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Abstract 

Objective: The intent of this study was to determine if current use of hormone therapy 

(HT) was associated with a decreased performance of screening mammography. 

Methods: An historical cohort design was used to assess the sensitivity, specificity, 

predictive values and likelihood ratios of screening mammography for a cohort of women 

who were currently using HT and a cohort of non-users. Women between 50 and 69 years 

screened through Screen Test: The Alberta Program for the Early Detection of Breast 

Cancer between October 1990 and March 2996 were included. 

Results: The sensitivity. specificity. positive and negative predictive values of screening 

mammography were found to be significantly lower for current users of HT compared to 

non-users. The likelihood ratio positive was found to be lower with current use of HT 

while the likelihood ratio negative was found to be higher. 

Conclusion: Current use of HT is a associated with a decrease in the sensitivity. 

specificity and positive predictive value as well as modifications in the likelihood ratios 

for screening mammography. These differences could result in a reduced ability of 

screening mammography to reduce mortality fiom breast cancer and in increased 

morbidity and fiiancial cost through increased diagnostic follow-up for women who are 

current users of HT, 
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1. Introduction 

1. Study Problem 

A. Statement of the Problem - 

This study will provide evidence for determining if there is a difference in the 

performance of screening mammography for women currently taking hormone therapy 

(HT) compared to non-users in the context of an established. organized breast cancer 

screening program. In order to assess this problem. the sensitivity. specificity. predictive 

values and likelihood ratios of screening mammo_gaphy for women who are current users 

and non-users of HT were determined and compared. 

B. Overview of the Problem - 

Shldies have found a decreased sensitivity and specificity of mammography in 

women whose breasts are more radiographically dense ( 1-3). Studies have also shown 

that HT is associated with an increase in mammognphic parenchymal density (4.5). 

There is still controversy as to whether there is a reduction in the sensitivity. specificity 

and predictive values of screening mammography for women who are currently using HT 

(6-9). 

HI' is of particular importance due to the high prevalence of its use among women 

who would benefit from screening mammognphy. The literature on the prevalence of HT 



use in Canada is limited. Only one study that assessed the prevalence of use of HT in a 

Canadian setting was identified in the literature (1 0). This study. which was conducted in 

1986. found the prevalence of current use oC HT to be 6% in a sample of approximately 

1 1  00 women aged 40 to 59 years. The prevalence of HT use amongst post-menopausal 

women in the study was 5% for women who underwent natural menopause and 16% 

amongst women who underwent surgical menopause. The results of this study were not 

reported in such a manner to determine the prevalence of HT use in women aged 50 to 69 

years - those women for which screening mammo_erphy is known to be effective. 

Therefore the relevance of the results of this study to this project is limited. Furthermore. 

the study was conducted using a postal questionnaire achieving only a 68% response rate 

that leaves the results of the study vulnerable to selection bias. 

Brett et a1 ( I  I )  conducted a population-based. prospective cohort study in the 

United States. They found an adjusted prevalence of 45% (95% CI 43% to 47%) for ever 

use of HT for at least one month. International studies have reported varying estimates for 

the unadjusted prevalence in the 1990s of ever use of HT: 5.2% in Japan ( 12). Great 

Britain - 19% ( 13) to 24.9% ( 14). Sweden - 40% ( 1 5). 4 1 % ( 16). Variability in these 

estimates could be the result of inconsistent outcome measures or true variation in the use 

of HT between countries. 



In the Alberta Screen Test Program. a population-based. breast-cancer screening 

program in which this study was conducted. 28% of participants report current use of HT. 

Trends show that the prevalence of use of HT will only increase ( 1 I. 13. 17- 19). 

Brett et a1 (1 1) found that among women who undenvent natural menopause. prevalence 

of HT use increased from 1 1% for women becoming menopausal prior to 1945 to 46% of 

women who underwent natural menopause during the years 1990-92. In the same time 

period the prevalence of use of HT for women who had undergone a bilateral 

oopherectomy rose from 37% to 71%. Earlier American studies also show the trend of 

increasing use of HT over time ( 17. 18). The trend of increasing use of HT has been 

found in population-based studies conducted in international settings inchding Finland 

( 19) and Great Britain ( 13). 

In addition to the high and increasing prevalence of use of HT. there is a potential 

association of long duration of use of HT with an increased breast cancer risk (20-22). 

Thus. there is the potential that there may be a reduced performance of screening 

mammography and potentially a decreased effectiveness of screening mammography for 

women who use HT. A reduced effectiveness of screening mammography for women 

using HT is important because it is potentially associated with a decrease in the ability for 

a screening program to reduce mortality Eom breast cancer in these women. Additionally, 



decreased performance of mammography could lead to increased psychological stress for 

the women undergoing screening and economic costs for society resulting from both 

unnecessary diagnostic investigations and managing breast cancer that presents at a more 

advanced stage. 

No study has been carried out to determine whether or not there is a change in the 

sensitivity. specificity and predictive values of screening mammography in the context of 

a North American population-based breast cancer screening program that meets the 

guidelines for an organized screening prognm. Information from this study will allow an 

assessment of what impact. if any. HT has on the performance of screening 

mammography. and will develop some scientific information on which future 

recommendations or patient information could be based. 

11. Background and Literature Review 

A. HT and increased ~arenchvmal density - 

Changes in the parenchymal density of the breast in response to HT were first 

described by Peck and Lowman (23). Since that time several case series have described 

this effect (24-27) and several descriptive and analytic studies have found a significant 

association between radiographic breast density and use of HT (4,s. 28-32). 



Stomper et a1 assessed the parenchyma1 density of consecutive mammogarns (5). 

They found that among women aged 50 to 79.26% were using HT and there was a 

significant difference in the proportion of women with predominantly fatty breasts. 

defined as a parenchymal density of less than 50%. between women using HT and 

women not using HT. Seventy-eight per cent of non-users had predominantly fatty 

breasts compared to 5 1% of HT uses (pcO.0 I ). 

Laya rt al(26) conducted a prospective study and found that 73% of women who 

commenced use of HT had a quantitative increase in breast parenchymal density. A mean 

increase of 6.7% tiom baseline density measurement was observed (95% CI 2.5% - 

I 1 . O K :  p=0.003). Parenchymal density was measured quantitatively by tracing areas of 

density and then measm-ng the area using a planimeter. Its small size (41 participants). no 

control group and the use of a sample of convenience limited this study. 

McNicholas et a1 (30) used convenience sampling to assemble a cohort of HT 

users (n=33) and a cohort of non-users (n=3 1). Changes in density were measured 

quantitatively by drawing a line from the nipple to the chest wall bisecting the breast and 

then measuring the density of a circular region immediately above and below the line 

using a densitometer. Density was measured at baseline and then at follow-up 

mammography and a ten-percent change in the average of five readings of the density of 

the circular reading was considered to be a real difference. Change in density was also 



measured subjectively and was classified as focal, multifocal or diffuse. A subjective 

increase in density was seen in 17% of the users of HT compared to none ofthe non-users 

(p=0.002). A quantitative increase in density occurred in 18% of current users. No 

information on the quantitative increase in density in non-users was provided. 

The most important limitation of this study was the subjective measurement of 

change in breast density. There is no mention of whether or not the readers of the 

mammograms were blinded to HT status so it is possible that the measurement of density 

could be associated with HT status. Thus misclassification bias cannot be ruled out as an 

alternative explanation of the results. 

Leung ct a1 (3  1) assessed the parenchymal density of consecutive women 

attending for breast cancer screening at the Kingston General Hospital. The study 

population included women older than 54 years who were post-menopausal and were 

either using HT for at least six months or had never used HT. Breast density was 

determined using the breast density score (BDS). This scale was a derived scale (range 2 

to 7) that was the sum of the volume of dense breast parenchyma rated on a scale of 1 to 4 

and the density of this parenchyma rated on a scale of 1 to 3. 

The study found that the mean BDS was significantly higher in women who were 

using HT even when stratified by age. Amongst women aged 55 to 65 years the mean 



score was 4.7 for HT usen compared to 3.7 for non-users (p<0.00 1). For women aged 

greater than 65 years the mean score was 4.8 for HT users compared to 3.2 for non-users 

(p<O.OOl). The proportion of women with low BDS scores (BDS=2-3) was greater for 

non-users compared to uses (0.58 compared to 0.75; pc0.00 1) while the proportion of 

women with high BDS (BDS=6-7) was higher tor HT usen compared to non-users (0.37 

compared to 0.1 1 : p<O.OO 1). These proportions were not adjusted by age. 

This study was limited by employing a novel measure of mammographic density 

that had not been previously validated and having only one radiologist read the films and 

assign a BDS. However. the classification of density occurred independently of HT status 

so if there were any misclassification of density it would likely be non-differential and 

would serve to dilute the association between HT and breast density. 

A study by Kaufman et a1 (28) compared the mammograms of 194 women who 

were currently using HT and had done so for a duration of at least five years and 21 6 

mammograms of women taken prior to commencing use of HT. A modified version of 

the Wolfe classification method was employed to assess breast parenchymal density. 

Wolfe had classified mammographic parenchymal patterns into four categories which 

included primarily f a t  ductal patterns occupying less than 35% of the breast volume. 

more extensive ductal patterns and dense stromal pattern without prominent ductd 

patterns (33,34). For the study by Kaufman et al, these categories were collapsed into 



two categories. Mammograms were classified as either low density (mamrnographic 

pattern composed predominantly of Fat with prominent ducts occupying less than 25% of 

breast volume) or high density (ductal pattern occupying more than 25% of the breast 

volume). Women who had used HT for a duntion of at least tive years did not have a 

significant decrease in rnammographic breast density pattern from high density to low 

density with increasing age (p=O.O88) while the mammograms of women who had not yet 

commenced HT showed a significant decrease in density pattern with age (p<O.OOI). 

The most convincing evidence of the effect of HT on mammognphic 

parenchymal density was provided by retrospective cohon studies conducted by Persson 

et a1 (4) and Greendale et a1 (32). 

i. Persson et a1 1997 

Persson et a1 found relative risks of an increase in parenchymal density (with 95% 

coddence intervals) to be 1.5 (0.7-3.6). 3.6 ( 1.6-7.7). 12.4 (6.3-24.4) and 1.5 (0.6-3.9) 

for estradiol only. estradio1 with cycIically combined progestin. estradiol with 

continuously combined progestin and vaginal preparations respectively (4). Women who 

had been screened in the first two rounds of the Uppsala county breast cancer-screening 

program, a population-based screening program in a Swedish county, were included. 

Women who did not report use of HT at their initid screening visit but did report use on 

their subsequent visit were eligible for inclusion into the HT cohon Of these women, a 



random sample of women was selected. In addition. d l  women who reported that they 

were still menstruating and those reporting use of a continuously combined estradiol- 

progestin preparation were included. An age-matched control group was randomly 

selected from the women who did not report exposure to HT. Since women were selected 

via random selection and only a small number of women were excluded (n4) it is 

unlikely that selection bias is a potential explanation for the results. 

Mammograms were then assessed by a radiologist blinded to the participant's 

identity and HT status. Change in marnmo-graphic parenchymal density was determined 

using a subjective scale that included the categories of a moderate or slight decrease. no 

change. slight. moderate or substantial increase. Since a subjective measurement of breast 

density was employed the potential for measurement error exists. However. the 

determination of changes in density was done without knowledge of HT status so if there 

were any rnisclassification of density change it would likely be non-differential which 

would serve to dilute the association between use of HT and an increase in 

mammobgaphic density. 

Logistic regression modeling was used to adjust for the potentidly confounding 

factors height. weight, parity, menstrcd status and previous use of oral contraceptives. 



Estradiol-only and vaginal preparations of HT were associated with a much 

smaller relative risk of an increase in rnammographic density and these associations were 

not statistically significant. Given that the effect size in these subgroups is likely small. it 

is possible that there was inadequate statistical power in these subgroups to detect an 

association if one did exist. The paper did not present sufficient detail for a calculation of 

power to be carried out. 

ii. Greendale et all999 

Greendale et al conducted a retrospective cohort study assessing change in 

mamrnognphic parenchymal density with use of HT as a sub-study within the 

Postmenopausal Estrogen/Progestin Interventions (PEP[) (32). This study selected its 

participants From the women who were enrolled in the PEP[ trial - a randomized. double- 

blind. placebo-control trial assessing the impact of HT on a variety of health outcomes. 

Women were randomized to one of five groups - placebo. conjugated-equine estrogen 

(CEE), or one of three CEE plus progestin combinations. Only women who had not used 

HT in the year preceding the study. had complete data on HT use. were adherent to 

treatment, did not have breast implants. had a baseline mammogm and at least one 

follow-up mammogram were included in the study. The final study population included 

307 women. 



Mammograms were classified by three radiologists using the Breast Imaging 

Reporting and Data System (BI-RADS). This system categorized mammograms as being 

entirely fatty (1). fatty with scattered fibroglandular tissue (2). heterogeneously dense (3) 

and extremely dense (4). M a m m o v s  were assessed for an increase in BI-RADS p d e .  

Women with an initial BI-RADS grade of 4 could not have a further increase in grade and 

were. therefore. excluded tiom the analyses (n=12). The proportion of women with an 

increase in Bi-RADS grade was 0 (04.6) for the placebo group and 3.5 ( 1.0- 12.0) for the 

CEE group and from 16.4 (6.6-26.2) to 23.5 (1 1.9-35.1) for the CEE plus progestin 

groups. A logistic regression analysis was carried out using an increase in BI-RADS 

m d e  as the outcome variable. This model controlled for clinic and uterine status and 
C 

baseline BI-RADS grade. age. cigarette smoking. alcohol use. which could act as 

potentially confounding variables. Parity and body mass index were found not to 

contribute significantly to the model. Since there were no increases in the placebo group 

this group was not used in the adjusted analysis and the group using CEE was. therefore. 

used as the baseline group. The odds ratio of an increase in BI-RADS for women using 

one of the combined CEE-progestin preparations compared to CEE ranged from 7.2 (95% 

CI 1.340.0) to 13. I (95% CI 2.4-73 -3). 

This was a methodologically strong study. However, it is impossible to rule out 

selection bias as an alternative explanation for the results. Although women in the PEP1 



trial were randomized to hormone preparation, women were excluded for a number of 

reasons from the sub-study sample. If these exclusions were somehow linked to both 

hormone use and changes in breast density then selection bias could figure in the results. 

For instance. if women using HT were not adherent to treatment due to severe breast 

tenderness which resulted from rapid proliferation of breast tissue in response to use of 

HT then the association between HT use and an increase in breast density would be 

underestimated. The authors did not indicate which hormone preparation the women who 

were excluded from the study were using so it is impossible to determine what effect. if 

any. selection bias could have had on the study results. The radiologists who read the 

films were blinded to HT status so it is unlikely that differential misclassification could 

have occurred. However. given the subjective nature of the B[-RADS classification 

system it is possible that non-differential rnisclassitication could have occurred. 

Misclassification of this sort would serve to dilute any association between HT use and 

change in parenchymal density. The results for CEE versus the combined preparations 

were adjusted for potentially confounding variables so it is unlikely that confounding 

could have explained these study results. 

Additiond, indirect evidence of the effect of estrogen on mammographic density 

has been provided by one study that has shown that a regression of mammographic 

densities afier cessation of HT (35). Harvey et d described a regression of 



mamrnographic densities following cessation of HT for a two-week period. In the study 

population described routine cessation of HT was recommended in cases where a focal 

mass was found on mammography. Repeat mammography was then carried out in two 

weeks. Seventy-four percent (n=35) of focal masses regressed following the cessation of 

HT. 

One study found no association between use of HT and increased mammographic 

breast density (36). This study. conducted by Ere1 r t  al. had a sample size of 108. thus 

had limited power to detect an association if one did exist. In addition. it was unclear 

whether the participants in the study were taking HT at the time the follow-up 

mammography took place. If HT was ceased prior to that point. changes in 

marnmo~mphic density could potentially have regressed. 

Based on the available literature there is sufficient evidence to support that there 

is an association between HT and radiographic breast density. 

B. Decreased ~erformance of mammoera~hv with increased radiographic breast - 
densitv 

A decreased ability to detect breast cancer in mammograms of women with a 

dense parenchymal pattern was fvst outlined by Holland in a small descriptive study that 

assessed mamrnographically occult breast cancer. breast cancers that are not visible by 

mammography (37). Subsequently, additional studies have found that radiographically 



dense breast tissue has been associated with a decreased ability to detect breast cancer 

through mammography (1-3). Kerlikowske et a1 found that sensitivity of f i t  screening 

mammography was significantly decreased in woman who were over 50 years who had 

primarily dense breasts compared to women who had primarily fatty breasts (83.7% 

compared to 98.4%; pc0.0 1)  (2). Ma rt al performed a case-control study where 

mammograms of women with histologicaily conf~rmed breast cancer over a ten year 

period were classified as to parenchymal density (3). Mammograms were classified as 

true positives or false negatives. It was found that increased breast parenchymal density 

was associated with a decreased ability to detect breast cancer by mammography (false- 

negative result) (OR=9: 95% CI= 1.84.3). Bird rt al. in an analysis of cancers missed at 

screening mammography. found that missed cancers were more likely to occur in women 

with dense breasts (p=0.046) ( 1 ,. 

There is also evidence that confidence of diagnosis is reduced with increased 

breast density. A study found that radiologists who read mammograms were less certain 

of their diagnosis if there was a greater parenchymal density (58)- The radiologists were 

asked to rate their certainty of diagnosis using a Likert scale. There was a significant 

correlation (p<0.000 1) between increasing complexity ~Fmammographic pattern and 

increased uncertainty of diagnosis. 



One well designed study found that the decrease in cancer screening performance 

with increased marnmographic breast density was not significant when adjusted for early 

versus later rounds of screening (39). However. this study only had 24.5% power to 

detect a reduction of 5% in sensitivity assuming a sensitivity of 86% in the cohort of 

women with radiolucent breast appearance on mammography. 

A methodological problem that is common to many of the studies assessing the 

association between use of HT on the performance of screening mammography. or use of 

HT. and differences in radiographic breast density is the subjective nature of the 

measurement of radiographic breast density. In the Screen Test Program radiographic 

breast density is ciassified subjectively. While this is an important issue and a significant 

threat to study validity when ndio_mphic breast density is an outcome measure. 

subjective measurement of breast density is not a limitation of studies that assess the 

effect of HT on the performance of screening mammography. These studies have as 

outcomes measures such as sensitivity. specificity which do not rely on information on 

radiogap hic breast density. 

Despite the methodological limitations of the studies described. there is 

compelling evidence to suggest that the pertbnnmce of mammography is impeded by 

increased mammographic breast density. Since use of HT is associated with increased 



radiographic breast densiq it could potentially effect the performance of screening 

mammography. 

C. Potentiallv confound in^ factors - 

When carrying out a study that assesses the association between use of HT and the 

performance of screening mammography it is important to consider factors which could 

potentially confound this association. This allows for adjustment of estimates for these 

factors and ensures that the study results are not biased through confounding. Potentially 

confounding factors are factors that are independently associated with both the exposure 

and outcome of interest. In the context of this study. these factors are associated with use 

of HT and differences in the performance of screening mammography or breast density. 

1. Factors associated with increased radiographic density on mammograms 

Since increased breast density can lead to a decreased performance of screening 

mammography, it follows that any factors which lead to changes in breast density could 

potentially. or have been shown to. modify the performance of mammography. Age and 

menopausal status are two important factors that intluence breast density. Following 

menopause the breast undergoes involution (40). This process is characterized mainly by 

atrophy of the secretory portions of the breast parenchyma and replacement with adipose 

tissue. The ducts and the interlobular connective tissue also atrophy but to a lesser extent. 

After age 30 the proportion of epithelial tissue, fibro-connective tissue and the number of 



lobular units is decreased while the proportion of adipose tissue increased (41). These 

changes lead to a decreased radiographic appearance of the breast. Epidemiological 

studies have shown that decreased radiographic parenchymal density of the breast is 

associated with increasing age (5.4246) and post-menopausal status (44.47). 

in addition to age and post-menopausal status many other factors have been found 

to be associated with differences in radiographic breast density. Factors that have also 

been associated with lower radiographic breast density are increasing weight (adjusted for 

height) (42.44.47). larger breast size (42.48). and increased parity (5.44.45). An 

increased radiographic parenchymal density has been associated with an increased age at 

first birth (5.43.45.48.49). nulliparity (43). a family history of breast cancer (45. 50). a 

history of previous breast biopsy (43.45.48.51). and use of alcohol (52). Additionally. 

two studies have compared the parenchymal densities of Asian and Caucasian women 

and have found Caucasian women to have a significantly higher density (53.54). A study 

conducted by White rt d (49) found that the proportion of women with radiographically 

dense breasts was significantly greater for blacWAfrican-Americans and As idac i f i c  

Islanders at 0.75 (95% CI 0.74-0.76) and 0.85 (95% CI 0.85-0.85) compared to white 

individuals at 0.67 (95% CI 0.67-0.67). However. this study was conducted in a pre- 

menopausd popdation and the results may not apply to post-menopausal women. 



Of the factors described above several are also associated with use of HT and 

could therefore act as potentially confounding factors. Use of HT has been found to be 

associated with a leaner body mass index (weight in kilograms divided by height in 

meters squared) ( 1  1. 17. 18. 55). decreased parity ( 12.55). prior use of oral 

contraceptives ( 13. l5.56), edvlicity or country of origin ( 1 1. 14.57) and the 

consumption alcohol regularly compared to those who do not drink (1 1. 18. 19.58.59). 

Also associated with use of HT. but not statistically significant. are increased age at first 

pregnancy or age at fim birth (1 2.60). and negative family history of breast cancer (59). 

These kcton described above could potentially contbund the association between use of 

HT and the performance of screening mammography. 

111. Relevance and Significance of the Project 

A. The effects of HT on the performance of screening mammoeraphv - 

Population based screening mammography has been shown to be efficacious in 

reducing mortality from breast cancer in women aped 50 to 69 (6 1). In a meta-andysis of 

studies which assessed the efficacy of mammography. Kerilowske et al found an overall 

relative risk for breast-cancer mortality for women aged 50 to 74 who underwent 

mammography compared to those who did not to be 0.74 (95% CI 0.66 to 0.83) (62). 
. 

Changes in the performance of screening mammography measured via sensitivity, 



specificity and predictive value of mammography could potentially lead to a change in 

effectiveness of screening mammography for women in this age range. 

HT is increasingly being employed by women in this age group to prevent the 

side effects that accompany menopause and prevent the long-term complications of 

osteoporosis and cardiovascular disease. As described above there is compelling evidence 

that use of HT is associated with increased radiographic density of breast tissue. The 

implication of this increased density is the potential for a decrease in the performance of 

mammography and. subsequently. the failure to diagnose breast cancer and an increase in 

false-positive results and unnecessary follow-up. 

To date five population based studies have attempted to assess whether the use of 

HT has a negative impact on the performance of screening mammography (6-9.63). 

i. Laya et all996 

The association between use of HT and a decreased pertbrmance of screening 

mammography was assessed by Laya et al(6). They conducted a retrospective cohort 

study in the context of a health maintenance organization (HMO) in Puget Sound, WA. 

The study included women who were members of the HMO who did not have any breast 

symptoms prior to screening, were at least 50 years old and had undergone natural 

menopause or greater than 55 years old and had undergone a surgical menopause. 



Women were required to have been members of the HMO for 12 months preceding and 

12 months following screening mammography. 

Two-view mammography was used and each woman's first mammogram in the 

program was included. Mammograms were classified as being negative. indeterminate 

and suggestive of a malignancy. with the latter two categories being classified as 

abnormal screening-mammography outcomes. The data from the HMO screening 

program were linked with the Seattle-Puget Sound Sweillance. Epidemiology and End 

Results (SEER) cancer registry on a quarterly basis in order to determine whether a 

diagnosis of breast cancer occurred within 13 months of the screening visit. Information 

on whether women were using HT was determined from responses to a self-administered 

survey and the HMO's p h m ~ c y  database. 

Analysis consisted of comparing characteristics of the two cohorts - HT users and 

non-HT users - using t-tests for continuous variables and chi-squared tests for categorical 

variables. Logistic regression was then carried out to adjust sensitivity and specificity for 

potentially confounding factors. Included as potential confounding factors were age. 

history of fist degree relative with breast cancer. previous mammogram outside the 

HMO, age at menarche less then 1 1 years, weight. height and body mass index. age 

greater than 29 years at first N1-term pregnancy. year of the mammogram in the HMO, 

current smoking and past oral contraceptive use of longer than one year. They found that 



current users of HT were younger. had a lower body mass index, previous mammogram 

outside of the HMO, previous breast biopsy, surgical menopause. increased prevalence of 

nulliparity, late age at fust birth and early menarche. 

The overall breast cancer prevalence was found to be 7.2 per thousand with a 

higher prevalence amongst users of HT. However. this difference was not found to be 

statistically significant (p=O. 14). In total 63 cancers were diagnosed of which 56 were 

true-positive results and 7 were false-negative results. The abnormality rate (number of 

mammograms that required further review) was 15.9%. Seventy-one percent of cancers 

were node negative (stages 0 or I) and 36% of cancen were less than 15 mrn in size at 

detection. The percentage of women with abnormd results was 15.6%. 14.9% and 17.9% 

for never. former and current users of HT respectively. 

The odds ratio of false-positive outcomes For current users of HT compared to 

never- or former-users adjusted for age. history of tiat degree relative with breast cancer 

and history of a mammogram outside of the HMO was found to be 1.33 (95% CI = 1.15- 

1.54). An adjusted specificity was calculated by entering the mean value of the important 

covariates into the logistic regression equation to arrive at a false-positive frequency and 

then subtracting this value from one. The adjusted specificity of screening mammography 

was found to be 86% 86%, and 82% for former. never and current users of HT 

respectively. 



Sensitivity was found to be lower in current users of HT compared to non-users of 

HT. However. this difference was not statistically significant. The study had limited 

power to detect a difference in sensitivity between the HT cohoas. If sensitivity was 

assumed to be 94% amongst non-users then the study had only 33% power to detect a 

reduction in sensitivity of 1 5% between the HT cohorts. Additionally, the small number 

of cancers precluded adjustment for potentially confounding factors. 

While this is a robust study with little room for misclassification or selection bias 

it does have some limitations. Guidelines outlined for organized breast cancer screening 

programs (64) suggest that the following targets be met in order for the p r o m  to 

achieve maximurn e t-ectiveness: 

a greater than 50% of screen detected tumors should be less than 15 mm. 

at least 30% of grade 3 tumors should be less than 15 mm. 

greater than 70% of tumors detected should be node negative. 

The study by Laya et a1 was conducted using information from the prevalent 

screen so the program did not meet d l  of these guidelines. The guideline that greater than 

70% of detected tumors be node negative was met - 7 1 % of the tumors detected were 

stage 0 or I. However. only 36% of cancers detected were Less than 15 mm in diameter. It 

is likely that the increased proportion of tumors of larger diameter is due to the fact that 

the prevalent screen for women in the program was used. The f m  screen captures longer 



growing and. therefore. larger prevalent tumors where as subsequent screens would show 

incident and, therefore, smaller tumors. 

In addition. in order to minimize screening costs both in exposing women to 

additional procedures and the financial cost of the program, it is recommended that the 

recall rate of a breast cancer screening program should not exceed 8% to 9% (64). The 

recall rate in this study was 1 5.9% ( 1 3 8718779). 

For a program with an abnormality rate within the recommended level. if the same 

relative risk of false-positive results for current users of HT compared to non-users held. 

then the absolute difference in specificity between the cohorts would be smaller. In this 

study the false-positive rate was 14% for non-users and 18% for current users and the 

relative risk of a false-positive result for current users of HT was 1.3. An organized 

program should have an abnormality rate of less than 9%. which means that the false- 

positive rate can be no greater than 9%. If the fdse-positive rate were 7% for non-users 

and 9% for current users. the relative risk of a false positive result would be 1.3. which is 

the same as in the unorganized program. Hov~ever. the absolute difference is only 2% in 

the organized program compared to 4% in the unorganized program. If the abnormality 

rate were lower. as is the case with many organized programs, the absolute difference 

between the cohorts would be even smdIer. The estimate of the impact of current use of 



HT on specificity in this study therefore does not apply to an organized screening 

program* 

ii. Thurfjell et a1 1997 

A study conducted by Thurtjell et d in the context of an organized screening 

p r o m  found a small decrease in specificity with current use of HT that was moderately 

significant and found no difference in the sensitivity with use of HT (7). This study 

included over 10.000 women who were at least 50 years of age who had participated in 

the second round of screening in the breast screening probgam in Uppsala County. 

Sweden. Use of HT was determined via in person interview. The same definitions for 

true-positive. false-positive. true-negative. and false-negative results as employed by 

Laya et a1 were used. 

The method of mamrno~graphy used in this study differed from that used in the 

study by Laya et al. Women who were judged to have dense breasts on the first round of 

screening and those with unknown breast density had two-view mammography while all 

others had one-view rnarnrn~~gaphy. Since women using HT could potentially have 

denser breasts. it is possible that women who were current or former users of HT 

underwent two-view mammography to a greater degree than never usea. Fifty-eight 

percent of women who used HT. 45% of never users and 48% of former usea were 

judged to have dense breasts and therefore received two-view mammography. If the 



proportion of women with breasts of unknown density was the same in dl of the groups 

then a greater proportion of women who were current users of HT were screened with 

two-view mammography than former or never users. 

The study found a small difference in specificity between current and never-users 

of HT. The specificity was 94.0% (95% CI 93.3%-95.0%) for current users and 95.0% 

(95% CI 94.8%-95.5%) for never users. This difference was of borderline statistical 

significance (p=0.034). 

The study did not find a statistically significant difference in sensitivity between 

the HT cohorts (p=0.69). Current users of HT had a sensitivity of 96% (95% CI 8 1.0%- 

99.1 %) while non-usen had a sensitivity of 9 1 % (95% CI 85.7%-96.8%). The study had 

only 60% power to detect a difference in sensitivity of 15% if one did truly exist. 

Additionally. no information on the means by which breast cancer diagnoses were 

determined was described in the study. Therefore. it is impossible to rule out the 

possibility that interval cancers may have been underascertained and the sensitivity 

overestimated, 

The results of this study are limited due to the lack of adjustment for potential 

confounding variables inciuding age. 



iii. Rosenberg et a1 1998 

Rosenberg et a1 assessed the impact of HT on the sensitivity and cancer stage at 

diagnosis in the breast cancer screening program in Albuquerque. New Mexico (63). The 

screening program consisted of several radiology groups in the Albuquerque area. 

The study included mammograms from women screened between January L 99 1 

and December 1994. Information on demographic characteristics. risk factors hr breast 

cancer. type of examination performed. results of screening mammography and follow-up 

recommendations were contained in a common database. Breast-cancer diagnoses were 

determined through linking the database with the New Mexico Tumor Registry. 

The unadjusted estimate of sensitivity was 8 1 % (95% CI 77.6%-84.5%) for 

women who did not use HT and 74% (95% CI 67.7%-79.1%). These estimates included 

women aged less than 50 years. Sufficient information was provided in the study that 

allowed for the calculation of estimates of sensitivity for women aged 50 years of greater. 

For this age range the sensitivity was 83.2% (78.4%-87.3%) for women who did not use 

HT and 7 1 -3% (63.6%-78.1%) for current uses. Twentytight percent of women aged 

greater than 50 were not included in this estimate due to missing information on HT or 

breast density. The authors did adjust the sensitivity for potentidly confounding factors. 

However, radiographic breast density was adjusted for as a potentially confounding 

factor. HT is purported to lead to a decrease in sensitivity through an increase in breast 



density. Therefore. breast density is a component in the causal pathway by which HT 

would lead to a decrease in mammographic sensitivity and should not be adjusted for. 

Consequently, the adjusted estimate determined in this study is not valid. 

This study had several weaknesses. The overall reported sensitivity of the 

screening program was low - only 80%. The quality of the screening program is. 

therefore. questionable. The quality of the data is suspect. The database is acknowledged 

by the authors to be incomplete as not ail radiology groups provided information and the 

information that was provided was heterogeneous. Large proportions of women were 

excluded due to missing information. Thus. it is impossible to rule out selection bias. 

There may have been misclassification of HT status. which could result in an 

underestimation of the difference in sensitivity between the HT groups. Confounding 

cannot be ruled out. Information came from several radiology groups and no attempt was 

made to adjust for varying level of quality of interpretation tiom the groups. If one 

radiology group had poor sensitivity and a low prevalence of women who used HT then 

the difference in the sensitivity between the HT goups may be underestimated. The 

converse is also possible. 

Additional concerns were that it was unclear if women with symptoms were 

excluded from the analysis and the study was not restricted to post-menopausal women 

and did not make an attempt to adjust for menopausal status. 



iv. Seradour et a1 1999 

Seradour et a1 conducted a study in the Bouches de Rhone screening program in 

France (8). The study included participants in the program who were screened between 

1993 and 1996. Participants in the program were screened every three years with one 

medio-lateral oblique view. Information on HT status was recorded by the radiography 

technician at the time that mammography was performed. No information on type of HT 

preparation used or details of use was recorded. 

Mammograms were classified as negative or positive and positive mammograms 

resulted in subsequent review. Cancers detected did not include lobular carcinoma in situ. 

A false-positive result was defined as no diagnosis of breast cancer in one year following 

an abnormal mammogram while a true-negative result was defined as the absence of 

breast cancer in women who had a negative screening result. 

The study found that the sensitivity of screening mammography was 92% for non- 

users and 7 1 % for current users of HT. The odds ratio of being diagnosed with a screen- 

detected cancer rather than an interval cancer was 5. I4 (95% CI 2-54 I .8) for non-users 

of HT compared to current HT users. An analysis stratifying by age and first versus 

subsequent screening visit showed that there was no evidence that this association was 

confounded or modified by these factors. When stratified by age the specificity was found 



to be 0.6% lower for HT users compared to non-users for subsequent screening visits but 

there was no difference at the fxst screening visit. 

A potential limitation of this study is miscIassification bias. Use of HT was self- 

reported. However. it is unlikely that this could be an altcrnative explanation of the study 

results. Since the report of HT use status occurred in advance of interpretation of the 

mammograms it is likely that if there were miscIassification then the association between 

use of HT and a decreased in the performance of screening mammography would be 

underestimated. 

The cancer registry from which interval breast cancer cases were ascertained was 

only estimated to be 90% complete. Missed interval cancer cases would result in an 

overestimation of the sensitivity. However. even if ten percent of interval breast cancer 

cases were missed amongst non-users of HT and none amongst current users there would 

be no appreciable overestimation of the sensitivity of non-users of HT given the smdl 

number of interval breast cancer cases (n=38). 

Another weakness was that there was limited information on factors that could 

potentially confound the association between use of HT and the pertbrmance of screening 

mammography. The study was only able to control for age and fm versus subsequent 



screening visit. Several other potentially codowding factors of the association between 

use of HT and the performance of screening mammography have been identified. 

v. Litherland et a1 1998 

Litherland et a1 conducted a study within the West of Scotland Breast Screening 

Service which assessed the sensitivity of screening mammography for current and non- 

users of HT (9). This program provided one-view screening mammography to women 

between the ages of50 to 64 every three years. The study included women screened 

between May 1988 and December 1995. The radiography technician ascertained current 

use of HT at the time of screening. The information consisted only of use or non-use of 

HT; no information on type of preparation or details of use was obtained. An interval 

cancer was defined as a breast cancer diagnosed within three years of a normal screening 

mammography result. 

Current users of HT were more likely to have breast cancer diagnosed as an 

interval cancer (p<O.OO 1). After using logistic regression to adjust the interval cancer rate 

for age. year of screening visit and a measure of social deprivation: the relative risk of a 

women using HT being diagnosed with an interval breast cancer compared to an non- 

users was 1 -79 (p=0.002). 



The relative risk of an interval cancer for current users of HT compared to non- 

users when only cancers diagnosed in the one-year interval following screening were 

inciuded was 2.27 (p=0.003). When stratified by age, women aged 50 to 59 who were 

using HT were five times more likely to be diagnosed with breast cancer as an interval 

cancer (RR4.94 (95% CI 2.42-10.10)) than non-users aged 60 to 64. 

The authors provided sufficient information to calculate estimates of sensitivity 

for the HT cohorts. Non-users had a sensitivity of 96% (95% CI 95%-97%) while current 

users of HT had a sensitivity of 90% (95% CI 86%-94Y0). 

One of the potential limitations of this study is misclassification bias. The 

completeness of the cancer registry from which interval cancers were ascertained was not 

stated. If there was incomplete ascertainment of interval cancers then the sensitivity 

estimates in this study could be overestimated. If the degree of under-ascertainment were 

the same in both cohorts then the difference in sensitivity between the cohorts would be 

underestimated. If the proportion of interval cancers that were not included in the cancer 

registry varied depending of HT use then the difference in sensitivity between the HT 

cohorts could have been over- or underestimated, Misclassification of KT status is dso  

possible. I f  this occurred it would likely be non-differential as the status was obtained 

prior to the interpretation of the mammogram. Non-differential misclassification would 

result in an underestimation of the difference in specificity between the HT cohorts. 



There was no idormation collected on menopausal status so it is possible that pre- 

menopausal women were included in the study population. Since pre-menopausal women 

would not be taking HT and have denser breasts. inclusion of these women would lead to 

an underestimation of the sensitivity in the cohort of non-users. Thus the difference in 

sensitivity between the HT cohorts would be underestimated. 

One additional study which purported to assess the performance of screening 

mammography stated that there was no difference in the proportion of false-negative 

mammograms between women who used HT and non-users (65). The study included 

women who were diagnosed with breast cancer at their institution between January 1987 

to May 1997 who were between the ages of 55 to 65. had dl information regarding the 

dates of prior mammography and HT status and stage of the disease available (n=178). Of 

these women I 15 had had at least one screening marnrnobmm within 2 1  months before 

diagnosis. The authors use as outcomes the detection method for the breast cancer 

diagnosed which were mammography alone. palpation alone or mammography and 

palpation together. 

These outcomes used by the authors are confusing. It is unclear what types of 

individuals were included in these groups. The authors state that the palpation alone 

group is equivalent to interval cancers that presented following normal mammograms. 

The mammography alone and palpation and mammography groups are unclear. The 



authors do not state if the women in the mammography alone group had abnormal 

mammograms and breast cancer was detected as a result of an abnormal mammogram. 

For women in the palpation and mammography group the authors do not state if the 

women had a normal mammogram and then detected a palpable abnormality that was 

determined to be breast cancer after follow-up with mammography. 

Given the confusion with the outcome measures and the uncertainty of who is 

included in the different categories. it is impossible to make any conclusions about the 

false-negative proportions from the data presented in this study. 

A summary of the results and methodological limitations of the studies of 

reasonable quality that have assessed the impact of HT on the performance of screening 

mammography is provided below in Table I .  I .  



Table 1.1: Summary of results and methodological limitations of population based 
studies assessing the impact of HT on the performance of screening mammography 

speci ticity estimates sensitivity estimates 
study merhodologid cumnt users non-USCR current non-wrs 

limitations users 

(n=208f) (n=6729) [n=13) (n=5O) 
-&normality rate exceeds never former never former 
guideline fbr an 85 85 94 94 
organized screening (84-861 (83-87) (80-99) (6949) 
Pro- ( ~ 3 7 9 2 )  (n=1837) ( n=34) (n= 16) 

Thudjell (7) -mmns of hllowvp for 94 95 96 9 1 
breast cancers not (93-95) (94.7-95.4) (8 1-99) (86-96) 
described (n=j009) (n= 16759) (n=27) (n=l IS) 
-no cldjustmmt of 93 95 never former 
potentially confounding 195-96) (93.7-95.6) 9 1 91 
t'actors including age (n=14703) (n=21461 (86-97) (62-1 00) 
-type of mmmogmph) (n=103) (11.512) 
mity have differed 
between tIT cohorts 

(8) -adjusted for only n few 416.1 96.6 7 1 92 
potentially confounding (95.8-96.4) (94.4-96.7) (60-112) (89-95) 
factors (n= 14765) (n=74130) (n=65) (n=37f) 
cancer registry rrom 
which b m t  cancers 
were drttermined was 
only 4)O0'0 complete 

LiLerluld (9) -complcteness of cmccr 00 Y 6 
registry f i m  which (86-94) (95-97) 
breast m c r r s  were (n=243) (n=t 158) 
determined was not stated 
-population povntidly 
included pre- md prri- 
menopausal women 

Indirect evidence which supports an impact of HT on the performance of 

screening mammography was provided by a study assessing the number of women with 

abnormal screening results. A study conducted by Litherland rt  al which analyzed data 

From the National Breast Screening Study in the UK found that there was a significant 

decrease in the rate of recall (pcO.0 16) for women who did not use HT in the second 

round of screening compared to the fust round of screening (66). However, there was no 

significant decrease in the recaI1 rate for women using HT. 



The published studies that have assessed the association between use of HT and 

the performance of screening mammography are insufficient in providing conclusive 

evidence that there is a change in screening mammography outcomes with use of HT. 

Some studies have found a significant difference in the specificity between HT usen and 

non-users (6.8) while another has not (7). A decrease in the sensitivity of screening 

mammography with current use of HT have been noted in seven1 studies (6-9.63). Only 

three of these studies found a significant difference in the sensitivity (8.9.63) and one of 

these studies one was of poor quality (63) .  One study found no difference in the fdse- 

negative proportion between users and non-users of HT (65). However. this study was of 

extremely poor quality. 

Common limitations of these studies assessing the impact of use of HT on the 

performance of screening mammography are low statistical power to detect a difference 

in sensitivity between the HT cohorts and insufficient information to adjust for Factors 

which could potentially confound the association between current use of HT and the 

performance of screening mammography. To date. there is no published information on a 

study assessing this association that has been conducted in North America in the context 

of a well established. organized breast cancer screening program with sufficient power to 

detect a difference in sensitivity between users and non-users of HT and 

information to adjust for potentially confounding variables that have been identified. 



B. Potential association between HT and breast cancer 

In addition to a possible decreased effectiveness of mammography with use of 

HT. there is a potentially increased risk of breast cancer for women who use HT. The 

association between HT and breast cancer has been studied extmsivrly. There is 

biological evidence that estrogen could potentially play an etiological role in breast 

cancer. A mitogenic effect ofestrogen has been observed in animal models and in human 

tissue culture (67). In addition. many of the risk factors that have been associated with 

breast cancer are situations associated with an increased endogenous estrogen exposure - 

increased age at fist birth. nulliparity. early age at menarche. late age at menopause (68). 

The potential for exogenous estrogen to function in the etiology of breast cancer is 

plausible and has been assessed in numerous epidemiological studies. There has been 

variability in the results of studies that have assessed the risk of breast cancer associated 

with the use of HT. However. a recent meta-analysis which re-analyzed individual data 

Rorn 3 1 studies of an eligibie 63 studies that assessed the association between HT and 

breast cancer found a significant association between HT and breast cancer (22). The 

relative risk of breast cancer in woman currently using HT or those who had used HT 

within five years was found to be 1.02 (95% CI 1 -0 1 - 1.01) for each year of use. In 

addition, women who had currently or recently used HT had a relative risk of breast 

cancer of 1.35 (95% CI 121-1 -49) if duration of use was greater than 5 years. 



Women who use HT are potentially at an increased risk for breast cancer. If 

screening mammography is less effective for women who take HT there are large public 

health implications especially considering the already high, and increasing, prevalence of 

use of HT. A study that effectively examines the association between the current use of 

HT and changes in outcomes of screening mammography is. therefore, extremely 

important. 

IV. Study 0 bjectives 

A. Research Obiective - 

The aim of this study was to examine the efFect of current use of HT on the 

performance of screening mammography in the context of a population-based. organized 

screening p r o w  with a high level of ongoing quality assurance. 

B. Research Question 

Are differences in the specificity. sensitivity. predictive values and likelihood 

ratios of screening mammography associated with current HT use'? 

C. Hv~otheses - 

Current HT use is associated with a reduction in the specificity, sensitivity and 

predictive values of screening mammography in the context of a population-based 

screening program with ongoing quality assurance. Additionally, likelihood ratios for 



breast cancer given a particular screening result will differ between usen and non-usen 

of HT. 



2. Research Methods 

I. Study design 

An historical cohort design was employed to compare the sensitivity. specificity. 

predictive values and likelihood ratios of screening mammography for a cohort of post- 

menopausal women who were currently using HT to that of another cohort who were not 

currently using HT. 

11. Setting 

Alberta is a Canadian province with a population of approximately 2.8 million. In 

October of 1990. a population based breast cancer-screening program was initiated. This 

program operates under the auspices of the Alberta Cancer Board. the provincial agency 

responsible for the operation of cancer faciiities and programs in Albena. The target 

population for the program is women aged 50 to 69 years and these women are actively 

recruited to attend biennial screening through personalized letters of invitation signed by 

the director of the program. Although not actively recruited. women outside of the target 

population are accepted into the program. Women with a previous diagnosis of breast 

cancer and women with breast symptoms are not accepted into the program. However. in 

some instances, women with a history of breast cancer who reside in nvaI areas with 

limited access to mammography do receive mammography through the program on a 



compassionate basis. Although initially excluded from the program. women with breast 

implants are accepted for screening. 

The screening p r o m  operates two fixed sites in Calgary and Edmonton. the 

major cities in the province. with the remainder of the province being serviced through 

mobile mammography units. During the study period one mobile mammography unit was 

in operation. 

111. Screening process 

At the time of registration women were asked about breast symptoms. Any 

women who indicated that they were currently experiencing any symptoms (i.e. lumps or 

nipple discharge) were encouraged to seek care through their primary care provider. 

Women who presented for screening were asked to complete a self-administered 

questionnaire (Appendix). This questionnaire included information on breast symptoms. 

risk Factors for breast cancer. breast-health practices and demographic information. It also 

included a question on the name of a physician who would coordinate tollow-up in the 

event that the woman was referred on for fuaher diagnostic procedures. 

Screening consisted of two-view mammography - craniocaudai and mediolateral- 

oblique views - using Lorad (Danbury, Conn) M3 units at the fned sites and a Lorad 

Transpo unit at mobile sites. At the fixed sites in Calgary and Edmonton. mammograms 



were developed on site with Kodak Min RE film and Min R medium screens while 

women waited. The films were assessed for any technical concerns and additional views 

or repeat films were taken if necessary. Films from mobile units were sent daily to a fixed 

site for development and. if necessary, women were recalled for additional views 

subsequent to development. In order to ensure consistent reading and interpretation, all 

films were read at the fixed site in Edmonton by radiologists with a dedicated interest in 

mammography. 

The Canadian Association of Radiologists accredited all mammography sites and 

mobile units and on-going quality assurance took place according to the procedures 

outlined by the Canadian Association of Radiologists. In addition. regular Radiology 

Quality Assurance meetings assessed the interpretation results of the program. 

The prob- also met the guidelines for organized screening programs as outlined 

above. From 1990 to 1996. node-negative breast cancers comprised 77.7% (2781359) of 

breast cancers detected through the program. Thirty five percent of nuclear grade three 

tumors were less than 1.5 cm in size (Personal Communication. Zeva Mah. Screen Test). 

Tumors less than 1.5 cm in size comprised 53.6% of screen detected tumors from April 

1995 to March 1997 (69). 



IV. Screening results 

Mammograms were classified as normal or "requiring further review." Women 

with normal results were advised to return at a 1 - or 2-year interval. If a women was 

recommended to be screened at an interval less than one year this was considered an 

abnormal result. Approximately 6.5% of films read over the study period were 

determined to be abnormal ("requiring further review") and resulted in subsequent follow 

up. In addition to the screening results. fibroglandular tissue density was classified as 

either fatty. less than 25%. 25% to 49%. 50% to 74% or greater than 75%. Information on 

the screening result and breast density for each visit was recorded and in the event that 

follow-up occurred. data was obtained from the physician who the woman named on her 

questionnaire to coordinate care. 

V. Data sources 

Information on Screen Test participants including screening results, follow-up 

diagnostic results and the information collected on the self-administered questionnaire 

was maintained in a relational database with controls for patient confidentiality. Routine 

linkage with the Alberta Cancer Registry. carried out quarterly. confirmed cancers. 

whether or not detected by screening. 



Information on current HT use and potentially confounding factors was routinely 

collected through the self-administered questionnaire completed by each woman screened 

(Appendix). 

VI. Participants 

The study included women who underwent screening through the Screen Test 

Prognm from October 1. 1990 to March 3 1. 1 996. Follow-up for the occurrence of breast 

cancer was truncated at March 3 1. 1997. Allowing for a two-year period tiom the end of 

tbllow-up to the time that the study was commenced ensured that there was sufficient 

time for information on cancers associated with screening visits occurring late in the 

study period to be entered into the Alberta Cancer Registry and subsequently entered into 

the Screen Test database. 

A. tnciusion and Exclusion Criteria - 

The study included d l  women enrolled in the Screen Test proh- who were aged 

between 50 to 69 at at least one visit during the m d y  period. The most recent screening 

visit was used for dl women except for women who turned seventy during the study 

period. For these women the last screening visit before they turned 70 was employed. 

Fifty to 69 is the age range for which screening mammography has been found to be 

effective (62). 



Women for which there was no information on HT status (n=163,0.40%) were 

not included in the study. Women with a prior history of breast cancer were excluded. In 

addition. women who had a history of breast implants were excluded as the effectiveness 

of mammography for this group of women is likely different than women without breast 

impiants. 

Women who could have potentially been pre-menopausal or peri-menopausal 

were also excluded from the study population. In the Screen Ten database information on 

menopausal status was available only as the age at menopause. If a women indicated that 

she had not yet experienced menopause. the age at menopause was indicated as being 

unknown or the age at menopause was missing then the age at menopause was 

unavailable. The likelihood that women without information on the age at menopause 

were pre-menopausal would be higher for younger women. Therecore. women without 

information on the age at menopause who were less than the age by which 95% of the 

population would be expected to be post-menopausal were excluded. These women were 

identified by assessing the upper limit of the 90% prediction interval for the mean age at 

menopause and the frequency of women with a missing age at menopause was assessed 

across one-year age strata. It would be expected that 95% of the study population would 

be post-menopausal by the upper limit of the 90% prediction interval for mean age at 

menopause (56 years). Women with a missing age at menopause whose age was less than 



or equd to 56 years were excluded from the study population as potentially being pre- 

menopausal. The 95% prediction interval was calculated using the formula: 

- 
90% prediction interval = ..Yaw ,, ,,,, + %,,,j * standard deviation ($,,,,,paw 

The tinal study population consisted of 37.9 17 individuals. 

B. Definition of HT exposure status - 

HT use status was based on the womm's response to the question. "Are you 

currently taking estrogen (hormones for menopause)?'- on the self-administered 

questionnaire (Question 12 of Appendix). Women who provided an affirmative response 

were classified as current users o t' HT (n= 1 0. 880). Women who provided a negative 

response were classitied as non-users (n=27.03 7). 

MI. Study Outcomes 

Screen Test mammograms were classified as being '-normal" or '-needing Further 

review." Any mammogram that was designated as ."needing further review" was 

considered to be an abnormal mammogram. A positive screening result was defmed as 

any abnormal mammognm. 

Breast cancer cases included any diagnosis of breast cancer. including ductal 

carcinoma in situ (DCIS) and lo buiar carcinoma in situ (LCIS) that were diagnosed 



within 12 months of the date of the screening visit. A true-positive result was any 

abnormal mammogram associated with a diagnosis of breast cancer within the follow-up 

period. while a false-positive result was any abnormal mammogram that was not 

associated with a subsequent diagnosis of breast cancer within the follow-up period. 

A negative result for a mammogram was any mammogram for which additional 

follow-up was not recommended. A true-negative result was any normal mammogram 

that was not associated with a diagnosis of breast cancer within the follow-up period. A 

false-negative screening result was any normal mammogram that was associated with a 

subsequent diagnosis of breast cancer in the 12 months following the date of the 

screening visit. 

Sensitivity (Se) was defined as the probability that an individual with breast 

cancer would be detected by screening mammography. It is equal to the total number of 

true-positive results divided by the total number of breast-cancer cases diagnosed in the 

entire follow-up period. The total number of breast-cancer cases included both true- 

positive and false-negative results. 

true positives 
St! = 

(true positives + fdse negatives) 



Specificity (Sp) was defmed as the probability that a woman without breast cancer 

has a normal screening result. It is equal to the number of true negative screens divided 

by the total number of women who did not have breast cancer. The total number of 

women without breast cancer is equal to the number of true-negative mammograms plus 

the false-positive mammognms. 

true negatives 
s p  = 

(true negatives + false positives) 

Positive predictive value (ppv) was defined as the probability that a woman with 

an abnormal mammogram would have breast cancer. It is equal to the number of true- 

positive results divided by the total number of positive screens. 

true positives 
ppv = 

(true positives + fdse positives) 

Negative predictive value (npv) was defined as the probability that a woman who 

has a normal mammogram did not have breast cancer. It is equal to the number of true- 

negative results divided by the total number of negative screens 

true negatives 
npv = 

(true negatives + fdse negatives) 



Likelihood ratios (LRs) for screening mammography were also calculated. A 

likelihood ratio was defined as the probability that a person with breast cancer had a 

specific screening-mammography outcome compared to the probability that a patient 

without breast cancer had the same screening outcome. A LR positive was the ratio of the 

probability of having an abnormal result given that the woman had breast cancer to the 

probability of having an abnormal result given that the woman did not have breast cancer. 

Se 
where Se and Sp are the This was calculated from the equation LR,,,,,, = - 

I -sp 

sensitivity and specificity of screening mammography respectively. A LR negative was 

the ratio of the probability of having a normal result given that the woman had breast 

cancer to the probability of having a normal result given that the woman did not have 

breast cancer. The likelihood ratio negative was calculated from the equation 

VIII. Data set 

A data Ale including the variables tiom the Screen Test database that were 

relevant to the study analysis was obtained from the Coordinator of Evaluation of the 

Screen Test Program. 



IX. Dah cleaning procedure 

A. Anomalous values - 

Frequencies for all variables were printed out and examined. Anomalous values 

were identified. Examples of these values included age at menopause greater than 60 

years. age at first pregnancy greater than age at menopause. and age at menopause less 

than or equal to 15 yean. The charts for the individuals with anomalous values were 

examined and any data entry errors were identitied and corrected in the database. In 

instances where there were no data entry erron but the values provided by the woman 

were not plausible these values were set as missing in the data set. 

B. Ape at menoDause for women with a historv of  hvsterectomv - 

Since age at menopause was one of the potentially confounding factors that would 

be adjusted for in subsequent analyses. it was necessary to assign an age at menopause to 

women who reported a history of hysterectomy. While many of these women did provide 

an age at menopause they often reported this as the time at which the hysterectomy took 

place. This study was concerned with menopause as defined as the end of the climacteric 

not a the cessation of menses. Since age at hysterectomy only corresponds with age at 

climacteric if a bilateral oopherectomy was pertbrmed. using the age at menopause 

provided by these women was not necessarily valid. Therefore, it was decided that 

women who had reported a hysterectomy would be assigned an age of menopause that 



was equal to the mean age of menopause for the study population. In order to determine 

the mean age of menopause, women with a missing age at menopause and women who 

indicated a history of hysterectomy were excluded From the analysis and the mean was 

calculated. The mean age at menopause was determined to be 49.56 years (95% CI 49.50- 

49.62). The potential of a cohort effect existed for age at menopause: that is. women who 

were younger could have a younger age at menopause. For instance. women aged 50 to 

54 years could either be pre- or peri-menopausal or could have experienced menopause 

only up to 54 years of age. Thus. it was conceivable that the mean age ofmenopause 

would be lowest for the youngest age strata and highest for the oldest age strata. The 

mean age was assessed for five-year age stnta (Table 2.1 ). Women aged 50 to 54 had a 

mean age at menopause of 48.75 (95% CI 48.6548.87)- This was significantly lower than 

the other age strata. However. since the difference. although significant. was small the 

mean age for the study population was assigned to all women who had undergone a 

hysterectomy. 



Table 2.1: Mean age at menopause for whole sample and 5-year age strata 

Age strata n mean (95% coniidence interval) 
whole sample 20,962 49.56 (49.50-49.62) 

50-54 4166 48.75 (48.65-48.87) 
55-59 5725 49.36 (49.75-49.97) 
60-64 5390 49.93 (49-80-50.05) 
65-69 568 1 49.5 1 (49.38-49.63) 

X. Analysis 

Analyses were carried out using the statistical sohvare packages SAS Version 

6.12 and STATA Version 5. 

A. Characteristics of the studv ~opulation - 

The demographic make-up of the study population was described. The self- 

reported ethnic origin of the study participants was collapsed in broad categories 

including Aboriginal. African. Asian. British. Eastern European. Northern European. 

Southern European. Western European and all other ethnic origins. Education level was 

divided into two categories - no post-secondary education and at least some post- 

secondary education. Proportions with 95% confidence intervals were used to describe 

self-reported ethnic origin. education level and age distribution in 5-year strata of the 

study population. The standard error of the estimates was calculated using the normal 

approximation to the binomial where appropriate and were calculated using the exact 



method otherwise. These methods were used in all following instances when 95% 

confidence intervals for proportions were calculated. 

Information from the 1996 Census of Canada was obtained and the self-reported 

ethnic origin and education level of the study population stratified by 5-year age strata 

were compared to the population of Alberta (70). 

The proportion of women using HT For each of the demographic variables was 

also described. 

B. Screenia~ visit outcomes - 

The outcomes of the screening visit including the abnormality rate and the 

radiographic breast density were described using proportions with 95% confidence 

intervals for the study population and the two HT cohorts. The abnormality rate was also 

stratified by age and first versus subsequent visit while radiographic breast density was 

stratified only by age. 

C. Breast cancers diagnosed - 

The screen detected and interval cancer rates were described as the number of 

cancers per 1000 women screened The screen-detected-cancer rate was defined as the 

number of individuals with an abnormal mammogram associated with a diagnosis of 



breast cancer in a one-year period following screening per thousand women screened. 

The interval cancer rate was the number of individuals with a normal screening result 

who had a breast cancer diagnosed within one year of screening per thousand women 

with a normal screening result. The cancer detection rates were also stratified by age and 

by screening visit. 

The characteristics of the breast cancers diagnosed were described using 

proportions or means with 95% confidence intervals as appropriate. These characteristics 

included the proportion of stage 0 or I tumors. proportion of turnon less than 1.5 cm. and 

the mean tumor size. The cancers were classified as screen-detected (diagnosed within 

one year of an abnormal screening result) or interval cancers (diagnosed within in one 

year of a normal screening result). The characteristics of the breast cancers diagnosed in 

the Screen Test Program were compared to the targets for organized breast cancer 

screening programs outlined above. 

D. Outcomes measuring the oerformance of screening mammoraahy - 

1. Unadjusted estimates 

The sensitivity, specificity. positive predictive value and negative predictive value 

of screening mammography were described as proportions with 95% confidence intervals 

for the entire study population and by HT exposure cohort. Sensitivity, specificity and 

positive predictive value were then stratified by 5-year age strata and fm versus 



subsequent screening visit. P-values for the difference in the outcome measures between 

the HT cohorts were calculated using a chi-square test. 

2. Adjusting estimates using logistic regression modeling 

(a) Po tentially confounding variables 

Variables that could potentially confound the association between the 

performance of screening mammography and current use of HT were identified from the 

literature. These inchded variables contained in the Screen Test database that had been 

associated with the use of HT and either a change in the effectiveness of screening 

mammography or radiographic breast density. These variables included a history of 

hysterectomy: history of a sister with breast cancer: maternal history of breast cancer: 

nulliparity: age at first birth greater than or equal to 30 years: menarche less than or equal 

to 1 1 years: previous breast biopsy: previous Screen Test manmobgram: previous 

mammogram: history of oral contraceptive use: and ethnic origin. 

Since only variables that were significantly associated with current use of HT in 

the study population would be adjusted for in the logistic regression model. associations 

between current use of HT and the potential confounding factors were assessed. Means 

and 95% confidence intervals, or medians with interquartile (IQ) ranges for variables with 

a non-normal distribution were used to describe the continuous variables for the entire 

study population and the two HT exposure cohorts. Proportions with 95% confidence 



intervals were used to describe the categorical variables. P-values for the differences in 

variables between the exposure cohorts were determined using Student's t-test for 

continuous variables and chi-squared test for categorical variables. Differences in 

proportions For each of the estimates were also calculated. The standard error of the 

difference was calculated using the formula: S E ,  -,: = Jvar( p, ) + var( P, ) 

The relative risk (RR) of having the characteristic for current users of HT 

compared to non-usen was calculated for the variables described above. The following 

Pfrr- where pi,- is the proportion of individuds with the formula was employed: RR = - 
P frr - 

characteristic in the cohon of current uses of HT andp,, is the proportion of individuals 

with the characteristic in the cohon of non-users, The 95% CI of the estimate of the RR 

was calculated using the formula (RR * exp[- =&I, RR * exp[=&D where 

1 -  1-Pm- 
v = var(1n RR) = i (71 )- 

n ~ r t  ~ K T -  

It was possible that confounding or efi'ect modification by age could account for 

any association between HT exposure status and the potentially confounding variables. A 

stratified analysis using 5-year age strata was carried out for d l  of the potentially 



confounding variables that were found to be significantly associated with current use of 

HT. 

(b) Modeling procedure 

Following crude analysis. sensitivity, specificity. and predictive values were 

modeled using logistic regression techniques. Since logistic regression requires a 

dichotomous outcome. sensitivity, specificity and predictive values could not be modeled 

directly as the dependent variable. Therefore. logistic regression was carried out using the 

modeling method outlined by Coughlin et d (72). In this method the tbrm 

y =a + P,x, +...+P,, x,, was used where y was the log odds of the screening outcome and 

x, was the disease status for modeling sensitivity and specificity and y was the log odds 

of disease and I, was the screening outcome for modeling predictive values. A normal 

screening outcome corresponded to a value of zero and an abnormal screening outcome to 

a value of one. A diagnosis of breast cancer was be given a value of one where as no 

diagnosis was be assigned the value zero. Recalling that the dependent variable of 

modeling sensitivity and specificity was the log odds of the screening outcome it 

I 
foIlowed that sensitivity = 

K 
where x, = I .  corresponding 

I +exp[ - (a  + ~ , r ,  + k=i  X P ~ ~ ~ ) ]  

to a diagnosis of breast cancer. A 95% CI was caiculated for specific values of the 

covariates (x;) using the formula: 



t 
95% CI for SE at x; = where o was the 

I + exp[- (a + P, r ,  + R f =3 P,I; + 1-96 *&)I 
variance of the log odds of a positive result with the specific values of the covariates. It is 

equal to the sum ofthe variance of each term plus two times the covariance of all possible 

pairwise combinations of terms based on the rules tbr calculating the variance of a linear 

combination or related variables (73). Mathematically this can be expressed as 

var i = ri var p, + ?x -r,x,, eovt p, . P,. ) where i = 2 P j x  is 'he predicted 
,=I dl ) < I *  j = l  

value of the linear combination of k covariates with P being the coefficients from the 

regression equatron. 

Specificity was modeled using the same fom as sensitivity. 

diagnosis oP breast cancer. The 



Recalling that the dependent variable for modeling predictive values was the log 

odds of breast cancer. it followed that the positive predictive value (ppv) 

- - 1 
where x, = I .  corresponding to a positive screening 

1 + exp[- (a k = l  -rk)] 

outcome. The 95% confidence interval was calculated using an analogous formula to that 

used for sensitivity. 

Since the negative predictive value for both cohorts was extremely high. greater 

than 99%. this outcome was not adjusted using logistic regression modeling. 

Since Coughlin et al suggest that there is the potential for bias in the sensitivity 

estimate obtained using this modeling method. the validity of the method for modeling 

the outcomes in the study population was assessed. In order to assess whether or not there 

was bias in the estimates. models containing HT status as the only additional covariate 

were fit for each of sensitivity. specificity and positive predictive value. The estimates 

obtained via modeling were compared to those derived from the stratified analysis. Since 

there were differences in the estimates obtained by the two analysis methods it was 

determined that a correction method would need to be employed. 

The correction methods suggested by Coughlin et al were to fit a disease covariate 

interaction term or to model sensitivity using o d y  individuals with disease. Both of these 



correction methods were attempted and the results from these modeling methods were 

compared to the results obtained from the stratified analysis. It was decided that modeling 

would proceed using only women with breast cancer to model sensitivity. The reason for 

this decision was that the results from the model with only women with breast cancer and 

the breast cancer*HT use interaction term yielded results that were identical to those 

obtained from the stratified analysis. However. since there were numerous covariates that 

were to be fit in the model. fitting a disease covariate interaction term for each covariate 

would make the model quite cumbersome. 

In order to ensure that the estimates for all the outcomes were not biased, 

modeling for each of sensitivity. specificity and predictive values proceeded with fitting a 

model with d l  of the potential covariates. using only the appropriate individuals from the 

study population. That is. only women with breast cancer were used to model sensitivity. 

only women without breast cancer were used to model specificity and only women with 

abnormal results were used to model positive predictive value. The forms of the logistic 

regression equations were modified from those described above. For modeling sensitivity 

the model remained the same except that the breast cancer covariate term was dropped 

from the model. For modeling specificity the log odds of a normal screening result was 

modeled as the dependent variabIe (instead of an abnormal result). It foIlowed the 

equations descnied above for calculating sensitivity could be empIoyed in the same form 



to calculate specificity. As was described in regards to sensitivity the breast cancer term 

was not included. Positive predictive value was modeled as described above except the 

screening result covariate term was not included. 

For each of the outcomes. modeling began with fitting a full model with all ofthe 

potential covariates. The p-value of the Wald chi-square statistics and the coefficients of 

the covariates in the model were examined, Covariates whose coefficients were not 

significantly different fiom zero (e.g. had a p-value of greater than 0.05) were dropped 

sequentially from the model beginning with the least significant. Each time a covariate 

was dropped from the model the coefficient OF the HT status term was examined to 

ensure that removal of a non-significant covariate did cause large changes in its value. If 

there were large changes in the coefficient the covariate was kept in the model. At the 

point when a reduced model containing only significant terms (or terms whose removal 

From the model led to a large change in the coefficient of the HT term) was reached. 

interaction terms which contained covariates which contributed significantly to the model 

were fit into the model. Interaction terms considered were interactions between age and 

each of previous Screen Test mammogram. ethnic origin. hysterectomy. history of a sister 

with breast cancer. history of previous breast biopsy and HT use. Once again the p-value 

for the Wald chi-square statistics and the coeficients were examined and the procedures 

descnied above were applied to arrive at a parsimonious model. 



The fit of the final model was assessed using the Pearson chi-square and the 

Hosmer-Lemeshow test. If the test statistic was not statistically significant (e.g. p- 

value0.05) it was concluded that there was insufficient evidence to suggest that there 

was lack of fit between the model and the data. Since the Hosmer-Lrmeshow test may 

have a significant result even when the model is well fit when the sample size is large the 

observed and expected values used to calculate the test were examined. 

Before accepting a model. regression diagnostics were assessed. These included 

leverage of covariate patterns. change in Pearson residuals. change in deviance residuals 

and the Abeta influence statistic. 

Diagnostic plots including plots were also examined in order to assess if there 

were any covariate patterns for which there was lack of f t. 

Covariate pattems that were poorly fit were assessed to determine if the patterns 

were plausible. These generally included patterns with a leverage greater than 0.1. change 

in Pearson residuals greater than 5. change in deviance residuals greater than 5 and Abeta 

influence statistic greater than 0.5. However, the criteria were loosely applied. The 

proportion of individuals in the data contained in the poorly fit patterns was assessed. If 

this proportion was low (less than 15 to 20%). even if there were si@lcant scores for the 



Pearson chi-square or Hosmer Lemeshow test. the model was considered to be 

sufficiently well fit. 

After a final model was adopted. conditional effect plots showing the effect of HT 

use status for all possible covariate patterns were plotted. 

E. Sensitivitv analvses to auantifv impact of misclassification - 

In order to quantify the potential impact of misclassification on the sensitivity 

estimates. sensitivity analyses assessing the impact of rnisclassification of false-negative 

status and HT use status were carried out. 

1. Impact of misclassification of false negative results on sensitivity 

The sensitivity estimates in this study were calculated using what is known as the 

detection method where false-negative results are cancers diagnosed in one year 

following a normal screening result. The sensitivity obtained using this method may be 

underestimated. This underestimation may occur because the individuals classified as 

having false-negative results may include two types of individuals. The first group is 

individuais who had a breast cancer that was of the size and character that it could have 

been detected marnmo~phically at the time of mammography but this cancer was not 

detected. The second group is women who did not have a breast cancer that was of the 

size and character that it could have been detected mammogmphically at the time of 



mammography but had a tumor grow quickly in the interval proceeding screening to the 

point where it was clinically detectable by other means. 

In order to assess for the impact of the latter group of women being classified as women 

having false-negative results, a sensitivity analysis assessing the impact of 

misclassification was undertaken. Corrected sensitivities were calculated for each of the 

HT cohorts. 

It was assumed that all of the true-positive results in the study were correctly classified 

and the misclassitication of new cancers as false-negative results varied from zero up to 

25%. The corrected number of false-negative results was determined using the equation: 

FLV,,~,, = (1 - p )  * FLV~.,,~,, where p is the proportion of false-negative results 

misclassifi ed and FiV ,.,, ,,,,, is the number of individuals with a diagnosis of breast 

cancer in the one year following a normal screening-mammography result. The corrected 

L I - sensitivity was then calculated using the equation: Se,,,,, - where TP 
*P + ~ w m , e d  

is the number of individuals who had a diagnosis of breast cancer in the one-year interval 

following an abnormal screening mammography result. 

2. Impact of rnisclassification of HT status on sensitivity 

Since, it was unlikely that the classification of HT exposure status was completeiy 

accurate. a sensitivity analysis was undertaken to quantify the impact of misclassifcation 



of HT exposure status on sensitivity. The methods described by Rothrnan were employed 

(74). In all cases misclassification was assumed to be independent of outcome. Thus, for 

sensitivity the overall number of true-positive results and the number of false-negative 

results remained constant. The corrected number of true-positive results for each of the 

HT cohorts were determined using the formulae: 

- 1 ~ ~ f l *  e.sl#nrI~ed - ( - ' P )  TL, e,vttmucd ] 
Tpkf+ t-urrrcnd 

- and 
(4 + sp - 1) 

TP~r.T-- cumcrc~i = T ~ I U I  e.srtntuwL/ - Tpw+ where *Pw e.,,l",LtIet, 
is the number of 

individuals with a true-positive result in the HT cohort. T .  ,,,u,e,V,,,IcU Cd is the total number of 

women with a true-positive result and Se and Sp are the sensitivity and specificity of the 

classification of HT exposure status. The corrected number of false-negative results was 

calculated using analogous formulae. The corrected sensitivity for each of the cohorts was 

T 4 . o m c r e d  then calculated using the equation: SeCUIRcIed - . The sensitivity 
T?~VnrCICd + F N , , , e d  

analysis was carried under two scenarios. The first was the assumption that there was no 

rnisclassification of false-negative status and the second was that there was 25% 

misclassification among current HT users and no misclassification in the non-users. 



F. Likelihood ratios and post-test mobabilities - 

Likelihood ratios (LRs), for positive and negative results. were First calculated for 

the study population and the two HT cohorts. Stratum specific LRs were calculated 

following stratification by age and first versus subsequent visits. The codidence intervals 

for the estimates of the LRs were calculated using the methods described above for 

calculating for confidence intervals for relative risks. 

LRs were then employed to determine the risk of being diagnosed with breast 

cancer follow*ng mammography - the post-test probability. The risk of breast cancer 

prior to screening mammography was assumed to be equal to the cancer detection rate in 

the one year t'ollowing screening in the study population. this included both screen- 

detected and interval cancers. The risks were stratified by age and tint versus subsequent 

screening visit. The prior probabilities were converted to prior odds using the Formula: 

prior probability 
prior odds = . The post-test odds of being diagnosed with breast 

I - prior probability 

cancer within one year of screening were determined by multiplying the pre-test odds by 

the LR for both positive and negative screening results. The post-test odds were then 

posterior odds 
converted to a probability using the formula: posterior probability = 

1 + posterior odds ' 

The 95% confidence interval for the post-test probability was calculated by calculating 



the post-test probability using the Iower and upper bounds of the 95% confidence interval 

which had been calculated for the LR. 



3. Results 

I. Overview of results 

This results section is divided into three sections. The tirst section describes the 

study population and HT cohorts. This section includes a description of the demographic 

characteristics of the study population. the screening visit outcomes and the breast 

cancers diagnosed. 

The main study outcomes. those measuring the performance of screening 

mammography. are described in the next section that starts on page 94. The description 

includes. firstly. unadjusted estimates and estimates adjusted using stratification for age 

and tint versus subsequent screening visit. The association between current use of HT 

and potentially confounding variables and the estimates for outcomes measuring the 

performance of screening mammography adjusted for these factors using logistic 

regression modeling are then presented. A sensitivity analysis examining the effect of 

misclassification of the false-negative results and HT status on the sensitivity estimates is 

also presented. 

Finally, likelihood ratios for the two HT cohorts. unadjusted and those adjusted 

using stratification. are presented. The post-test probabilities of breast cancer that were 

determined using the likelihood ratios are then described. 



11. Description of Study population and HT cohorts 

A. Definition of studv population and HT cohorts - 

There were 40,676 age eligible women with no history of breast implants or 

breast cancer who were screened through the Screen Test Program during the study 

period. Of these women. 163 women were excluded because they had incomplete 

idormation on HT status due to missing responses (n= 146) or a response that the status 

was unknown (n= 17)- 

An additional 2.596 women were excluded because they could have potentially 

been pre-menopausal. Since. the intent of this study was to examine the impact of current 

use of HT on the pertbrmancr of screening mammography in post-menopausal women it 

was important that pw-menopausal women were not included. Examining the mean age 

of menopause and the proportion of women for which an age at menopause was not 

available identitied these potentially pre-menopausal women. Since the mean age at 

menopause in the study population was 49.56 with a standard deviation of4.45 years, it 

was expected that 95% of the population would be post-menopausal by age 57 as this was 

the upper Limit of the 90% prediction interval for the mean age at menopause. The 

proportion of women with an unavailable age at menopause was also examined by one- 

year age strata (Table 3.1). In the Screen Test database information on menopausal status 

was available only as the age at menopause. If a women indicated that she had not yet 



experienced menopause, the age at menopause was indicated as being unknown or the 

age at menopause was missing then the age at menopause was not available. The 

proportion of women for which the age at menopause was unavailable was high for 

younger women. Fifty-five percent of women aged 50 years did not have information 

available. With each increasing year of age the proportion unavailable decreased 

significantly until 56 years where only 13% of women had unavailable information. For 

women aged 57 years or older there was no significant difference in the proportion 

unavailable across age strata. For younger women the reason for the unavailable 

information on age at menopause was likely to be due to the fact that these women had 

not yet experienced menopause. The unavailable inFonnation is more likely to be due to a 

missing or an unknown age at menopause for the older women. Interestingly. the age 

after which there were no significant decreases with increasing age in the proportion of 

women for which the age at menopause was unavailable. 57 years. was the age by which 

95% of the study population would be expected to be post-menopausal. 



Table 3.1: Proportion of unavailable values for age at menopause by one-year age 
strata 

age straturn n ~roportion unavailable (95% confidence interval) 

The number of women excluded is described below in Figure 3.1. 

I I63 
cxcludrd dur to missing I 

(n=l461 or unknown (n=Lf) 
40.676 information on k l T  status 

age eligible women with no 
brcmt implants or previous 

b m t  cancer 40.513 

2.596 
excluded due tu age ~ 5 7  ymrr 

with unwnilablr information on 
age at menopause 

37.9t7 
final study population 

Figure 3.1 : Numbers of study participants excluded and reasons for exclusion 

Of the 37.917 women in the study population 10.880 (28.7%) were currently 

using HT. These women comprised the HT cohort. 



B. Characteristics of the studv population - 

I. Demographic characteristics 

Demographic characteristics of the study population including age. education and 

ethnic origin were examined and compared with the general population of Alberta using 

information from the 1996 Census of Canada. The HT use across demographic 

characteristics was also examined. 

(a) Age 

The mean age of the study population was 60 years. The distribution of the study 

population across 5-year age strata is described in Table 3.2. Twenty percent of the study 

population was aged 50 to 54 years with the rest ofthe population being evenly 

distributed over the age strata tiom 55 to 69 years. 

Table 3.2: Age distribution of study population 

Age number of women % of study population (95% CI) 

A comparison of the proportion of women in 5-year age strata for the Screen Test 

population and the population of Alberta is presented in Table 3 -3. There were 



significantly fewer women aged 50 to 54 years in the Screen Test population compared to 

the general population and significantly more women aged 55 to 69 years. 

Table 33: Age of study population compared to population of Alberta 

Age % of study population (95% CI) % of Alberta population (95% CI) 
50-54 20.1 8 (1 9.77-20.58) 32.50 (3 1-30-33.71) 
55-59 26.62 (26.18-27.07) 24.53 (23 -43-25.65) 
60-64 26.13 (25.69-26.57) 22.24 (2 1.20-23.33) 
65-69 27.07 (26.62-27.52) 20.74 ( 19.70-2 1.80) 

The mean age of current users of HT was 59 years while the mean age of non- 

users was 6 1 years. This difference. although small. was highly signiticant (p<0.000 1). 

The proportion of women using HT for 5-year age strata was also examined and is 

presented in Table 3.4. Younger women were more likely be current users of HT. The 

percent of users was 39% (95% CI 38.27%-10.46%) and 35% (95% CI 34. l I %-35.97%) 

for women aged 50 to 54 years and 55 to 59 years respectively while only 14.05% (95% 

CI 13-54%-14.56%) of women aged 60 to 64 years and 17.9 1% (95% CI 17.17%- 

18.65%) of women aged 65 to 69 years were current users of HT. 

The difference in use of HT with age is important to consider. Since younger age 

is associated with increased use of HT and a potentially poorer performance of screening 

mammography, age could act as a potentially confounding factor for this association. 



Therefore. the effect of age on the performance of screening mammography was 

considered in subsequent analyses. 

Table 3.4: Hormone use by 5-year age strata in study population 

Age strata number of women % currently using KT (95% CI) 
50-54 3012 39.37 (3 8.2730.46) 
55-59 3537 35.04 (34.1 1-35-97) 
60-64 2493 14.05 (1 3.54-34.56) 

(b) Self-reported ethnic origin 

The self-reported ethnic origin of the study population is described in Table 3.5. 

Approximately 92% ofthe study population was comprised of women with British or 

European ancestry. Aboriginal women. a group that is considered to have limited access 

to health care resources compared to the general population (75). comprised 1.1% of the 

study population. 

Table 3.5: Self-reported ethnic origin for the study population 

Self-reported ethnic origin number of women % of study population (95% CI) 
Aboriginal 441 1.18 (1.08-1.30) 

Afi.ican 205 0.55 (0.48-0.63) 
Asian 2,416 6.48 (6.13-6.74) 
British 14.952 40. t 1 (39.6 140.6 1) 

Eastern European 5,816 15.60 ( 15.23- 15.97) 
Northern European 1,999 5.36 (5.14-560) 
Southern European 733 1.07 ( 1 -93-2.22) 
Western European 9.903 26.56 (26.12-27.02) 

other 773 1-08 ( 1.93-223) 



A comparison of the screening population with the general population for selected 

ethnic origins by 5-year age strata is presented in Table 3.6. Compared to the general 

population there were significantly more women of British and European descent in the 

Screen Test population for all age strata. There did not appear to be evidence that 

Aboriginal women were under-represented in the Screen Test population. The proportion 

of Aboriginal women in the screening population was similar to the general population 

except for women age 55 to 59 years where there were significantly fewer Aboriginal 

women in the screening than in the Alberta population. 



Table 3.6: Comparison of selected self-reported ethnic origin in study population to 
Alberta population 

Ethnic origin % of study population % of Alberta population 
(95% CI) (95% CI) 

British and European 
50-54 

Aboriginal 
50-54 

The proportion of use of HT across self-reported ethnic origins is described in 

Table 3.7. The proportion of use was highest for women oCBritish. 30.95% (95% CI 

30.2 1 %-3 1 -69%). and Western European. 3 1.14% (95% CI 30.23%-32.05%). descent. 

This is the group that comprised the majority of the study population. Aboriginal women 

had a proportion of use of HT of 36.76% (95% CI 2.63%-30.89%) which is in line with 

the proportion using HT for most of the other ethnic groups. Asian women, with a 

proportion of use of HT of 1 1.88% (95% C I  10.59%-13.17%), were much less likely to 

use HT than all of the other ethnic groups. 



The significant differences in the use of HT across ethnic groups are important. 

There is evidence that radiographic breast density, and potentially the performance of 

screening mammography, differs in women of different ethnic groups. Since ethnic origin 

is associated with both use of HT and radiographic breast density it could potentially 

confound any association between use of HT and the performance of screening 

mammography. Therefore. outcomes measuring the performance of screening 

mammography were adjusted for ethnic origin in subsequent analyses. 

Table 3.7: Hormone use by self-reported ethnic origin 

self-reported ethnic origin number of women % currently using HT (95% CI) 
Aboriginal 118 26.76 (22.63 -30.89) 

African 53 25.85 ( 19.86-3 1.85) 
Asian 287 11.88 (10.59-13.17) 
British 4628 30.95 (30.2 1-3 1.69) 

Eastern European 1604 27.58 (26.43-28.73) 
Northern European 585 29.26 (27.27-3 1.26) 
Southern European 169 21 -86 ( 18.95-24.78) 
Western European 3084 3 1.14 (30.23-32.05) 

(c) Education level 

In the Screen Test population 29% of the women had at least some post-secondary 

education. A comparison of the education Level for the Screen Test population and the 

Alberta population is presented in Table 3.8. For women of all ages. there were fewer 

women in the Screen Test population with at least some post-secondary education 



compared to the genenl population of Alberta. However. the differences between the two 

populations were only significant for women aged 50 to 59 years. 

Table 3.8: Comparison of percentage of women with at least some post-secondary 
education in study population compared to Alberta population 

Age % of study population (95% CI) % of Alberta population (95% CI) 
50-54 37.67 (36.58-3 8.76) 46.1 9 (43.93-48.46) 
55-59 3 1.12 (30.22-32.03) 56.10 (33.61-38.63) 
60-64 26.72 (35.85-27.6 I )  39 -90 (27.42-32.47) 
65-69 24.0 1 (23,18-24.85) 27-10 (24.63-29.72) 

Women who had at least some post-secondary education were significantly more 

likely to use HT than women with no post-secondary education. Thirty-five per cent 

(95% CI 34.4 1 %-36.11%) of women with some post secondary education used HT 

compared to 25.98% (95% CI 25.16%-26.8 1 %) of women with no post-secondary 

education. 

Table 3.9: Hormone use by education level in study population 

Education level number of women % currently using HT (95% CI) 
no post-secondary 6940 25.98 (25.16-26.8 1) 

at least some post-secondary 3922 35.3 1 (34-41-36-21) 

C. Screening visit outcomes - 

1. Abnormality rate and radiographic breast density 

There were significant differences between the cohorts for the outcomes of the 

screening visit. These results are described in Table 3.10. Overall, 6.20% (95% CI 



5.95%-6.44%) o f  mammognms performed were determined to be abnormal and resulted 

in subsequent follow-up. Women who were current users of HT were more likely to have 

an abnormal mammography result (p<0.00 I). The relative risk of an abnormal 

mammogram for current users of HT compared to non-users was 1.33 (95% C I  1.13- 

1.34). The relative risk of having a fatty radiographic breast a p p e m c e  which was 

defined as having less than 25% fibroglandular tissue density was 0.7 (95% CI 0.6-0.7) 

for current users compared to non-users. The absolute difference between the HT cohorts 

was 1 6% (p<O.OO 1 ). 

Table 3.10: Results of screening visit 

screening outcome non-users current users difference p-value relative 
YO YO between cohorts' risk" 

(95% CI) (95% CI) % 
(95% CI) 

abnormality rate 5.8 7.2 1 .S ~ 0 . 0 0  1 1 .2 
(5.5-6.1 ) (6.7-7.6) (0.8- I -9) (1.1-1 -3) 

fatty breast density 48.1 3 1.8 -16.2 <O.OO 1 0.7 
(47.5-48.7) (3 I -0-32.7) (-1 7.34- 1 5.2)) (0.6-0-7) 

'The difference between the cohorts was the proportion of women with the outcome 
amongst current users of HT minus the proportion amongst non-uses. 
=The relative risk was calculated using non-users of HT as the referent group. 

2. Abnormality rate stratified by first versus subsequent screen 

The abnormality rate of screening mammography is lower for the subsequent 

screening visit compared to the f m  visit and in some populations women who use KT 

have been found to be more likeIy to engage in preventive health practices (11, 14, 18. 



60). Thus it was possible that the differences in abnormality rate between the HT cohorts 

could have been the result of confounding or effect modification by previous 

mammographic screening. Therefore. an analysis stratifying by screening visit was 

carried out. These results are presented in Table 3. l i . 

Confounding and effect modification were assessed for by examining the crude 

and stratum specific relative risks. If the crude relative risk. the risk in the unstratified 

study population. differed From the stratum specific relative risks and the stratum specific 

relative risks were homogenous. then it was concluded that confounding by age was 

operating. If there was heterogeneity across the stratum specific relative risks then it was 

concluded that age was acting as an effect modifier. 

The stratified analysis showed that screening visit modified the risk of an 

abnormal mammogram. This effect modification did not explain the elevated risk of an 

abnormal mammogram amongst current HT users as the relative risk of an abnormal 

mammogram was significantly higher than the null value of one for current users of HT 

compared to non-users for both first and subsequent screening visits. The relative risk of 

an abnormal mammogram for current users o f HT compared to non-users increased From 

1.2 (1.1-1 -3) at the first screening visit to 1 -7 ( 1.41 -9) for the subsequent visit. 



Table 3.11: Risk of abnormal mammogram by HT status stratified by first or 
subsequent screening visit 

HT cohort difference p-value Relative 
between cohortsm Risk" 

non-users current users % 
Ya yo (95% CI) 

(95% CI) (95% CI) 

(95% CI) 

study population 5.8 7.2 1.3 4.00 1 1 -2 
(5.5-6.1 ) (6.7-7.6) (0.8-1.9) (1.1-1-3) 

first visit 7.9 9.3 1.3 0.002 1 -2 
(7.5-8.4) (8.5-10.1) (0.5-2.3) (1.1-1-3) 

subsequent visit 3 -2 5.4 2.1 0.00 1 1.7 
(2.9-3.6) (4.8-6.0) ( 1.5-2.8) (1 -4-1 -9) 

'The difference between the cohorts was the proportion of women with an abnormal 
mammognm amongst current usen of HT minus the proportion amongst non-users. 
'The relative risk was calculated using non-users of HT as the referent group. 

3. Abnormality rate stratified by age 

Since the abnormality rate of screening mammography is higher for younger 

women and younger women are more likely to use HT. the association between 

abnormality rate could have been confounded or modified by age. Therefore an analysis 

strati@ing by age. in addition to screening visit was done. The results of this analysis are 

presented in Table 3.12. 

For the fmt screening visit the risk of an abnormal screening result for current 

users of HT compared to non-users was modified by age. The relative risk of having an 

abnormal mammogram with current use of HT increased fIom 0.87 (95% CI 0.7 1 - 1 -06) in 

women aged 50 to 54 years to 1.53 (95% CI 1.23-2.05) in women aged 65 to 69 years. In 



non-users of HT the risk of an abnormal mammogram decreased from 9.5% (95% CI 

8.4%-10.6%) in women aged 50 to 54 years to 6.5% (95% CI 5.8%-7.3%) in women aged 

65 to 69 years while there was no significant change in abnormality rate with age for 

current users of HT. For the subsequent screening visit the risk of an abnormal screening 

result was not modified or confounded by age. There were no statistically significant 

differences between the crude and the stratum specific relative risks of an abnormal 

mammognm nor were there differences in the relative risks across age strata. For all age 

strata the reiative risk of an abnormal mammogram for current users of HT compared to 

non-usen was significantly greater than the null value of one. 



Table 3.12: Risk of abnormal mammogram by HT status stratified by age at most 
recent mammogram and first versus subsequent screen 

age stratum HT cohort difference p-value relative risk" 
between cohorts' (95% CI) 

non-users current users YO 
yo yo (95% a) 

(95% C1) (95% CI) 
first screen 

study 7.9 9.3 1 -4 0.002 1.2 
population (7.5-8.4) (8.5- 10.2) (0.5-2.3) (1.1-1.3) 
50-54 9.5 8.2 -1 -2 0.157 0.87 

(8.4- 1 0.6) (6.9-9.7) (-3 .O-0.46) (0.7 1 -I -06) 
55-59 8.4 9.1 0.71 0.416 1-08 

(7.5-9.4) (7.7-1 0.7) (- 1 -02-2.44) (0.88-1 3 5 )  
60-6 4 8.1 10.8 2.78 0.005 1-35 

(7.2-9 .O) (9.0-1 2.9) (0.694.88) (1.10-1.65) 
65-69 6.5 10.0 3 -43 <O .OO 1 1.55 

8 7  (8.0-1 2.1) ( 1 27-5.6 1 ) ( 1 23-2-05) 
Subsequent screen 

study 3.3 5 .4 2.1 ~0.00 1 1.7 
population (2.9-3.6) (4.8-6.0) ( 1 -5-2.8) ( I -4- 1.9) 
50-34 2.9 4.7 1.84 0.006 1.65 

(2.1-3.7) (3 -6-5.8) (0.5 1-3. L 7) ( 1.15-2.35) 
55-59 3 -3 4.7 1.44 0.009 1 -44 

(2.7-1.0) (3.8-5-7) (0.3 3-2-55) (1.10-1.89) 
60-64 3.1 6.6 3.58 ~0.00 1 2.17 

2.5- 7 )  (5.4-8.0) (2.194.97) ( 1 -66-2.84) 
65-69 3 -6 5.9 2.32 <O.OO 1 1.65 

(3.0-4.2) (4.5-7.5) (0.76-3.89) ( I 24-2.2 I ) 
'The difference between the cohorts was the proportion of women with an abnormal 
mammogram amongst current users of HT minus the proportion amongst non-users. 
The RR was calculated using non-users oCHT as the referent group. 

4. Radiographic breast density stratified by age 

Since the radiographic appearance of the breast is generaIIy denser for younger 

women compared to older women and current users of HT tend to be younger than non- 



users this variable was stratified by age in order to assess for confounding or effect 

modification by age. These results are presented in Table 3.13. There was evidence that 

the relative risk of having a fatty radiographic breast density for current users compared 

to non-usen was modified by age. The relative risk of having a fatty radiographic breast 

density decreased from 0.83 (95% CI 0.77-0.88) in women aged 50 to 54 years to 0.66 

(95% CI 0.61-0.70) in women aged 65 to 69 years. For all age strata the relative risk of 

having a fatty radiographic breast density for current HT users compared to non-usen 

was significantly less than one. 

The increase in relative risk resulted because the probability of having a faw 

radiographic breast appearance increased with age for non-usen but remained constant 

with increasing age for current users of HT. In non-users the proportion of women with 

fatty breast density increased from 36.4% (95% CI 35.0-3 7.8) in women aged 50 to 54 

years to 55.0% (95% CI 53.9%-56.0%) in women aged 65 to 69 years. In current users 

the proportion of women with fatty breast density was much lower. Thirty percent (95% 

CI 18 -4%-3 1 -7%) of women aged 50 to 54 years had fatty radiographic breast density. 

There was no significant increase in this proportion until women were aged between 65 to 

69 years where 36.0% (95% CI 3 3 -8%-3 8.1%) of women had a fatty radiographic breast 

appearance. 



Table 3.13: Risk of having predominantly fatty radiographic breast density 
stratified by age 

age HT cohort Difference between p-value relative risk" 
stratum HT cohortsB (95% CI) 

non-users current users YO 
% Yo (95% CI) 

(95% CI) (95% CI) 
study 38.1 3 1.8 16-14 ~0.00 1 0.66 

population (47.5-48.7) 
50-54 36.4 

(35.047.8) 
55-59 44.5 

(43 .MS.?) 
60-64 50.8 

(49.6-5 1.8) 
65-69 55.0 

(53.9-56.0) (33.8-38.2) ( 16.54-2 1.42) (0.6 1-0.70) 
'The difference between the cohorts was the proportion of women with a fatty breast 
appearance amongst non-usen of HT minus the proportion amongst current-users. 
'The relative risk was calculated using non-usm of HT as the referent group. 

D. Breast cancers diamosed - 

1. Cancer detection rates 

During the study period there were 327 breast cancers diagnosed in the 3 7 . 9  1 7 

eligible study participants. Eighty-four of these cancers were diagnosed amongst HT 

users. Of these breast cancers 64 were diagnosed as the result of an abnormal screening 

mammogram while 20 of the cancers were diagnosed in women who had a normal 

screening mammogram through some other means during the one-year interval that 

proceeded screening. In non-users there were 243 breast cancers diagnosed of which 224 

were screen detected and 19 were interval cancers- 



There were significant differences between the HT cohorts in the rates of both 

screen-detected and interval cancers. These results are presented in Table 3-14. The rate 

of screen detected cancers in the study population was 7.6 per thousand. There were 

significantly fewer screen detected cancers diagnosed amongst current users of HT than 

the non-users (p=O.O 15). The relative risk of being diagnosed with a screen detected 

cancer for current users of HT compared to non-users was 0.71 (95% CI 0.54-0.94). 

The interval cancer rate for the study population was I .04 per 1000 women who 

had a normal screening result. The interval-cancer rate was significantly higher in current 

users of HT at 2.0 per 1000 (95% CI I .  1 1-2.85) compared to 0.75 per 1000 (95% CI 0.4 1 - 

1.08) in non-users (p=0.001). The relative risk of being diagnosed with an interval cancer 

was 2.65 (95% CI 1.41 4.97) for current users of HT compared to non-users. 



Table 3.1 4: Cancer detection rate and relative risk of breast cancer for HT co borts 

HT cohort difference p-value relative r i s r  
between (95% CI) 
cohorts8 

cancer type non-users current users rate per 1000 
rate per 1000 rate per 1000 (95% CI) 

(95% C1) (95% CI) 
screen detected 8.28 5.88 2-30 0.015 0.7 1 

(7.10-9.37) (4.45-7.3 2) (0.604.10) (0.54-0.94) 
interval 0.75 2-00 -1 -23 0,002 -. 3 65 

(0-41-1 -08) (1.1 1-2.85) (-2.16-(-0.30)) ( 1 -4 14-97) 
'The difference between the cohorts was calculated as the cancer detection rate for non- 
users minus the rate for current users. 
'The relative risk was calculated using non-users of HT as the referent group. 

(a) Cancer detection rate stratified by first versus subsequent visit 

Cancer detection rate varies depending on fiat or subsequent screening visit and 

in some populations use of KT is associated with use of preventive health practices (12. 

14. 18.60). Thus it is possible that the association between current use of HT and the 

cancer detection rate could be confounded or modified by previous mammographic 

screening. In order to assess whether or not there was confounding or effect modification 

by screening visit the cancer detection rates were stratified by first versus subsequent 

screening visit. The results are presented in Table 3.15. 

The relative risk of a screen detected breast cancer was not modified or 

confounded by screening visit as there was no significant difference between the crude or 

the stratum specific risks. For both first and subsequent visits there were fewer screen- 



detected cancers in the HT cohort. However, these differences were not statistically 

significant. 

There was no evidence that the relative risk of an interval cancer for current users 

compared to non-users was modified or confounded by screening visit. There was no 

significant difference between the crude of the stratum specific relative risks. The interval 

cancer rate was higher for current usen of HT for both fim and subsequent visits. 

However, the difference was only significant for subsequent screening visits. 



Table 3-15' Breast cancer detection rate per 1000 women screened and relative risk 
of breast cancer for HT cohorts stratified by first versus subsequent visit 

HT cohort difference p-value relative 
between riskx 
cohorts* (95% CI) 

cancer type non-usen current users (95% CI) 
(95% CI) (95% CI) 

screen detected 
study 8.38 5.88 2-40 0.0 15 0.7 1 

population (7.20-9.37) (4.45-7.32) (0.604.20) (0 -54-0.94) 
first visit 10.8 9.0 1.8 0.293 0.84 

(9.1 - 12.4) (6.4- 1 1 -7) (- 1 -44.9) (0.60- 1.1 7) 
subsequent 5.3 3.3 2.0 0.067 0.63 

visit (4.0-6.6) ( I  -94.8) (0.02-3 -9) (0.3 8-1.04) 
interval 

study 0.75 2-00 -1.14 0.002 2-65 
population (0.41 - 1.08) ( 1.1 1-1-85) (-2.16-(-0.30)) ( 1 .-I 1 4.97) 
tirst visit 1.03 1.81 -0.78 0.1 SO 1.73 

(0.56-1.73) (0.78-3.56) (-2.14-0.58) (0.724.1 I ) 
subsequent 0 -42 2-10 - 1 -68 ~0 .00  1 4.90 

visit (0.14-0.98) ( 1.09-3.69) (-2.93-(-0.43)) 6 1.73-13.91) 
'The difference between the cohorts ~ v a s  calculated as the cancer detection rate for non- 
users minus the rate for current users 
'The relative risk was calculated using non-users of HT as the referent category 

(b) Cancer detection rate stratified by age 

Younger women are more likely to be current users of HT and the cancer 

detection rate varies with age so the rates were stratified by age in order to assess for 

confounding or effect modification by age. 



i. Screen detected cancers 

There was no evidence that the relative risk of a screen detected breast cancer for 

current users of HT compared to non-users was confounded or modified by age (Table 

3.16). For all age strata. except one, point estimates of relative risk o f a  screen detected 

breast cancer for current users of HT compared to non-users were close to the null value 

of one and were not statistically significant. Women aged 60 to 64 years who were 

current users of HT were about 50% less likely than non-users to be diagnosed with a 

screen detected cancer. The relative risk was 0.52 (95% CI 0.30-0.92) which was 

significantly less than the null value of one. 

Table 3.16: Screen detected cancer rate per 1000 women screened stratified by age 
at most recent mammogram and first versus subsequent screen 

age stratum difference between HT co hortsa p-value relative risk' 
(95% CI) (95% CI) 

study 2-40 0.0 15 0.7 I 
population (0.604.20) (0 54-0.94) 

50-54 0.33 0.828 0.92 
(-2.6 I -3.3 3 ) (0.48-1 -88) 

55-59 2-10 0.905 1.03 
(-3 .6 1 -3 -20) (0.63- t .68) 

60-64 5.17 0.02 I 0.52 
(1.42 -8.93) (0.30-0.92) 

65-69 2.30 0.847 0.98 
(-2.05-6.65) (0.46-1 -88) 

'The difference between the cohorts was calculated as the screen detected cancer rate for 
non-users rninus the rate for current users. 
The relative risk was cdcdated using non-users of HT as the referent category. 



ii. Interval Cancers 

There was no evidence that the relative risk of an intend cancer was confounded 

or modified by age as there were no significant differences between the crude and stratum 

specific relative risks (Table 3.17). The relative risk of an interval cancer was less than 

the null value of one for women aged 50 to 54 years. However. this estimate is quite 

imprecise due to the small number of interval cancers diagnosed in this age group (n=7). 

For women aged 55 to 59 years women who were current users of HT were three times 

more likely to have an interval breast cancer diagnosed following a normal screening 

result than non-usen. This difference was not significant. However. the confidence 

interval of the estimate overlaps the null value of one by only a small amount. The 

relative risk of an interval breast cancer was 4.59 (95% CI 1.30- 16.26) and 3.93 ( 1.20- 

12.85) for women aged 50 to 64 years and 65 to 69 years respectively. 



Table 3.17: Relative risk and absolute differences between HT cohorts for interval 
cancer rate per 1000 women screened stratified by age 

Age stratum Difference between HT p-value relative risk 
groups* (95% CI)# 

(95% CI) 
study population t -23 0,002 2.65 

(0.30-2.16) ( 1-42-4.97) 
50-54 -0.45 0.71 1 0.6 1 

(- I .86-0.97) (0.12-3.16) 
55-59 1.47 0.058 3 -26 

(-0 22-3.16) (0.96-11.13) 
60-64 2-05 0.0 18 3.59 

(-0.124.23) ( 1 -29- 1 6.26) 
65-69 2.20 0.03 3 -93 

(-0.45-4.85) (1 20-12.85) 
.The difference between the cohorts was calculated as the interval breast cancer rate for 
current users of HT minus the rate for non-users. 
"The relative risk was calculated using non-users of HT as the referent categary. 

2. Characteristics of breast cancers 

The characteristics of the breast cancers diagnosed were examined to determine 

whether or not the Screen Test Program met the targets described above for organized 

screening programs and to examine whether or not there was a difference between the 

two HT cohorts. 

(a) Screen detected breast cancers 

The characteristics of the 286 screen detected breast cancers were examined and 

are presented in Table 3.1 8. Early stage tumors (Stage 0 or I) comprised 67.7% (95% CI 

6 1.97?40-73 -08%) of the screen detected breast cancers. Forty-seven percent (95% CI 



40.6%-53.6 1 %) of the invasive breast cancers were less than 1.5 centimettrs in size. The 

mean tumor size was 1.8 cm (95% CI 1.6-2.0). There were no significant differences 

between the HT cohorts with respect to any of these tumor characteristics. 

Table 3.18: Tumor characteristics for HT cohorts for screen detected breast cancers 

tumor characteristic n study KT cohort p-value 
population 

no n-users current users 
Stage 0 or I. % (95% 286 67.7 67.0 70.3 0.6 13 

(6 1.97-73 -08) (60.39-73 -08) (57.84-8 1.09) 
size ~ 1 . 5  em*. % 238 47.1 48.1 42.9 0.469 
(95% CI) (40-6-53.6 1 ) (40.8-55.5) 28.8-57.8) 
Mean tumor size*. 23 8 1.8 1.8 1.7 0.586 
cm (95% CI) ( 1.6-2.0) ( 1.6-2.1 ) ( 1.3-2.1) 
*The size was calculated for invasive breast cancers only. 

A comparison of the characteristics of the screen detected breast cancers to the 

guidelines for organized breast cancer screening programs are described in Table 3.19. 

The screen detected breast cancers detected in the Screen Test program were slightly 

below the guidelines for organized screening programs. However. there were no 

statistically significant differences between the characteristics in the Screen Test program 

and the guidelines. 



Table 3.19: Comparison of characteristics of screen detected breast cancers in 
Screen Test population to guidelines for organized screening programs 

tumor characteristic Screen Test population guideline 
Stage 0 or I, % (95% 67.7 70 

CI) (6 1.97-73.08) 
size 4.5 cm*. % 47.1 50 

(95% CI) (40.6-53.6 1 ) 
*includes only invasive breast cancers 

(b) Interval breast cancers 

For completeness. the characteristics OF the 39 interval breast cancers are 

described in Table 3.20. The interval cancers were very different tiom the screen-detected 

cancers. Only 28.9% (95% CI 15.4%45.9%) were stage 0 or I. Twenty-six percent (95% 

Cf 24.9%43.3%) were less than 1.5 centimeters in size and the mean tumor size was 2.97 

cm (95% CI 1.9 1-3.46)- As with. the screen detected cancers. there were no significant 

differences between the HT cohorts. 

Table 3.20: Tumor characteristics of interval breast cancers 

tumor characteristic n study HT cohort p-value 
population 

non-users current users 
Stage 0 or I. % (95% 38 28.9 27-8 30.0 0.644 
CI) ( 1 5.445.9) (9.7-53 -53 ( 1 1.9-54.2) 
size 4 . 5  cm*. % 35 25.7 23 -5 27.8 0.749 
(95% CI) ( 4 9  3 )  (6.8 149.9) (9.7-53.5) 
Mean tumor size*, 35 2-69 -. 3 41 2.94 0.50 1 
cm (95% CI) ( 1 -9 1-3 -46) ( 1 -70-3-12) ( i 59-4-30) 
*The size was calculated for invasive breast cancers only. 



III. Outcomes measuring performance of screening mammography 

A. Unadjusted estimates - 

There were significant differences between the HT cohorts with respect to 

sensitivity. specificity, positive and negative predictive values. These results are 

described in Table 3.21. Current use of HT was associated with a significant decrease in 

sensitivity. This decrease was substantial, an absolute decrease 01 15.99% (95% CI  

6.28%-25.70%). There was a significant reduction in specificity with current use of HT. 

This reduction was smaller that that bund with sensitivity - an absolute difference of 

only 1.59% (95% CI 1.05%-1.12%). Positive predictive value was reduced 6% from 

14.76% (95% CI 12.53%-16.00%) in non-users to 8.23% (95% CI 6.30%-10.16%) in 

current users of HT. The relative decrease in positive predictive value was about 40%. 

There was a significant but very small difference (0.13%) in negative predictive value 

between the HT cohorts. 



Table 3.21: Sensitivity, specificity and predictive values of screening mammography 
with one-year follow-up 

HT cohort 
screening study population 
outcome YO 

(95% CI) 
sensitivity 88.07 

(84-56-9 1 59) 
specificity 94.52 

(94.29-94.75) 
positive 12.26 

predictive (10.93-13.59) 

non users current users p-value 
Yo Yo 

value 
negative 99.89 99.93 99.80 0.002 

predictive (99.76- 100.00) (99.89-99.96) (99.7 1-99.89) 
value 

B. Estimates adiusted usinp stratification - 

I. Stratified analysis adjusting for age 

Since age was identified as a potentially confounding factor of the association 

between current use of HT and the performance of screening mammography age- 

stratified analyses for sensitivity. specificity and predictive values were carried out. The 

results for these analyses are described in Table 3.22 through Table 3.25. 

There was no evidence that the association between current use HT and the 

sensitivity of screening mammography was confounded or modified by age (Table 3.22). 

There were no differences between the crude and stratum specific differences in 

sensitivity between the HT cohorts. The sensitivity was substantidy reduced for current 



users of HT compared to non-users in all age strata except women aged 50 to 54 where 

current usen had a higher sensitivity (Table 3.22). The difference between the HT cohorts 

was only significant for women aged 60 to 64 and 65 to 69 years where current uses had 

a sensitivity that was 2504 (95% CI 4.6445.83) and 20.72% (95% CI -0.68%-42.12%) 

respectively. For all age strata the confidence intervals of the difference in sensitivity 

between the HT cohorts are wide due to the smdI number of cancers. 

Table 3.22: Sensitivity of screening mammography stratified by age 

age HT cohort difference 
between cohorts* 

non-users current users YO p-value 
Yo Yo (95% CI) 

(95% CI) (95% CI) 
study 92.18 76.19 15.99 <O.OO 1 

population (88.8 1-95-57) (67.08-85.30) (6.28-25.70) 
50-54 80.00 85.7 1 -5.7 1 1 .OO 

(59.30-93.1 7) (57.19-98.22) (-29.84-1 8.41) 
55-59 9 1 -84 78.15 13.71 0.102 

(80.40-97.73) (60.03-90.72) (-2.53-29.96) 
60-64 95.24 70.00 25.24 0.003 

(88 25-98.69) (45.72-88- 10) (4.6445.83) 
65-69 92.94 72.22 20.72 0.022 

(85.27-97.37) (46.52-90.3 1) (-0.6842.12) 
'The difference was calculated as the sensitivity for non-users minus the sensitivity for 
current users of HT. 

There was evidence that the difference in specificity of screening mammography 

between the HT cohorts was modified by age. The specificity was reduced for current 

users of HT compared to non-users for all age strata except women aged 50 to 54 years 



where it was higher (Table 3.23)- The stratum specific differences were significantly 

different from the crude difference and there were significant differences across age 

strata. The difference in specificity between the HT cohorts increased from -0.39% (95% 

CI (-1.50%)-0.73?4-~) in women aged 50 to 54 years to 1.82% (9j0/o CI 1.564.08) in 

women aged 65 to 69 years. The increase in the difference in specificity between the two 

cohorts occurred because specificity increased with age in non-users but remained 

constant for current users of HT. The specificity for non-users increased from 93.48% 

(95% CI 92.76%-94.19%) in women aged 50 to 54 years to 95.73% (95.30%-96.17%) for 

women aged 65 to 69 while there was no significant change in specificity with increasing 

age for women who were currently using HT. 



Table 3.23: Specifcity of screening mammography stratified by age 

age HT cohort difference between coho rtsg 
non-users current users YO p-value 

Yo % (95% CI) 
(95% CI) (95% CI) 

study 94.97 93.39 1.59 cO.00 1 
population (94.7 1-95 23) (92.92-93 36)  ( 1 -05-2.12) 

50-54 93.48 93.86 -0.39 0.500 
(92.76-94.19) (93 -00-94.72) (- 1 -50-0.73) 

55-59 94.62 94.09 0.53 0.27 1 
(94-07-95.17) (93.6 1-94.87) (-0.42- 1.48) 

60-64 95.36 92.1 6 3.21 <O.OO 1 
(94.88-95.84) (91.10-93.22) (2.044.37) 

65-69 95.73 92.9 1 2.82 <O.OO 1 
(95.30-96.17) (9 1.73-94.09) ( 1.564-08) 

'The difference was calculated as the specificity for non-users minus the specificity for 
current users of HT. 

There was a suggestion that the difference in positive predictive value between the 

HT cohorts was modified by age. While there were no statistically significant differences 

among the crude or saturn specific differences between the HT cohorts a trend of an 

increasing difference between the HT cohorts with increasing age could be seen. The 

difference between the cohorts increased from 0.1 f % (95% CZ 4.164.38) in women 

aged 50 to 54 years to 9.01% (95% CI 3.04%-14.97%) in women aged 65 to 69 years. 

WhiIe there was no statistically significant difference between these differences the point 

estimates are quite different and there is only a small overlap of the confidence intervals. 

Additionally, when the positive predictive value amongst current and non-usen were 

examined changes with age could be seen. For non-users of HT positive predictive value 



increased with age. The positive predictive value increased From 6.23% (95% CI 3.59%- 

8.87%) amongst women aged 50 to 54 years to 18.16% (95% CI 14.54%-2 1.78%) 

amongst women aged 65 to 69 years. There was no change in positive predictive value 

with age for current users of HT. 

Table 3.24: Positive predictive value of screening mammography stratified by age 

age HT cohort Difference between cohorts* 
non-users current users YO p-value 

Yo Yo (95% Ct) 
(95% Ct) (95% CI) 

study 14.26 8 -23 6.03 <O.OO 1 
population ( 12.53- 15.99) 

50-54 6.23 
(3.59-8.87) 

55-59 1 1.39 
(8.26- 14.53) 

60-64 19.05 
( 1 5.29-22.80) 

65-69 18.16 
( 14.5 4-2 1.78) (4.4 1 - 13 -89) (3.04- 14.97) 

'The difference was calculated as the positive predictive value for non-users minus the 
positive predictive value for current users of HT. 

Negative predictive value was extremely high for both cohorts across all age 

strata. For dl age strata the differences between the HT cohorts were extremely small and 

non-significant and there were no appreciable differences between the crude or stratum 

specific differences between the cohorts. Since the negative predictive value was so high 

for both cohorts no subsequent adjustment of this outcome was carried out. 



Table 3.25: Negative predictive value of screening mammography stratified by age 

age HT cohort Difference between 
cohorts' 

non-users current users % p-value 
yo yo (95% CI) 

(95% CI) (95% CI) 

study 99.93 99.80 0.22 0,002 
population (99.89-99.96) 
50-54 99.88 

(99.78-99.99) 
55-59 99.94 

(99-87-1 00) 
60-64 99.94 

(99.89- 100) 
65-69 99.92 

(99.86-99.99) (98.81-100) (-0.67-1 -1  1 ) 

'The difference was calculated as the negative predictive value for non-users minus the 
negative predictive value for current users of HT. 

2. Stratified analysis adjusting for age m d  first versus subsequent screening 
visit 

Sensitivity. specificity and positive predictive value were stratified on tirst versus 

subsequent screening visit in addition to age. These results are presented in Table 3.26 

through Table 3.28. 

Since there were no significant differences across age strata. sensitivity was 

stratified only on screening visit. While there were no si-pificant differences in the 

difference in sensitivity between the HT cohorts. there was a suggestion that the 

difference in sensitivity was greater for the subsequent screening visit compared to the 



first screening visit - 60.36% (95% CI 12.5348.19%) versus 7.29% (95% CI -3.33%- 

17.9 1%) (Table 3.26). 

Table 3.26: Sensitivity of screening mammography stratifed by screening visit 

Screening visit HT cohort Difference 
between cohortsB 

non-users current users YO p-value 
yo Yo (95% CI) 

(95% CI) (95% cr) 
study population 92-18 76.19 1 5.99 <O.OO 1 

(88.8 1-95.57) (67.08-83.30) (6.28-25.70) 
First screen 91.91 84.62 7.29 0.121 

(86.80-95.50) (71 -92-93.12) (-3.33-17.91) 
Subsequent screen 92.86 62.5 30.36 <O.OO I 

(84.1 1 -97.64) (43 -69-78.90) ( 12.53-48.19) 
'The difference was calculated as the sensitivity for non-users minus the sensitivity for 
current users of HT. 

There were differences in specificity across strata of age and tim versus 

subsequent visit for current users of HT compared to non-users (Table 3.27). In all cases 

the differences between the cohorts were small - less than 5%. For the first screen. age 

appeared to modify the association between current use of HT and specificity. Among 

non-users of HT specificity increased from 9 1.08% (95% CI 89.66%-92.50%) in women 

aged 50 to 54 to 94.58% (95% CI 93.02%-96.14%) for women aged 65 to 69 years while 

it appeared to stay constant with age for current users. There appeared to be a trend of an 

increasing difference in the specificity between the two cohorts. The difference in 

specificity increased from - 1.3 1 % (95% CI -3 -00%-0.3 8%) in women aged 50 to 54 years 



to 3.58 (95% CI 1.51%-5.66%) in women aged 65 to 69 years. There were no significant 

differences between the crude and stratum specific differences across age strata. The 

difference between the HT cohorts was only significant for the age strata from 60 to 69 

years. For the subsequent screen. there was a significant reduction in specificity with 

current use of HT for all age strata. The changes in specificity with age that were seen 

with the first screening visit were not apparent for the subsequent visit. 



Table 3.27: Specificity of screening mammography stratified by screening visit and 
by age 

screening visit HT cohort difference between 
and age cohorts' 

non-users current users YO p-value 
Yo Yo (95% CI) 

(95% CI) (95% CI) 
First screen 

study 94.48 9 1 -48 2.99 <O,OO 1 
population (94.15-94.8 1) (90.70-92.17) (2.14-3.85) 
50-54 9 1 -08 92-39 -1.3 1 0.136 

(89.66-92.50) (9 1.4 1 -93.37) (-3 .OO-0.3 8) 
55-59 92.34 9 1.85 0 -48 0.563 

(90.97-93.70) (90.95-92.76) (-1 .I 7-2-14) 
60-64 93.37 89.94 3 -43 <O.OO 1 

(9 1.83-94.9 1) (88.98-90.89) ( I .4 1-5-45] 
65-69 94.58 9 1 -00 3 -58 <O.OO 1 

(93.02-96.14) (90.16-9 1.84) ( 1 .S t -5.66) 
Subsequent 
screen 

study 97-27 94.92 2.3 4 KO.00 1 
population (96.98-97.55) (94.37-95.48) ( I .7 1-2-97] 
50-54 97.26 95.44 I .82 0.005 

(96-42-98.10) (94.48-96.4 1 ) (0.51-3.13) 
55-59 97.23 95.69 1.54 0,003 

(96.52-97.95) (94.97-96.42) (0.48-2.60) 
60-64 97.52 93 -67 3 -86 <O,OO 1 

(96.73-98.32) (92-86-94.47) (2.5 1-5-20) 
63-69 97.06 94.45 2.6 I 0.00 1 

(96.0 1-98.10) (93.73-95.17) (I. 104.12) 
'The difference was calculated as the specificity for non-users minus the specificity for 
current users of HT. 

For positive predictive value there appeared to be modification of the difference 

between the cohorts by age (Table 3.28). For both the first and subsequent screening 

visits the positive predictive value increased with age for non-usen while it remained 



constant with increasing age amongst current users of HT. There was a trend of an 

increasing difference between the cohorts with increasing age. However. the increase in 

the magnitude of the differences between the cohorts was not statistically significant. 



Table 3.28: Difference in positive predictive value between HT cohorts stratified by 
age and screening mammogram 

Screening visit and HT cohort Difference 
age between HT 

cohorts' 
non-users current users YO p-value 

YO YO (95% Ct j  
(95% CI) (95% CI) 

First screen 
study 13.57 9.67 3 -90 0.033 
population ( 1  1.61-15.53) (6.95- 12.39) (0.55-7.25) 
50-54 6.67 7.8 1 -1.15 0.676 

(2.35- 1 0.99) (4.61-1 1.01) (-6.664.67) 
55-59 9.83 1 1.85 -2.02 0,525 

(4.80- 14.85) (8.1 6- 1 5.54) (-8.45-4.40) 
60-64 18-91 8.18 10.73 0.008 

( 1 1 -59-26.23 ) (5.14-11.29,) (4.01-17.45) 
65-69 17.97 10.98 6-99 0.13 1 

(9.66-26.28) (7.41-14.54) (-1.07-15.05) 
Subsequent 
screen 

study 16-29 6.19 10.10 <O.OO 1 
population ( 12.67- 19.9 1 ) (3.56-8.82) (5.62- 14.58) 
50-54 3 -92 2.94 0.98 0.769 

(-0 69-8.54) (- 1.70-7.58) (-5.57-7.65) 
55-59 16.00 9.28 6.72 0.156 

(8-70-23 -3 0) (3 39- 14.96) (-2.49- 1 5.94) 
60-64 19.44 5. I0 14.34 0.002 

( 1 1.6 1 27-38) (0.95-9.25) (5.70-22.99) 
65-69 18.57 6.67 1 l.90 0.03 1 

(8.73-28 -4 1 ) (2.53-1 0.80) (2.89-20.92) 
 he difference was calculated as the positive predictive value for non-users minus the 
positive predictive value for current users of HT. 



C. Estimates adiusted using loPistic repression - - 

1. Description of potentially confounding variables 

Characteristics which have been shown previously to be associated with use of 

HT and an increase or decrease in radiographic breast density or a change in the 

performance of screening mammography were considered to be potentially confounding 

factors of the association between current use oCHT and the performance of screening 

mammography. Since only those factors that were associated with current use of HT in 

the study population would be used to adjust the performance measures for screening 

mammography. current use of HT among women with these characteristics was 

examined. 

A description of the study population and the two HT cohorts wth respect to 

these potentially confounding factors is provided in Table 5.29. The mean age of the 

study population at most recent screening mammogram in the Screen Test Program was 

60. There was a significant difference in the mean age between the two cohorts. 61 years 

in non-users compared to 59 for current users. The difference in means was small. only 7 

yean. However. current users of HT were 50% more likely to be aged less than 60 years 

and as described previously the proportion of use was significantly higher for younger 

women. 



There were no statistically significant differences between the cohorts with 

respect to parity, gravidity, the percent of women who were nulliparous or had a maternal 

history of breast cancer. There was a statistically significant difference between the HT 

cohorts for the mean age at first birth. However. when rounded to the nearest year the 

mean age at fist birth was 23 years for both of the cohorts. The same was true for mean 

age at menopause where there was no difference between the cohorts when the value was 

rounded to the nearest year. There was a statistically significant difference between the 

two cohorts with respect to mean time since menopause (p-vaIue<0.000 1 ). When rounded 

to the nearest year current users of HT had a mean time since menopause of 1 1 years 

compared to 9 years in non-users. 

Women who used HT were significantly more likely to have an age of menarche 

less than 12 years. to have a history of hysterectomy. a history of oral contraceptive use. 

have had a previous breast biopsy. and had a previous mammogram. They were 

significantly less likely to have a history of a sister with breast cancer and an age at first 

birth greater than 19 years of age. 



Table 329: Description of study population with respect to potentially confounding 
factors 

factor study population HT cohort p-value 
non-users current users 

Age at most recent 60.14 60.80 58.52 <O.OOO 1 
mammogram. mean 

Age less than 60 years. 
Yo 

Age at menopause. mean 

Time since menopause. 
mean 

History of hysterectomy. 
Yo 

History of sister with 
breast cancer. % 

Maternal History of 
breast cancer. % 
Nulliparous. % 

Gravidity. median 
( IQ range) 

Parity. median 
( IQ range) 

Age at first birth. mean 

Age at tirst birth >29. % 

Menarche < 1 I. % 

previous breast biopsy. 
Yo 

Previous Screen Test 
Mammogram, % 

History of previous 
mammogram (Screen 

Test or other), % 
History of oral 

contraceptive use, % (47-42-48.43) (42.794197) (58.29-60-14) 



(a) Clinical significance of differences between HT cohorts with respect to 
potentially confounding factors 

In order to assess whether or not the significant associations were large enough to 

be considered clinically relevant. the differences between proportions and relative risks of 

having the potentially confounding factor For current users of HT compared to non-users 

for the categorical variables that were significantly associated with use of HT were 

examined (Table 3.30). It was important to examine the relative risks as well as the 

absolute difference in risk. Since the size of the study population was large. there were 

several small differences which were found to be highly statistically significant (e.g. p- 

value <0.00 1) between the study cohorts. With this. there is the concern that the 

magnitude of some orthese differences between the cohorts may be small and not 

clinically significant. 

While the absolute differences between the cohorts for some of these variables 

were small ( I %-3%) there were moderate to large increases or decreases in the relative 

risks for all of the variables. Women currently using HT were almost twice as likely to 

have a history of a hysterectomy and 40% more likely to have used oral contraceptives in 

the past. Women who used HT were 20% more likely to have had menarche at an age 

younger than 12 years. a history of a previous breast biopsy. and a history of a previous 

mammogram, within or outside the Screen Test Program. Women using currently using 



HT were 25% less likely to have had a sister with breast cancer and 22% less likely to 

have an age at first birth of greater than 29 years. 

Considering the magnitude of the relative differences between the cohorts. it was 

determined that it would be necessary to consider all of the variables that were identified 

as having a statistically significant association with current use olHT as potentially 

confounding variables. 



Table 330: Risk differences and relative risks for HT cohorts with respect to 
potentially confounding factors 

potentially confounding factor difference between p-value relative risk" 
HT cohorts. (95% CI) 

% 
(95% CI )  

Age less than 60 years 18-78 <O.OO 1 1.45 
( 17.69- 19.87) (1.42-1 -48) 

History of hysterectomy 30.75 cO.00 1 1.94 
(29.68-3 1.8 1) ( 1 -90- 1.99) 

History of sister with breast cancer 1.5; <O.OO 1 0.76 
( I.03-2-03) (0.69-0.84) 

Age at first birth >29 1.97 <O.OO 1 0.78 
( 1 -322.6 1 ) (0.72-0.84) 

Menarche <12 2.70 ~0.00 1 1.18 
( 1 -86-3.55) (1.12-1.24) 

previous breast biopsy 2.74 <O.OO 1 1.19 
( 1 -92-3 -55)  ( 1.14-1.16) 

previous Screen Test mammognm 9.73 <O.OO 1 1.21 
(8.62- 1 0.83) (1.19-1.14) 

previous mammognm 12.75 <O.OO 1 1-17 
( 1  1 -96- 1 3 34) (1.16-1.18) 

History of oral contraceptive use 1 5.83 ~0.00 1 1.37 
(14.73-1 6.93) (1.34-1.39) 

Difference between the cohorts is the proportion of women with the characteristic in the 
HT cohort minus the proportion amongst non-users. 
'The relative risk was calculated using non-users as the referent category. 

(b) Age stratified analysis of potentially confounding variables 

Since some of the potentially confounding variables are associated with age and 

HT use is higher among younger women, confounding or effect modification by age 

could have explained the significant results for risk differences and risk ratios for the 

potentidy confounding factors between the HT cohorts. In order to assess this 



possibility, the variables described in Table 3-30 were stratified by 5-year age strata The 

results of these stratified analyses are summarized in Table 3.3 1. This analysis shows that 

confounding or interaction by age could not have explained the significant differences 

between the HT cohorts. 

There was evidence of effect modification by age for the association between 

current use of HT and the history of a hysterectomy. past use of oral contraceptives and 

early age at menarche. Women between the ages of55 to 69 years who used HT were 

twice as likely to have had a hysterectomy than non-users. However. women aged 50 to 

54 years using HT were only about 80% more likely than non-users to have had a 

hysterectomy. A similar pattern was seen with a history of oral contraceptive use. Women 

aged 50 to 54 years who used HT were only about 10% more likely than non-users to 

have a history of oral contraceptive use. This relative difference is significantly less than 

that for the age strata 55 to 69 where users of HT were from 20% to 35% more likely to 

have a history of o d  contraceptive use. There was a trend of a greater likelihood of an 

early age at menarche for users of HT compared to non-users with increasing age. 

There was no evidence of effect modification by age for any of the other variables 

that were significantly associated with current use of HT nor was there any evidence of 

confounding by age for these variables. An interesting finding was the difference in the 

direction of the association between use of HT and a history of breast cancer in a sister. 



For all age strata, except 60 to 64 years. users of HT were significantly less likely than 

non-users to have had a sister with breast cancer. Women who were aged 60 to 64 years 

were more likely to have had a sister with breast cancer. This difference was not 

statistically significant. 

Table 3.3 1 : Age stratified analysis for potentially confounding variables 

Variable crude Stratum specific relative risk" combined 
relative relative 

risk" risk" 
50-54 55-59 60-64 65-69 

Hysterectomy 1.9 1.8 2.0 2.0 2.1 s 
(1.9-2.0) 1 . 7 9 )  1 9 - 2 1 )  (1.9-2.1) (2.0-2.2) 

sister with breast 0.8 0.7 0.8 1.1 0.7 0.8 
cancer (0.6-0.8) (0.6-0.9) (0.7-1.0) (091.3) (0.6-0.9) (0.8-0.9) 

tirst birth >30 0.7 0.8 0.9 0.9 0.7 0.8 
(0.7-0.8) (0.7- 1 -0) (0.7- 1 .O) (0.7- 1 .O) (0.6-0.9) (0.8-0.9) 

menarche < 12 l.2 1 .O 1 . I  1 . 1 1-3 1.1 
1 1 - 1 2 )  (1.0-1.1) ( 1 0 - 1  (1.013) (1.2-1.5) (1.1-1.2) 

previous breast 1.2 I .3 1.2 1.1 1 -3 1 -2 
biopsy ( 1 . 1 - 1 )  (1.r31.4) (1.1-1.4) (1-0-1.3) 2 - 1 4 )  (1.2-1.3) 

previous I .2 I .2 L .2 1.2 1.2 1.2 
mammogram (1.2-1.2) (1 1 . 2  (1.2-1.1) (1.2-1.2) (1  -1-1.2) (1.1-1.2) 

past oral 1.4 1.1 1.2 1 -3 1 -4 S 

contraceptiveuse ( 1 . 1 4 )  (1.1-1.1) (1.2-1.3) (1.2-1.3) (1-3-1.5) 
'The relative risk was calculated using non-users as the referent group. 
'SThe combined relative risk was not calculated due to evidence of effect modification. 

(c) PotentiaUy confounding variables adjusted for in subsequent analyses 

Based on the above examinations of the potentially confounding factors. age. time 

since menopause, history of a hysterectomy. history of a sister with breast cancer. age at 

first birth greater than 29 years, age at menarche less than L2 years, previous breast 



biopsy, previous Screen Test mammogram. and a history of past oral contraceptive use 

were considered as potential covariates for the adjusted estimates of outcomes measuring 

the performance of mammography. These factors. which are associated with current use 

of HT in this study population. have been found to be associated with both a change in 

the performance of mammography or mammographic density and associated with use of 

HT. 

2. Assessing the validity of estimates obtained using logistic regression modeling 

Coughlin er a1 (72) suggest that bias could potentially affect the sensitivity 

estimate obtained using the method they have described. Before proceeding with 

adjusting the performance measures of screening mammography for potentially 

confounding factors using this method. the validity of the model was assessed. Coughlin 

et a1 suggest that when the prevalence of disease in strata of a covariate is markedly 

different (e.g. a ten fold difference) then bias may operate. In this study there was no 

significant difference in the prevalence of breast cancer between the HT cohorts. The 

prevalence of breast cancer was 7.72 per 1000 (95% CI 6.16-9.55) for current usen of HT 

and 8.99 per L 000 (95% CI 7.90-1 0.19) for non-users. However. in order ensure the 

validity of the estimates obtained from the logistic regression modeling, results for the 

estimates obtained from logistic regression and stratification methods were compared. 



A model with screening result as the outcome and HT status and breast cancer as 

the only covariates was fit for sensitivity and specificity and a model with breast cancer 

status as the outcome variable and HT status and screening result as covariates was fit for 

positive predictive value. There were differences in the estimates of sensitivity and 

positive predictive value obtained by the two adjustment methods. These results are 

presented in Table 3.32. 

The differences between the sensitivity estimates between the HT cohorts that 

were obtained from the logistic regression analysis were in the opposite direction from 

those obtained from the stratified analysis. That is. sensitivity was higher for current users 

of HT compared to non-users in the logistic regression. Because these differences 

indicated that bias could have potentiaIly affected the estimates obtained via logistic 

regression modeling, the correction techniques suggested by Coughlin et a1 were 

employed. 

Table 3.32: Comparison of screening outcome estimates based on adjustment 
method 

Current users of HT non-users 

parameter stratified logistic regression stratified logistic regression 
analysis modeling analysis modeling 

sensitivity 76.19 90.03 92. I8 87.40 
specificity 93.39 93 -49 94.97 94.93 

QDv 8.23 9.72 14.26 13 -52 



Sensitivity was used to assess whether application of the correction techniques 

resulted in estimates that were the same as those obtained through the stratified analysis. 

These results are presented in Table 3.33. Both techniques resulted in estimates that were 

equal to the estimates obtained from the stratified analysis. However. since modeling 

sensitivity using only women with breast cancer was less complicated to employ, this 

method was chosen For subsequent logistic regression analyses. 

Table 333: Sensitivity estimates from stratified analysis and other modeling 
methods 

HT Stratified analysis model' models model" 
users 76.19% 90.03% 76.19% 76.19% 

non-users 92.18% 87-40% 93,. 18% 92.18% 
*model with breast cancer and HT status as covariates 
' model with breast cancer. HT status and breast cancer-HT interaction term 
'model with only individuals with breast cancer with HT status as only covariate 

3. Sensitivity adjusted using logistic regression modeling 

(a) .Model 

In order to adjust for factors identified above which could potentially confound 

the association between current use of HT and sensitivity a logistic regression model was 

fit. This model included only women with breast cancer with an abnormal screening 

result modeled as the outcome and HT status and the other potentially confounding 

Factors included as covariates. None of the potentially confounding factors contributed 

significantly to the model. The model fit is described below in Table 3.34. 



Table 3.34: Logistic regression model output for sensitivity 

Variable coefficient standard error z P>M 95% CI of coefficient 
hormone use - 1 -30 0.3 5 -3.72 0.000 - I  ,99,0,62 

constant 2.47 0.23 10.33 0,000 2.00.2.94 

(b) Fit of model 

The likelihood ratio ten for the Baed model compared to a model with only a 

constant was 13.48 (p-value=0.0007) indicating that a model with HT use as a covariate 

explains significantly more of the variation. 

The model was well fit. The Pearson chi-square had a value of zero. Because there 

were only two distinct covariate patterns the Hosmer-Lrmeshow goodness of fit test 

could not be employed. 

Since there were only 327 individuals included in the model. it was possible that 

important covariates could have been excluded due to limited power. Therefore. the 

coefficient for the HT use term for the reduced model was compared to a model that 

included all of the potential covariates. The coefficient for the HT use term was -1.32 

with a standard error of 0.U for the full model compared to - 1.30 with a standard error 

0.35. Since there was minimal difference between the coefficients of the HT use terms 

between the two models it was determined that the reduced model was acceptable. 



(c) Plot of sensitivity estimates of HT cohorts 

A graph of the sensitivity estimates for the HT cohorts is presented in Figure 3.2. 

The sensitivity was lower for current uses of HT at 76.1% (95% CI 66.1%-81.0%) 

compared to 92.2% (9504 CI 88.1%-95.0%) for non-users. 

yes - 

70 80 90 
sensitivity 

Figure 3.2: Sensitivity of screening mammography by HT status 

I. Specificity adjusted using logistic regression modeling 

(a) Model 

A logistic regression model adjusting for the potentially confounding factors 

outlined above was fit to the data. This model included only women who did not have 



breast cancer and a normal screening result was modeled as the dependent variable with 

HT use and the other potentially confounding factors included as potential covariates. In 

addition to HT use status. the final model included as covariates age. previous Screen 

Test mammogram. previous biopsy. aboriginal origin. md age*HT use status and 

age*previous mammogram interaction terms. None of the other potentially codbunding 

variables or interaction terms contributed significantly to the model. The final model is 

described below in Table 5.3 5. 

Table 3.35: Logistic regression model output for specificity 

variable coefficient standard z p>Izf 95% CI of 
error coefficient 

HT use 2.329 0.525 9 0.000 1.301-3-358 
age 0.036 0.006 6.252 0.000 0.025.0.047 

agee*HT use -0.045 0.009 -5.1 10 0,000 -0.062, -0.028 
previous ST 2.238 0.555 4.032 0,000 1.150.3.326 
mammogram 

previous biopsy -0.398 0.057 -6.947 0.000 -0.5 10, -0.286 
aboriginal origin .69 1 ,274 2.526 0.012 0- 155, I -228 
age*previous ST -0,024 -009 -2.580 0.0 10 -0.04 1 8, -0.0057 

mammogram 
constant 0.539 0.345 1.560 0.119 -0.138. 1.216 

(b) Fit of model 

The likelihood ratio test for this model compared to a model with only an 

intercept was 123.48 (p-valu~0.0000 1). This indicated that the fitted model explained 

the variation in the data significantly better that a model with only a constant. When the 

full model was compared to a model with HT use as the only covariate the likelihood 



ratio test yielded a value of 384.62 (p-value<0.0000 1 ) which indicated the additional 

covariates, besides HT status, were important in explaining a significantly amount of the 

variance in the data. When a complete model with all covariates except HT status was 

compared to the full model the likelihood ratio test had a value of 19.68 (p<0.0000 1) 

indicating that the covariates included in addition to HT status did explain a significant 

amount of variation in the data. 

The Hosemer-Lemeshow test for fit yielded a value ot'33.30 (p=0.004) which 

indicates a lack of fit. However. this was not unexpected given the size of the sample that 

was used. In order to assess the fit the expected and observed number of individuals 

without breast cancer were examined. These results are presented in Table 3 -36. In all 

cases the absolute difference between the observed and expected numbers as a percent of 

the total was one percent or less. 



Table 3.36: Observed and expeceted numbers for deciles of fitted specificity used to 
calculate Hosmer-Lemeshow goodness of fit test 

group total observed expected absolute difference difference Expected 
number number between observed as % of specificity 

and expected total 

To fiuther examine the fit of the model plots of regression diagnostics were 

examined. These plots indicated that there were a number of poorly fit covariate patterns. 

Poorly tit pattems were defined as any pattern with a change in Peanon residual of 

greater than 5. a change in deviance residual greater than 5. a leverage value of greater 

than 0.1 or a Abeta of greater than 0.5. In total 26 of the 265 cov&ate pattems were 

poorly fit according to these criteria. Upon closer examination it was seen that 6 of the 26 

patterns had values for change in Pearson residual and change in deviance residud of Iess 

than one but were considered to be poorly tit due only to leverage being between 0.1 and 

0.12, These patterns, therefore, were not considered to be poorly fit. In the end there were 

4969 individuals. 13% of those inciuded in the model. in 20 poorly fit covariate patterns. 

Given that 87% of the data was well fit by the model and that no implausibIe patterns 



were detected among the poorly fit covariate patterns. it was concluded that the model fit 

the data suficiently well that it could be accepted. 

(c) Specificity estimates adjusted for age, screening visit, previous biopsy 
and ethnic origin 

Conditional efFect plots showing the effect of HT use on specificity for all of the 

possible covariates were also generated. For women of non-Aboriginal and Aboriginal 

origin. plots of specificity versus age by HT status were plotted for women who had 

neither a previous biopsy nor a previous Screen Test mmrnogrm. no previous biopsy 

and a previous Screen Test mammogram. previous biopsy and no Screen Tea 

mammogram and a previous biopsy and previous biopsy. These plots are presented in 

Figure 3.3 and Figure 3 .-I. 

For non-Aboriginal women the difference in specificity between the two cohorts 

increased with increasing age for all of the covariate combinations. For women with no 

previous Screen Test mammogram there was no significant difference in specificity with 

increasing age for current users of HT while it increased with age for non-users. The 

difference between the cohorts was significant starting at 57 years for women with no 

previous biopsy and 59 years for women with a previous biopsy. For women with no 

previous biopsy there was no significant difference between the cohorts at age 50. a 

difference of about 2.6% age 60 and a difference of about 5% at age 69. The differences 



at age 60 and 69 were statistically significant. as there was no overlap of the 95% 

confidence intervals of the specificity estimates for the two cohorts. 

The specificity of screening mammography \vas higher for women with a history 

of a Screen Test mammogram than that for woman who had no previous Screen Test 

mammogram for both cohorts. The difference in specificity between the HT cohorts was 

smaller for women who with a previous Screen Test mammognm compared to those who 

did not. For these women there was a non-signiticant decrease in specificity with age br 

current users of HT while there was a non-significant increase with age for non-users. 

The difference between the HT cohorts was significant at age 65 years for women who 

had no previous breast biopsy and aged 59 for women who had. For women aged 69 

yean the difference between the cohorts was about 3%. 



HT users=triangle non-users=square 
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Figure 3.3: Conditional effect plots for nonoAboriginal women showing effect of HT 
use on specificity adjusting for age, previous biopsy and previous Screen Test 
mammogram 

Similar patterns to those described above were seen with Aboriginal women 

(Figure 3 A). However. there were no significant diKerences between the HT cohorts for 

women of Aboriginal origin. 



Figure 3.4: Conditional effect plots for Aboriginal women showing the effect of HT 
use on specificity adjusting for age, previous biopsy and previous Screen Test 
mammogram 

Conditional effect plots showing the specificity of screening mammography by 

HT status and ethnic origin for women with no history of a breast biopsy are included for 

women with no previous Screen Ten mammogmm (Figure 3.5) and women with a 

previous Screen Test mammogram (Figure 3.6). For both women with or without a 

previous Screen Test mammogram. Aboriginal women had a significantly higher 

specificity. As was described above. the graphs show that for women with no previous 

Screen Test mammogram specificity did not change significantly with age for current 



users of HT while it increased with age for non-users. For women with a previous Screen 

Test mammogram the specificity was higher and there was a non-significant decrease for 

current HT users and a non-significant increase for non-users. 
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Figure 3.5: Specificity by HT status and ethnic origin for women with no previous 
Screen Test mammogram and no previous breast biopsy 

Aboriginal = triangle non-Aboriginal=square 
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Figure 3.6: Specificity by HT status and ethnic origin for women with a previous 
Screen Test mammogram and no previous breast biopsy 

5. Positive predictive value adjusted using Logistic regression modeling 

(a) Model 

In order to adjust positive predictive value for potentially conibunding factors. a 

logistic regression model including only women who had abnormal screening results was 

fit. A diagnosis of breast cancer was modeled as the dependent variable and HT status 



and the other potentially confounding factors were included as potential covariates. The 

only potential covariates that contributed significantly to the model were age and HT 

status and an age*HT interaction term. The find model is presented in Table 3.37. 

Table 337: Logistic regression model output for positive predictive value 

variable coefficient standard z p>lzl 95% Confidence interval 
error 

HT use 3 3 4  t .67 2.002 0.045 0.070-6.6 18 
current age 0.072 0.014 5.254 0.000 0.045.0.098 
age*HT use -0.065 0.028 -2.326 0.020 -0.1 19, -0.010 

constant -6.155 0.844 -7.296 0.000 -7.808. -4.50 1 

(b) Fit of model 

When the fitted model was compared to a model with only a constant the 

likelihood ratio test yielded a value of 47.82 (p-value~0.0000 1)  indicating that the fitted 

model explained more of the variation in the data. Compared to a model with only UT 

use as the only covariate the likelihood ntio ten was 19.13 (p-value<0.0000 1) indicating 

that the fitted model explained more vm-ation. 

The Homer-Lrmeshow test for the fitted model had a value of 18.33 (p- 

value=0.0 19) indicating some evidence of lack of fit. 

To further examine the fit of the model diagnostic plots were examined. 

Seventeen covariate patterns were identified as potentially being poorly fit. Upon 



examination of the diagnostic values it was determined that the criteria used to classify 

these patterns as poorly fit was overly conservative. Twelve of the covariate patterns had 

low vdues for change in residuals and Abeta but were classified as poorly fit because the 

leverage value was greater than 0.1. In the end 294 individuals. 12.5% of the individuals 

in the model, contained in five covariate patterns were considered to be poorly fit. That 

meant that 87.5% of the data were well fit by the model and there was insufficient 

evidence to suggest that the model should not be accepted. 

(c) Positive predictive value estimates adjusted by age 

A conditional effect plot of positive predictive value versus age by the two HT 

cohorts is included as Figure 3.7. The difference in the positive predictive value between 

the two HT cohorts increased with age. The positive predictive value for current users of 

HT remained at about 8% for women of all ages while the positive predictive value for 

non-usen increased from 7% at age 50 to 73% at age 69. The difference between the 

cohorts was significant starting at age 59. 
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Figure 3.7: Positive predictive value of screening mammography versus age by HT 
cohort 

IV. Sensitivity analysis assessing impact of misclassification 

In order to quantify the potential impact of misclassification sensitivity analyses 

assessing the impact of misclassifi cation of false-negative status and HT status on the 

sensitivity estimates obtained were carried out- 

A. Misclassification of false-ne~ative results - 

This study employed what is known as the detection method to determine 

estimates for sensitivity. In this method the total number of cancers is considered to be 



equal to those cancers detected as a result of an abnormal screening result and cancers 

diagnosed by a method other than screening during a one-year period following an 

normal screening mammography result. false-negative results. This method can 

potentially underestimate the sensitivity of screening as those results that are classified as 

false-negative results could potentially include both breast cancer cases truly missed at 

mammography and new cancers that grew quickIy in the time following screening to the 

point where they became clinically apparent. In order to assess the impact of 

misclassi@ing those new breast cancers as false-negative results a sensitivity analysis 

was carried out. The intent of this analysis was to assess the impact of misclassification 

of false negative results on the estimates of sensitivity obtained. 

The results from these analyses are presented in Table 3-38. The impact non- 

differential misclassification. the same degree of misclassification in each of the HT 

cohorts. is indicated in the cells that are boxed OR. In all instances where there is non- 

differential misclassification of the false-negative results between the cohorts the 

sensitivity estimates are significantly different. When five percent of false-negatives were 

actually new cancers the sensitivity for current users of HT is 77% (95% CI 67%-86%) 

compared to a sensitivity of 93% (95% CI 88%-96%). In the most extreme group when 

25% of true cancers in both of the HT cohorts were misclassified as fdse-negative resufts 



the sensitivity for current HT users was 8 1% (95% CI 7 1%-89%) while non-users had a 

significantly higher estimate at 94% (90%-96%). 

When the degree of miscIassification was greater in current users of HT compared 

to non-users. the sensitivity estimates for current users are either significantly lower than 

those of non-users or there is minimal overlap of the 95% confi~dence intervals. 

Table 3.38: Corrected sensitivity estimates for current HT usen and non-users 
under several assumptions for the percentage of false-negative results wrongly 
classified 

% of false-negative results wrongly classified 

non-users 
current 
HT users 0 5 10 15 20 25 

'For all cells the sensitivity for current HT users is located at the bottom and is in bolded. 
The effect of non-differential rnisclassification is shown in the boxed cells. 



B. Misclassification of HT status - 

1. Effect on sensitivity estimates 

A sensitivity andysis quantifying the impact of misclassification of HT status on 

the sensitivity estimates was carried out. The results of this analysis are presented in 

Table 3.39. The degree of rnisclassification of HT status was assumed to be the same in 

the two cohorts. The impact of this misc1assification when dl false-negative results were 

assumed to be correctly classified and when 25% of False-negative results in the HT 

cohort and zero in the non-users were assumed to be misclassified was assessed. Under 

both assumptions for the misclassification of false-negative status. rnisclassification of 

HT status would result in an underestimation of the difference in sensitivity between the 

HT cohorts. 



Table 3.39: Corrected sensitivity estimates for current HT users (bold) and non- 
users under several assumptions for the sensitivity and specificity of HT status 
classification assuming no misclassfication of false-negative status 

accuracy of HT status assumptions for misclassification of' false-negative status 
classification 

sensitivity specificity none in either cohort 25% among current users / none 
among non-users 

V. Likelihood ratios 

The estimates for sensitivity and specificity described above were used in order to 

calculate likelihood ratios (LRs) for screening mammography. 

A. Unadiusted likelihood ratios - 

The LR positive and negative for the study population and the two cohorts are 

presented below in Table 3.40. The LR positive was lower for current users of HT 

compared to non-users - 1 1.52 (95% CI 10.36-12.8 1) compared to 18.64 (95% CI 17.67- 

L 9.03) for current w n  and non-usen respectively. This indicates that current users of 



HT are less likely to have a diagnosis of breast cancer given an abnormal screening 

mammography result. The LR negative was higher for current users of HT, 0.25 (95% CI 

0.22-0.3 l), compared to non-users, 0.08 (95% CI 0.073-0.093). This indicates that current 

users of HT are more likely than non-users to have a diagnosis of breast cancer given a 

negative screening mammography result. 

Table 3.40: Likelihood ratios for screening mammography 

study population HT cohort 
non-users current users 

LR positive 16.06 ( 1  5.45-16.70) 18.64 (17.67-19.03) 1 1.52 (10.36-12.81) 
LR negative 0.13 (0.1 1-0.14) 0.08 (0.07-0.09) 0.25 (0.22-0.3 1)  

The likelihood ratios were used to determine a post-mammography risk for breast 

cancer. These risks are outlined in Table 3.41. Current HT users with an abnormal result 

had a risk of breast cancer following mammography of 9 I .  I per 1000 (95% CI 82.7- 

100.2). This post-test risk was significantly less than that of non-users who had a risk of 

137.6 per 1000 (95% CI 133.2-1 42.0). Following a normal screening result. current HT 

users had a risk of breast cancer of7.21 per 1000 (95% CI 1.84-2.67) which was 

significantly higher than the risk in non-users which was 0.72 per 1000 (95% CI 0.62- 

0.8 1). 



Table 3.11: R i s k  of breast cancer per 1000 women based on HT status and 
mammoppby result 

HT-gatus breastcancer risk prior t o  breast cancer risk following 
~ ~ O W P ~ Y  mammography (95% CI) 

abnormal result normai result 
non-user 

current user 

B. Adjusted IikeIihood ratios - 

1. Likelihood ratios stratified by age 

In order to assess the effect of age on the likelihood ratios. an age-stratified 

analysis was carried out. The results are presented below in Table 3 -42 for LR positive 

and in Table 3 -43 for LR negative. 

Table 3.42: Likelihood ratio positive stratified by age 

age study population HT cohort 
non-users current users 

nudy population 16.06 ( 15.45-16.70) 18.64 ( 17.67-19.03) 1 1.52 ( 10.36-1 2.8 1) 
50-54 12.88 ( 1 I 2 5 -  14.71) 12.36 ( 10.27- 14.65) I 3 -97 ( 1 1.42- 1 7.08) 
55-59 15.54 (14.31-16.87) 17.08 (15.71-18.56) 13.22 (I 1.21-15.60) 
60-64 16.59 (1 5.59-1 7.66) 20.53 (1 9.50-21 -62) 8.92 (7.00- 1 1.3 8) 
65-69 L8.71(17.52-19.99) 21.76(20.50-23.13) 10.19(7.96-13.05) 

The LR positive was significantly greater for non-users of HT for all ages except 

women aged 50 to 54 years. The LR positive appeared to decrease with age for current 

users of HT while it increased with age for non-users. The likelihood of having a 



diagnosis of cancer given an abnormal screening result increased significantly with age 

for non-users of HT while there was a non-significant decrease with increasing age for 

current users of HT. 

Table 3 .0 :  Likelihood ratio negative stratified by age 

age study population HT cohort 
non-users current users 

studypopulation O.l3(0.11-0.11) 0.08 (0.07-0.09) 0.25 (0.22-0.3 1 ) 
50-54 0.19 (0.14-0.25) 0.3 1 (0.15-0.30) 0.15 (0.09-0.25) 
55-59 0.14 (0.11-0.18) 0.09 (0.07-0.1 1) 0.23 (0.17-0.32) 
60-64 0.10 (0.09-0.12) 0.050 (0.04-0.06) 0 -3 3 (0.23 -0.47) 
65-69 0.1 I (0.09-0.l3) 0.074 (0.06-0.09) 0.30 (0.20-0.4) 

The LR negative was significantly greater current HT usen compared to non- 

users for all women except those aged 50 to 54 years. Non-users aged 50 to 54 had a LR 

negative that was higher than current users. However. this difference was not statistically 

significant. Unlike with the LR positive there did not appear to be a change in LR 

negative with age in either HT cohort. 

2. Likelihood ratios stratified by age and screening visit 

A stratified analysis adjusting LR positive for screening visit in addition to age 

was also carried out. The results of this analysis are presented in Table 3.44. For the first 

visit LR positive was less in current users of HT compared to non-usen for all women 

except those aged 50 to 54 years. The difference between the cohorts was significant only 



for women aged 60 to 69. For women aged 50 to 54 years. current users had a 

significantly higher LR positive than non-usen. The LR positive appeared to decrease 

with age for current HT users and while it increased with age for non-usen. For the 

subsequent screening visit the LR positive was significantly less for current users of HT 

compared to non-users for women of all ages. The pattern of an increase or decrease of 

the LR positive with increasing age described above did not appear for women who had a 

previous Screen Test mammogram. 

Table 3.44: Likelihood ratio positive stratified by age and screening visit 

screening visit and age HT cohort 
no n-users current users 

tirst visit 
50-54 
55-59 
60-64 
65-69 

subsequent visit 
50-54 
35-59 
60-64 
65-69 

LR negative was stratified by screening visit in addition to age. These results are 

presented in Table 3.45. For women with no history of a previous Screen Test 

mammogram the LR negative was greater for current uses of HT compared to non-users 

for all age strata except women aged 50 to  54 years. The difference was significant for ail 

women except those aged 55 to 59 years. For women age 50 to 54 years there were no 



false negative results in the HT cohort. As a result the sensitivity in this cohort was 100% 

and therefore the LR negative was zero so comparisons between the cohorts for this age 

strata could not take place. The LR negative seemed to increase with age for current users 

of HT. However. there did not appear to be any significant difference in the LR negative 

with age for non-users. 

For women with a history of a previous Screen Test mammognm the LR negative 

was greater for current users of HT compared to non-users for a11 age strata. Because 

there were no false negative results among non-users aged 50 to 54 the LR negative was 

zero. the differences between the cohorts for these women could not be examined. There 

did not appear to be an association with age and LR negative for women with a history of 

a previous Screen Test mammogram. 

Table 3.45: Likelihood ratio negative by age and screening visit 

age HT cohort 
non-users current users 

first visit 

subsequent visit 
50-54 0 
55-59 0.060 (0.036-0.10) 
60-64 0.047 (0.024-0.092) 



The likelihood ratios described above were used to arrive at post-mammography 

probabilities for breast cancer. These probabilities are presented in Table 3.46 and Table 

3.47. The differences between the HT cohorts with respect to the post-screening risk of 

breast cancer mirror those for likelihood ratios. 



Table 3.46: Pre- and post-mammography risk of breast cancer per 1000 women with 
no previous Screen Test mammogram stratified by age 

age pre-test risk risk fo llo wing mamrnograp hy (95% C I) 
abnormal result normal resuit 

- 

non-users current HT non-users cunent HT 
users users 

50-54 7.49 62.1 90.2 1.80 # 
(47.0-8 1.5) (87.3-93.1) (1.04-3.11) 

55-59 10.03 107.1 99.6 1-03 1.22 
(93 -6- 132.3) (89.4-1 10.9) (0.66-1.60) (0.88-1.70) 

60-64 15-12 180.1 102-7 0.80 4.25 
(161.0-201.9) (91.5-1 15.1) (0.46-1.38) (3 -43-5.27) 

65-69 f 2-72 183.7 96.9 0.73 3 -53 
( 163.7-206.8) (85.6-1 09.3) (0.42- 1 -26) (2.8 1 4.43,) 

#Post-test risk was not calculated because likelihood ratio negative was zero. 

Table 3.47: Pre- and post-mammography risk of breast cancer per 1000 women with 
a previous Screen Test mammogram stratified by age 

age pre-test risk risk following mammography (95% CI) 
abnormal result normal result 

non-users current KT non-users current HT 
users users 

50-54 1.84 63 -3 1 -99 # 0.97 
(60 -4066.5) (0.76-5.14) (03  6-2-58) 

55-59 6-06 f 71.9 83.5 0.3 7 2.27 
( I 53 -7- 19 I .8) (64.0-1 08.2) (0.22-0.6 1) (1.33-~.~2) - -  - 4 

60-64 5.98 188.4 56.1 0.28 2.40 
( 165.7-2 13.4) (43.9-7 1.4) (0.14-0.55) ( 1 -73-3 -34) 

65-69 7.12 f 79.24 79.27 0.76 2.52 
( 146.6-22 I .5) (65.1-96.2) (0.35-1 -63) ( 1.88-3.39) 

#Post-test risk was not cdculated because likelihood ratio negative was zero. 

Additional factors were found to significantly confound or modify the association 

between current use of HT and specificity, including previous breast biopsy and ethnic 



origin. However, the smail number of breast cancers that were used to calculate 

sensitivity precluded stratification on these factors. 



4. Discussion 

I. O v e ~ i e w  of discussion section 

This discussion is divided into tive parts. First. an overview of the findings and 

possible explanations tor these findings are described. Comparisons are made to other 

studies assessing the association between use of HT and the performance of screening 

mammography and explanations of any disparate results have also been included in this 

section. The next section highlights the strengths of this study and outlines the 

weaknesses of the study. Potential threats to internal validity are then addressed. The next 

section discusses the implications of the results of this study and the advantages and 

disadvantages of potential recommendations based on the findings. Final1 y. areas for 

further research are described. 

11. Overview of findings 

This was the first study assessing the association between current use of HT and 

the performance of screening mammography that was conducted in a North American. 

organized breast cancer screening program which utilized Lview rnammo~gaphy. The 

study found significant and potentially important decreases in the sensitivity. specificity. 

and positive predictive value of screening mammography for current users of HT 

compared to non-users even after adjustment for many of the factors that could have 



potentially confounded the association. Likelihood ratios for screening mammography 

were also found to be significantly different between the HT cohorts. 

A. Sensitivitv - 

There was a large and statistically significant decrease in sensitivity even after 

adjustment tor potentially confounding factors. 

1. Comparison to current evidence 

n e  results obtained in this study are not inconsistent with those of previous 

studies that have assessed the association between HT and the sensitivity of screening 

mammography (6-9). In the literature there are four high quality studies which have 

assessed the impact of HT on the sensitivity of screening mammography. A summary of 

the sensitivity estimates and the limitations of the published studies in the literature was 

presented above in Table 1.1 on page 34. Three of these studies found a decrease in the 

sensitivity of screening mammography with current use of HT. Of the studies that found a 

decrease. two found one that was of a similar magnitude to that found in this study. The 

other study that found a decrease that was statisticidly significant but of a smaller 

magnitude (6%). One study found a oon-signiiicant increase in the sensitivity with 

current use of HT. 



The estimates for sensitivity obtained in this study for both current and non-users 

of HT and the difference in sensitivity between the HT cohorts were very similar to those 

found by Laya (6) and Seradour (8). However. the difference found by Laya et d was not 

statistically significant. 

A study conducted by Litherland et a1 found estimates for sensitivity that were 

higher than those obtained fiom this study and found a statistically significant but much 

smaller difference in the sensitivity between current and non-users of HT (9). Possible 

explanations for the higher sensitivity in the study conducted by Litherland et al could be 

that the program truly had a higher sensitivity. However. an alternative explanation could 

be incomplete ascertainment o F interval cancers From the cancer registry. If there was 

incomplete ascertainment then the sensitivity could have been overestimated. However. 

the completeness of the registry was not reported so the impact of this could not be 

assessed. 

The smaller difference in sensitivity between the HT cohorts could be due to the 

fact that the program was superior in detecting breast cancers. However. with this one 

would expect that. although the absolute difference was smaller. the relative decrease 

would be the same. This was not the case. In the current study the sensitivity among 

current users was 83% of that of non-users compared to 94% in the study conducted by 

Litherland et al. The population screened was different than that included in the current 



study. It could be that HT had a different impact on breast density in this population. 

which translated to a different impact on the sensitivity of screening mammography. The 

current study did not find that self-reported ethnic origin was an independent predictor of 

sensitivity but had limited power to assess this association. Other potential explanations 

could be that the smaller difference between the cohorts is due to an artifact such as 

misclassification bias. If HT status was misclassified this would serve to dilute the impact 

of current use of HT on the sensitivity of screening mammography and lead to an 

underestimation of the difference in sensitivity between the HT cohorts. However. the 

study used self-repon of HT status with which good agreement has be shown with 

pharmacy records so this explanation is not likely (76). 

Thurfjell et a1 found a non-significant increase in the sensitivity of screening 

mammography (7). The estimate for current users of HT was higher than that found in 

this study. There are two potential explanations for this difference. The study population 

consisted of only women who had been screened previously through the program. It is 

possible that the sensitivity among current users of HT is higher for the subsequent 

screening visit. The current study had limited power to assess if this was the case. 

Another potential explanation is that the higher sensitivity found by Thurtjell et aI is an 

artifact due to bias. If there were underascertainment of interval cancers and this took 

place to a greater degree amongst current usen of HT then the sensitivity would be 



overestimated. The method by which follow-up for diagnosis of breast cancer was carried 

out was not described and it is, therefore, impossible to rule out this possibility. 

2. Potential explanations for decrease in sensitivity with current use of HT 

There are several possible explanations for the observed decrease in sensitivity 

with current use of HT. Use of HT has been associated with an increased radiographic 

breast density (4.5.28-32). It is possible that this increase resulted in tumors being 

obscured in dense breast tissue in the HT cohort. For both UT cohorts, few of the interval 

cancers occurred in fatty breast tissue. Only 1 of the 20 interval cancers in the HT cohort 

and 4 of the 19 interval cancers that were diagnosed among non-users were diagnosed in 

women whose radiographic breast density was classified as fatty. Additionally. the 

decrease in sensitivity with current use of HT that was seen in this study is similar to the 

decrease in sensitivity with increased breast density that was observed by Kerlikowske et 

al(2). They found a decrease in the sensitivity of 16% for women with radiographically 

dense breasts compared to women with fatty breasts. 

False-negative results were considered ro include dl cancers that were diagnosed 

in a one-year interval following a normal screening mammography result. These cancers 

could include not only cancers that could not be detected at screening, but also cancers 

that were not detectable by mammography at the time of screening but grew quickly 

during the interval following screening to the point were they became clinically apparent. 



Day et a1 have proposed a method for estimating sensitivity which takes this into account 

(773. Use of this method in the study was considered. However. in order to employ the 

method it is necessary to know the cumulative distribution of the pre-clinical detectable 

phase for breast cancer for both women using HT and non-users. While there are 

estimates of this distribution. these estimates likely include a mixed group of women who 

are both non-users and current users of HT. Since exogenous estrogen leads to increased 

proliferation of breast tissue. it is possible that the duration of the pre-clinical detectable 

phase is shortened for women who use HT. For this reason. it was determined that this 

method could not be employed. Instead. a sensitivity analysis was used to assess the 

potential impact of misclassification of new cancers as fdse-negative results. Even under 

exneme circumstances where more Mse-negative results were misclassi fied in the HT 

cohort than amongst non-users. the difference in sensitivity between the HT cohorts 

remained and was statisticalIy significant. 

Cancers diagnosed following a normal screening result were ascertained through 

periodic merging of the Screen Test database with the Alberta Cancer Registry. 

Therebre. the ascertainment of the false-negative results was dependent on the 

completeness of the registry. If there was under-ascertainment of interval cancers then the 

sensitivity of screening mammography may have been overestimated. If there were a 

differing degree of under-ascertainment in the two HT cohorts then it is possible that a 



difference between the cohorts could be an artifact of an incomplete registry. However. 

this explanation of the results found in this study is unlikely. The North American 

Association of Central Cancer Registries adjusted estimate of the completeness of the 

Alberta Cancer Registry is 94.7% with 98.2% of breast cancers being microscopically 

confirmed (78). Given that the cancer registry was so complete it is unlikely that enough 

cancers would have been missed so as to impact the study results. 

B. Saecificitv - 

The specificity of screening mammography was significantly less for current users 

of HT compared to non-users. 

1. Comparison to current evidence 

The difference in specificity with current use of HT is similar to the results of 

other studies that have assessed this association (6-8). Laya rt a1 calculated an adjusted 

estimate of specificity for the HT cohort by using the mean value of significant covariates 

for each cohort in their logistic regression equation (6). The magnitude of the difference 

in specificity between the cohorts when this method was employed was 4%. In the 

current study the magnitude of the difference in the specificity of screening 

mammography between the HT cohorts at the mean age of the study population (60 

years) for non-Aboriginal women with no history of breast biopsy was 1.3% for women 

with a previous Screen Test mammogram and 2.6% for women with no previous Screen 



Test mammogram. This difference was smaller than that found be Laya et al. This is 

likely due to the fact that the abnormality rate was considerably lower in the current study 

compared to that in the program used by Laya et al. Th@ell et al found a difference 

between the HT cohorts of 1% which was significant (7). However. their estimate was not 

adjusted for potentially confounding which could potentially explain the smaller size and. 

as described previously, the type of mammography used may have varied between the HT 

cohorts. Seradour et ai also found a smaller difference in specificity between the HT 

cohorts (8). One reason for the smaller magnitude of this difference could have been the 

low abnormality rate in the screening program (4%). Potential explanations could be that 

the response of breast in the population in this study could have a different response to 

HT. which could lead to a smaller decrease in specificity with use of HT. Another 

explanation for this smaller magnitude could be that it is due to an artifact resulting from 

a bias such as confounding. This study did adjust for age and first versus subsequent 

screening visit but there may have been residual confounding by other factors that were 

not adjusted for. 

2. Potential explanations for reduced speciilcity 

The reduced specificity that was seen with current use of HT could be the result of 

several factors. Increased radiographic breast density has been associated with use of HT 

(4-5.28-32). Increased radiographic breast density could lead to an increased number of 



abnormal readings. This study did find that women who were currently using HT were 

less likely to have a fatty radiographic appearance of the breast on mammography than 

non-users. The magnitude of the difference in the proportion of women fatty radiographic 

breast density between the HT cohorts increased with increasing age. This increase 

resulted because the proportion of women with fatty radiographic breast density amongst 

women in the HT cohort remained constant with increasing age while the proportion 

increased with age amongst non-users. The differences in specificity mirrored these 

differences in breast density. For women with no previous Screen Test mammogram and 

no previous breast biopsy. the specificity was approximately 9 1% for women of all ages 

who were currently using HT while it increased from 91% in women aged 50 years to 

95% in women aged 69 years amongst women who were not using HT. The differences 

in specificity were not significant for younger women. Younger women are likely closer 

to menopause and it is possible that the involutional process by which ductal tissue is 

replaced with adipose tissue may not be complete and as a result there is no difference 

between the specificity amongst current and non-users of HT. 

Another potential explanation of the change in specificity could be that the 

threshold for a radiologist calling a rnamrnobgam abnormal is lower for women using CIT* 

potentially due to the perceived possibility of an increased risk for breast cancer amongst 

these women. However. if this were the case one would expect that decreasing the 



threshold for a mammogram to be abnormal would result in an increase in sensitivity 

along with a decreased specificity. The sensitivity of screening mammography was also 

decreased with current use of HT. which suggests that the explanation of a different 

abnormal threshold level for women who use HT is less likely. 

There were a number of other interesting findings in regards to specificity. Tne 

difference between the cohorts was greater for a first screening visit compared to a 

subsequent screening visit. The smaller difference between the HT cohorts at the 

subsequent screening visit may be the result of a larger proportion of women in this group 

having a high quality mammogram available for comparison- All women who had a 

subsequent screening visit had previous mammognphic films of comparable quality that 

were used for comparison. Women being screened at Screen Tea for the first time rnay 

not have previously had a mammogram. Ifthese women had had a previous mammogram 

there may be no films available for comparison or the quality of these films may have 

been variable. 

Another hypothesis for the smaller difference between the HT cohorts with 

women who had been screened previously through the Screen Test program was that 

perhaps these women had been using HT at their previous appointment and there were 

fewer new changes and subsequently fewer false-positive results. However. a post hoc 

analysis assessing the effect of use of FIT at the previous appointment on specificity did 



not confirm this hypothesis. Of the women currently using HT who had been screened 

previously at Screen Test and had no history of a previous breast biopsy, 79% had 

reported hormone use at their previous visit. When stratified by age. the specificity was 

higher for women who reported no use of HT at her previous appointment compared to 

women who reported past use. 

Another tinding of interest was that the specificity was higher for women who 

reported being of Aboriginal descent compared to that of women who reported non- 

Aboriginal ethnic origins and there was no significant difference in specificity between 

the HT cohorts for women who were of Aboriginal descent. This may indicate that there 

are differences in the response of the breast tissue of Aboriginal women to exogenous 

estrogen. Another potential explanation could be that the effect of HT on breast density is 

less pronounced in women who are obese. An increased weight. when adjusted for height. 

is associated with a lower radiographic breast density (42. W. 47). The prevalence of 

obesity is high in Aboriginal populations (75). A high prevalence of obese women among 

women of Aboriginal descent could potentially be the reason for the higher specificity in 

this group. There was no information in the Screen Test database on weight or height so 

these hypotheses could not be pursued. 



C- Positive predictive value - 

The effect of HT on the positive predictive value of screening mammography has 

not been previously assessed. This study found that positive predictive value was 

significantly reduced in current usen of HT compared to non-uses and that the amount 

of the reduction increased with increasing age. Positive predictive value is determined by 

both the specificity of screening mamma-mphy and the prevalence of breast cancer. The 

prevalence of breast cancer increased with age and there was no difference in the 

prevalence of breast cancer between the HT cohorts. When the increase in breast cancer 

prevalence with age is considered the differences in positive predictive value. as with 

specificity. reflect the differences in radiographic breast density between the HT cohorts. 

Amongst non-users both the specificity of screening mamrn~~gaphy and the prevalence of 

breast cancer increase with age while in current users of HT specificity remains constant 

whife the prevalence of breast cancer increases. 

D. Likelihood ratios and post-mammo~raphy breast cancer risk - 

This study attempted to put the differences in the performance of screening 

mammography between the HT cohorts into a form that was useN for clinicians by 

calculating likelihood ratios for screening mammography for current and non-usen of 

HT. These Likelihood ratios may be employed by clinicians to understand the implications 

of the decrease in sensitivity and specificity of mammography on what a particular 



mammography result means in terms of breast cancer risk. Likelihood ratios can be 

employed to determine the post-screening mammography risk of breast cancer given a 

particular test result and a pre-screening risk of breast cancer. Women using HT who had 

an abnormal screening result had a lower likelihood ratio positive than non-users and. 

therefore. a lower post-mammography risk of breast cancer than non-users. Women using 

HT who had a normal screening result had a higher likelihood ratio negative than non- 

uses and therefore a higher risk of breast cancer. Since likelihood ratios are determined 

using sensitivity and specificity the potential explanation for the differences in sensitivity 

and specificity between current and non-users of HT also apply to the differences that 

were found with likelihood ratios. 

111. Strengths and weaknesses of study 

A. StrenHhs of study - 

This study had many strengths including its size. its genenlizability. the quality of 

the screening program in which it was conducted and the wealth of information in the 

Screen Test p r o m  database. 

1. Size 

The study included more than 37.000 women and was larger than any s t ~ d y  

conducted to date that assessed the effect of HT on the performance measures of 



screening rnarnm~~nphy in the context of a North American. organized breast cancer 

screening program which utilized 2-view mammography. There were 37,590 women in 

the study who did not have breast cancer and 2.349 women who had abnormal screening 

results. Therefore, the power to detect a difference in specificity or positive predictive 

value between the cohorts was extremely high. There was also a high statistical power to 

determine if there was in fact codbunding or effect modification by the potentially 

confounding factors. 

The study had 327 breast cancer cases which was greater than the previous two 

studies that had attempted to assess this association which had only 63 and 142 breast 

cancers (6. 7). Therefore. the study had increased statistical power to detect a difference 

in sensitivity between the HT cohorts. Additionally. it was possible to attempt to adjust 

the sensitivity estimate for factors that could potentially confound the association. 

2. Population based screening program 

The study was conducted using the population based screening program in 

Alberta and the potential that the results are generalizable to the women who utilize 

programmatic breast cancer screening that utilizes two-view mammography is high. 



3. Organized screening program 

The study was conducted in a screening program that meets the guidelines for an 

organized screening program. most importantly the abnormality rate. The abnormality 

rate for the program was seven percent for current users of HT and six percent for non- 

users. One of the previous studies that found a decrease in the specificity of screening 

mammography was conducted in a program that had an abnormality rate of 16% (6). This 

study shows that the decrease in specificity with current use of HT. although smaller. 

holds even when the abnormality rate is within the guidelines for an organized breast 

cancer-screening program. 

4. First and subsequent screening visits 

The audy employed information from first and subsequent screening visits. 

Therefore. it was possible to determine if differences in the pedbrmance of screening 

mammography between current and non-users of HT varied depending on whether it was 

a woman's first or subsequent visit. 

5. Information on factors which could potentially confound the association 

Study participants completed a detailed questionnaire at the time of screening 

which provided information on nearly all ofthe factors which could potentially confound 

the association between current use of HT and a decrease in the effectiveness of screening 



mammography. This information was then used in order to adjust the estimates for 

potentially confounding factors. 

B. Limitations of the study - 

The limitations of this study stem from the fact that secondary data - data not 

collected for the intent of addressing the study hypothesis - was employed. The Screen 

Test database did not contain detailed information on HT use and there was only crude 

information on radiographic breast density. 

I Limited details on HT use 

(a) Duration and timing of use 

The information on HT status was limited to only information on current use or 

non-use of HT. There was no information on brmer use of HT. There is a suggestion that 

the effect of HT are limited to current use. One study tbund that the effect of HT on the 

breast is transient (35). Additionally. the study by Laya et a1 assessing the effect of HT on 

the effectiveness of mammography found that the effects of HT on the specificity of 

mammography was limited to current users and there was no effect for former usen (6). 

This effect could not be explored in this study due to the lack of information on past use 

of HT* 



There was no information on compliance to therapy. If women who reported 

current use of HT were non-compliant then the association between HT and a decrease in 

sensitivity, specificity and positive predictive value may be underestimated. Additionally, 

there was no information on the date when HT was commenced. As a result. the group of 

womer, who reported current use of HT could have included women who had used HT for 

several years and women who had only been on the therapy for weeks or days. For 

women who had been on HT for only a short time it is possible that their breast tissue 

may not have yet responded to the same degree as women who had used the therapy for a 

longer period of time. If this was the case. then the magnitude of the association between 

HT and a decrease in the etyectiveness of mammography may have been underestimated. 

(b) Type of preparation 

There is evidence that the degree of increase in breast density is dependent on the 

type of HT preparation used. Greendale et a1 have shown that women using combined 

estrogen-progesterone preparations have a greater increase in breast density than women 

who are using only estrogen preparations (32). The Screen Test database contains no 

information on the type of preparation. Thus. this study was unable to assess the impact 

of type of HT preparation on the performance of mammography. 



2. Measurement of radiographic breast density 

In this study the radiographic breast density was classified using a subjective 

measurement. Radiographic breast density was not a study outcome and. therefore. its 

misclassification does not impact the validity of the study results. However, the validity 

of the measurement of breast density is still a concern as it has been used as an 

explanation for the study results. If misclassification of breast density took place but 

occurred independently of HT status then the association between HT status and breast 

density would be underestimated. However. if misclassification was dependent on HT 

status then the association between current use of HT and increased breast density could 

be overestimated. The latter is impossible to rule out as the radiologists who r e d  the 

mammograms do have access to information on current HT use. However. this 

information is located on the self-administered questionnaire that is separate from the 

mammography report where radiologists classify breast density. 

[V. Threats to validity of results 

As with any epidemiological study there are potential threats to the internal 

validity of the results obtained from this study. The potential for rnisclassitication of HT 

exposure and cancer status and the potential misclassification of new cancers as false- 

negative results were potential Limitations of the study. The study was also limited by not 

having information on known confounding factors. 



A. Misclassification bias - 

There is the potential that HT exposure could have been misclassified. HT 

exposure status was determined from a self-administered questionnaire. However. a study 

examining characteristics of HT users found that over 90% of women who reported use 

of HT and filling their prescription at a particular pharmacy did have evidence of a 

prescription for HT being dispensed in the pharmacy's database (76). The information on 

HT status was reported in advance of the mammography so there is no reason to suspect 

that misclassi fication of HT status would depend on screening outcome (true-positive 

result. false-positive result etc.). Additionally. a sensitivity analysis quantifying the 

impact of non-differential rnisclassification of HT status on the estimates of sensitivity 

and specificity showed that with increasing misclassification the true difference between 

the cohorts would be underestimated. 

B. Potential for residual confounding - 

The Screen Test database did not contain information on alcohol intake and 

anthropomorphic measurements such as weight and height. These factors have been 

identified to be associated with both use of HT and breast parenchymal density. Alcohol 

has been found to be only weakly correlated with breast density (52). Given that the 

effect of alcohol on breast density is likely small in relation to use of HT it is unlikely to 

be a possible explanation for the study findings. The lack of information on body mass 



index is a concern. Use of HT is associated with a leaner body mass (BMIo-7) (1 1. 15. 

17, 18.55, 58) and. when adjusted for height, a lower weight was also associated with 

increased radiographic breast density (42,JJ. 47). However, a high quality study 

assessing the impact of use of HT on radiographic breast density found no difference in 

the relative risk of increased radiographic breast density with current use of HT when age 

was the only covariate compared to a model with age. height. weight. parity. menstrual 

status and previous use of oral contraceptives (4). Additionally, the one previous study 

that assessed the impact of HT on the specificity of screening mammography which 

adjusted for potentially confounding factors did not tind that body mass index was a 

predictor of specificity (6). 

It is also possible that other conbunding factors of the association between use of 

HT and screening mammography outcomes exist but have not yet been identified. 

C. Random error - 

The study was large and. therefore. had high power to assess differences in the 

performance of screening mammography between the two HT cohorts. The one instance 

where power became an issue was adjusting the sensitivity estimate for potentially 

confounding factors. However, when all of the potentially confounding factors were 

included in the logistic regression model. regardless of whether or not they were 

significatn, the effect of HT was not changed. 



V. Implications of results 

Reductions in the sensitivity. specificity. positive and negative predictive values 

of screening mammography for women using HT are important. Even small reductions in 

specificity result in increased costs and potentially increased morbidity From the 

screening program. The majority of women who are screened through the Screen Test 

Program are non-Aboriginal women who have had no previous Screen Ten mammogram 

and no previous biopsy. The specificity of screening mammography amongst women in 

this group who were aged 60 years is reduced from 94% in non-users to 9 1 % in current 

users of HT. If the prevalence of breast cancer is 5 per 1000 women screened then for 

every 10.000 women using HT who are screened an additional 299 false-positive results 

will occur compared to 10.000 women screened who are not using HT. 

At a minimum these women have additional views with some going on to biopsy. 

A biopsy following an abnormal result is not uncommon. In the period from 1995 to 1997 

in the Screen Test Program there were 1.266 abnormal marnmogms which resulted in 

4.33 1 diagnostic procedures of which nearly 12% were biopsies (69). There is the 

potential for morbidity with biopsy so biopsies associated with no diagnosis of cancer are 

concerning. Additionally, diagnostic procedures associated with false-positive outcomes 

result in increased financial costs to the health care system. Finally. false-positive results 

are associated with increased morbidity through psychological stress and anxiety (79.80). 



With a reduction in sensitivity. as was found to occur with current use of HT. 

fewer existing breast cancers are diagnosed at screening than in non-users of HT. As a 

result these cancers may present as interval cancers or they may go undetected during the 

interval between screening mammograms and be diagnosed at a subsequent screening 

visit. The concern with both of these scenarios is that women using HT may have a breast 

cancer tbr a longer period at the point at which it is diagnosed. as an interval cancer or by 

subsequent marnrnognphic screening. Thus the potential exists that breast cancers 

diagnosed in women who take HT may be of a later stage and a larger size. characteristics 

that are associated with a poorer prognosis. and screening mammography may be less 

able to reduce mortality from breast cancer in these women. 

The reduction in positive predictive values means that for every one-hundred 

women who do not use HT who have an abnormal screening result fourteen will have a 

subsequent diagnosis of breast cancer compared to only eight women who are current 

users of HT. While the difference between the cohorts with respect to negative predictive 

value is extremely small it is important because the majority of women who are screened 

have a normal screening result. For every 10.000 current users of HT who have as 

normal screening result 20 will have a subsequent diagnosis of breast cancer. However. 

only seven of 10,000 non-users with normal screening results will have a subsequent 

diagnosis of breast cancer. 



Changes in the performance of screening mammography for current users of HT 

mean that abnormal or nonnal results are associated with different breast cancer risks 

than for women who are not using HT. The likelihood ratio positive that has been 

determined in this study provides a useful means for clinicians to determine the post- 

mammography risk of breast cancer following an abnormal for a women given her HT 

status, age. and whether or not she is having a first of subsequent screen. For instance, the 

likelihood ratio positive for a woman who is aged between 60 to 64 yean and has had a 

previous mammogram is about 39 for women who do not use HT and 10 for women who 

are currently using HT. If the risk of breast cancer prior to screening mammography is 6 

per 1000 in this group of women then the risk of breast cancer following an abnormal 

screening mammogram is 188 per 1000 for non-users but is only 56 out of 1000 current 

users. 

The likelihood ratio negative was found to be significandy higher for women who 

are current users compared to non-usen of HT meaning that women who use HT are 

more likely to have breast cancer following a normal result. However. this difference is 

extremely small and may not be as informative in a clinical setting. For example. for the 

same group of women described above the likelihood ratio negative for women not using 

HT is 0.05 and 0.40 for women currently using HT. Assuming the breast cancer risk prior 

to mammography is 6 per 1000 then the risk of breast cancer following a normal 



screening mammogram is 0.3 per 1000 for women not using HT compared to 2.4 per 

1000 for women who are currently using HT. 

VI. Recommendations based on findings 

The current use of HT has been found to be associated with a small decrease in 

specificity and a large decrease in sensitivity. Based on these findings. it is intuitive to 

suggest that practices surrounding the rnamrnographic screening of women who use HT 

should be assessed and potentially modified in order to ensure the maximum benefit %om 

screening. However. while the effectiveness of a screening program is intimately 

associated with these performance indicators. this study provides no direct evidence that 

mammographic screening as it is currently pertbrmed is less erective in reducing 

mortality from breast cancer in women who use HT. Furthermore. there is no evidence to 

suggest that moditjring screening practices would improve the effkctiveness of screening. 

It is important to consider potential recommendations and to understand the 

implications of their implementation. One recommendation could be that radiologists 

should ensure that they are aware of whether or not a women is currently using HT and 

take this into consideration when reading a mammogram. However. there is the potential 

that this practice may result in a further decrease in specificity resulting in more fdse- 

positive results with an unknown impact on sensitivity. 



In Alberta the current recommendation for the early detection of breast cancer is 

mamrnographic screening for women aged 50 to 69 years every two years coupled with 

yearly clinical breast exam by a trained health care practitioner and regular breast self 

examination by the woman (8 1). Given that even in a one-year follow-up period 24% of 

breast cancers diagnosed in women who were current users of HT were diagnosed as 

interval cancers. it is tempting to suggest that the screening interval for these women 

should be compressed to no more than yearly. However. there is no evidence that a 

change in practice such as this would increase the number of breast cancers detected. 

Furthermore. given that the specificity of screening rnarnmo_gaphy is reduced with 

current use of HT. the shorter screening interval may succeed only in increasing the 

number of false-positive screening results. As has been mentioned previously. these false- 

positive results increase the cost and morbidity associated with mamrno~mphic screening. 

Additionally. women who use HT. especially for long durations. are potentially at an 

increased risk for breast cancer (22) and the effect of additional radiation exposure 

through more frequent mamrnographic screening in this group is not known. It may also 

be tempting to encourage women using HT to have a clinical breast examination 

performed more kequently than is recommended. However. there is no evidence that 

clinical breast examination reduces mortality fiom breast cancer (82) and more tiequent 

visits to a primary health provider for clinicai breast examination may result o d y  in 

increased costs to the health care system. 



There is a suggestion that changes in rnamrnographic density may regress only 

wo weeks after cessation of HT (35). Discontinuation hormone therapy for a period of 

time preceding mammography may improve its effectiveness. However. there could be 

negative effects associated with the discontinuation of HT. Additionally. there is no 

evidence that this is effective in improving the performance chmcteristics of screening 

mammography so making a recommendation in this regard would be premature. 

Women should be idbrrned about the limitations of screening mammography. 

However. the manner in which this information is communicated should be carefully 

considered. Currently. women who participate in Screen Test and receive a normal 

screening result are informed that 10% of breast cancers are not found by mammography 

and that they should practice regular breast self examination and have a clinical breast 

examination yearly. While it may be appealing to modify this message on the limitations 

of mammography so that women who use HT are informed that nearly 25% of cancers 

are not detected mammognphically. there are potential adverse consequences of doing 

so. Women may. as a result of this information, choose not to undergo screening 

mammography. Another consequence may be that women may cease use of HT. Despite 

the negative consequences of use of HT there are proven benefits of its use (83). 

Physicians should add the potential effect of the current use of HT on the performance of 

screening mammography to the issues that they discuss with women who are using or are 



considering using hormone therapy. Women should be informed that the performance of 

screening mammography is poorer if they are using HT but a simple statement of 25% of 

cancers may not be detected by mammography may not be the most prudent means of 

presenting this information. 

VII. Areas for further research 

There are many opportunities for further research in the area of use of HT and its 

effects on screening mammography. Further research that assesses the impact of use of 

HT on the pertbrmance of screening mmmography should be carried out. These studies 

would serve two purposes. One would be to attempt to replicate the results that were 

Found in this audy in other organized population based screening prognms. The second 

would be to address the limitations of this. and other previous studies. particularly in 

regards to the type of HT prepantion used and the dosing employed. The ability to 

conduct this sort ofanalysis is dependent on having a large number of breast cancer cases 

so that there is sufficient power to be able to ascertain differences between HT cohorts 

with respect to sensitivity. It would take many years for one screening program to amass 

a sufficient number of breast cancer cases in order to have sufficient statistical power to 

conduct this soa of analysis. Therefore, it is essential that collaborative research amongst 

organized breast cancer screening programs take place in order to be truly able to further 

research in this area. 



Perhaps the most important area of fbrther study that should be pursued is to 

assess whether or not the reductions in the performance measures for screening 

mammography that have been observed do lead to a decreased effectiveness of screening 

mammography for women who are current users of HT. It is unlikely that it would be 

feasible to assess this association through the use of a randomized controlled trial. A trial 

of this sort would require that large numbers of women would have to be randomized to 

use or non-use of HT and would require long term follow-up. This could potentially be 

addressed a cohort study but this would also require long-term follow-up and particular 

attention would have to be paid to the impact of potential biases. 

It is also important to assess if there are means by which the performance of 

screening mammography for women who use HT could be improved. This could entail 

assessing whether or not cessation OF HT for a period preceding mammography results in 

an improvement in the sensitivity and specificity of screening mammography. Finally. it 

would be usetrul to assess whether or not the decreased specificity that was observed with 

current use of HT results in an increased cost of diagnostic procedures following 

screening mammography for women who are currently using HT. 

VLII. Conclusions 

This study found current use of HT is associated with a decrease in the sensitivity, 

specificity and positive predictive value of screening mammography. The increase in the 



radiographic breast density that has been found to be associated with use of HT (4. 5.28- 

32) is likely the explanation for these decreases. Further research should to be undertaken 

in order to elucidate whether or not the poorer performance of screening rnammo-mphy 

results in a decrease in the effectiveness of screening mammography for women who are 

current users of HT. 
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Screen Test L 
AIbrrtrr Program 
for rb. w y  D8trcrl0n 
of Breast Cheer 

Ploase ti11 out the rmat of this questionnafre by checking otf (r/) the box beside your 
sinale best choice, or by filllng out the bbnk tine. 

First we would like to u k  a few qumtfons about breast axamination and mammography. 

1. How many years ago was your last physical examlnatrorr of the breasts by a 
physic~an or tratned health professional? 
1 Less than 1 r' 1 to 2 EMore than 2 Never had one - 
2 Who taught you how to do breast self-examnation? Check one only. 
G Physictan ' Other health professional in prwate sess~on [7 A class 
C Pr~nted material 7 Other Never been taught 

3. How many times a year do you do breast self-examinatton? 
3 0  7 - 1-3 7 - 4-8 p 9-1 s 2 more than 15 

4. 00 you fed confident that you are doing breast self-exam~natton correctly? 
3 No my= I do not do breast self-exarninatlan 

5- How many years ago was your last mammogram? 
2 less than 1 - - - between 1-2 m between 2-3 between 3-4 
2 between 4-5 _5 or more Never had one 

+ Please turn to page 2 to comnue 
! 

I 
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You may know thrt r hlatory of breast cancer runs In loma tamlllas. Wa would 
like to a8k a f8w quaatlonr about your farnil history now. P l a w  rennmkr that 
m am only tllklnp about BLOOO RELATN&, not stap-iamlll.r, irrlm, or 
adopted familler. 

6. How many sisters do or did you have? (deceased or living, pleas8 don't include half- 
sisters here) 

8. Is your mother alive? 
No 3 If no, how old was she when she died? 
Yes 3 If yes. how old is she now? 
Don't know 

9. Does or did your mother have breast cancer? 
C No 

Yes + If yes, how old was she when she found out? 
Don? know 

10. Which of your other female relatives have been diagnosed wtth breast mwr, 
including daughters, half-sisters. nieces, cousins, aunts or grandmothem? (Far 
example, 1 grandmother and 2 aunts) 0 None 

Now we would Ilka to rsk about your post madlcsl himtory, as it nffem your 
braest haelth. 

1 1. How many breast biopsies have you had? 

1 2  Are you currently taking estrogen (hormone$ for menopause)? 
- - NO ZYes 

13. Have you ever used birth control pills (oral contramptives)? - 7 NO - 'Yes 

14. How old were you when you had your first menstrual period? 
~ 1 0 o r y o u n g e r  ~ j l l  a12 0 1 3  a14 E t 5  ~ 1 6 0 r o l d e f  



15. Have you had a hystereomy (womb removed)? 
No + Please go to ques@n 16. 
Yes + Please o to qumon 17. 

p D O ~ Z  b o w  -, !lease go to question 1 7. 

16. Have you had menopause ('change of lifea)? 
QNo 
a y e s  + If yes. how old were you when you had your last menstrual period? a Don't know 

17. Have you ever been pregnant? 
0 No 
ayes+  if yes. 

a) How many total pregnancies have you had? (including miscarriages - 

and stillbirths) 
b) How many c h i l m a v e  you had? uncludinq stillbirths) 
c) What was your age when you first cfiild was born? 

Flndly we would Ilk. to ask a few quertlons about youmslt. Scrwn Taw8 goal Is 
to decrease brsut cmcar by 30% wrthin 15 years. Thls meens that we mu8t 
screen at leaat 80% of all women In Alberta To do so, we need to know which 
grou s of woman a n  cmfng In to be screened, and whlch groups of women we 
may & mlrr(ng. To llnd thfs out, we nard to ark a few rddltlonal quntlonr 
about yourself. 

18. Which rovlnco or terntory were you born in? (Specify country if you were born 
outside of Eanada) 

19. What would you say is yow main ancestral ethnic group? Check only. 
iz British - E and S E Asian 
-7 Western European Southern European a Eastern European a South Asian a French - African 
J Northern European Other. please specify 
C; Aboriginal 

20. What was your hlghmt level of education completed? Check only. 
1 - Grade 9 or less Cj Some high school C High sct~ool diploma 
:I Any collegelsorne university Universtty degree 

21. If you have been employed outside of the home, what was your rndn occupation? 
Check onty. 
1 FarminglProcessing SaleslServices =Clerical 3 Management - - Professional [30ther, specify g Not applicable 

22, What is your cunrnt employment status? Check one only. 
C Homemaker C Retiredlstudent Unemployed Employed 

Thank you for taklng tlme to ill1 out this qumtJon~lre. 

Please enrum that you have read the back pap  before returning this 
questlonnrlm to tha neeptlonist 



Consent Letter 

AuthorlratJon tor Partldpaion and Follow-up 

I understand that as a participant in the Alberta Program for the Early Detection of 
Breast Cancer I will have a mammogram (X-ray of the breasts) done today. It will be 
tnterpreted by a radiologist with s~ecial tralning in reading rnammogfams. I give 
permission for the pro ram to provide the results of the radiologisis report to the doctor 
I have named. Also, i?any further tests are required as a result of my visit, I give 
permission for the program to obtain the results of these from my doctor. or any other 
doctor shelhe may refer to. 

Screening site Date 

Signature 
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