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ABSTRACT

BACKGROUND

Although the Women’s Health Initiative (WHI) trial of estrogen plus progestin in post-
menopausal women identified more overall health risks than benefits among women
in the hormone group, the use of estrogen plus progestin was associated with a signif-
icant decrease in the risk of colorectal cancer. We analyzed features of the colorectal
cancers that developed and their relation to the characteristics of the participants.

METHODS

In the WHI trial, 16,608 postmenopausal women who were 50 to 79 years of age and
had an intact uterus were randomly assigned to a combination of conjugated equine es-
trogens (0.625 mg per day) plus medroxyprogesterone acetate (2.5 mg per day) or pla-
cebo. The main outcome measures were the incidence, stages, and types of colorectal
cancer, as determined by blinded central adjudication.

RESULTS

There were 43 invasive colorectal cancers in the hormone group and 72 in the placebo
group (hazard ratio, 0.56; 95 percent confidence interval, 0.38 to 0.81; P=0.003). The
invasive colorectal cancers in the hormone group were similar in histologic features
and grade to those in the placebo group but with a greater number of positive lymph
nodes (mean +SD, 3.2+4.1vs. 0.8+1.7; P=0.002) and were more advanced (regional or
metastatic disease, 76.2 percent vs. 48.5 percent; P=0.004). In exploratory analyses,
women in the hormone group with antecedent vaginal bleeding had colorectal cancers
with a greater number of positive nodes than women in the hormone group who did
not have vaginal bleeding (3.8+4.3 vs. 0.7+1.5 nodes, P=0.0006).

CONCLUSIONS
Relatively short-term use of estrogen plus progestin was associated with a decreased
risk of colorectal cancer. However, colorectal cancers in women who took estrogen
plus progestin were diagnosed at a more advanced stage than those in women who
took placebo.

N ENGL J MED 350;10 WWW.NEJM.ORG MARCH 4, 2004

From the Department of Medicine, Harbor—
UCLA Research and Education Institute,
Torrance, Calif. (R.T.C.); the Departments of
Social and Preventive Medicine and Gyne-
cology and Obstetrics, University of Buffalo,
Buffalo, N.Y. (J.W.-W.); Kaiser Permanente
Center for Health Research, Portland, Oreg.
(C.R.); the Department of Medicine, Univer-
sity of California, Irvine (F.A.H.); the Depart-
ment of Medicine, Division of Hematology—
Oncology, George Washington University,
Washington, D.C. (J.A.); the Division of Pub-
lic Health Sciences, Fred Hutchinson Can-
cer Research Center, Seattle (RJ.R., VM.T,
C.C., E.W.); the Department of Internal Med-
icine, Evanston Northwestern Healthcare,
Evanston, Ill. (C.A.R.); the College of Med-
icine and Public Health, Ohio State Univer-
sity, Columbus (R.H.); and the Department
of Medicine, Howard University Cancer Cen-
ter, Washington, D.C. (L.L.A.-C.). Address
reprint requests to Dr. Chlebowski at Har-
bor—UCLA Research and Education Institute,
1124 W. Carson St., Torrance, CA 90502, or
at rchlebowski@rei.edu.

*The investigators participating in the Wom-
en’s Health Initiative (WHI) are listed in
the Appendix.

N Engl ) Med 2004;350:991-1004.
Copyright © 2004 Massachusetts Medical Society.

991

Downloaded from www.nejm.org on November 9, 2009 . For personal use only. No other uses without permission.

Copyright © 2004 Massachusetts Medical Society. All rights reserved.



992

The NEW ENGLAND JOURNAL of MEDICINE

OLORECTAL CANCER, THE SECOND

leading cause of death due to cancer in the

United States, has been the focus of sever-
al randomized trials of chemoprevention,? which
have shown that calcium,3 celecoxib,* aspirin,> and
sulindac®” inhibit the recurrence or development
of colorectal polyps. The bile acid ursodiol was re-
ported to reduce the incidence of colonic dysplasia
or cancer in a prospective study of 52 patients with
ulcerative colitis and primary sclerosing cholangi-
tis.8 Despite these advances, no evidence of a reduc-
tion in the risk of colorectal cancer has yet been pro-
vided for any intervention in a healthy population.2

In observational studies, postmenopausal hor-
mone therapy has been associated with a reduced
incidence of colorectal cancer®11 and a lowered
risk of death from the disease.12 These studies have
generally involved women who took only estrogen
or such women together with women who took es-
trogen plus progestin. A meta-analysis of 18 stud-
ies involving postmenopausal women showed a
20 percent reduction in the incidence of colorec-
tal cancers among women who had ever taken hor-
mones and a 34 percent reduction among women
who were taking them at the time of the study, as
compared with women who had never taken hor-
mones.13 However, the findings of this analysis
have not been confirmed in a randomized trial, nor
have the characteristics of the colorectal cancers in
the women who took postmenopausal hormones
been detailed.

In 2002, the Women’s Health Initiative (WHI)
reported data from a randomized trial that com-
pared estrogen plus progestin with placebo in post-
menopausal women. Although the trial identified
more risks with hormone use than benefits, the
combination of estrogen plus progestin was found
to be associated with a significant decrease in the
incidence of colorectal cancer.1# In the current re-
port, we provide updated information on the effect
of estrogen plus progestin on the risk of colorec-
tal cancer and assess the features of the colorectal
cancers that have occurred in the WHI trial. We also
compare the features of colorectal cancers that de-
veloped in women who received active treatment
with those in women who received placebo.

METHODS

STUDY DESIGN
In the WHI trial of estrogen plus progestin, 16,608
postmenopausal women at 40 clinical centers were

randomly assigned to a study group between 1993
and 1998.15 The study was approved by the human
subjects committee at each institution. Study par-
ticipants were largely recruited by mass mailings
and announcements in the media.1® Women were
eligible if they were between 50 and 79 years of age
at entry into the study, were postmenopausal, and
provided written informed consent. Women who
had previously undergone a hysterectomy or who
had a history of breast cancer or medical conditions
likely to result in death within three years were ex-
cluded. Women with a history of hormone use were
eligible after a three-month washout period before
base-line assessment. Women who had a history
of colorectal cancer (diagnosed more than 10 years
previously) or of resection of a colorectal polyp were
eligible if they met all the other eligibility criteria.

A global index combining the rates of outcomes
anticipated to be influenced by the use of estrogen
and progestin was prospectively developed to fa-
cilitate monitoring by the data and safety monitor-
ing board and to serve as a supplemental end point
for the assessment of overall risk and benefit. The
global index included the rates of coronary heart
disease, stroke, endometrial cancer, pulmonary em-
bolus, hip fracture, invasive breast cancer, colorec-
tal cancer, and death.

The WHI trial of estrogen plus progestin was a
randomized, double-blind, placebo-controlled trial
in which conjugated equine estrogens (0.625 mg
per day) plus medroxyprogesterone acetate (2.5 mg
per day) administered in a single tablet (Prempro,
Wyeth—Ayerst) were compared with an identical-
appearing placebo. Randomization by the WHI clin-
ical coordinating center was implemented locally
by means of a distributed data base and involved the
use of medication bottles with unique bar codes for
blinded dispensing in the clinic.

Women in this trial could also participate in the
WHI trial of calcium plus vitamin D, the WHI trial
of dietary modification, or both; 60 percent of the
participants entered the former, and 20 percent en-
tered the latter. Equal proportions of women in the
estrogen-plus-progestin and placebo groups par-
ticipated in the trial of calcium plus vitamin D.

FOLLOW-UP

Follow-up procedures have been described previ-
ously.1517 Information on clinical outcomes was
initially obtained by means of self-administered
questionnaires or structured telephone interviews
at six-month intervals. Local, trained physician ad-
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Table 1. Characteristics of the Participants at Base Line, According to Treatment Group.*

Characteristic

Age at screening — total no.

Mean —yr
50-59 yr — no. (%)
60-69 yr — no. (%)

70-79 yr — no. (%)
Race or ethnic group — total no.
White — no. (%)
Black — no. (%)
Hispanic — no. (%)
American Indian — no. (%)
Asian or Pacific Islander — no. (%)
Unknown — no. (%)
Education — total no.
Primary school (<8 yr) — no. (%)
Some high school — no. (%)
High-school diploma or equivalent — no. (%)
Some education after high school — no. (%)
College or postgraduate degree — no. (%)

Colon disease

First-degree relatives with colorectal cancer — total no.

0—no. (%)
1—no. (%)
=2 — no. (%)

History of polyp removal — total no.
Yes — no. (%)
Ulcerative colitis or Crohn’s disease — total no.
Yes — no. (%)
History of colorectal cancer — total no.
Yes — no. (%)
Diabetes — total no.
Current or past — no. (%)
Treatment (pills or shots) — no. (%)
Body-mass index — total no.
Mean
<25 —no. (%)
25-29 —no. (%)
=30 —no. (%)
Waist circumference — total no.
Mean
=88 cm — no. (%)
>88 cm — no. (%)
Hemoglobin — total no.
Mean — g/dI

Estrogen plus Progestin

(N=8506)
8506
63.2+7.1
2839 (33.4)
3853 (45.3)
1814 (21.3)
8506
7140 (83.9)

202 (2.4
373 (4.4

1614 (1
3356 (39.
2915 (3

p_lvv

9.1)
7)
4.5)
7602
6661 (87.6)
834 (11.0)
107 (1.4)
7532
538 (7.1)
8387
82 (1.0)
8435
24 (0.3)
8501
488 (5.7)
374 (4.4)
8470
28.5+5.8
2579 (30.4)
2992 (35.3)
2899 (34.2)
8482
88.0+13.7
4705 (55.5)
3777 (44.5)
8503
13.6+1.3

Placebo (N=8102)

8102
63.3+7.1
2683 (33.1)
3657 (45.1)
1762 (21.7)
8102
6805 (84.0)
575 (7.1)
416( 1)

0(0.4)
169(21)
107 (1.3)

8044
177 (2.2)
362 (4.5)
1608 (20.
3059 (38.
2838 (35.

0)
0)
3)
7227
6202 (85.8)
897 (12.4)
128 (1.8)
7447
530 (7.1)
7977
61 (0.8)
8036
30 (0.4)
8097
471 (5.8)
360 (4.4)
8050
28.5+5.9
2479 (30.8)
2834 (35.2)
2737 (34.0)
8075
88.0+13.8
4471 (55.4)
3604 (44.6)
8102
13.6+1.8

P Valuei:

0.39

0.33

0.19

0.004

0.95

0.14

0.32

0.84
0.88
0.66

0.82

0.99
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Table 1. (Continued.)
Estrogen plus Progestiny
Characteristic (N=8506) Placebo (N=8102) P Valuei
Physical activity — total no. 7670 7596 0.80
None — no. (%) 1427 (18.6) 1356 (17.9)
>0-3.75 MET/wk — no. (%) 1501 (19.6) 1519 (20.0)
>3.75-8.75 MET/wk — no. (%) 1355 (17.7) 1352 (17.8)
>8.75-17.5 MET/wk — no. (%) 1648 (21.5) 1634 (21.5)
>17.5 MET/wk — no. (%) 1739 (22.7) 1735 (22.8)
Use of nonsteroidal antiinflammatory drugs — total no. 8506 8102 0.20
Yes — no. (%) 2447 (28.8) 2404 (29.7)
Ibuprofen — no. (%) 918 (10.8) 900 (11.1) 051
Prescribed agent — no. (%) 401 (4.7) 390 (4.8) 0.76
Aspirin (=100 mg/day) — no. (%) 1390 (16.3) 1375 (17.0) 0.28
Use of acetaminophen — total no. 8506 8102 0.37
Yes — no. (%) 847 (10.0) 841 (10.4)
Daily dietary intake
Energy — total no. 8213 7836 0.29
Mean — kcal 1554.7+£599.1 1544.8+588.2
Energy from fat — total no. 8213 7836 0.29
Mean — % of intake 34.4+8.4 34.3+8.4
Fiber — total no. 8213 7836 0.92
Mean —g 15.0+6.5 15.0+6.6
Selenium — total no. 8213 7836 0.67
Mean — ug 87.7+37.4 87.5+£37.3
Red meat — total no. 8155 7776 0.25
Mean — servings 0.56+0.50 0.55+0.50
Fruits and vegetables — total no. 8213 7836 0.56
Mean — servings 3.4+2.0 3.4+2.0
Daily use of vitamins and supplements — total no. 8506 8102
Multivitamin — no. (%) 3035 (35.7) 2855 (35.2) 0.55
Calcium — no. (%) 4149 (48.8) 4018 (49.6) 0.30
Vitamin D — no. (%) 3678 (43.2) 3489 (43.1) 0.81
Selenium — no. (%) 2674 (31.4) 2621 (32.4) 0.21
Current alcohol use — total no. 8403 8035 0.15
None — no. (%) 2399 (28.4) 2318 (28.8)
<1 drink/wk — no. (%) 2844 (34.2) 2630 (32.7)
=1 drink/wk — no. (%) 3160 (37.4) 3087 (38.4)
Smoking status — total no. 8420 7994 0.84
Never — no. (%) 4178 (49.6) 3999 (50.0)
Past — no. (%) 3362 (39.9) 3157 (39.5)
Current — no. (%) 880 (10.5) 838 (10.5)
Current or prior use of oral contraceptives — total no. 8506 8102 0.24
Yes — no. (%) 3693 (43.4) 3444 (42.5)
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Table 1. (Continued.)

Characteristic

Prior use of hormones during menopause — total no.
None — no. (%)
<5yr—no. (%)
5-9yr—no. (%)
=10 yr — no. (%)

Prior colonoscopy, sigmoidoscopy, or flexible
sigmoidoscopy — total no.

No — no. (%)

Yes — no. (%)
<5 yrago— no. (%)
=5 yrago — no. (%)

Estrogen plus Progestiny

(N=8506) Placebo (N=8102) P Valuex
8506 8101 0.30
6277 (73.8) 6020 (74.3)
1539 (18.1) 1470 (18.1)
427 (5.0) 356 (4.4)
263 (3.1) 255 (3.1)
7626 7568 0.67
4528 (59.4) 4440 (58.7)
3098 (40.6) 3128 (41.3)
1830 (24.0) 1847 (24.4)
1255 (16.5) 1269 (16.8)

* For each variable, the number of women for whom data were available is given as the total number. Plus—minus values
are means +SD. Because of rounding, not all percentages total 100. MET denotes metabolic equivalents.

T This group included 331 women who had previously been randomly assigned to estrogen only and who were reassigned
to estrogen plus progestin after a protocol change, as previously described.8

i P values were calculated by a two-sample t-test for continuous variables or a chi-square or Fisher’s exact test for categor-

ical variables.

judicators reviewed medical records and pathology
reports from cases of identified colorectal cancer.
Instances of colorectal cancer were then confirmed
by blinded adjudication at the clinical coordinating
center and coded with the use of the Surveillance,
Epidemiology, and End Results system.18

The frequency of bowel examinations was not
defined by the protocol. Self-administered ques-
tionnaires or structured telephone interviews were
used every six months to monitor the frequencies of
rectal examination, fecal occult-blood testing, sig-
moidoscopy and colonoscopy (asked as one ques-
tion), and barium enema examination. Information
concerning the duration and severity of vaginal
bleeding was also collected every six months. Symp-
toms of bloating or gas, constipation, diarrhea, and
abdominal pain or discomfort were ascertained at
base line and after one year. With the exception of
the above-mentioned practices, the participating
clinical centers did not provide comprehensive
health care. Decisions regarding the workup relat-
ed to the diagnosis of colorectal cancer were made
almost exclusively by the women’s own local phy-
sicians.

A blood specimen was obtained from all the
women after an overnight, eight-hour fast at base
line and at the first annual visit. Serum specimens
were frozen at —70°C and shipped to the WHI cen-
tral storage facility. A randomly selected sample (8.6

percent) of the blood specimens obtained at both
times was analyzed for serum levels of glucose and
insulin. The random-sampling procedure was strat-
ified according to age, clinical center, hysterecto-
my status, and race or ethnic group (to oversample
minority women). Serum insulin was measured in
ablinded fashion by means of a stepwise, sandwich
enzyme-linked immunosorbent assay® by Medical
Research Laboratories.

TERMINATION OF THE STUDY

After a mean follow-up of 5.2 years, the WHI data
and safety monitoring board recommended stop-
ping the trial because the relative risk of breast can-
cer exceeded the predefined stopping boundary and
because the overall risk of adverse outcomes (as
measured by the global index) exceeded the bene-
fits of treatment. At that time (when outcomes had
been identified through April 2002), 112 colorec-
tal cancers had been reported after local adjudica-
tion.15 The current report is based on a mean fol-
low-up of 5.6 years and 122 centrally adjudicated
colorectal cancers, which were diagnosed before
July 8, 2002, the date participants were instructed to
discontinue their study medication.

STATISTICAL ANALYSIS
Primary results were assessed with time-to-event
methods based on the intention-to-treat principle.
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Table 2. Annualized Rate of Colorectal Cancer, According to Treatment Group.*

Estrogen plus Progestin

Variable (N=8506)

Colorectal cancer 48 (0.10)
Invasive colorectal cancer 43 (0.09)
Colon cancer 35 (0.07)
Rectal cancer 8 (0.02)

no. of women (annualized %)

Placebo (N=8102) Hazard Ratio (95% Cl) P Value
74 (0.16) 0.61 (0.42-0.87) 0.007
72 (0.16) 0.56 (0.38-0.81) 0.003
61 (0.14) 0.54 (0.36-0.82) 0.004
11 (0.02) 0.66 (0.26-1.64) 0.37

* The mean follow-up time was 67.8 months in the estrogen-plus-progestin group and 66.8 months in the placebo group.
Annualized percentages were calculated according to treatment group as the percentage of women with an event, divid-
ed by total follow-up time in years. Hazard ratios and P values were calculated with the use of Cox proportional-hazards
models, stratified according to age, presence or absence of a history of colorectal cancer, and randomization group in
the trials of dietary modification and calcium and vitamin D. Cl denotes confidence interval.

Comparisons of rates of cancer are presented as
hazard ratios, nominal 95 percent confidence in-
tervals, and Wald z-statistic P values from Cox pro-
portional-hazards models, stratified according to
age and randomization in the WHI trial of dietary
modification, the WHI trial of calcium and vitamin
D, or both trials. Since participants in the calcium
and vitamin D trial were randomly assigned to a
study group in that trial one to two years after their
entry into the hormone trial, adjustment for partic-
ipation in the calcium and vitamin D trial was based
on the randomization date in that trial as a time-
dependent covariate. No adjustments were made
for multiple analyses over time, since the incidence
of colorectal cancer had little direct influence on
the decision to stop the trial. However, we included
a Bonferroni-adjusted 95 percent confidence inter-
val, adjusted for seven end points, as indicated in
the monitoring plan.

Kaplan—Meier plots were used to analyze the
rates of colorectal cancer over time. Potential effects
of base-line characteristics of the participants, in-
cluding recognized risk factors for colorectal can-
cer, were assessed in expanded proportional-haz-
ard models that included the designated risk factor
and randomization assignment (as the main ef-
fects) and the interaction between them. P values
for possible interactions were computed with like-
lihood-ratio tests, and models with and without
the interaction term were compared. Women with
missing values for the risk factor in a given analy-
sis were excluded from the analysis. Fourteen sub-
group comparisons were performed; the results
of 11 (all but those in the subgroups based on prior
use of oral contraceptives, estrogen alone, or estro-
gen plus progestin) are provided. Because 14 com-
parisons were conducted, fewer than 1 of the com-

parisons would be expected to yield a significant
result at the level of P<0.05 by chance alone. P val-
ues for mean differences in the results of blood
analyses according to treatment group were com-
puted with the use of two-sample t-tests. A global
index, described above, was used to summarize
net benefits versus net risks in the entire cohort
and selected subgroups.

RESULTS

The average follow-up period was 5.6 years; the
maximum was 8.6 years. Outcome information ob-
tained through January 31, 2003, was available for
15,931 of the 16,608 participants (95.9 percent),
and survival status was known for 16,067 (96.7 per-
cent). As previously described,1> 42 percent of the
women in the estrogen-plus-progestin group and
38 percent of those in the placebo group stopped
taking their study medication for some period.
Drop-ins (women who reported off-protocol use
of postmenopausal hormones) constituted 6.2 per-
cent of the hormone group and 10.7 percent of the
placebo group.

Age, level of education, body-mass index, pres-
ence or absence of a history of polyp removal, pres-
ence or absence of diabetes, use or nonuse of
nonsteroidal antiinflammatory medication, hemo-
globin level, use or nonuse of calcium and vita-
min D supplements, dietary variables, and level of
physical activity were similar in the two groups (Ta-
ble 1). More women in the placebo group than in
the hormone group had first-degree relatives with
colorectal cancer (14.2 percent vs. 12.4 percent,
P=0.004).

According to intention-to-treat analyses, women
in the hormone group had fewer colorectal cancers
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of all histologic types than women in the placebo
group (48 vs. 74; hazard ratio, 0.61; 95 percent con-
fidence interval, 0.42 to 0.87; P=0.007) (Table 2).
Of the 122 colorectal cancers, 3 in the hormone
group and 1 in the placebo group were stage 0
(carcinoma in situ). The 122 cancers also includ-
ed 1 squamous-cell carcinoma (in the placebo
group) and 2 carcinoids (in the hormone group).
The analyses were limited to the remaining 115 in-
vasive colorectal cancers (Table 2). There were 43
cases of invasive colorectal cancer in the hormone
group and 72 in the placebo group (hazard ratio,
0.56; 95 percent confidence interval, 0.38 to 0.81;
P=0.003). The Bonferroni 95 percent confidence
interval for this comparison (adjusted for seven
outcomes) was 0.33 to 0.94. Kaplan—Meier plots of
the cumulative hazard for colorectal cancer accord-
ing to treatment group are shown in Figure 1.

Since the number of first-degree relatives with
a history of colorectal cancer differed significantly
between the two groups, we calculated the hazard
ratio for colorectal cancer in the hormone group,
as compared with the placebo group, after adjust-
ment for this factor and found it to be 0.49 (95 per-
cent confidence interval, 0.32 to 0.73; P=0.001).
Exclusion of the 54 women with a history of colo-
rectal cancer gave similar results (hazard ratio in
the hormone group, 0.58; 95 percent confidence
interval, 0.40 to 0.85; P=0.005).

There were 35 cases of cancer of the colon in the
hormone group and 61 cases in the placebo group
(hazard ratio, 0.54; 95 percent confidence interval,
0.36t00.82; P=0.004). There were 8 cases of rectal
cancer in the hormone group and 11 in the placebo
group (hazard ratio, 0.66; 95 percent confidence
interval, 0.26 to 1.64; P=0.37).

The invasive colorectal cancers in the two groups
were similar in location, tumor grade, and histo-
logic features (Table 3). There were more colorectal
cancers with lymph-node involvement in the hor-
mone group than in the placebo group (59.0 per-
cent vs. 29.4 percent, P=0.003). In addition, the
number of positive nodes was greater in the hor-
mone group than in the placebo group (3.2+4.1vs.
0.8%1.7, P=0.002), and the stage at diagnosis was
more advanced in the hormone group (rate of re-
gional or metastatic disease, 76.2 percent, vs. 48.5
percent in the placebo group; P=0.004).

The reduction in the risk of colorectal cancer in
the hormone group was due mainly to a decrease in
the risk of local, rather than regional or metastat-
ic, disease (hazard ratio for local disease, 0.26; 95

N ENGL ) MED 350;10 WWW.NEJM.ORG

percent confidence interval, 0.13 to 0.53; P<0.001;
hazard ratio for regional or metastatic disease,
0.87; 95 percent confidence interval, 0.54 to 1.41;
P=0.57). However, even within the category of re-
gional or metastatic disease, the cancers in the hor-
mone group were associated with a greater num-
ber of positive nodes than the corresponding types
of cancer in the placebo group (3.6+4.2vs. 1.6+2.1
nodes, P=0.012). There were nine deaths due to
colorectal cancer in the hormone group and eight
in the placebo group.

The frequency of bowel examinations in the
two groups did not differ significantly at any time
(Fig. 2). Each year, about 8 to 12 percent of the study
participants underwent sigmoidoscopy or colonos-
copy, and nearly twice that number underwent a
rectal examination, guaiac-based fecal occult-blood
testing, or both. During the course of the study,
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Figure 1. Kaplan-Meier Plots of the Cumulative Hazard of Invasive Colorectal

Cancer, According to Treatment Group.

The hazard ratio for colorectal cancer in the group that received estrogen plus
progestin, as compared with the group that received placebo, was 0.56 (95
percent confidence interval, 0.38 to 0.81). The data shown do not include two
carcinoid tumors among women in the estrogen-plus-progestin group and
one squamous-cell carcinoma among women in the placebo group.
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Table 3. Characteristics of the Cases of Invasive Colorectal Cancer, According to Treatment Group.*

Variable

Women with invasive colorectal cancer — no. (%)

Tumor size

Mean —cm

<3.9 — no. of women (%)

4.0-5.9 — no. of women (%)

26.0 — no. of women (%)

Data missing — no. of women (%)
Lymph-node examination — no. of women
No. of lymph nodes examined — mean
No. of positive lymph nodes

Mean

None — no. of women (%)

=1 — no. of women (%)

1-3 — no. of women (%)

=4 — no. of women (%)

Data missing — no. of women (%)
Lymph-node involvement — no. of women (%)

No

Yes

Data missing
Stage of disease — no. of women (%)

Localized

Regional

Metastatic

Data missing
Morphologic grade — no. of women (%)

Well differentiated

Moderately differentiated

Poorly differentiated

Anaplastic

Data missing
Location of cancer — no. of women (%)

Colon

Cecum

Ascending colon
Hepatic flexure of colon
Transverse colon
Splenic flexure
Descending colon
Sigmoid colon
Rectosigmoid junction
Unknown

Rectum

Estrogen plus Progestin

43 (0.1)

4925
10 (31.3)
11 (34.4)
11 (34.4)
11 (25.6)
42

11.0+11.8

3.2:4.1
13 (36.1)

Placebo

72 (0.2)

43425
26 (48.1)
18 (33.3)
10 (18.5)
18 (25.0)
70

11.6+8.0

0.8+1.7
47 (70.1)
0

15 (22.4)

P Valuey

0.34

0.18

0.94

0.74
0.002

0.001

0.13
0.003

0.47
0.009

1.00
0.56

0.74
0.82

N ENGL J MED 350;10 WWW.NEJM.ORG MARCH 4, 2004

Downloaded from www.nejm.org on November 9, 2009 . For personal use only. No other uses without permission.
Copyright © 2004 Massachusetts Medical Society. All rights reserved.




ESTROGEN PLUS PROGESTIN AND COLORECTAL CANCER IN POSTMENOPAUSAL WOMEN

Table 3. (Continued.)

Characteristic

Histologic features — no. of women (%)
Adenocarcinoma, not otherwise specified
Adenocarcinoma in adenomatous polyp
Adenocarcinoma in tubulovillous adenoma
Adenocarcinoma in villous adenoma

Other

Estrogen plus Progestin Placebo P Valuey
0.80
25 (58.1) 49 (68.1)
3(7.0) 5 (6.9)
1(23) 2 (2.8)
7 (16.3) 7(9.7)
7 (16.3) 9 (12.5)

* Plus—minus values are means +SD. The data shown do not include two carcinoid tumors among women in the estrogen-
plus-progestin group and one squamous-cell carcinoma among women in the placebo group.

T P values were calculated by a two-sample t-test for continuous variables or a chi-square or Fisher's exact test for categor-
ical variables. The P value for a given characteristic represents the association between groups on the basis only of
known values of the characteristic. The P value for “data missing” represents the association between groups of the per-

centage of missing data for a given characteristic.

Placebo

=== Rectal examination

- o-- Fecal occult-blood test

—a— Sigmoidoscopy, flexible sigmoidoscopy, -4 - Sigmoidoscopy, flexible sigmoidoscopy,
or colonoscopy

3 4 5 6
Year
8148 8100 7082 4426
7779 7743 6695 4047

Estrogen plus progestin
—&— Rectal examination
—e— Fecal occult-blood test
or colonoscopy
234
214
194
§ 17
3
S
3 15+
s
T 1341
[
&
S 11
9_
74
0 T T
0 1 2
No. at Risk
Estrogen plus progestin 8360 8201
Placebo 7994 7850
Figure 2. Frequency of Bowel Examinations, According to Treatment Group.

about 40 percent of the participants underwent at
least one sigmoidoscopy or colonoscopy and about
28 percent did not undergo a bowel examination of
any kind.

The frequency of abdominal symptoms after one
year was similar in the two groups. However, vagi-
nal bleeding was more frequent in the hormone
group; some bleeding was reported during the first

year of study participation by 58 percent of wom-
en in that group, as compared with 7 percent in
the placebo group (P<0.001). By the fourth year,
the frequency of vaginal bleeding in the hormone
group had declined to less than 20 percent (data
not shown). In the 26 women who had vaginal
bleeding before colorectal cancer was diagnosed,
the number of positive lymph nodes (3.8+4.3) was
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Table 4. Annualized Rate of Invasive Colorectal Cancer, According to Base-Line Characteristics and Treatment Group.*
Estrogen plus P Value for
Variable Progestin Placebo Hazard Ratio Interaction
no. of women (annualized %)
Age at screening 0.57
50-59 yr 7 (0.04) 8 (0.05) 0.79
60-69 yr 22 (0.10) 38 (0.19) 0.54
70-79 yr 14 (0.14) 26 (0.28) 051
Race or ethnic group NA
White 36 (0.09) 60 (0.16) 0.56
Black 2 (0.06) 9 (0.29) 0.21
Hispanic 2 (0.08) 0 NA
American Indian NA
Asian or Pacific Islander 2 (0.19) 2 (0.22) 0.78
Unknown or not reported 1(0.15) 1(0.18) 1.00
Family history of colorectal cancer 0.91
Yes 30 (0.08) 55 (0.16) 0.50
No 13 (0.20) 0.48
Prior use of postmenopausal hormones 0.50
No 35 (0.10) 55 (0.16) 0.60
Yes 3 (0.06) 17 (0.15) 0.41
Body-mass indexy 0.69
<25 11 (0.08) 20 (0.14) 0.53
25-29 17 (0.10) 26 (0.16) 0.63
230 14 (0.09) 26 (0.17) 0.49
Waist circumference 0.74
<88 cm 20 (0.07) 36 (0.14) 0.53
>88 cm 23 (0.11) 35 (0.18) 0.60

greater than the number of positive nodes in the
7 women without antecedent vaginal bleeding
(0.7£1.5) (P=0.000).

Several characteristics of the participants were
examined for possible interaction with the use of
estrogen plus progestin and the risk of colorectal
cancer (Table 4). No statistically significant inter-
actions were found, although statistical power was
limited by the small numbers of women in sub-
groups.

Information on the serum levels of fasting glu-
cose and insulin at base line and after one year of
therapy was available for 686 and 653 women, re-
spectively. The difference between these two time
points in glucose levels (mean [£SE] decrease,
2.60+1.02 mg per deciliter; P=0.01) and insulin
levels (mean decrease, 0.73+0.35 pIU per milliliter;
P=0.04) were both significantly greater in the hor-
mone group than in the placebo group.

Analysis of the global index indicated that the
risk associated with the use of estrogen plus proges-
tin in the overall study population outweighed the
benefit (hazard ratio for colorectal cancer, 1.12; 95
percent confidence interval, 1.01 to 1.23). The glob-
al index provided no evidence of a benefit among
women at increased risk for colorectal cancer, those
with diabetes (hazard ratio, 1.13; 95 percent confi-
dence interval, 0.83 to 1.55), or those with prior co-
lorectal polyps (hazard ratio, 1.04; 95 percent con-
fidence interval, 0.72 to 1.50).

DISCUSSION

In this randomized trial, the use of estrogen plus
progestin was associated with a statistically signif-
icant decrease in the incidence of colorectal cancer
among postmenopausal women. Our result vali-
dates observational studies in which postmeno-
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Table 4. (Continued.)
Estrogen plus P Value for
Variable Progestin Placebo Hazard Ratio Interaction
no. of women (annualized %)
Smoking status 0.65
Never 19 (0.08) 37 (0.17) 0.47
Past 19 (0.10) 30 (0.17) 0.60
Current 4(0.08) 4(0.09) 0.91
Current alcohol use 0.91
None 13(0.10) 20 (0.16) 0.58
<1 drink/wk 14 (0.09) 25 (0.17) 0.52
=1 drink/wk 16 (0.09) 26 (0.15) 0.59
Dietary selenium 0.62
<744 pg/day 13 (0.09) 23 (0.16) 0.52
74.5-106.3 pg/day 15(0.10) 18 (0.12) 0.78
>106.3 pg/day 15 (0.10) 28 (0.19) 0.49
Diabetes 0.31
Never 36 (0.08) 65 (0.15) 0.52
Current or past 7 (0.26) 7 (0.28) 0.93
Use of nonsteroidal antiinflammatory drugs 0.67
No 35(0.10) 56 (0.18) 0.58
Yes 8(0.06)  16(0.12) 0.47
History of polyp removal 0.96
No 36 (0.09) 52 (0.14) 0.68
Yes 4(0.14) 6 (0.21) 0.63

* The data shown do not include two carcinoid tumors among women in the estrogen-plus-progestin group and one squa-
mous-cell carcinoma among women in the placebo group. Annualized percentages were calculated according to treat-
ment group as the percentage of women with an event, divided by follow-up time in years. NA denotes not applicable.
Hazard ratios and P values were calculated with the use of Cox proportional-hazards models, stratified according to age,
presence or absence of a history of colorectal cancer, and randomization group in the trials of dietary modification and

calcium and vitamin D.

T The body-mass index was calculated as the weight in kilograms divided by the square of the height in meters.

pausal hormone therapy was found to be associ-
ated with a reduced risk of colorectal cancer.912:13

More of the colorectal cancers in the hormone
group than in the placebo group were characterized
by lymph-node involvement, and the stage of can-
cer was more advanced in the hormone group than
in the placebo group, despite similarities between
the groups in histologic features and grade. More-
over, more women in the hormone group than in
the placebo group had metastatic colorectal cancer.
The reasons for these differences are unknown. The
finding of a decreased number of colorectal cancers
diagnosed at a more advanced stage is difficult to
explain on the basis of a single hormonal effect.
The similar grades and histologic features of can-
cers in the two groups do not explain the higher

incidence of cancers at an advanced stage in the
hormone group. The frequency of screening for co-
lorectal cancer, which was similar in the two groups,
also does not explain it. A difference in the risk of
localized disease accounted for most of the differ-
ence between the two groups in the overall risk of
colorectal cancer. This difference began to emerge
early in the initial follow-up year, suggesting an ef-
fect on established cancers.

Abdominal pain, a change in bowel habits, and
rectal bleeding are common symptoms in patients
presenting with colorectal cancer.20:21 The symp-
toms are not infrequently attributed to other, less
serious causes,22 and women are perhaps more like-
ly than men to delay seeking care.?3 In the current
study, vaginal bleeding was more common among
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women in the hormone group than among those in
the placebo group, and this factor may have delayed
assessmentand accounted for the higher incidence
of'advanced cancer in the hormone group.

There is wide support for a policy of regular bow-
el screening for women 50 years of age or older.24:25
Nonetheless, the experience in this trial, in which
only a minority of the participants underwent rou-
tine bowel screening, reflects that of the general
population.2¢ The more advanced colorectal can-
cers seen in the hormone group suggests that wom-
en who receive estrogen plus progestin might ben-
efit from routine bowel screening, despite their
reduced risk of colorectal cancer.

Observational reports provide mixed informa-
tion on whether postmenopausal hormone thera-
py has a favorable effect only on the risk of colon
cancer!! or on the risks of both colon cancer and
rectal cancer.27-2° In our trial, the use of estrogen
plus progestin reduced the incidence of colon can-
cer, but the limited number of rectal cancers pre-
cludes a definitive assessment of the effect on the
risk of rectal cancer.

Possible mechanisms of the effect of postmeno-
pausal hormone therapy on the risk of colorectal
cancer include the influence of estrogen on bile ac-
ids,”:30 changes mediated by estrogen receptors on
intestinal epithelium,31:32 and alteration of insulin
and insulin-like growth factor 1.33:34 The evidence
supporting a role for hyperinsulinemia and hyper-
glycemia in the risk of colorectal cancer has recent-
ly been reviewed.35 The reduction in the serum lev-
els of fasting glucose and insulin with the use of
estrogen plus progestin, as seen in this and other
studies,3¢ supports the idea that hyperglycemia and
hyperinsulinemia contribute to the development
of colorectal cancer.

There are limited data from other randomized
trials with regard to a possible effect of postmeno-
pausal hormone therapy on the risk of colorectal
cancer. In the Heart and Estrogen/Progestin Re-
placement Study,37 which involved women with cor-
onary heart disease, fewer colorectal cancers were
found in the hormone group than in the placebo
group (11 vs. 16 cases; hazard ratio, 0.69; 95 per-

cent confidence interval, 0.32 to 1.49), but the dif-
ference was not statistically significant.

The effects of estrogen plus progestin on breast
and colorectal cancer suggest that the use of these
hormones can delay the diagnosis of two of the
three most common cancers in postmenopausal
women. Such findings should be part of the discus-
sion of risks and benefits when combined post-
menopausal hormone therapy is being considered.

The rates of discontinuation of the study medi-
cation in the two groups is a limitation of this study.
However, these rates were similar to those in other
trials of postmenopausal hormones and are lower
than the rates in clinical practice.3® Screening for
colorectal cancer before entry and the frequency of
bowel examinations were not defined in the study
protocol. However, the similar rates of bowel ex-
aminations in the two groups suggest that this fac-
tor did not affect the outcome. Nonetheless, regular
colonoscopies or even colonoscopies on exit from
the study might have allowed a more precise assess-
ment of the effect.

In summary, this randomized trial showed that
the use of estrogen plus progestin was associated
with a decreased risk of colorectal cancer. However,
the cancers diagnosed in women who were using es-
trogen and progestin had greater lymph-node in-
volvement and a more advanced stage than the can-
cers in the placebo group. These findings support
wider implementation of bowel screening among
postmenopausal women who are using hormone
therapy. Current data are insufficient to support the
use of estrogen plus progestin to reduce the risk of
colorectal cancer in any population. Before therapy
with estrogen plus progestin is used in any setting
by postmenopausal women, all identified’> and
emergingl7-39 risks associated with these agents

should be considered.
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APPENDIX

The following investigators participated in the Women’s Health Initiative: Program Office (National Heart, Lung, and Blood Institute, Bethesda,
Md.): B. Alving, J. Rossouw, L. Pottern, S. Ludlam, J. McGowan. Clinical Coordinating Center: Fred Hutchinson Cancer Research Center, Seattle:
R. Prentice, G. Anderson, A. LaCroix, R. Patterson, A. McTiernan, B. Cochrane, J. Hunt, L. Tinker, C. Kooperberg, M. McIntosh, C.Y. Wang,
C. Chen, D. Bowen, A. Kristal, J. Stanford, N. Urban, N. Weiss, E. White; Wake Forest University School of Medicine, Winston-Salem, N.C.:
S. Shumaker, P. Rautaharju, R. Prineas, M. Naughton; Medical Research Laboratories, Highland Heights, Ky.: E. Stein, P. Laskarzewski;
University of California at San Francisco, San Francisco: S. Cummings, M. Nevitt, M. Dockrell; University of Minnesota, Minneapolis: L.
Harnack; McKesson BioServices, Rockville, Md.: F. Cammarata, S. Lindenfelser; University of Washington, Seattle: B. Psaty, S. Heckbert.
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Clinical Centers: Albert Einstein College of Medicine, Bronx, N.Y.: S. Wassertheil-Smoller, W. Frishman, J. Wylie-Rosett, D. Barad, R. Free-
man; Baylor College of Medicine, Houston: J. Hays, R. Young, J. Anderson, S. Lithgow, P. Bray; Brigham and Women’s Hospital, Harvard
Medical School, Boston: J. Manson, J. Buring, J.M. Gaziano, K. Rexrode, C. Chae; Brown University, Providence, R.I.: A.R. Assaf, C. Wheel-
er, C. Eaton, M. Cyr; Emory University, Atlanta: L. Phillips, M. Pedersen, O. Strickland, M. Huber, V. Porter; Fred Hutchinson Cancer Re-
search Center, Seattle: S.A.A. Beresford, V.M. Taylor, N.F. Woods, M. Henderson, M. Kestin; George Washington University, Washington,
D.C.:]J. Hsia, N. Gaba, J. Ascensao; Harbor—-UCLA Research and Education Institute, Torrance, Calif.: R. Chlebowski, R. Detrano, A. Nel-
son, J. Heiner, J. Marshall; Kaiser Permanente Center for Health Research, Portland, Oreg.: C. Ritenbaugh, B. Valanis, P. Elmer, V. Stevens,
N. Karanja; Kaiser Permanente Division of Research, Oakland, Calif.: B. Caan, S. Sidney, G. Bailey, J. Hirata; Medical College of Wisconsin,
Milwaukee: J. Morley Kotchen, V. Barnabei, T.A. Kotchen, M.A.C. Gilligan, J. Neuner; MedStar Research Institute, Howard University,
Washington, D.C.: BV. Howard, L. Adams-Campbell, M. Passaro, M. Rainford, T. Agurs-Collins; Northwestern University, Chicago and Ev-
anston, Ill.: L. Van Horn, P. Greenland, J. Khandekar, K. Liu, C. Rosenberg; Rush—Presbyterian—St. Luke’s Medical Center, Chicago: H.
Black, L. Powell, E. Mason; Stanford Center for Research in Disease Prevention, Stanford University, Stanford, Calif.: M.L. Stefanick, M.A.
Hlatky, B. Chen, R.S. Stafford, L.C. Giudice; State University of New York at Stony Brook, Stony Brook: D. Lane, I. Granek, W. Lawson, G.
San Roman, C. Messina; Ohio State University, Columbus: R. Jackson, R. Harris, E. Paskett, W.J. Mysiw, M. Blumenfeld; University of Ala-
bama at Birmingham, Birmingham: C.E. Lewis, A. Oberman, J.M. Shikany, M. Safford, B.K. Britt; University of Arizona, Tucson and Phoe-
nix: T. Bassford, J. Mattox, M. Ko, T. Lohman; University at Buffalo, Buffalo, N.Y.: J. Wactawski-Wende, M. Trevisan, E. Smit, S. Graham, J.
Chang; University of California at Davis, Sacramento: J. Robbins, S. Yasmeen, K. Lindfors, J. Stern; University of California at Irvine, Or-
ange: A. Hubbell, G. Frank, N. Wong, N. Greep, B. Monk; University of California at Los Angeles, Los Angeles: H. Judd, D. Heber, R.
Elashoff; University of California at San Diego, LaJolla and Chula Vista: R.D. Langer, M.H. Criqui, G.T. Talavera, C.E. Garland, R.E. Hanson;
University of Cincinnati, Cincinnati: M. Gass, S. Wernke, N. Watts; University of Florida, Gainesville and Jacksonville: M. Limacher, M. Per-
ri, A. Kaunitz, R.S. Williams, Y. Brinson; University of Hawaii, Honolulu: D. Curb, H. Petrovitch, B. Rodriguez, K. Masaki, S. Sharma; Uni-
versity of Towa, lowa City and Davenport: R. Wallace, J. Torner, S. Johnson, L. Snetselaar, B. VanVoorhis; University of Massachusetts, Fallon
Clinic, Worcester: J. Ockene, M. Rosal, I. Ockene, R. Yood, . Aronson; University of Medicine and Dentistry of New Jersey, Newark: N. Lass-
er, B. Singh, V. Lasser, J. Kostis; University of Miami, Miami: M.J. O’Sullivan, L. Parker, R. Estape, D. Fernandez; University of Minnesota,
Minneapolis: K.L. Margolis, R.H. Grimm, D.B. Hunninghake, J. LaValleur, S. Kempainen; University of Nevada, Reno: R. Brunner, W.
Graettinger, V. Oujevolk; University of North Carolina, Chapel Hill: G. Heiss, P. Haines, D. Ontjes, C. Sueta, E. Wells; University of Pitts-
burgh, Pittsburgh: L. Kuller, J. Cauley, N.C. Milas; University of Tennessee, Memphis: K.C. Johnson, S. Satterfield, RW. Ke, J. Vile, F. Ty-
lavsky; University of Texas Health Science Center, San Antonio: R. Brzyski, R. Schenken, J. Trabal, M. Rodriguez-Sifuentes, C. Mouton; Uni-
versity of Wisconsin, Madison: G. Sarto, D. Laube, P. McBride, J. Mares-Perlman, B. Loevinger; Wake Forest University School of Medicine,
Winston-Salem, N.C.: D. Bonds, G. Burke, R. Crouse, L. Parsons, M. Vitolins; Wayne State University School of Medicine, Hutzel Hospital,
Detroit: S. Hendrix, M. Simon, G. McNeeley, P. Gordon, P. Makela. Former Investigators: University of Wisconsin, Madison: C. Allen, de-

ceased; University of Nevada, Reno: S. Dougherty, deceased; Brown University, Providence, R.L: R. Carleton, deceased.
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