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A B S T R A C T

Purpose
Estrogen/progestin replacement therapy is prescribed to women in menopause for purposes of
postmenopausal symptom control or prevention of hormone deficiency–related diseases such as
osteoporosis. Such treatments have formerly been shown to be associated with lower colorectal
cancer risk in an as yet unknown mechanism.

Patients and Methods
The Molecular Epidemiology of Colorectal Cancer study was a population-based case-control study
in northern Israel of patients with colorectal cancer who were diagnosed between 1998 and 2006,
and age-, sex-, clinic-, and ethnicity-matched population controls. Use of hormone replacement
therapy (HRT) was assessed using a structured interview and validated by studying prescription
records in a subset of patients for whom they were available.

Results
Two thousand four hundred sixty peri/postmenopausal women were studied from among 2,648
patients with colorectal cancer and 2,566 controls. The self-reported use of HRT was associated
with a significantly reduced relative risk of colorectal cancer (odds ratio [OR], 0.67; 95% CI, 0.51
to 0.89). This association remained significant after adjustment for age, sex, use of aspirin and
statins, sports activity, family history of colorectal cancer, ethnic group, and level of vegetable
consumption (OR, 0.37; 95% CI, 0.22 to 0.62). Statistically significant interactions were seen
between use of HRT and use of aspirin and involvement in sports activity. Using pharmacy data,
only users of combined oral preparations demonstrated a significant negative association with
colorectal cancer.

Conclusion
The use of oral HRT was associated with a 63% relative reduction in the risk of colorectal cancer
in postmenopausal women after adjustment for other known risk factors. This effect was not
found in aspirin users and women with intensive sports participation.

J Clin Oncol 27:4542-4547. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Colorectal cancer (CRC) is the third most com-
monly diagnosed cancer in the United States, with
approximately 153,760 new cases and 52,180 deaths
projected for 2007.1 Hormone replacement therapy
(HRT) was reported to be associated with reduced
risk of CRC.2-11 Yet, the mechanism of this protec-
tive effect is still unclear. Previous studies have sug-
gested that the negative association between the
use of HRT and CRC is more marked in current
users4,11-13 and longer-term users,14 stronger in
older women,2 and in women with lower body mass
index (BMI).2,9,13 The effects of HRT could differ by
type of medication.4,5,15 It was also suggested that
history of HRT use is associated with lower mor-
tality from CRC11,16 and lower rate of colonic
adenomas.13,14 We evaluated data collected in a

large population-based study for associations be-
tween the use of HRT and the occurrence of CRC.

PATIENTS AND METHODS

Participants

The Molecular Epidemiology of Colorectal Cancer
study was a population-based case-control study of inci-
dent CRC in northern Israel. Patients were eligible for
participation if they were diagnosed with CRC between
March 31, 1998, and March 31, 2006, and lived in a geo-
graphically defined area of northern Israel. Controls were
identified from the same source population with the use of
the Clalit Health Services (CHS) database. CHS is the
largest health care provider in Israel and covered, during
the study years, approximately 70% of the older popula-
tion (persons at least 60 years of age). Health care coverage
in Israel is mandatory and is provided by four groups
akin to non-for-profit health maintenance organizations
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(HMOs). Thus, all study participants (patients and controls) had similar basic
health insurance plan and similar access to health services. Controls were
individually matched to patients according to the year of birth, sex, residence
as defined by primary clinic location, and ethnic group (Jewish v non-Jewish).
Potential controls were excluded if they had a history of CRC. Participants
provided written informed consent at the time of enrollment and were inter-
viewed to obtain information about their personal and family history of
cancer, reproductive history, medical history, medication use, and health
habits including a dietary questionnaire as formerly described.17 Diagnoses of
CRC were made independently by the diagnosing hospitals and were con-
firmed by means of a standardized pathologic review by one pathologist. The
institutional review boards at the Carmel Medical Center (Haifa, Israel) and
the University of Michigan (Ann Arbor, MI) approved all procedures.

Exposure Data

The use of HRT was determined on the basis of a self-report by study
participants who were asked specifically about ever use of hormones. Women
were asked to define their menopause status at time of diagnosis. Women who
did not respond to this question were assigned a postmenopausal status if they
were older than 55 years. For the purpose of this analysis, we included all
reported uses of hormones after age 45. We further evaluated the use of
hormones from a pharmacy file that was available for study participants
belonging to the largest HMO-type organization in Israel (Clalit Health Ser-
vices). From this file, we also extracted information on type of hormone used
and duration of use. Analyses using these data were again restricted only to
usage after the age of 45 years. Hormones included in the analysis were
estrogen only preparations and combined estrogen-progestin preparations
either in the form of oral pills or patches. All creams and gels as well as vaginal
tablets and progestin-only preparations were excluded. The use of statins for 5
years or longer, with type and dose, was recorded from the questionnaire. The
use of aspirin and other nonsteriodal anti-inflamatory drugs (NSAIDs) was
recorded in more detail and included dose and duration of use, as was the use
of female HRT. For analyses of aspirin, exposure was defined as at least 3 years
of daily use, as the effects were not different from those of 5-year users, while
this choice offered more power for multivariate models. The report of colon or
rectal cancer in at least one first-degree relative was considered to represent a
family history of CRC. Assessment of physical activity was based on a validated
instrument.18 Sports activity was the dimension considered in our analyses
since it was most strongly associated with CRC risk in our data. Ethnic group

was determined by assessing participants’ religious affiliation, self-described
ethnic group, and the country of birth of their parents and grandparents. A
validated food-frequency questionnaire adapted to the Israeli diet19 was used
to study the association of various dietary components with the risk of CRC.20

Vegetable consumption was categorized into two groups based on the median
number of servings consumed per day in the control group (fewer than 5, and
5 or more servings per day). The lower category of consumption was used as
the reference category. CRC screening in Israel was uncommon during most of
the study period and therefore screening behavior was found not to be a
significant variable.

Validation of HRT Use

We matched self-reports of use of HRT against the prescription records
of CHS enrollees to verify usage. Prescription records were available since 1998
and include the number of prescriptions filled per year. We therefore sought
prescription records for HRT preceding diagnosis in cases and preceding
enrollment in the study for controls. For purposes of internal validation,
results are presented for self-reported HRT use, pharmacy record–based HRT
use, and for a combined data set from both sources.

Statistical Analysis

Statistical analyses were performed with the use of SPSS software, version
15.0 (SPSS Institute, Chicago, IL) with reported two-sided P values. A contin-
gency table was used to assess crude associations between HRT use and the risk
of CRC. To account for the study design, matched analyses were performed
with the use of both contingency-table methods and conditional logistic re-
gression and estimates stemming from unconditional logistic regression mod-
els were used if no differences in results were found between the conditional
and unconditional model. These techniques were used to assess the main
association between HRT use and the risk of CRC, to adjust for confounding,
and to identify potential effect modification.

RESULTS

A total of 230 women older than 45 years (10.6%) reported ever using
HRT among the 2,460 female patients and controls in our study (of
whom 2,169 had HRT use data), representing 8.7% of the patients and

Table 1. Comparison of Major Study Variables Between Patients and Controls: MECC Study

Variable

Unpaired

P for Difference

Paired

P for Difference

Patients Controls Patients Controls

No. %* No. %* No. %* No. %*

No. of participants 1,234 1,226 1,195 1,195
Mean age, years 70.0 70.6 NS 69.9 70.6 NS
Ethnicity NS NS

Non-Jewish 154 12.5 141 11.5 152 12.7 138 11.5
Jewish 1,080 87.5 1,085 88.5 � .001 1,043 87.3 1,057 88.6 � .001

Ashkenazi 846 68.6 777 63.4 816 68.3 755 63.2
Sephardi 207 16.8 290 23.7 201 16.8 285 23.8
Mixed 27 2.2 18 1.5 26 2.2 17 1.4

Family history of CRC, first degree 156 13.2 104 8.7 � .001 153 13.4 102 8.7 � .001
Sports activity 303 25.2 470 38.4 � .001 296 25.4 460 38.6 � .001
Vegetables, � 5/d 634 54.7 718 58.9 .043 612 54.6 706 59.4 .02
Aspirin use, daily, 3� years 134 11.1 231 18.9 � .001 129 11.1 222 18.7 � .001
Statins use, 5� years 75 6.2 137 12.0 � .001 74 6.4 133 12.0 � .001
HRT use (ever) self-report 89 8.7 141 12.3 .003 88 8.8 140 12.6 .005
BMI � 30 (obese) 287 27.7 324 29.0 NS 279 27.8 318 29.1 NS

Abbreviations: MECC, Molecular Epidemiology of Colorectal Cancer; NS, not significant; CRC, colorectal cancer; HRT, hormone replacement therapy; BMI, body
mass index.

*Because of missing data, some percentages were calculated from differing denominators.
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12.3% of the controls. Self-reported HRT use was confirmed in 135
(63.1%) of 214 users whose pharmacy records were available. In this
pharmacy database, 287 of the study participants were identified as
hormoneusers (12.9%ofallHMOfemaleinsureesenrolledinthestudy).
Table 1 describes the distribution of self-reported HRT use and other
risk-related variables in the study participants.

Univariate Analysis

The reported use of HRT was associated with an overall CRC
risk-reduction of 33% (odds ratio [OR], 0.67; 95% CI, 0.51 to 0.89).

Similar effects were seen when data from the pharmacy records
were analyzed (OR, 0.70; 95% CI, 0.54 to 0.90; n � 287 users) and
when data were combined from both self-reported and pharmacy
records (OR, 0.67; 95% CI, 0.53 to 0.85; n � 366 users).

When evaluating the association between the use of HRT and
other known risk or protective factors for CRC, similar associations
were found between women with and without family history, females
with high and low consumption of vegetables, women with normal
weight and obese women, and users and nonusers of statins (Table 2).
However, the associations were significantly stronger in sedentary
women and a clear interaction was found with the use of aspirin,
where a strong negative association between HRT and CRC risk was
noted only among nonaspirin users who used HRT (Table 3).

From the pharmacy records it can be seen that the negative
association was seen mostly in past users and not in current or recent
(last 2 years) users (OR, 0.50; 95% CI, 0.33 to 0.75; OR, 0.85; 95% CI,
0.62 to 1.17, respectively). The effect was seen in users of combined
estrogen-progestin preparations (n � 151; OR, 0.71; 95% CI, 0.50 to
0.99) and did not reach statistical significance in users of estrogen only
preparations (n � 78; OR, 0.81; 95% CI, 0.51 to 1.29). Also, while the
effect was strong with oral preparations (n � 239; OR, 0.68; 95% CI,

0.52 to 0.90) it was not seen among users of transdermal patches
(n � 26; OR, 1.00; 95% CI, 0.46 to 2.18).

A similar distribution of tumor sites, tumor stage, and tumor
grade were found in self-reported HRT users and HRT nonusers

Table 2. Univariate Effects of HRT Use and Risk of Colorectal Cancer, for Postmenopausal Women: MECC Study

Variable

Based on HRT Data From

Questionnaire Pharmacy Records Both Sources

Odds Ratio 95% CI Odds Ratio 95% CI Odds Ratio 95% CI

Sports, yes 1.06 0.71 to 1.57 1.16 0.79 to 1.70 1.00 0.71 to 1.43
No 0.59 0.39 to 0.90 0.55 0.39 to 0.79 0.61 0.44 to 0.84

Vegetables, 5� 0.66 0.46 to 0.95 0.86 0.63 to 1.18 0.74 0.55 to 0.99

� 5 0.73 0.46 to 1.17 0.49 0.31 to 0.79 0.60 0.40 to 0.90

BMI
Normal 0.50 0.30 to 0.84 0.66 0.42 to 1.02 0.64 0.43 to 0.96

Overweight 0.90 0.59 to 1.37 0.81 0.53 to 1.23 0.84 0.58 to 1.23
Obese 0.66 0.36 to 1.23 0.65 0.37 to 1.14 0.56 0.33 to 0.94

Statins, yes 0.54 0.17 to 1.72 0.32 0.07 to 1.48 0.44 0.16 to 1.23
No 0.67 0.50 to 0.90 0.71 0.54 to 0.93 0.68 0.53 to 0.87

Aspirin, yes 1.62 0.73 to 3.63 0.89 0.39 to 2.02 1.30 0.68 to 2.49
No 0.58 0.43 to 0.78 0.64 0.49 to 0.84 0.59 0.46 to 0.76

FH, yes 0.70 0.33 to 1.52 0.47 0.22 to 1.01 0.58 0.29 to 1.15
No 0.64 0.47 to 0.87 0.71 0.54 to 0.93 0.67 0.52 to 0.86

Aspirin � HRT 2.80 1.19 to 6.61 1.37 0.58 to 3.26 2.18 1.08 to 4.38

P .019 .457 .027

Sports � HRT 1.79 1.01 to 3.18 2.06 1.22 to 3.47 1.63 1.01 to 2.63

P .046 .007 .044

NOTE. Bold font indicates statistical significance.
Abbreviations: MECC, Molecular Epidemiology of Colorectal Cancer; HRT, hormone replacement therapy; BMI, body mass index; FH, family history.

Table 3. Self-Reported HRT, Use of Aspirin, and Risk of Colorectal Cancer
in Postmenopausal Women

Variable

Patients Controls
Odds
Ratio 95% CINo. % No. %

All postmenopausal
HRT use 88 8.7 141 12.3 0.67 0.51 to 0.89

No HRT use 926 91.3 1,001 87.7
Aspirin nonusers

HRT use 76 8.5 127 13.9 0.58 0.43 to 0.78

No HRT use 813 91.5 787 86.1
Aspirin users

HRT use 12 9.6 14 6.1 1.62 0.73 to 3.63
No HRT use 113 90.4 214 93.9

All postmenopausal
Aspirin use 125 12.3 228 20.0 0.56 0.45 to 0.71

No aspirin use 889 87.7 914 80.0
HRT nonusers

Aspirin use 113 12.2 214 21.4 0.51 0.40 to 0.66

No aspirin use 813 87.8 787 78.6
HRT users

Aspirin use 12 13.6 14 9.9 1.43 0.63 to 3.26
No aspirin use 76 86.4 127 90.1

Interaction term
HRT � aspirin 2.80� 1.19 to 6.61

NOTE. Bold font indicates statistical significance.
Abbreviation: HRT, hormone replacement therapy.
�P � .019.
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(Table 4). Similar results were achieved when calculating the odds
ratios from the more detailed data of the pharmacy records of Clalit
participants in the study.

Women with a history of HRT use had a somewhat lower pro-
portion of microsatellite instable tumors (10.3% in users according to
questionnaire v 14.2% in nonusers; 8.5% according to pharmacy
records v 14.1% in nonusers) but the difference, being based on 82 to
84 instable tumors only, did not reach statistical significance (Table 4).

We evaluated the risk associated with HRT use in a subgroup of
carriers of the APC premutation I1307K, and did not detect a negative
association in this group of 136 carrier women.

Multivariate Analysis

After adjusting for risk factors formerly demonstrated in our
study to be associated with the risk of CRC (age, use of aspirin/

NSAIDs, use of statins, vegetable consumption, sports activity) the
negative association of self-reported HRT use with the occurrence of
CRC remained significant (OR, 0.37; 95% CI, 0.22 to 0.62) together
with all other variables, excluding vegetables, and including the inter-
actions of HRT with aspirin and sports activity (Table 5).

DISCUSSION

Our data indicate that there is a significant inverse association between
the risk of CRC and the use of HRT by peri/postmenopausal women.
This held true after adjustment for the large variety of risk factors for
CRC formerly identified in our study. Our results corroborate the
inverse association previously described in case-control and cohort
studies as well as randomized controlled studies.2-11

We found interesting differences in risk reduction potential by
type of HRT preparation. The main effect was found with combined
estrogen-progestin oral pills; a nonsignificant risk-reduction was
found in estrogen-only pill users, and no effect was found in patch
users (mostly estrogen-only patches). Strong negative associations in
users of combined preparations were reported from the Women’s
Health Initiative study5 and a case-control study.4 No reduction in risk
in estrogen only users was also reported21,22 although this might have
been a function of length of use.15 Use of transdermal estrogen patch
was associated with reduced risk in only one report.15 While orally
administered estrogens are being converted and metabolized in the
liver to their conjugated forms that enter the circulation and the bile
system, estrogens administered transdermally in the form of a patch
are absorbed directly into the systemic circulation and avoid first pass
effects. The conjugated metabolites, which are lipid insoluble, are
excreted through the biliary system and the conjugates are hydrolyzed
in the intestine to active, reabsorbable forms.23 Several reports have
associated gallbladder disease and history of cholecystectomy with the
risk of CRC.24-26 Similarly, gallbladder disease and history of cholecys-
tectomy were also associated with HRT use.27-31 Transdermal estro-
gen was shown to have a lesser effect than oral estrogen on the

Table 4. Tumor Characteristics in Users and Nonusers of HRT for Postmenopausal Women: MECC Study

Characteristic

Self-Reported
HRT Users

No Reported
Use of HRT

P for
Difference

Pharmacy-
Based

HRT Users

No Pharmacy
Records

of HRT Use
P for

DifferenceNo. % No. % No. % No. %

Site of cancer NS NS
Colon 62 78.5 653 77.5 75 77.3 628 77.9

Right 27 34.2 337 40.0 35 36.1 334 41.4
Left 35 44.3 316 37.5 40 41.2 294 36.5

Rectum 17 21.5 190 22.5 22 22.7 178 22.1
Stage NS NS

1, 2 48 59.3 508 59.4 60 63.2 482 58.4
3, 4 33 40.7 347 40.6 35 36.8 344 41.6

Grade NS NS
Poorly differentiated 18 21.2 147 17.1 23 22.3 149 18.1
Moderately differentiated 49 57.6 512 59.7 59 57.3 509 61.8
Well differentiated 18 21.2 199 23.2 21 20.4 165 20.0

MSI NS NS
High 6 10.3 76 14.2 5 8.5 79 14.1
Stable 52 89.7 459 85.8 54 91.5 482 85.9

Abbreviations: MECC, Molecular Epidemiology of Colorectal Cancer; HRT, hormone replacement therapy; NS, not significant; MSI, microsatellite instability.

Table 5. Final Multivariate Analysis Model of the Association of Use of
HRT With CRC in Peri/Postmenopausal Female MECC Study Participants

Variable

Peri/Postmenopausal Females
(unconditional; n � 1,982)

OR 95% CI P

HRT use, ever 0.37� 0.22 to 0.62
Aspirin use, daily, 3� years 0.60� 0.45 to 0.79
Statins use, 5� years 0.51 0.36 to 0.73
Family history of CRC, first degree 1.79 1.32 to 2.45
Sports activity 0.52 0.41 to 0.65
Vegetables, � 5/d †
Age, per year 0.99 0.98 to 0.998
HRT � aspirin 3.55 1.42 to 8.86 .007
HRT � sports 2.25 1.15 to 4.38 .017

NOTE. Odds ratios shown for variables in final model only.
Abbreviations: MECC, Molecular Epidemiology of Colorectal Cancer; HRT,

hormone replacement therapy; CRC, colorectal cancer.
�This model includes an interaction of HRT � aspirin, therefore the aspirin effect is

among non-HRT users and the HRT effect is among non-aspirin users.
†Dropped out of final model.
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development of gallbladder disease.27,31 Other possible explanations
for the differential effects of the different types of HRT are that pro-
gestins may increase the estrogenic effect of the conjugated estrogen
leading to a combination that may be more biologically active in
the colon than estrogen alone. Compared with the oral forms of
HRT, transdermal estrogen was found to exert only minimal ef-
fects on total and free testosterone, thyroxine, and cortisol and
their binding proteins.32

Of much interest is also the significant interaction between the
use of HRT and the use of aspirin observed in our analysis. The strong
negative association with CRC risk among aspirin users (mostly of
low-dose) was reversed into a positive association when HRT use was
also reported. Garcia-Rodriguez et al33 have recently reported an OR
of 0.66 for myocardial infarction in a study of HRT users who did not
use NSAIDs that changed into an OR of 1.5 if the HRT users also used
NSAIDs or 1.41 if they used 150 mg/d or more of aspirin. While the
authors speculated that this cardiac effect could be mediated through
cyclooxygenase-2 inhibition, our findings of cancer effects with the
use of low-dose aspirin, targeting preferentially cyclooxygenase-1,
suggests that the mechanism for interaction of HRT and aspirin/
NSAIDs could be different.

The interaction between HRT use and physical activity is hard to
explain, as these two behaviors tend to cluster, but has been described
by others with regards to other effects of HRT on risk of fractures34 and
on cognition.35 A recent article36 suggested that plasma protein car-
bonyl levels, reflecting oxidative stress levels, were associated with
breast cancer risk especially in physically active women and women on
HRT, but a strong interaction effect between the latter was noticed.

Our data did not refute formerly published reports suggesting
that HRT use did not influence the probability of development of
microsatellite instable tumors.4,37 While one report suggested that the
APC D1822V variant was strongly associated with HRT use, no such
negative association was found with the APC I1307K variant in our
study. This particular variant is especially common in the Ashkenazi
Jewish population.38

A case-control study such as ours could have several limitations.
Exposure data were collected retrospectively and are therefore at risk
for recall bias. Despite the recent extensive exposure to the issue of
risks and benefits of HRT in both the professional and lay literature,
the negative association with CRC occurrence was never a major issue
in these discussions, thus it is unlikely that participants differentially

reported exposures. Our effort to validate the use of HRT through the
pharmacy records was only marginally successful, probably because
many women in Israel tend to use private gynecologists rather than
those provided by the large secondary clinics of the HMO, and buy
their HRT products privately. The proportion of validation of HRT
use against the pharmacy records was similar in patients and controls
(61.6% and 63.8%, respectively). The possibility of selection bias
seems unlikely since the rate of HRT use by pharmacy records was
similar among the controls who participated and those who declined,
all of whom were CHS members. The likelihood that some controls
had undiagnosed CRC leading to potential misclassification is
small as the study has been active for more than 8 years during
which we have encountered only 32 CRC cases among the controls
(1.2%). Potential confounders were also of self-report nature;
measurement error for these variables could limit our ability to
control adequately for confounding.

We found that use of HRT, in the form of oral preparations only,
is associated with a 38% relative reduction in the risk of CRC after
adjustment for other known risk factors. However, the absence of the
risk reduction effect of aspirin in HRT users and the differences in risk
reduction with preparation-type call for further study to understand
the causes for these phenomena and calls for caution in indicating
HRT for CRC prevention.
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