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Abstract

The pathophysiologies of osteoporosis, cardiovascular disease, and breast cancer are briefly reviewed within the comr
of the relevance and safety of long-term estrogen therapy (ET). Extrapolation of data from the known underlying biolo
these diseases and the results of randomized controlled clinical trials suggest that selective ET is appropriate and saf
the majority of postmenopausal women. A key element to this clinical practice is individualization of ET, which include
timing of the initiation of therapy, selection of the route and possibly the type of estrogen prescribed, adjustment of the
dose of estrogen over time to compensate for local tissue estrogen synthesis, and annual monitoring and reassessme
the indication for continuing therapy. Established disease requires disease-specific therapy but does not exclude ET
cotherapy provided there is an indication for its use. Estrogen-dependent cancer is an absolute contraindication to

systemic ET.

Readers are encouraged to respond to George Lundberg, MD, Editor of MedGenMed, for the editor's eye only or for
possible publication via email: glundberg@medscape.net

Introduction

Estrogen therapy (ET) is pharmacologic but can be adjusted to replicate the physiologic endocrine milieu of women ir
order to achieve and maintain the physiologic homeostasis of various organ functions. Recognition of the age-related
pathogenesis of ET-responsive conditions and diseases is essential (Figure 1). For example, hot flashes frequently
precede the menopause but decrease in prevalence and intensity over time. Symptoms associated with urogenital atr
(UGA) postdate the onset of menopause but increase in frequency and severity with aging. Each of these symptom
complexes has the same etiology — estrogen deficiency — but they differ in terms of timing, type, and duration of ET i
would be appropriate. Osteoporosis, cardiovascular disease (CVD), and breast cancer have multifactorial etiologies, \
endogenous estrogen being a contributing protective or aggravating factor.
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Figure 1.

Age-adjusted hormone therapy and the pathogenesis of estrogen-related conditions.

Timing of exogenous ET and matching the dose, route, and possibly the duration of therapy to meet the needs of a gi
individual require adjustment to ensure appropriate and safe therapy. In this context, there are 3 phamrmacologic
approaches one might consider, each of which is governed by the pharmacokinetics of the ET and the age and healtt
the individual (Figure 1). The first is estrogen replacement therapy (ERT), which sets out to replicate the estrogen mili
premenopausal women (both in terms of the blood levels of estrogen and ratio of estradiol to estrone [E2/E1]). The se
is estrogen additive therapy (EAT), which entails complementing endogenous postmenopausal estrogen with exogen:
estrogen, tailored to meet the indication for ET. And finally, estrogen maintenance therapy (EMT) is an extension of
previously prescribed ET, but at gradually reduced dosages, with the objective of maintaining the individual's state of
being.

The initiation and type of ET required to meet these goals vary: ERT is relevant to women experiencing a premature ¢
early menopause (ie, < 50 years of age) or premature ovarian failure; EAT is the most common form of ET prescribed
primarily for management of the symptomatic menopause, and when indicated, for the prevention of osteoporosis (50
60 years of age); EMT is less commonly practiced (or recommended) and has to be balanced with the potential for
estrogen-associated breast cancer (> 60 years of age).

Irrespective of age, appropriate lifestyle, exercise, and nutritional measures should be advised and prescribed. Disea:
specific drugs are required for overt conditions, eg, diabetes, dyslipidemia, and hypertension, but these diseases do r
necessarily contraindicate the concomitant use of ET.
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Osteoporosis

Sufficient bone mass and an intact trabecular microarchitecture are 2 of the main factors responsible for bone strengt
prevention of osteoporotic fracture. Prevention of falls is an additional factor that reduces fracture risk.

Biologic Rationale

Achieving peak bone mass and maintaining bone mass depend on the balanced coupling of new bone formation
(osteoblast function) and bone removal, or resorption (osteoclast activity) in the bone remodeling cycle. Osteocytes
modulate the osteoclast/osteoblast interaction and play a role as 'mechanotransducers' in the positive effect of mechz
loading (exercise) on bone strength. The sex steroids are involved in development of peak bone mass and skeletal
homeostasis.['] Estrogens and androgens influence bone homeostasis through effects on osteoblasts and osteoclasts
are mediated by the steroid receptors® and through gene regulation (eg, estrogen-regulated genes with trabecular bc
sparing effects have been identified®!).

Estrogen is synthesized endogenously in bone tissue in part by the aromatization of testosterone to estradiol (E2).#!

Estrogen upregulates steroid receptors,’ and the estrogen receptors (ERs) are downregulated with aging and estrog
deprivation. Apoptosis of osteocytes is closely linked to estrogen deficiency and may be one reason why mechanical

loading does not prevent bone loss in the presence of low E2 levels.®®l Estrogen also has important extracellular funct
that influence bone health. There is evidence from animal studies that estrogen regulates genes invoived in a vitamin
independent transport of calcium from the intestines and renal tubules; estrogen increased the levels of activated vita
D [1.25(0OH),D,] and vitamin D-binding protein.”! There are specific vitamin D receptors in muscle,® and apart from it

in calcium metabolism, vitamin D improves muscle strength and prevents body sway.®
Clinical Trials

The literature is replete with randomized controlled clinical trials (RCTs) that have clearly demonstrated a positive effe
standard doses of estrogen on bone mass accrual and improvement in bone mineral density (BMD). In a study of
postmenopausal women (> 65 years), those who had undetectable levels of endogenous estrogen (< 5 pg/mL) were 1
to be at increased risk of hip and vertebral fracture, as were postmenopausal women with higher endogenous serum
concentrations of sex hormone binding globulin (SHBG).I'™ The risk of fracture decreased with serum estrogen levels
above 10 pg/mL but within normal postmenopausal concentrations (< 20 pg/mL), which the authors proposed could b
achieved with low-dose ET without significant risk for endometrial or breast cancer.['%

A series of studies have confirmed that exogenous estrogen can increase BMD in doses much lower than the standai
dose of estrogen prescribed for menopausal symptoms (eg, conjugated equine estrogens [CEE], 0.625mg). These inc
oral micronized E2, 0.25 mg('"}; transdermal E2, 25 mcg!'2; CEE, 0.3 mg and 0.45 mg!'*}; and ethinyl estradiol (EE), ¢
mcg.[' The increase in BMD achieved with these lower doses averaged about 1% to 3% over a 2-year study interval
approximately half of that following standard doses of estrogen. However, none of the studies with these low-dose
regimens evaluated fracture. More recently, an ultra low-dose regimen of unopposed transdermal E2 (14 mcg) report
2% increase in BMD in the lumbar spine of older postmenopausal women (mean age, 67 years) relative to placebo (F
< .001) without causing endometrial hyperplasia.['®]

Urinary bone markers (deoxypyridinoline; type | collagen breakdown products) above the upper limit of normal for
premenopausal women are predictive of hip fracture. The initial increase and subsequent gradual decrease in
postmenopausal bone remodeling may influence clinical decisions regarding the timing and dose of ET. For example,
study of healthy, recently postmenopausal women, the percentage of positive responders (ie, who had a positive chai
from baseline in lumbar BMD) on transdermal ET correlated with the ET dose: 59.6%, 25 mcg; 79.3%, 50 mcg; and 8
75 meg 112 A similar result was found for women on low-dose oral E2 therapy.!'"! In clinical practice, the nonresponde

could be identified by biochemical monitoring and their dose of ET could be titrated upwards to ensure a positive clini
response.

The estrogen-alone arm of the Women's Health Initiative (WHI) reported a 39% reduction in hip fracture and a 38%
decrease in veriebral fractures.'® The results are consistent with earlier observational studies and recent meta-analy
It also links the biologic plausibility of improvement in BMD with a reduced risk of fracture as reported in other studies
involving the use of nonhormonal antiresorptive agents. Notably, the protective effect of ET in the WHI study for hip
fractures was confined to women older than 60 years of age, and particularly in the age 60 to 69 category: RR 0.33(C
0.83) vs RR 0.62 (0.38-1.00) in women aged 70 to 79 years. The protective effect of ET on bone declines rapidly upol
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cessation of treatment.(7]

Clinical Practice

Given the asymptomatic nature of osteoporosis, screening with peripheral or axial dual energy x-ray absorptiometry (I
is recommended. Women with osteopenia are candidates for preventive therapy, especially if they have evidence of
accelerated bone remodeling. In this context, pretreatment assessment of the biochemical bone markers,['8 especiall
the values are above the premenopausal reference range, may be valuable for treatment decision making, selecting :
dose, and monitoring the efficacy of ET. Reduction of the pretreatment bone turnover markers (eg, urinary collagen ci
linked N telopeptide) by 50% from the baseline value is indicative of biologic efficacy, and some studies, but not all, h:
found bone markers useful for predicting risk of future fracture.['8-23

Timing of therapy and the dose of ET are more important than the choice of estrogen. The presence of other indicatio
for ET and the effect of ET on SHBG should also be factored into the decision. On this basis, | would recommend that
recently symptomatic menopausal women should be treated with either oral E2 (1 mg), CEE (0.45 mg), or the transde
E2 patch (50 mcg). As indicated by the WHI study, the protective effect of estrogen occurs beyond the early menopat
period.l€l Guided by annual biochemical marker monitoring and 2-yearly DXA monitoring, the dose of ET may be gra
titrated downwards (eg, every 5 years) until a much lower maintenance (but clinically effective) dose of ET is achievec

Cardiovascular Health and Disease

Cardiovascular disease (CVD) is the leading cause of death in women. Atherosclerosis, the major underlying patholos
a multifactorial disease that develops from early childhood but only presents clinically in women a decade or more be
menopause, as atherothrombosis (myocardial infarction or stroke). The majority of women in Western societies have

varying degrees of atherosclerosis as they enter menopause. Central to this issue is the timing of ET.

Biologic Variables - Metabolic Factors

Lipid and Lipoprotein Metabolism. The majority of women (66%) in the Framingham Study who developed incident
coronary heart disease (CHD) during a 12-year follow up did not have elevations of their total cholesterol or low-densi
lipoprotein (LDL)-cholesterol.?4l The most common lipid abnormalities in these women were elevated triglycerides an:
high-density lipoprotein (HDL)-cholesterol. individuals with elevated triglyceride levels have an increased concentratic
LDL-cholesterol; the particies are reduced in size and are therefore more atherogenic. Triglyceride values in excess ¢
mg/dL are associated with increased amounts of atherogenic remnant lipoproteins, which may substantially elevate tt
risk for CVD beyond that predicted on the basis of LDL-cholesterol alone. Hypertriglyceridemia results in decreased
cholesterol and impairment of reverse cholesterol transport, and is also associated with insulin resistance, glucose
intolerance, hypertension, and prothrombotic states.?5! High levels of the apolipoprotein Lp(a) have been identified as
independent risk factor for CVD. Concentrations of Lp(a) tend to increase after menopause.?®l

Glucose, insulin Resistance, and Diabetes. CVD is more prevalent in women with both insulin-dependent and
independent diabetes and latent glucose intolerance.?”.281 The association between abnormal carbohydrate metabolic
and the pathogenesis of atherosclerosis is unclear. hyperglycemia has an adverse effect on the vessel wall;
hyperinsulinemia appears to be an independent risk factor acting through alternative mechanisms.?®! The menopaus¢
associated with a progressive decrease in insulin sensitivity, and insulin resistance is more common in postmenopaus
than premenopausal women. %

Clinical Message. Hypertriglyceridemia serves as an excellent surrogate marker for dyslipidemia, hypercoagulability,
insulin resistance. Modifying factors related to hypertriglyceridemia may in tumn improve insulin sensitivity, fibrinolysis,
therefore, the potential for CVD.

Blood Pressure and Hypertension. Estrogen vasodilates arterial vessels via a number of mechanisms that have a ¢
effect on the smooth muscle of the arterial wall. This is also true for estrogen metabolites that may be even more pote
than estradiol.l®1]

Vascular Endothelium in Health and Disease

Two mechanistic processes influence arterial wall disease and function: stability of the atheromatous plaque and
vasoreactivity of the arterial endothelium.
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Atheromatous Plaque. Plaque stability is determined by pro-inflammatory cytokines, such as monocyte chemoattrac
protein (MCP-1), and cell adhesion molecules that recruit monocytes from the blood into the intima of the arteries whe
they subsequently become lipid-laden foam cells.23% C-reactive protein (CRP), an acute-phase inflammatory bioma
has emerged as one of the most important predictors of CVD.P4.351 Mature plaques consist of a lipid-rich core and a fi
cap of extracellular matrix proteins, and elevated plasminogen activator inhibitor-1 (PAI-1) levels are associated with 1
wall plaques.P®l Fissuring of the weakest cap sites are initiated by proteinases that degrade the cap.*”] One such
proteinase is matrix metalloproteinase (eg, MMP-9), which accumulates at the edges of atherosclerotic plaques. Estrc
increases circulating levels of MMP-9 in postmenopausal women.8 Thus, postmenopausal women who have a syste
and/or local predisposition to rupture of atherosclerotic plaques (ie, have high endogenous PAI-1 levels and/or thin
plaques) may be at increased risk for an estrogen-associated cardiac event prior to the initiation of ET.

Arterial Vasoreactivity

Estrogen has an essential role in mediating arterial vasodilation and blood flow.[® This is achieved by stimulating
endothelial prostacyclin synthesis (a potent vasodilator) and by inhibiting the vasoconstrictive effect of endothelin-I on
arterial subendothelial smooth muscle cells.“%.411 Estrogen also mediates vascular reactivity via nitric oxide synthesis.
respective roles of ERalpha and ERbeta in this regard are unclear, but animal studies suggest that ERbeta may play :
significant role. Atherosclerosis decreases the number of ERs (71% in healthy arteries vs 32% in atherosclerotic arter
and increases the degree of DNA methylation of ERalpha (which alters its expression).243 The reduced ER express
atherosclerotic lesions may be further compromised by exogenous estrogen plus progestin therapy (HT) - namely, by
co-prescribed progestin, which has been found in animal studies to reverse estrogen's atheroprotective effects. The
bioavailability of the co-prescribed estrogen in combined continuous HT products to compensate for this potential adv
event is, therefore, important.

Clinical Trials

A meta-analysis of 248 studies reviewed the effects of 42 HT regimens on lipid and lipoprotein concentrations.“41 Al
estrogen-alone regimens raised HDL-cholesterol levels and lowered LDL and total cholesterol levels. The results of tr
meta-analysis confirmed more recent studies finding that EE 5 mcg increased triglycerides by approximately 39% ove
baseline!'4]; the comparable mean triglyceride elevations for CEE (0.625 mg) and E2 (1 mg) were 35% and 10%,
respectively 145461

Oral ET has been shown to have a bimodal effect on insulin sensitivity and glucose tolerance.#”! Standard-dose CEE
(0.625 mg) improved insulin sensitivity; higher doses of CEE (1.25 mg) resulted in a deterioration of insulin activity. "
Other studies have shown that transdermal ET improves or does not adversely influence insulin activity.“%-50 Improve
in insulin sensitivity with an estrogen-alone or an estrogen plus progestin regimen has been reported in both nondiabe
postmenopausal womeni9.5'-541 and postmenopausal women with type 2 diabetes.>-571 Other studies have found tha
insulin sensitivity is unaffected or reduced with estrogen-alone or estrogen plus progestin regimens. $-51.58-81] There i:
interindividual variation in response to glucose tolerance among women on ET: subjects with higher basal fasting gluc
or insulin levels appear to have an improved insulin sensitivity and clinical response to ET, suggesting that ET may hz
the ability to pharmacologically restore glucose homeostasis to normal.®2 This is consistent with results from the WHI
showed a reduced risk of non-insulin-dependent diabetes in current hormone therapy users.53.84]

Although estrogen lowers blood pressure, some women have an idiosyncratic response to ET with elevation in blood
pressure. This response occurs most often with oral ET. It is associated with an increased production of renin substra
the liver and a reversible stimulation of the renin-angiotensin-aldosterone system,®" and is more likely to occur with C
due to abnormal hepatic protein synthesis and nonphysiologic angiotensin I/l cleavage products.® Oral or transdem
E2 is the preferred estrogen to prescribe under these circumstances.!) Hypertension should generally not be a
contraindication to ET.B1)

The authors of the Estrogen in the Prevention of Atherosclerosis (EPAT) study in healthy postmenopausal women wit
subclinical atherosclerosis reported that 1 mg of oral E2 slowed the progression of atherosclerosis compared with ma
placebo-treated women. %8l This finding was more pronounced in women who were not taking lipid-lowering drugs. Th
result differs from those of an earlier study, the Estrogen Replacement on Progression of Coronary Artery Atheroscler
(ERA) trial, in which CEE failed to slow the progression of coronary artery atherosclerosis in women with established
disease.’®”] The main differences between these studies were younger age and absence of overt disease in the wome
studied in EPAT. Further RCTs will be needed to determine whether other estrogens have the same positive effect or
subclinical atherosclerosis as unopposed E2.
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E2 and CEE improve brachial artery flow-mediated dilation, a surrogate biomarker of coronary artery vascular reactivi
Treatment of postmenopausal women with a variety of ETs reduces the pro-inflammatory cytokine MCP-I concentratic
premenopausal levels. The same was found for cell adhesion molecules, all of which were reduced with ET.®8 CEE r
been reported in to increase CRP, but the observed associated increase in cardiac events was related to baseline
pretreatment CRP concentrations.®® However, a recent analysis has found that it was progestin in combination with (
that potentiated the IL-6 (inflammatory)-mediated stimulation of CRP, and not CEE alone."”! Transdermal E2 is less i
to stimulate an increase in CRP, and a recent review found that whereas oral hormone therapy was generally associc
with elevated CRP transdermal E2, it was not associated with elevated levels of IL-6 or CRP alone or with the additios
progestins.71]

The use of CEE alone therapy in the WHI study was not associated with an increase in the incidence of CHD when th
data for the total trial group were analyzed — hazard ratio (HR) = 0.91 (0.73-1.14).1'81 The HR for the younger subjects
(aged 50 to 59 years), however, was reduced (HR 0.56 [0.3-1.03]), although the confidence limits in this category just
exceeded statistical significance. This result is nevertheless consistent with the 50% reduction in CVD noted in the m:
of observational studies. Younger age and earlier initiation of ET may be reflective of a healthy user effect that is relex
to the majority of women who seek treatment for symptoms during their early menopause. The effect of lower-dose E
(CEE 0.45 mg and equivalent doses with other estrogens) on cardiovascular health is not known. Lower-dose ET see
have a similar protective effect as standard-dose ET on metabolic risk factors associated with CVD. 7273

Clinical Practice

Animal experiments provide validated and biologically sound data documenting the ability to prevent cardiovascular
disease with early ET. However, application of these data to clinical practice is not advocated due primarily to the abs
of comparable data from long-term RCTs in younger healthy women. Subanalysis of data from studies reporting adve
cardiovascular events frequently note that a significant percentage of these subjects had an underlying latent abnorm
that would have precluded ET. In short, it is often the inappropriate selection of a patient for ET that is responsible for
undesired side effects, rather than the ET per se.

Screening of patients before initiating treatment for any estrogen-related indication should include a metabolic profile
glucose, liver enzymes, LDL and HDL cholesterol, triglycerides, and CRP). The choice of the type of estrogen and the
route of ET will be governed by the result. The lowest dose of ET consistent with the indication should be prescribed,
the patient needs to be monitored regularly to assess the efficacy of treatment. All available ETs are safe for the majc
of eligible menopausal women. The presence of a metabolic abnormality (eg, dyslipidemia, glucose intolerance, or
hypertension) is not a contraindication for ET. The type, dose, and sometimes the route of ET may need to be adjuste
according to the pharmacologic profile of the ET. Specific cardiovascular diseases may need treatment with disease-
specific drugs.

Hemostasis and Venous Thrombosis

Venous thrombosis (deep vein thrombosis [DVT] and pulmonary embolism [PE]) is a relatively uncommon condition.”
The pathogenesis of venous thrombosis differs from that of arterial thrombosis. Venous thrombosis is associated with
strong genetic predisposition to hypercoagulation and a contributory decrease in venous blood flow. Arterial thrombos
results from the stimulation of platelets and the initiation of the coagulation cascade, secondary to a damaged vasculz
endothelium. The commonality between venous and arterial thrombosis is formation of a thrombus. Risk factors and t
clinical profile for VTE and arterial disease differ."4

Biology: Coagulation. Hemostasis is a delicately balanced process involving a coagulation cascade that has an intri
and an extrinsic pathway.74] A number of inactive zymogens (factors) are converted to proteases (activated factors) ti
eventually result in the conversion of prothrombin to thrombin. Thrombin catalyzes fibrinogen to fibrin and leads to the
formation of an insoluble blood clot. The coagulation cascade is modulated by an anticoagulation system involving
primarily antithrombin Il (a factor responsible for 50% of the fluidity of blood), protein C, and its cofactor protein S. Fit
formation is controlied by the fibrinolytic activity of plasmin, which in tum is derived from the activation of the zymoger
plasminogen. This system is controlled by activators (plasminogen activator [t-PA]) and inhibitors, PA1-1.

Platelets have a central role in arterial thrombosis. They adhere to various adhesion molecules and to the exposed
subendothelium of the damaged arterial wall. Platelet activation mediates coagulation via the intrinsic pathway, to faci
and thrombin formation. Venous thrombosis is initiated via the extrinsic pathway.

Clinical Trials
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The type, dose anq route of ET are important in terms of venous thrombosis. Oral esterified estrogen has been show
to be associated with an increase in VTE risk (odds ratio [OR] 0.92 [0.69-1.22]) compared with an equivalent dose of
(OR 1.65 [1.24-2.19]).7) A range (0.9 to 2.5 mg) of CEE doses were studied, and there was greater difference with hi
daily doses of CEE. The OR was 1.21 [0.46-3.17] with low-dose CEE (mean, 0.3 mg) and 3.80 [1.90-7.61] with high-c
(mean 1.16 mg) CEE.(®

Si‘noe the pro_oqagulant factors are synthesized in the liver, avoidance of the entero-hepatic first-pass effect is associe
with a more limited change in the hemostatic profile.””] Whether this is clinically important needs to be investigated. b
of the changes in the biomarkers of coagulation, anticoagulation, and fibrinolysis result from oral estrogen usage (CEI
E2, or EE). These include an increase in the levels of tissue activator fibrinolysis inhibitor antigen, protein C, D-dimer,
factors Vi, l)s. and X (a_ll indicators of increased coagulation), and a decrease in levels of protein S, antithrombin 1l
(anticoagulation), and tissue plasminogen activators (fibrinolysis).”® The degree to which ET increases the risk of VT
vary primarily with the dose of estrogen and possibly the route of ET. In one study, the OR for VTE in current users of
and transdermal ET compared with nonusers was 3.5 (1.8-6.8) and 0.9 (0.5-1.6), respectively.7] The estimated risk f
VTE in current users of oral ET compared with transdermal ET users was 4.0 (1.9-8.3).

The risk of VTE (including DVT and PE) in the estrogen-alone (CEE 0.625 mg) arm of the WHI was 28 (treatment gro
vs 21 (placebo group) per 10,000 person-years,['é) a finding consistent with earlier data from observational studies. Tl
results must be judged in the context of (1) the relative infrequency of VTE in adults (1 or 2 per 1000) and the 2- to 4-
increase associated with ET; (2) age; the risk is significantly lower in younger women; (3) weight; a similar increase in
risk of VTE is related to body mass index (BMI), and (4) genetic predisposition; women on ET with heterogeneous an:
thmogenws Factor V Leiden disease polymorphism, for example, have a significant 7.5- to 8-fold increased risk for \

In 2 recent studies in healthy postmenopausal women, CEE (0.625 mg) significantly decreased levels of anticoagulati
factors (fibrinogen, antithrombin Ill, total and free protein S, and t-PA and PAI-1) and increased coagulation factors (V
and D-dimer).®2.811 However, a study that looked at lifestyle factors found that BMI, high leveis of total cholesterol and
tricglycerides, and low HDL levels had more of an impact on hemostatic variables in healthy postmenopausal women
hormone therapy or menopausal status.®2

Clinical Practice

Venous thrombosis is primarily a balance between coagulation and anticoagulation. Interpretation of ET-related chany
the relevant factors must be applied with due caution in practice for the following reasons. Most of the factors assaye
in their inactive form (zymogens), and the system has a built-in redundancy. For example, antithrombin lll activity has
reduced by 50% before the disease is clinically relevant. In addition, significant changes in coagulation may be balanc
by an equivalent alteration in anticoagulation.®! There are no tests appropriate for routine clinical use that assay plat:
activity.77-725% On the basis of available data and clinical experience, ET has no clinically significant adverse effects «

coagulation in healthy postmenopausal women.

The Breast and Breast Cancer

Fear of breast cancer is the primary reason why many menopausal women elect not to take hormone therapy. The
common perception is that the disease is caused by estrogen despite contrary evidence. The single greatest risk fact«
breast cancer is aging; the highest prevalence of this disease occurs at a time when systemic estrogen levels are the

lowest.[B4

Biology: Breast Cancer Is Not a Single Disease

Although linked by a common histology, breast cancer is a varied and complex multifactorial disease. Estrogen does |
an important role in its development, but there is much evidence to support the concept that exogenous estrogen (ie,
may serve as a promoter and not an initiator of breast cancer. Central to this issue is the genetic polymorphism of you
women (< 50 years) who may have gene mutations controlling breast cell cycle growth (mutated BRCA1, BRCA2, P5
genes) vs postmenopausal women (> 50 years) with a genetic predisposition to increased or aberrant breast tissue
estrogen synthesis and metabolism.*®! Estrogen-associated breast cancer is more prevalent in women with a predorr
ERalpha/ERbeta distribution. 6!

Women with breast cancer have higher tissue levels of estrogen. This has been correlated with increased enzymatic
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activity (aromatase, sulfatase, and 17beta OH dehydrogenase).®71 The synthesis of estrogen takes place in the strom
tissue of the breast. Estrogen-dependent growth factors are stimulated via paracrine signaling and induce specific
pathways that effect cell cycle genes.®® ERalpha and ERbeta are found in the ductal epithelium. ERalpha is co-locali
with the progestin receptor (PR), of which there are 2 isoforms. PRB is the active receptor; PRA is either inactive or a.
as an inhibitor of PRB. Approximately 10% to 20% of epithelial cells are ERalpha and PR positive and are distributed
both the intralobular duct and the peripheral alveoli.®!

Estrogen-related breast cancer is preceded histologically by atypical epithelial hyperplasia.®® The site for the
transformation of normal to abnormal cell growth is the terminal duct lobuloalveolar unit (TDLU).[?0 The degree of
differentiation of the TDLUs determines the percentage of ERalpha and PR-positive cells.[®® The percentage of steroi
receptor-positive cells decreases progressively as the lobules mature. Factors influencing this include the duration of
premenopausal exposure to estrogen and pregnancy-induced differentiation and maturation of the ductal epithelium.
women who have an early menarche and a late menopause are at increased risk of breast cancer, early and repeatex
pregnancy reduces the risk of breast cancer.[®0

In short, women who develop breast cancer while taking ET or HT are probably genetically programmed to modify
physiologic pathways in response to hormonal therapy and/or environmental carcinogens.

Clinical Trials

Mammographic density reflects the breast's hormonal environment, the influence of background genetics regulating ti
environment, and the effect of various exogenous hormone therapies and other therapies.®1! Approximately 25% of H
users have dense breasts. Most of the increase in breast density occurs within the first year of treatment and diminist
within 3 weeks of stopping HT.®2 The literature on the association between ET/HT and breast density is extensive an
recently been reviewed.®3-%5] Continuous combined HT preparations are more likely to cause an increase in density (.
to 35%) than in estrogen-alone treated women (10% to 20%), and oral ET more so than transdermal ET .3 The type
dosage of estrogen and co-prescribed progestins are important.®¥ Studies of free E1 and E2 in breast adipocytes
obtained from postmenopausal women before and after treatment with CEE showed a greater amount of E1 and E2 il
adipocytes both before and after treatment. Pre- and post-ET adipocyte E2 concentrations were 13 pg/mL and 35 pg/
the respective estrone values were 209 pg/mL and 626 pg/mL.[®6] Relatively low serum estradiol values (> 10 pmolL
ngmL‘g:leassodatedwith almost a 7-fold higher rate of breast cancer than that of women with undetectable estradi
levels.

The estrogen plus progestin amm of the WHI study confirmed that HT increased the risk of breast cancer (1.26 [1.00-1
8] 3 result that is consistent with most of the observational studies and meta-analyses comparing the risk of breast c:
and HT in users vs nonusers.4.99 The risk of breast cancer increases with the duration of therapy.®4l A minority of w:
from the estrogen plus progestin arm of the WHI study were adversely affected: 35 vs 30 events annually of 10,000
women on HT and placebo, respectively.%¢

What predisposes the few extra women on relatively short-term ET to develop breast cancer? Apart from the individu:
genetically determined biology (and occasional mutations of genes that result in extremely high aromatase activity, fo
example),1'% progestins may potentially increase the risk of breast cancer. Thus, the recent WHI estrogen-alone stuc
reported a 23% lower rate of breast cancer in women treated with CEE vs placebo (26 vs 33 per 10,000 women-year:
The HR of 0.77 narrowly missed statistical significance (P = .06).I'*l The subject of progestin-additive therapy is beyor
the scope of this review. However, studies in cynomolgus monkeys have shown that CEE and MPA'® induce signific
epithelial proliferation in the mammary glands of castrated monkeys, whereas a combination of EE and NETA does r«
(102) This finding is consistent with the results of another simian study, which found that CEE treatment increased the t
amount of PR and that the addition of MPA decreased repressor PRA but further increased the proliferating PRB leve
MPA-alone therapy had no effect on the amount of PRA or PRB.['®

Clinical Practice

The biology of breast tissue and its oncogenic potential cannot be clinically evaluated and monitored. Given the varial
of endogenous and exogenous estrogen metabolism, it is prudent to select a dose and route of ET that most closely
replicates the age-matched hormonal milieu of the women being treated. Low-dose oral or transdermal E2 has a

pharmacologic profile that most closely meets this objective. Mammographic density testing is a valuable surrogate
measure of breast tissue estrogenicity. 1)
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Global Index and Individualizing ET

The global index is a recently introduced statistical evaluation of population RCTs. Its validation and i icabili
indfvidualized c!inica! care have not been established. The primary gutcome of the estrogen-alone Wr}t-ilil 2?3:;?:? Ctl?|
incidence, and invasive breast cancer was the primary safety outcome.[®1 The results for women aged 50 to 59 years
candidates most likely to be treated with ET in everyday clinical practice) showed a CHD protective effect (HR 0.56 [0
1.03]) and a reduction in breast cancer incidence (HR 0.72 [0.43-1 -41)). The colorectal cancer incidence was also red
but not hip fracture, although ET in older cohorts (who are at greater risk for hip fracture) was significantly decreased:
69 years (HR 0.33 [0.18-0.83]); 70 to 79 years (HR 0.62 [0.38-1.00]).1'®) Despite this encouraging outcome, the study
authors concluded that a]t present, these data demonstrate no overall benefit of CEE for chronic disease prevention
postmenopausal women and thus argue against its use in this setting.” This decision was based on the global index c
total group and factored in the risks and benefits of ET, including the primary outcomes plus stroke, pulmonary embol
colorectal cancer, and hip fracture. The excess risk for all monitored events in the global index was a nonsignificant 2
events per 10,000 person-years. Although there were 12 additional strokes per 10,000 person-years, there were the ¢
n_um_ber of strokes (1 9)_ in both the CEE- and placebo-treated 50- to 59-year-olds. The statement that ET "does not
significantly affect the incidence of CHD (the primary outcome). . ."1'®] after an average of 6.8 years of ET may be
applicable to women in the older groups. Given the natural history of atherothrombotic disease, however, the women
50 to 59 year age range had not yet reached the chronologic age at which women typically experience myocardial

infarction and related CHD events. Extension of the study for 5 or more years may have decided this issue.

In practice, an individualized global (index) evaluation is (or should be) performed on every patient before prescribing
hormone or any other pharmacologic therapy. Thorough clinical evaluation of the fotal healthcare needs of every worr
and an under_stgndmg of the underlying biology of a given condition are central to appropriate and individualized
pharmacologic intervention. Results of clinical trials do provide guidance and direction. For example, the Multiple
Outcomes of Raloxifene Evaluation (MORE) triall®l found women without prevalent fractures had a lower risk for futt
fractures and Mbr events but a greater risk for breast cancer than matched cohorts with a prevalent fractun
study entry. This result dovetails with the known biology and hormonal contribution to these diseases: higher endoger
E2 level;areassoqiatedwilhanincreasedﬁskofbleastcancerbutamerriskofosteopomsis(andvioevetsa). Itis
appropnate to consider all relevant scientific data and to base clinical decisions on the evidence. However, this shoul
include validated biologic evidence, which is the foundation for the 3 basic sciences on which medical training and prz
are founded: physiology, pathology, and pharmacology. The biologic heterogeneity in the pathogenesis of all conditio
and diseases previously discussed is clear. The pharmacologic differences in available ETs are well documented. Th
resulting variables and reality of clinical practice confirm that individualized ET can only be achieved by personalized
evaluation and pharmacologic intervention.
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