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mproved breast cancer survival among hormone
eplacement therapy users is durable after
years of additional follow-up
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Abstract
BACKGROUND: We previously reported that breast cancer patients who used hormone replacement

therapy (HRT) had significantly lower stage tumors and higher survival than never-users. We present
an update with longer follow-up, HRT use data, and in vitro research.

METHODS: Our database of 292 postmenopausal breast cancer patients was updated to include HRT
type, duration, and disease status. In vitro effects of estrogen (E) and/or medroxyprogesterone (MPA)
on breast cancer cell growth were measured.

RESULTS: Tumor prognostic factors were better and survival rates higher for both E and combi-
nation HRT users of any duration. Use greater than 10 years correlated with node-negative disease,
mammographically detected tumors, and 100% survival. E supported minimal proliferation; MPA
induced cell death; E�MPA results were similar to E alone.

CONCLUSIONS: HRT users, regardless of type or duration of HRT use, continued to have higher
survival rates. In vitro results supported the clinical finding that outcomes for users of E and E�MPA
were similar.
© 2008 Elsevier Inc. All rights reserved.
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We previously reported that breast cancers in hormone
eplacement therapy (HRT) users were smaller, lower
rade, more often node-negative, lower stage, and had sig-
ificantly higher survival rates compared to those in never-
sers.1 Recent events have raised concerns about the impact
f HRT on breast cancer. Particular concern has been raised
bout the use of combinations of estrogen (E) and medroxy-
rogesterone acetate (MPA). Results from the Women’s
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ealth Initiative (WHI) trial indicated that breast cancers
ere more advanced among users of E and MPA (combi-
ation HRT) than among patients receiving placebo.2 This
ould be expected to result in lower survival rates among
sers of combination HRT. Concerns also exist about du-
ation of HRT use and breast cancer.3,4

Due to these concerns, we investigated if the higher
urvival rate we reported was durable after an additional 5
ears of follow-up. We also investigated whether duration
r type of HRT are associated with differences in tumor
haracteristics or survival rates. We have supplemented our
linical investigation with in vitro studies in which estrogen
eceptor (ER)-positive and -negative breast cancer cell lines

ere treated with various concentrations of E, MPA, or

mailto:pommierr@ohsu.edu
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ombinations of E and MPA to determine their impacts on
ellular proliferation.

ethods

Our database of 292 postmenopausal women diagnosed
ith breast cancer at Oregon Health & Science University
etween March 1994 and January 2002 from our previous
ublication1 was updated by review of medical records.
ew data included the current disease status of each patient

s well as the type and duration of HRT used. HRT was
ategorized as E alone, progestin alone, E and progestin
ombination, or other HRT. If E and progestin were ever
aken by a patient, either serially or concomitantly, it was
onsidered combination HRT. Approval for this retrospec-
ive review was obtained from the institutional review
oard.

Disease-specific survival curves were constructed using
he Kaplan-Meier method5 and statistical significance be-
ween survival distributions was determined by log-rank
nalysis. Significance of differences between groups of pa-
ients was determined by chi-square analysis, Student t test,
nalysis of variance (ANOVA), Mann-Whitney U test, or
ruskal-Wallis H test. Correlations between duration of
RT use and tumor size, number of positive lymph nodes,

nd stage were determined using Pearson or Spearman co-
fficients of correlation. The independent effects of prog-
ostic factors and HRT use on survival was determined by
ox regression analysis.

For all laboratory experiments, 3 cell lines, T-47D,
CC1954, and HCC1937, were obtained from the ATCC

American Type Culture Collection, Manassas, VA) and
aintained according to ATCC protocol. T-47D cells are
R-positive, progesterone receptor (PR)-positive; HCC1954
nd HCC1937 cells are ER-negative, PR-negative; both are
ndrogen receptor (AR)-positive.6 Cell lines with these re-
eptor profiles were selected for study because our group of
RT users with a higher survival rate was comprised of a
ixture of patients with ER-positive and ER-negative tu-
ors. Cells were plated onto 96-well plates with 104 cells

er well, grown in hormone-depleted media for 3 days, and
hen treated with 17-�-estradiol (E) and medroxyprogester-
ne-17-acetate (MPA) (Sigma-Aldrich, St Louis, MO).

The dose-dependent effects of MPA were initially tes-
ed by treating ER-positive (T-47D) and ER-negative
HCC1937) breast cancer cells with a range of MPA (.01,
1, 1, 10, 100, and 250 nmol/L). In all subsequent experi-

ents, T-47D and HCC1954 cells were treated with E alone
t concentrations of 1 and 10 nmol/L or MPA alone at
oncentrations of 1, 10, 100, and 250 nmol/L. Cells were
lso treated with 1 or 10 nmol/L E in combination with 1,
0, 100, or 250 nmol/L MPA. For all experiments, cells
rown in hormone-depleted media served as an untreated
ontrol. Cell proliferation was measured by 3-(4,5-dimeth-

lthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) as- s
ay and expressed as the relative percent change between
reated and untreated cultures.7 All experiments were per-
ormed in triplicate wells and repeated a minimum of 3
imes. Statistical significance of differences in proliferation
f cell cultures was determined by ANOVA and indepen-
ent t tests.

esults

Of the 292 patients, 144 reported HRT use at the time of
iagnosis or anytime in the past. Seventy-three patients
51%) used E alone, 54 (38%) used combination HRT, 3
2%) used progestins alone, and 14 (9%) used another type
RT (Table 1). There were no significant differences in the

ypes of HRT used between patients with ductal carcinoma
n situ (DCIS) or invasive cancer. There were no significant
ifferences in the incidence of ER-positive or PR-positive
umors between HRT users and never-users. Data on HER2
tatus was not available for many patients whose diagnosis
receded the advent of traztuzumab therapy.

Among patients with invasive cancers, mean tumor size,
odal status, ER and PR status, the presence of distant
etastases, stage, and the method of detection did not vary

ignificantly by types of HRT. Tumors of patients using
ither E alone or combination HRT were smaller than those
f never-users (P � .022 and .003, respectively). There
ere significantly more T1 (�2.0 cm) tumors among pa-

ients using E (P � .036) and combination HRT (P � .001)
ompared with never-users. Negative lymph nodes were
ignificantly more common in users of E (P � .045) and
ombination HRT (P � .023) than in never-users. The mean
umber of positive lymph nodes was also significantly
ower in users of E (P � .03) and combination HRT (P �
02) compared with never-users.

There were no significant differences in the distribution of
tage based on type of HRT use. Compared to never-users,
sers of E or combination HRT had significantly more cancers
ower than stage II (P � .01 for both). The incidence of distant

etastases did not differ between never-users and HRT users,
hether compared collectively or by type of HRT.
Data were available on the duration of HRT use for 133

f 144 users (92%) and the median duration was 7 years.
orty-seven patients (33%) used HRT for less than 5 years,
6 patients (25%) used HRT from 5 to 10 years, and 50
atients (35%) used HRT for more than 10 years. DCIS was
venly distributed between groups of HRT duration. Tumor
ize, number of positive lymph nodes, and stage did not
ncrease with increasing durations of HRT use, regardless of
ype. Lymph node status was more often negative in patients
ith greater than 10 years of HRT use compared to never-
sers (P � .023). E and combination HRT users were more
ften diagnosed by mammography than palpation compared
o never-users (P � .036 and .01, respectively). Patients
ith any type of HRT use for more than 10 years were also
ignificantly more likely to have their tumors detected by
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507D. Christante et al. Breast cancer survival among HRT users after 5 years
ammography than by palpation compared to never-users
P � .01).

After an additional 5-years of follow-up, the disease-
pecific 5-year survival rate of HRT users was 92% com-
ared with 84% for never-users (Figure 1, P � .02). No
atient with a diagnosis of DCIS had died of breast

Table 1 Comparison of prognostic factors and survival rates b

HRT type*

Never-
use HRT P‡ E P‡

Totals
All cases 148 144 73
DCIS 14 23 12
Invasive cancer 134 121 61

Mode of detection
All cases

MMG 63 84 .01 42 .0
PALP 85 58 31

Invasive cancer
MMG 53 65 .02 31 NS
PALP 81 56 30

Mean tumor size (cm)
All cases 2.6 1.8 .001 1.2 .0
Invasive cancer 2.7 2.0 .003 2.0 .0

T0�T1 vs �T1
All cases 71 97 .001 45 .0
Invasive cancer 57 74 .003 33 NS

Mean no. of positive nodes
All cases 2.0 .9 .01 .86 .0
Invasive cancer 2.2 1.1 .01 1.03 .0

Nodal disease
yes vs no

All cases 52 31 .03 16 .0
Invasive cancer 52 31 .03 16 .0

Metastases
yes vs no

Invasive 14 10 NS 7 NS
Stage 0�1 vs �1

All cases 68 94 .001 47 .0
Invasive cancer 54 71 .003 35 .0

Median years of HRT
All cases 7 10 .0
DCIS 8 10 .0
Invasive cancer 7 10 .0

5-Year survival rate
All cases 84% 92% .02 91% NS
Invasive cancer 83% 91% .04 89% NS

Mode of detection
All cases

MMG 92% 100% .02 100% NS
PALP 78% 81% NS 78% NS

Invasive cancer
MMG 90% 100% .03 100% NS
PALP 78% 81% NS 77% NS

NS � not significant; MMG � mammographic detection; PALP � de
*“Other” group and progesterone users are not included.
†Duration group does not include patients with missing data.
‡Compared to never-user group.
§These compare duration of HRT between E and combination HRT us
¶Difference in duration of combination HRT between DCIS and inva
ancer. Among patients with invasive cancers, the 5-year u
urvival rate of HRT users was 91% compared with 83%
or never-users (P � .04). There were no significant
ifferences in survival between patients grouped by HRT
ype. The 5-year survival rates for users of E and com-
ination HRT were 89% and 95%, respectively. The
ifference in survival rates between combination HRT

n never-users and HRT users by HRT type and duration

HRT duration† (y)

�MPA P‡ �5 P‡ 5–10 P‡ �10 P‡

4 47 36 50
9 8 5 8
5 39 31 42

4 .01 26 NS 20 NS 33 .01
0 21 16 17

7 .02 19 NS 15 NS 27 .01
8 20 16 15

1.6 .003 2.0 .03 1.7 .02 1.7 .01
1.9 .004 2.2 .05 1.8 .03 1.8 .01

9 .001 32 .02 25 NS 34 .01
0 .005 24 .04 20 .03 26 .01

.9 .02 1.3 NS .42 .048 .26 .01
1.0 .03 1.6 NS .48 NS .30 .01

0 .02 11 NS 7 NS 9 .02
0 .04 11 NS 7 NS 9 .04

2 NS 3 NS 4 NS 2 NS

6 .01 30 .03 26 .01 33 .01
7 .02 22 NS 21 .01 25 .03

5 3 7 20
3¶ 3 8 25
6 3 7 20

95% .04 88% NS 93% NS 100% .01
95% .04 86% NS 92% NS 100% .01

00% NS 100% NS 100% NS 100% NS
88% NS 75% NS 86% NS 78% NS

00% NS 100% NS 100% NS 100% NS
87% NS 75% NS 86% NS 78% NS

by palpation.

cer is not significant (P � .76).
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04), but the difference in survival rates between users of
and never-users was not significant. Survival curves by

ype of HRT are shown in Figure 2 and compared with
he curve for never-users.

Survival curves of patients grouped by durations of HRT
se of �5, 5–10, and �10 years are compared to the
urvival curve of never-users in Figure 3. Patients with more
han 10 years of use had a 100% survival rate compared to
4% among never-users (P � .01).

Among patients with tumors detected by palpation, there
as no significant difference in 5-year survival rates be-

ween never-users and any group of HRT users (Table 1).
mong patients with invasive tumors detected by mammog-

aphy, the 5-year survival rate for HRT users was 100%

igure 1 Survival curves for breast cancer patients who were
RT users (circles) compared with never-users (vertical dashes).
he difference in survival was statistically significant (P � .02).

igure 2 Survival curves for HRT users of E (circles) and
ombination therapy (triangles) compared with never-users (verti-
al dashes). The difference in survival between patients who used
ombination therapy and never-users was statistically significant

P � .04). u
ompared with 90% for never-users. (Figure 4, P � .03). To
stimate the magnitude of difference in survival that could
ossibly be attributed to differences in adjuvant therapies
etween these 2 groups, data for each never-user with a
ammographically detected tumor were entered into Adju-

ant! Online, standard version 8.0.8 The maximum potential
enefit of adjuvant therapies was recorded for each patient.
he calculated median and mean decreases in survival had
aximum adjuvant therapies been completely withheld

rom all never-users with mammographically detected tu-
ors were 3.0% and 5.6%, respectively, at 10 years.
Cox regression analysis was performed using variables

f tumor size, tumor stage, nodal status, stage, mode of

igure 3 Survival curves for breast cancer patients based on
uration of HRT use. Patients with varying durations of use �5
ears (circles), 5–10 years (triangles), or �10 years (boxes) are
ompared to never-users (vertical dashes). The difference between
atients with �10 years use and never-users was statistically
ignificant (P � .01).

igure 4 Survival curves for patients with breast cancers de-
ected by mammography comparing HRT users (circles) to never-
sers (vertical dashes). The difference in survival between HRT

sers and never-users was statistically significant (P � .02).
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etection, receptor status, and HRT use. The only variable
hat was a significant independent predictor of survival was
tage.

n vitro responses to treatment with E and MPA

Exposure of the T-47D cells to 1 nmol/L E demonstrated
3% and 25% proliferation on days 5 and 8, respectively,
ompared to untreated cells. Treatment with 10 nmol/L E
as inhibitory; cell growth decreased by 5% and 15% by
ays 5 and 8, respectively. MPA treatment alone did not
ave a proliferative effect at any concentration. Treatment
ith MPA and 1 nmol/L E resulted in 15% and 36% growth
n days 5 and 8, respectively, which was not statistically
ifferent from the proliferation observed with 1 nmol/L E
lone (P � .13 and .43, respectively). Treatment with MPA
lus 10 nmol/L E resulted in significant cell death by day 8,
n effect that increased with higher concentrations of MPA.
rowth inhibition reached 50% and 42% by day 8 at con-

entrations of 100 nmol/L and 250 nmol/L MPA, respec-
ively.

In HCC1954 cells, in contrast to what was observed in
-47D cells, exposure to both concentrations of E was
ytotoxic. However, similar to what was observed with
-47D cells, MPA treatment alone did not induce prolifer-
tion at any concentration. When cells were treated with E
nd MPA in combination, some variation in response was
bserved. The addition of MPA, at all concentrations,
lunted the cytotoxic effect observed with 1 nmol/L E
reatment alone but did not induce significant proliferation.
reatment with MPA and 10 nmol/L E did not significantly
lter the cytotoxicity observed with 10 nmol/L E alone. The
ean responses of both T-47D and HCC1954 cells to the

arious hormonal treatments are summarized in Figure 5.
here were no significant differences between the results
een with E alone or E�MPA.

igure 5 Mean percentage change in proliferation of HCC1954
black) and T-47D (gray) cells compared to untreated cells after 8
ays of treatment with 17-�-estradiol (E), or medroxyprogester-
ne-17-acetate (MPA), or E�MPA. *Statistically significant
hanges compared to the untreated group. Differences between
ells treated with E alone and E�MPA were not statistically
iignificant.
Dose-dependent cell death was observed in the ER-neg-
tive and ER-positive cell lines with increasing concentra-
ions of MPA. By day 8, the percentages of cell death were

48%, �57%, �69%, �70%, and �73% for ER-negative
ell line and �9%, �17%, �23%, �18%, and �16% for
R-positive cell lines at MPA concentrations of .01, .1, 1,
0, and 100 nmol/L, respectively.

omments

After an additional 5 years of follow-up, the survival
ates for HRT users were still significantly higher than for
ever-users. Shuetz et al9 also recently reported signifi-
antly higher 5-year survival rates of 93% for HRT users
ompared to 82% for non-users. The 5-year survival rates
or the 2 groups reported in that study were remarkably
imilar to the rates reported in this study. In their study of
,072 women, Shuetz et al also found a decreased incidence
f metastatic disease among HRT users compared to non-
sers. The presence of distant metastases did not differ
etween HRT users and never-users or among users of
ifferent types of HRT in this study, but there were rela-
ively few stage IV patients in the database.

In this study, the higher survival rate was observed
hiefly among patients with mammographically detected
nvasive tumors whose survival rate was still 100%, as it
as in our previous report. In contrast, the 5-year survival

ate for never-users with mammographically detected inva-
ive tumors was significantly lower at 90%. Additional
ollow-up has not shown a change from our previous report
n which there was no significant difference in survival rates
ased on HRT use among patients with invasive tumors
etected by palpation.

Given that the higher survival rate was found among
ammographically detected tumors and that the frequency

f screening mammography between HRT users and never-
sers was equal,1 the difference in survival is unlikely to be
ue to better screening of HRT patients. It is also unlikely
hat the higher survival rate is due to differences in adjuvant
herapies. The calculated median and mean decreases in
urvival had maximum adjuvant therapies been completely
ithheld from all never-users with mammographically de-

ected tumors were 3.0% and 5.6%, respectively, at 10
ears. The observed difference in survival rates for mam-
ographically detected tumors in our series was 10% and it

ccurred at less than 4 years. Thus, the difference in sur-
ival is greater in magnitude and occurs sooner than would
e expected from differences in administration of adjuvant
herapies.

Tumor size,10 nodal status,10 and stage11 are strong in-
ependent predictors of breast cancer survival in large da-
abases. In our series, HRT users had smaller tumors, more
ode-negative tumors, and lower stage disease than never-
sers. Regression analysis revealed that only stage was an

ndependent predictor of survival in our database. This
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ndicates that the higher survival rate of HRT users is
hiefly attributable to lower stage disease resulting from
ombinations of small tumors and node-negative tumors.

Several investigators have reported tumor size to be
ignificantly smaller among HRT users12–16 but did not
ifferentiate by HRT type. Others have reported lower in-
idences of positive nodes among HRT users.13,15,16 It is the
eport by Chlebowski et al2 from the WHI trial that has been
n contradiction to most published observational studies.
hey reported more advanced tumors among users of com-
ination HRT compared to women taking placebo (patients
n the placebo group were not required to be never-users).
ombination HRT users had a mean tumor size of 1.7 cm
nd a 26% incidence of positive nodes of compared with a
ean tumors size of 1.5 cm and a 16% incidence of positive

odes in the placebo group. Although the 2-mm difference
n mean tumor sizes was statistically significant, it may be
f little clinical significance because both would correspond
o T1c tumors.11 The statement that tumors are more ad-
anced in combination HRT users is therefore derived pri-
arily from the 10% higher incidence of positive nodes.
here is a strong relationship between mean tumor size and

he incidence of positive nodes, so this large shift in the
ncidence of positive nodes with only a 2-mm difference in
umor size is difficult to explain. The interpretation of the
ata has been that the placebo group is normal and, by
omparing the combination HRT group to them, we must
onclude that HRT made the tumors more advanced for
heir size than they otherwise would have been. This con-
lusion appears strengthened by the fact that it is derived
rom the only randomized prospective data available.

The validity of this conclusion can be tested against other
atabases. Based on data from 257,888 breast cancer pa-
ients in the Surveillance Epidemiology and End Results
SEER) database, the correlation between mean primary
umor size and the percentage of patients with positive
ymph nodes has been accurately described by the equation:
ercentage of patients with positive lymph nodes �
5.6107594/1�8.336998433e�0.1005638804(tumor size in mm).10

f one enters the mean tumor size of 17 mm for the com-
ination HRT group into this equation, then the expected
ncidence of positive lymph nodes is 26%, which is pre-
isely what was observed. This would indicate that the
umors in the combination HRT group were not more ad-
anced for their size than other breast cancers. In contrast,
f one enters the mean tumor size of 15 mm for the placebo
roup into the equation, then the expected incidence of
ositive lymph nodes is 23%. This does not agree with the
bserved rate of 16%. The data point for the placebo group
alls well below the curve described by the equation. It is
ot plausible that placebo made tumors less aggressive than
xpected, so this indicates that the placebo group may not
ave been a typical sample of breast cancer patients. In light
f the SEER equation, an alternative explanation of the
HI data is that the combination HRT group had typical
reast cancers and the placebo group, for some reason, had o
n unusually low incidence of positive nodes. This had the
ffect of making the combination HRT group look worse
han it actually was. The observed incidences of positive
odes for our patient groups were in close agreement with
he predictions of the SEER equation, indicating that we had
ypical samples of breast cancer patients in our series.

Data on the impact of the duration of use of HRT on
reast cancer prognostic factors and survival are limited, but
o differences have been reported.16 In our study, duration
f use did not worsen any prognostic factor regardless of
hether patients were considered together or grouped by

ype of HRT used. When patients were arranged in groups
y durations of use, those with greater than 10 years of use
ere significantly more likely to have negative nodes and to
ave tumors that were detected by mammography.

Although there were no statistically significant differ-
nces in survival rates among HRT users based on the type
f HRT used, patients who used combination HRT had
ignificantly higher survival rates than never-users. Users of

HRT also had higher survival rates than never-users, but
he difference did not achieve statistical significance.

Tissue culture results showed that 1 nmol/L E alone
esulted in significant proliferation of ER-positive cells. In
ontrast, 10 nmol/L E alone consistently resulted in signif-
cant decreased proliferation of ER-positive cells. We have
reviously reported that concentrations between 1 nmol/L
nd 10 nmol/L support proliferation of ER-positive cell
ines. Interestingly, in cultured breast cancer cells that have
cquired anti-estrogen and aromatase inhibitor resistance,
nexpected cytotoxicity has been observed in cells with
ormally proliferative concentrations of E, which may ex-
lain the observed results.17,18 As expected, significant pro-
iferation of ER-negative cells was not induced by treatment
ith E alone.
No concentration of MPA induced a proliferative effect

n any of the cell lines. When cells were treated with
ombinations of MPA and E, the net effects were no dif-
erent than when they were treated with E alone. For ex-
mple, when ER-positive cells demonstrated proliferation
ith 1 nmol/L E, the addition of MPA did not alter this
roliferative effect. Similarly, when E treatment induced
rowth inhibition in either ER-positive or ER-negative
ells, the addition of MPA did not alter this effect to the
oint where significant cellular proliferation was observed.
f E induced growth inhibition in either ER-positive or
R-negative cells, the addition of MPA never resulted in
ignificant stimulation of proliferation. Our data indicate
hat observed net effects on growth were driven by the
oncentration of E used and not by MPA. Maximum serum
oncentrations of MPA in patients are dose-dependent and
ange from 1.2 pg/mL to 4.8 pg/mL (.003–.01 nmol/L).19 In
his study, the concentrations of MPA used for in vitro
esting were within and above the range measured in pa-
ients.

A limitation to these experiments is that the only effect

f hormonal treatment that was measured was cellular pro-
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iferation. The effects of hormones on numerous other prog-
ostic factors such as cellular differentiation, potential to
etastasize to lymph nodes or distant organs, and interac-

ions between tumor cells and supporting tissues were not
ested in this in vitro model. The impact of hormones on
hese other factors was derived from the clinical outcomes
easured in the study. Even the finding that E can support

roliferation of ER-positive cells must be viewed in the
ontext of an in vitro model. In this environment, cells are
iable for only a short period of time when grown under
inimal conditions that are supplemented with E only.
xtending proliferation for longer periods requires the ad-
ition of growth factors and multiple other hormones to
upport the growth of breast cancer cells over time. How-
ver, the results of our in vitro studies support our clinical
ndings that the addition of MPA to E does not produce
utcomes significantly different than those observed with E
lone.

In this study, we found that the higher survival rates of
reast cancer patients who used HRT were durable after an
dditional 5 years of follow-up. Higher survival rates of
RT patients were found chiefly among patients with mam-
ographically detected tumors. Both E and combination
RT use were associated with smaller tumors, a lower

ncidence of positive lymph nodes, and lower stages of
reast cancer. Greater than 10 years of HRT use was also
ssociated with more mammographically detected tumors
nd a 100% survival rate. Users of combination HRT did
ot have more advanced tumors than users of E alone or
ever-users. These clinical findings are supported by in vitro
xperiments in which the addition of MPA to E did not alter
he effects observed with E alone.
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