviewed in-person and were asked about menstrual, contraceptive and reproductive histories,
body size, use of hormone replacement therapy (HRT), and medical history, including family

history of cancer. Our questioning with regard to all of these factors was limited to exposures that
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occurred before each subject's reference date. The reference date used for each woman with
breast cancer was her date of diagnosis. Control reference dates were assigned so as to reflect
the expected distribution of reference dates among the cases. A life events calendar was used to
aid subjects’ recall of important dates in their reproductive history and of any episodes of oral
contraceptive use. Subjects were asked what their weight was one month prior to their reference
date and what their maximum lifetime height was. These two measurements were used to
calculate body mass index. Demographic data and information on smoking status and alcohol
use were also collected.

Analysis

We compared the reproductive and anthropometric characteristics of all breast cancer
cases to controls using unconditional logistic regression,'® and compared ILC and IDC cases to
controls using polytomous logistic regression.'' The 123 women with other breast cancer
histologies were excluded from the latter analysis. Both statistical approaches were used to
calculate odds ratios (ORs) as an estimate of the relative risk and to compute 95% confidence
intervals (Cls). With respect to type of menopause, natural menopause was defined as the
spontaneous cessation of menstrual periods or receipt of a simple hysterectomy after age 55, and
induced menopause was defined as having a hysterectomy with a bilateral oophorectomy or
having menstrual periods cease as a result of treatment with chemotherapy prior to reference
date. Women who could not be classified into either of these categories, including those who had
a hysterectomy without a bilateral oophorectomy before age 55, were considered to have an
unknown type of menopause. Age at menopause was classified as age when natural or induced
menopause occurred, but was unknown for women with an unknown type of menopause.

The following variables were evaluated as potential confounders for each reproductive
and anthropometric factor we assessed: race (white, black, Asian/Pacific Islander,
other/unknown), income (<$15,000, $15-$25,000, $25-50,000, >$50,000), marital status (married,
widowed, divorced/separated, single never married), education (less than high school, high

schoot graduate, some college, college graduate or higher), family history of breast cancer (first
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degree, no first degree), average weekly alcohol use during the twenty years prior to reference
date (none, <7 drinks, 27 drinks), duration of unopposed estrogen HRT use (never or <6 months,
6 months to 5 years, 5 or more years), and duration of CHRT use (never or <6 months, 6 months
to 5 years, 5 or more years). We adjusted all analyses for age (continuous) since cases and
controls were matched on age. We also adjusted analyses of breast cancer incidence in relation
to: type of menopause for duration of CHRT use; age at menopause for first degree family history
of breast cancer; and height and BMI for income, because adjustment for each of these additional

factors changed the risk estimates by more than 10%.

RESULTS

Both lobular and ductal cases had a similar age distribution as controls (Table 2.1).
Controls were more likely than cases to be non-white, and IDC cases were more likely than ILC
cases to be Asians/Pacific Islanders. Controls were somewhat more likely to have less than a
high school education than cases. Both ILC and IDC cases were also more likely than controls to
have a first-degree family history of breast cancer and to have higher levels of alcohol
consumption. ILC cases were more likely than both IDC cases and controls to have used
unopposed estrogen HRT and CHRT for 5 years or longer. Otherwise ILC cases, IDC cases, and
controls were similar to each other with respect to the other demographic characteristics we
assessed.

With respect to reproductive factors, women with a late age at menarche had a 20%
decrease in their overall risk of breast cancer though this finding was within the limits of chance
(Table 2.2). There was a suggestion that this risk varied by histologic type as compared to
women with an age at menarche at age 8 to 11, women with an age at menarche at age 14 years
and older had a 30% (95% CI: 0.5-1.0) decreased risk of IDC, but only a 10% (95% CI: 0.6-1.4)
decreased risk of ILC. Though parity did not alter breast cancer risk, compared to women who
had only one full term birth, women who had four or more full term births had decreased risks of

both IDC and ILC. Compared to women who were 19 years of age or younger at the time of their
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first full term birth, women who were older when they had their first full term birth had increased
risks of all histologic types of breast cancer, IDC, and ILC, though these increases were within the
limits of chance. Though also within the limits of chance, users of oral contraceptives for 5 years
or longer had a 1.6-fold increased risk of ILC (95% CI: 1.0-2.6), but did not have an increased risk
of IDC. Finally, compared to women who experienced menopause at age 44 years or younger,
women who were older when they experienced menopause had increased risks of all histologic
types of breast cancer, though this increase was primarily limited to women with IDC. For
example, compared to women with an age at menopause at age 44 years or younger, women
with an age at menopause at age 55 years or older had a 1.8-fold increased risk of IDC (95% CI:
1.1-2.7), but essentially no change in their risk of ILC (OR =1.2; 95% Cl: 0.6-2.4).

With regard to anthropometric factors, compared to women with a height of less than 160
cm, women 160 cm and taller had increased risks of all histologic types of breast cancer, IDC,
and ILC, with the highest risks observed for ILC (Table 2.3). Reference weight also aitered
breast cancer risk as women weighing greater than 130 pounds had 30% to 50% greater risks of
breast cancer of all histologic types. Weights greater than 130 pounds were aiso associated with
increases in risk of IDC and ILC, thought the increases in ILC risk were within the limits of
chance. Weight at age 30 had little impact on risk of breast cancer, but higher maximum lifetime
weights were associated with increases in risk of breast cancer of all histologic types, though this
increase was primarily confined to IDC. Compared to women in the lowest quartile of BMI,
women in the upper two quartiles had a 40% increase in their risk of breast cancer of all histologic
types, though again this increase was primarily limited to IDC. For example, compared to women
in the lowest quartile of BMI, women in the highest quartile had a 1.4-fold increased risk of IDC

(95% CI: 1.0-1.9), but no change in their risk of ILC (OR = 1.0; 95% CI: 0.6-1.6).

DISCUSSION
Certain limitations of our study should be considered when interpreting the results. We

did not conduct an independent pathology review of the tumors, instead we relied on the



26

diagnoses made by numerous pathologists in the Seattie-Puget Sound area. Misclassification of
tumor histoiogy may have resulted in some instances. We were also limited somewhat by a
relatively small number of lobular cases.

Additionally, we were only able to interview 80.6% of all eligible cases and 73.8% of all
eligible controls. Our results could be biased if the women we were unable to interview differed
from those who did participate with regard to their reproductive or anthropometric characteristics.
Also, all of our data were based on self-reports. This may have been a particular problem for our
analyses of weight and BMI (calculated from self-reported heights and weights) since participants
in research studies may underestimate their weight. This issue was addressed in a previous
breast cancer case-control study conducted in our area in which participants were weighed and
measured at the time of their interview. The correlation between self-reported weight one year
before diagnosis and weight measured at the interview for women in this study was R = 0.89,"
suggesting that self-reported weight is a relatively valid measure among women in our population.
Finally, the results of our study oniy apply to women 65-79 years of age, as risk factors for breast
cancer can vary by a woman's age and menopausal status.’

There is a growing body of evidence that CHRT use is associated with a greater increase
in risk of ILC compared to IDC. Consistent with this evidence, ILCs are more likely to be both
estrogen and progesterone receptor positive compared to IDCs, suggesting that they are more
hormonally responsive. In addition, progesterone has long been known to promote lobular
differentiation."® However, only one study has evaluated the relationship between reproductive
risk factors for breast cancer and risk of ILC. Numerous studies have shown that early age at
menarche, late age at menopause, nulliparity, late age at first full-term pregnancy, and low parity
are associated with an increased risk of breast cancer as a whole.® Additionally, women who are
obese and/or tall are at increased risk of postmenopausal breast cancer. The mechanisms
underlying these associations are thought to be largely hormonal and related to the influence

endogenous estrogen and progesterone have on the breast.®
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In this study we observed all of these same associations with the exception that we did
not observe nulliparity to be a risk factor for breast cancer. The reason for not finding an
association with nulliparity is unclear. However, few studies have focused specifically on older
women, and nulliparity may not be as an important a risk factor for women 65-79 years of age as
it is for younger women.

When we stratified our resuilts by histologic type a few differences were observed. Age at
menarche and age at menopause were more strongly associated with risk of IDC than with risk of
ILC. These findings suggest that duration of ovarian function may be a stronger risk factor for
IDC than it is for ILC. With respect to anthropometric factors, the primary difference between IDC
and ILC was related to BMI as obese women had increased risks of IDC but not ILC.
Alternatively, we found that while users of oral contraceptives for five years or longer did not have
an increased risk of breast cancer of all histologic types or of IDC, they did have an increased risk
of ILC. The former resuit is consistent with the meta-analysis from the Collaborative Group on
Hormonal Factors in Breast Cancer, which reported that oral contraceptive use is not a risk factor
for postmenopausal breast cancer.'* Qur finding though that oral contraceptive use for 5 years of
longer increases risk of ILC is consistent with the report by Stalsberg, et al.”

Taken as a whole our results suggest that certain factors that influence endogenous
hormone levels are associated with elevations in risks of IDC and ILC of similar magnitudes,
while age at menarche, age at menopause, and BMI are associated with IDC risk but not with ILC
risk. Taking into account recent data on HRT use, IDC risk appears to be more strongly related
to factors that increase endogenous hormone levels or are related to longer durations of ovarian
function compared to ILC, while ILC risk is more strongly related to exogenous hormone
exposures, both oral contraceptives and CHRT, than is IDC. Additional studies are needed to
confirm these results as this is the first population based case-control study to report on how
many of these hormonal factors differentially influence risk of ILC and IDC. Though the specific
mechanisms underlying these epidemiologic differences are unclear, our results do suggest that

pathways leading to ILC and IDC are different. There is a growing body of literature to support
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this conclusion as ILCs and IDCs are known to differ with respect to their expression of a variety
of molecular tumor markers in addition to estrogen and progesterone receptor, including cyclin
D1," VEGF,'® and e-cadherin.'” Evaluating how hormonal risk factors infiuence risk of ILC
compared to IDC is important to expand our understanding of the etiology of different histologic

types of breast cancer.
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Table 2.1: Distribution of demographic and known risk factors for breast cancer among
1,007 controls, 975 breast cancer cases, 656 ductal cases, and 196 lobular

cases
Controls All cases Ductal Lobular
(n=1,007) (n=975) (n=656) (n=196)
Characteristic n % n % n % n %
Reference age
65-69 330 328 300 308 204 311 58 29.6
70-74 381 378 381 391 252 38.4 85 434
75-79 296 294 294 302 200 30.5 53 270
Race
White 925 919 929 95.3 623 95.0 188 959
Black 37 3.7 16 1.6 11 1.7 3 1.5
Asian/Pacific Islander 29 29 19 1.9 18 2.7 1 0.5
Other/unknown 16 1.6 11 1.1 4 0.6 4 20
Income
<$15,000 191 21.7 177 213 124 221 30 179
$15,000-$25,000 214 243 198 23.9 139 24.8 39 232
$25,000-$50,000 296 336 296 357 204 364 60 357
2$50,000 180 204 159 19.2 94 16.8 39 232
Unknown 126 145 95 28
Marital status
Married 536 546 517 544 343 53.8 103 534
Widowed 315 321 301 317 201 31.6 65 337
Divorced/separated 121 123 125 131 87 137 23 119
Single 10 1.0 8 0.8 6 0.9 2 1.0
Unknown 25 24 19 3
Education
Less than high school 153 152 126 129 87 133 19 9.7
High school graduate 395 39.3 376 38.6 251 38.3 84 429
Some college 286 284 312 320 210 32.0 59 30.1
College graduate 172 1741 161 16,5 108 165 34 173
Unknown 1 0 0 0
First-degree family history of breast cancer
No 771 829 703 77.2 469 7741 146 78.5
Yes 159 171 208 228 139 229 40 215
Unknown 77 64 48 10
Average weekly alcohol consumption
None 518 516 461 475 320 49.1 78 39.8
<7 drinks 317 316 316 326 203 311 75 383
27 drinks 169 16.8 193 19.9 129 19.8 43 219
Unknown 3 5 4 0




Table 2.1, continued
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Controls All cases Ductal Lobular
(n=1,007) (n=975) (n=656) (n=196)
Characteristic n % n % n % n %
Duration of unopposed estrogen HRT use
Never/<6 months 533 533 511 529 350 53.9 91 467
6months-<5 years 145 145 112 116 78 12.0 24 123
25 years 322 322 343 355 221 3441 80 410
Unknown 7 9 7 1
Duration of combined estrogen+progestin HRT use
Never/<6 months 836 835 740 7641 506 77.4 137 703
6months-<5 years 60 6.0 65 6.7 46 7.0 14 7.2
25 years 105 105 167 17.2 102 156 4 226
Unknown 6 3 2 1
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CHAPTER 3:
The relationship between alcohol use and risk of breast cancer by histology and hormone

receptor status among women 65-79 years of age

ABSTRACT

Background: Alcohol consumption is associated with a moderate increase in breast cancer risk,
possibly because alcohol increases estrogen levels. Certain types of breast carcinomas are
more hormonally responsive than others, including those that have a lobular histology or are
hormone receptor positive, but few studies evaluating alcohol use and risk of breast cancer have
stratified their results by histologic type or estrogen receptor (ER)/progesterone receptor (PR)
status.

Methods: A population-based case-control study of women 65-79 years of age was conducted
in western Washington State. The responses of 975 women diagnosed with invasive breast
cancer during 1997-1999 were compared to those of 1,007 controls. Associations between
alcohol use and breast cancer risk by histology and hormone receptor status were evaluated
using polytomous regression.

Results: Ever use of alcohol over the past 20 years was associated with a 1.3-fold (95%
confidence interval (Cl): 1.0-1.5) increased risk of breast cancer, though this increase was
primarily limited to women who consumed 230.0 g/day of alcohol (OR=1.7, 95% Cl: 1.1 -2.6).
Differences in risk by histology were observed as ever use of alcohol was associated with a 1.8-
fold (95% CI: 1.3-2.5) increased risk of lobular cancer, but only a 1.2-fold (85% Cl: 0.9-1.4)
increased risk of ductal cancer. Also, differences by hormone receptor status were found as ever
users of alcohol had an increase in risk of ER-positive/PR-positive tumors (OR=1.3, 95% ClI: 1.1-
1.7), but no change in their risk of ER-positive/PR-negative or ER-negative/PR-negative tumors

(OR=1.1, 95% Cl: 0.7-1.5 and OR=1.1, 95% Cl: 0.7-1.7, respectively).
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Conclusions: Alcohol use appears to be more strongly associated with risk of lobular
carcinomas and hormone receptor positive tumors than it is with other types of breast cancer.
These results suggest that alcohol is involved in the etiology of breast cancers that are

hormonally sensitive.

INTRODUCTION

Reviews and meta-analyses of observational studies evaluating alcohol use and breast
cancer risk have consistently shown that alcohol use is a moderate risk factor for breast cancer.'™
Specifically, a recent meta-analysis of 42 studies reported that use of 12 g/day and 24 g/day of
alcohol are associated with 10% (95% Cl: 6%-14%) and 21% (95% Cl: 13%-30%) elevations in
risk of breast cancer, respectively.2

One of the mechanisms thought to underlie this association is the influence that aicohol
use has on hormone levels in women." In breast cancer cells in culture, ethanol has been shown
to stimulate the proliferation of estrogen receptor positive (ER+), but not estrogen receptor-
negative (ER-) cells.*® A controlled feeding study of healthy postmenopausal women
demonstrated that alcohol consumption increases estrone sulfate and dehydroepiandrosterone
(DHEA) concentrations in a dose dependent manner.® Thus, one might expect that alcohol use
may selectively increase a woman'’s risk of hormonally responsive breast cancers. However,
epidemiologic data from five studies investigating the relationship between alcohol use and risk of
breast tumors with different hormone receptor profiles are inconsistent. Two of these studies
found that alcohol use increased risk of ER+ but not ER- breast cancers,’® one found that it only
increased risk of ER-/progesterone receptor-negative (PR-) breast cancer,? and two found that a
woman's risk of ER+ and ER- breast cancer did not differ by alcohol use.'®!! The fact that
alcohol use is but a moderate risk factor for breast cancer may account for these inconsistencies,

though further investigation of these relationships is warranted.
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There is also growing evidence that the hormonal responsiveness of tumors varies by
histologic type. For example, invasive lobular carcinoma (ILC), the second most common
histologic type of breast cancer, is more likely to be both ER+ and progesterone receptor-positive
(PR+) compared to the most common histologic type of breast cancer, invasive ductal carcinoma
(IDC)."* Five recent studies also report that use of combined estrogen and progestin hormone
replacement therapy (HRT) is associated with a 2.0 to 3.9-fold increased risk of ILC, but has little
impact on risk of IDC."*"” However, only one small study has evaluated the relationship between
alcohol use and risk of breast cancer of different histologies.? It found that use of 215 g/day of
alcohol was associated with a 1.76-fold (95% Cl: 0.83-3.71) increased risk of ILC, but with only a
1.32-fold (95% CI: 1.01-1.72) increased risk of IDC.

Using data from a population-based case-control breast cancer study, we assessed the
relationship between alcohol use and risk of invasive breast cancer by histology and hormone

receptor status.

METHODS

We conducted a population-based case-control study of women 65-79 years of age living
in the three county Seattle-Puget Sound metropolitan area. Study interviewers conducted in-
person interviews on all subjects.

Cases:

Women aged 65-79 years with no prior history of in-situ or invasive breast cancer when
diagnosed with invasive breast cancer between April 1, 1997 and May 31, 1999, were eligible as
cases. The Cancer Surveillance System (CSS), the population-based tumor registry that serves
the Seattle-Puget Sound region of Washington State and participates in the Surveillance,
Epidemiology, and End Results (SEER) program of the National Cancer Institute, was used to
identify cases. In order to be eligible for the study, all cases had to live in King, Pierce, or

Snohomish counties and have a Health Care Financing Administration (HCFA) record, since
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these records were used to identify controls. Of the 1,210 eligible cases identified and selected,
975 (80.6%) were interviewed.

Information on tumor histology and hormone receptor status was ascertained from CSS,
which abstracts data on tumor characteristics from medical records and pathology reports from
institutions serving the area. CSS classifies histology using the International Classification of
Diseases for Oncology (ICD-O) codes, and we divided cases into two groups with codes 8520
and 8522 used to define the 196 ILC cases and code 8500 used to define the 656 IDC cases.
The 123 women with other breast cancer histologies were excluded from our analyses by
histologic type. CSS classifies ER and PR status as positive, negative, borderline, not assessed,
or unknown based on information abstracted from medical records. The 75 (7.7%) cases with an
ER and/or PR status that was borderline, not assessed, or unknown were excluded from our
analyses by hormone receptor status. Additionally, we did not include ER-/PR+ cases in our
analysis of joint ER/PR status because there were only 6 cases with this ER/PR profile.
Controls:

HCFA records were used to identify women from the general population of female
residents of King, Pierce, and Snohomish counties who were the same ages as cases to serve as
controls. Of the 1,365 eligible women selected as controls, 1,007 (73.8%) were interviewed.
Controls were assigned reference dates, the distribution of which was similar to that of the
diagnosis dates of cases.

Data Collection

Informed consent was obtained from all study subjects. Both cases and controls were
interviewed in-person and were asked about menstrual, contraceptive and reproductive histories,
use of HRT, body size, and medical history, including family history of cancer. Demographic data
and information on smoking status were also ascertained.

Information on alcohol use over the past 20 years was collected. Drinkers included

women who reported that they had consumed at least 12 beverages containing alcohol during the
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past 20 years and had consumed at least one alcohol-containing beverage a month for 6 months
or more during the past 20 years. A woman's age 20 years prior to her reference date defined
the beginning of her first drinking interval. Women were asked separate questions about
frequency of consumption (times per day, week, month, or year) of beer (12-ounce bottle or can),
wine (4-ounce glass), and liquor (1.5-ounce shot). After reporting their use of these three types of
alcoholic beverages, they were asked at what age their drinking habits changed. If this age was
prior to reference age it marked the beginning of a second drinking interval, and the previous
questions were repeated until women reported no further changes in their drinking habits.
Analysis

We compared all breast cancer cases to controls using unconditional logistic
regression.'® We compared ILC and IDC cases to controls, and cases with different hormone
receptor profiles to controls using polytomous logistic regression.'® Both statistical approaches
were used to calculate odds ratios (ORs) as an estimate of the relative risk and to compute 95%
confidence intervals (Cls). In order to convert intake of beer, wine, and liquor into average daily
grams of alcohol consumed over the past 20 years, the frequency with which each beverage was
consumed was multiplied by the ethanol content of each beverage as estimated by the United
States Department of Agricuiture (13.2 g per 12 oz bottle or can of beer, 10.8 g per 4 0z glass of
wine, and 15.1 g per 1 oz drink or shot of liquor).?® Aicohol intake in grams per day was then
categorized into six groups, none, <1.5, 1.5-4.9, 5.0-14.9, 15.0-29.9, and 230.0, consistent with
previously published categorizations of alcohol use.?'??

The following variables were evaluated as potential confounders and effect modifiers:
first-degree family history of breast cancer (yes/no); education (less than high school, high school
graduate, some college, college graduate or higher); type of menopause (natural, induced, simple
hysterectomy (hysterectomy without a bilateral cophorectomy)) and age at menopause (five-year
categories). Also evaluated were age at menarche (s11, 12-13, 214); parity; age at first full-term

(>26 weeks) pregnancy (14-19, 20-24, 25-29, 230 years); body mass index (BMI) five years prior
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to reference date (quartiles of control population); smoking status (never, former, current); oral
contraceptive use (never, <5 years, 25 years); and HRT use (never/<6 months, 6 months to <5
years, 25 years). Only adjustment for family history of breast cancer and BMI changed the risk
estimates of the odds ratios of interest by more than 10%. Therefore, all analyses were adjusted
for age (continuous), first-degree family history of breast cancer (yes/no), and BMI (quartiles).
BMI was also found to be an effect modifier of the relationship between alcohol use and risk of
breast cancer by histology (but not of the relationship between alcohol use and risk of breast
cancer by hormone receptor status). Thus, we stratified this analysis by BMI dividing women into
those with a BMI less than or greater than the median BMI among controls (26.2 kg/m?), and
adjusting for age (continuous), family history of breast cancer (yes/no), and BMI (continuous) in
each of these analyses. All p-values for linear trend were estimated using grams/day of alcohol

use as a continuous term in each model and excluding women who were never users of alcohol.

RESULTS

Lobular, ductal, and ER+ cases had a similar age distribution as controls, but ER- cases
tended to be younger than controls (Table 3.1). Controls were more likely than cases to be non-
white. ILC cases had higher incomes compared to both controls and the other case groups.
Women in each case group were more likely to have had a hysterectomy without a bilateral
oophorectomy and to have a first-degree family history of breast cancer compared to controls.
Both IDC and ER+ cases were somewhat more likely than controls to have a higher body mass
index (BMI). All cases were more likely to be former or current smokers and to have ever used
HRT for 5 years or longer, with the ILC case group having the highest proportion of HRT users.

Ever use of alcohol was associated with a 1.3-fold (95% ClI: 1.0-1.5) increased risk of
breast cancer. Though women who consumed 230.0 g/day of alcohol had the highest risk of
breast cancer (OR=1.7, 95% Cl: 1.1-2.6), no linear trend was observed (p for trend = 0.673)

(Table 3.2). When examined by histology, ever use of alcohol was associated with an increased
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risk of ILC, but not IDC (OR=1.8, 95% Cl: 1.3-2.5 and OR=1.2, 95% Cl: 0.9-1.4, respectively).
Women who used 230.0 g/day of alcohol had the highest risk of ILC (OR=2.6, 95% CI: 1.3-4.9),
but again no linear trend was observed (p for trend = 0.614).

BMI was found to modify the relationship between alcohol use and risk of breast cancer
by histology (Table 3.3). In our stratified analysis, ever use of alcohol was only associated with
an increased risk of ILC among women with a BMI >26.20 kg/m? (OR=2.5, 95% Cl: 1.5-4.0).
Within this group of women, those who used 230.0 g/day of alcohol had a 4.8-fold (95% Cl: 2.0-
11.4) increased risk of ILC, but risk did not increase as the amount of alcohol consumed
increased (p for trend = 0.340). Risks of all histologic types of breast cancer and IDC were
somewhat elevated among ever users of alcohol for women in both BMI subgroups, but these
elevations in risk were all within the limits of chance.

Ever use of alcohol was associated with elevations in risk of ER+ and PR + tumors
(OR=1.3, 95% CI: 1.0-1.6 and OR=1.3, 95% ClI: 1.1-1.7, respectively), but did not alter risks of
ER- and PR- tumors (OR=1.1, 95% CI: 0.7-1.7 and OR=1.1, 95% Cl: 0.8-1.4, respectively). The
greatest elevations in risk of ER+ and PR+ tumors were seen among women who used 230.0
g/day of alcohol (OR=1.7, 95% Cl: 1.1-2.7 and OR=1.8, 95% Cl: 1.1-2.8, respectively), though no
linear trends were observed. Similarly, ever use of alcohol was associated with an elevation in
risk of ER+/PR+ tumors (OR=1.3, 95% Cl: 1.1-1.7), but not with elevations in risk of ER+/PR- or

ER-/PR- tumors (OR=1.1, 95% ClI: 0.7-1.5 and OR=1.1, 95% CI: 0.7-1.7, respectively).

DISCUSSION

Certain limitations of our study should be considered when interpreting our results. We
did not conduct independent pathology reviews or test all tumors for hormone receptor status in
our institution. Instead we relied on the assessments made by the numerous pathologists and
laboratories serving the Seattle-Puget Sound area. Misclassification of tumor histology and

hormone receptor status may have resulted. We were also limited by a relatively small number of
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ILC cases, preventing us from having the power to assess the effects of different types of alcohol
or of recency of alcohol use on risk of breast cancer by histologic type.

Additionally, we interviewed only 80.6% of all eligible cases and 73.8% of all eligible
controls. Our results could be biased if the women we were unable to interview differed from
those who did participate with regard to their use of alcohol. We also relied on participants’ recall
of their alcohol use over the past 20 years. However, it has been documented that the recall bias
associated with data on alcohol use collected retrospectively from both cases and controls has
minimal effects on alcohol risk estimates when compared to prospectively collected data.?

Alcohol consumption has been shown to be a moderate but consistent risk factor for
breast cancer in both observational studies and meta-analyses,' and in the present study we
confirm this association. The influence aicohol has on increasing hormone levels, particularly
estrone sulfate and DHEA, is believed to be one of the mechanisms underlying this association.'
Consistent with this mechanism, we found that alcohol consumption, particularly heavy alcohol
consumption (230.0 g/day), is primarily associated with breast cancers that are particularly
hormone sensitive, both ILC and ER+/PR+ tumors.

While our results certainly need to be confirmed by others, data from the one study that
has evaluated the relationship between alcohol use and risk of ILC and IDC were suggestive of a
similar difference by histology, though this study included a limited number of ILC cases.® This
finding is particularly interesting in light of recent studies demonstrating that use of combined
estrogen and progestin HRT is more strongly associated with risk of ILC than it is with risk of IDC.
Our data suggest that alcohol use may be another hormonally related risk factor for breast cancer
that exerts a stronger effect on risk of ILC than it does on risk of IDC.*'7 However, the studies
evaluating HRT did not find that the use of unopposed estrogen increased risk of either ILC or
IDC. Taken together then, the available evidence suggests that combined estrogen and
progestin HRT use and the intake of alcohol, which increases endogenous estrogen levels,

appear to increase ILC risk, while the use of exogenous estrogens without progestin does not.
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While seemingly contradictory results, these data point to a need for further studies to more
clearly elucidate the complex interactions that exist between hormones, and between hormones
and alcohol, and how they influence lobular carcinogenesis.

We did identify an interaction between alcohol use and BMI with respect to ILC risk. If
the influence alcohol has on hormonal levels is what accounts for the elevated risk of ILC
associated with alcohol use, this result is not surprising given that both alcohol use and having a
high BMI are associated with elevated hormone levels,® including estrogen sulfate, the most
abundant form of estrogen in postmenopausal women.?® Thus, women who drink alcohol and are
obese may be expected to have particularly high endogenous estrogen levels, and this may
account for their elevated risk of ILC. However, this is the only study to document this finding so
we encourage other investigators who have examined the relationship between alcohol use and
breast cancer risk to stratify their results by histology and to examine the impact that potential
eftect modifiers may have.

We also found that ever use of alcohol, and particularly heavy use of alcohol, is
associated with an elevation in risk of hormone receptor positive tumors, while it is not associated
with risk of hormone receptor negative tumors. The other studies evaluating this association
have been inconclusive with two studies finding that alcohol use increases risk of ER+ but not
ER- breast cancers,”® one finding that it only increases risk of ER-/PR- breast cancer.’ and two
finding that risk of ER+ and ER- breast cancer did not differ by alcohol use.'®"' However, one of
the strengths of our study is that data on ER/PR status were missing for only 7.7% of cases, while
16%-60% of the cases in these other studies had missing data on ER and/or PR status, and four
of these five studies had data missing on greater than 25% of cases. Additionally, these
inconsistencies may be due to the fact that the magnitude of the increase in breast cancer risk
associated with alcohol use is modest. Despite the inconsistencies within the epidemiologic
literature, data from our study and others suggest that heavy alcohol use is associated with an

increased risk of hormone receptor positive tumors. There is laboratory evidence supporting
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these results as ethanol has been shown to stimulate the proliferation of estrogen receptor
positive (ER+), but not estrogen receptor-negative (ER-), breast cancer cells in culture.*®
Taken as a whole, our resuilts add to the evidence that alcohol is likely involved in
pathways contributing to hormonal carcinogenesis of the breast. We found that alcohol use,
particularly heavy alcohol use, increases risk of ILC and hormone receptor positive tumors.
Breast cancer is a heterogeneous disease, and further research focusing on different types of
breast cancer is a valuable approach toward gaining a clearer understanding of mechanisms

involved in breast carcinogenesis.
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