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               The prevention of breast cancer in women who are at high risk for 
the disease has been substantially advanced in both primary pre-
vention and early detection settings. Several randomized con-
trolled primary prevention trials have shown that tamoxifen 
reduces the incidence of estrogen receptor (ER) – positive breast 
cancer by 30% – 50% ( 1  –  7 ). In addition, breast cancer screening by 
mammography, with or without clinical breast examination, 
has been evaluated for its effi cacy in several large randomized 
screening trials and has been recommended for the last two decades 
( 8  –  11 ). However, to our knowledge, there is no literature evaluating 
the association between the primary prevention agent and the 
method of early detection and none on how tamoxifen may affect 
the time to breast cancer diagnosis. The Breast Cancer Prevention 
Trial (BCPT) ( 1 , 2 ) of the National Surgical Adjuvant Breast and 
Bowel Project (NSABP) is the largest randomized double-blinded 
placebo-controlled clinical trial to evaluate the effi cacy of tamox-
ifen in the prevention of breast cancer. The same intensive sur-
veillance schedule was implemented for both the placebo and 
tamoxifen treatment arms during the study follow-up. Therefore, 
the BCPT provides a substantial database to investigate not only 

the effi cacy of tamoxifen on the incidence of breast cancer but also 
its impact on the time to detection of the disease. In this study, we 
used a retrospective analysis of BCPT data to evaluate the effect 
of tamoxifen on the time to diagnosis of breast cancer and the rate 
of cancer detection by mammography examination with or with-
out clinical breast examination and by clinical breast examination 
alone among women with ER-positive or ER-negative breast 
cancer. 
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  ARTICLE  

     Tamoxifen Chemoprevention Treatment and Time 
to First Diagnosis of Estrogen Receptor – Negative 
Breast Cancer  
    Yu     Shen   ,      Joseph P.     Costantino   ,      Jing     Qin                  

   Background   Tamoxifen ’ s effect of reducing the risk of estrogen receptor (ER) – positive breast cancer is well established. 
Its effect on the time to first diagnosis of breast cancer has not been reported. We used information from 
the randomized, placebo-controlled Breast Cancer Prevention Trial (BCPT) to make that evaluation.  

   Methods   A total of 13   388 women enrolled in BCPT, of whom 174 were diagnosed with ER-positive tumors and 69 
were diagnosed with ER-negative tumors. A flexible semiparametric cure rate model was used to assess 
the effects of tamoxifen vs placebo treatment on the time to disease diagnosis. Multivariable logistic 
regression, adjusted for age and tumor size at diagnosis, was used to assess the association between the 
mammography detection rate and treatment with tamoxifen. All statistical tests were two-sided.  

   Results   The median times to diagnosis of ER-positive tumors were similar in both treatment groups (43 months 
for the placebo arm and 51 months for the treatment arm). Times to diagnosis of ER-negative tumors, 
however, differed between treatment groups, with median times to diagnosis of 36 months in the placebo 
arm vs 24 months in the tamoxifen arm (difference = 12 months, 95% confidence interval [CI] = 3 to 17 
months,  P  = .037). ER-negative breast cancers in the tamoxifen arm were more likely than those in the 
placebo arm to be detected by mammography than by clinical breast examination alone after adjustment 
for age and tumor size, but the increase was only marginally statistically significant (odds ratio for mam-
mography detection = 4.68, 95% CI = 0.86 to 25.32,  P  = .073). No differences were found in the mammog-
raphy detection rates for ER-positive tumors by treatment arm.  

   Conclusion   Although tamoxifen treatment does not reduce the incidence of ER-negative breast cancer, it may have 
advanced detection of such tumors by approximately 1 year, compared with that in the placebo arm. The 
time to diagnosis of ER-positive breast cancer was similar in both treatment arms.  
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  Patients and Methods 
  Study Population 

 Between 1992 and 1997, a total of 13   388 asymptomatic women 
aged 35 years or older who were at high risk for a first occurrence 
of invasive breast cancer were randomly assigned to receive either 
placebo or 20 mg of tamoxifen daily for 5 years. High risk was 
defined as having a projected 5-year breast cancer risk of at least 
1.66% according to the modified Gail model ( 12 ). All participants 
were monitored for development of the disease by use of annual 
mammograms and follow-up clinical examinations at 3 months, 6 
months, and every 6 months thereafter. Invasive breast cancer 
diagnosed during the study may have been detected by mammog-
raphy only, clinical breast examination only, or both. When results 
of the trial were first reported ( 1 ), the average follow-up of the 
population was about 6 years. At that time, a total of 265 invasive 
breast cancers had been diagnosed (176 in the placebo arm and 89 
in the tamoxifen arm). Among the 265 invasive breast cancers, 174 
were ER positive, 69 were ER negative, and 22 had unknown ER 
status. Details of the design and implementation of the trial have 
been reported previously ( 1 ). This study was reviewed and 
approved by NSABP Operations Center and the Institutional 
Review Board of the M. D. Anderson Cancer Center.  

  Statistical Analysis 

 The primary endpoint was the time to diagnosis of breast can-
cer, as measured from the time of random assignment in the 
BCPT. Because only a small proportion of the women devel-
oped breast cancer during study follow-up, resulting in heavy 
censoring in the whole cohort, the difference in time to diagno-
sis between the treatment arms was difficult to discern. Also, if 
we had restricted our analysis to the patients diagnosed with 
breast cancer only during study follow-up, a simple comparison 
of the time to diagnosis between the two distributions for the 
treatment groups would have been biased by ignoring the poten-
tial right-censoring (ie, loss to follow-up) for participants who 
would have been diagnosed with breast cancer after the end of 
study follow-up. Therefore, we used a semiparametric cure rate 
model ( 13 ) to assess the treatment effects of tamoxifen in this 
mixed cohort of individuals who were both susceptible and 
unsusceptible to breast cancer. The mixture model allowed us to 
separately estimate the distribution for time to diagnosis among 
susceptible participants to the disease, as well as the disease inci-
dence within each treatment arm. Among participants suscepti-
ble to the disease, we quantified the potential change in the time 
to disease diagnosis between the treatment and placebo arms by 
use of a flexible model, in which  g c  ( t ) was defined as exp{ �  + 
 �  t } f c  ( t ), where  g c   and  f c   are the conditional probability density 
functions for the tamoxifen and placebo arms, respectively,  t  is 
time to the diagnosis of breast cancer as measured from the time 
of randomization, and  �  and  �  are parameters to quantify poten-
tial difference between the density functions  g c  ( t ) and  f c  ( t ). There 
is no parametric assumption for the two probability density 
functions. We used the conditional likelihood ratio test to assess 
the equality of the two density functions  g c   and  f c  . Details of the 
statistical inference and model checking have been described 
previously ( 13 ). We used a bootstrapping method to estimate 

95% confidence intervals (CIs) for difference in the median 
times to diagnosis of breast cancer between the two treatment 
arms and for the estimated survival distributions of the two 
treatment arms (see  Figure 1 ).     

 We used descriptive analysis to compare tumor characteristics 
at the time of diagnosis by treatment arm and by tumor ER status. 
To compare tumor size distributions between the two arms by ER 
status, we used the Wilcoxon – Mann – Whitney exact test. Among 
women diagnosed with breast cancer, we used the Fisher exact test 
to compare the mammography detection rate with or without 
clinical breast examination between the two treatment arms, strati-
fi ed by ER status. We used multivariable logistic regression to 
examine whether the probability of mammography detection with 
or without clinical breast examination was associated with treat-
ment after adjustment for age (continuous variable) and tumor size 
( ≤ 1.0 cm vs >1.0 cm) at diagnosis, stratifi ed by ER status. We esti-
mated the odds ratio (OR) and its 95% confi dence interval and 
calculated the  P  value from Wald’s test for each risk factor in the 
multivariable logistic models. We performed the statistical analy-
ses with S-PLUS version 7.0 (Insightful Corporation, Seattle, 
WA) and SAS version 8.02 (SAS Institute, Inc., Cary, NC). All 
statistical testing was two-sided.   

  CONTEXT AND CAVEATS 

  Prior knowledge 

 The effect of tamoxifen chemoprevention treatment on the time to 
first diagnosis of breast cancer has not been reported.  

  Study design 

 Subset analysis of data from the phase 3 randomized placebo-
controlled Breast Cancer Prevention Trial (BCPT), in which 13   338 
women were enrolled and of whom 174 were diagnosed with 
estrogen receptor (ER)-positive tumors and 69 were diagnosed 
with ER-negative tumors.  

  Contribution 

 Times to diagnosis of ER-positive tumors were similar in both 
tamoxifen and placebo treatment groups. Times to diagnosis of 
ER-negative tumors differed between treatment groups, with a 
median time of 36 months in the placebo group and 24 months in 
the tamoxifen group. ER-negative tumors in the tamoxifen group 
were more likely than those in the placebo group to be detected by 
mammography than by clinical breast examination alone. No dif-
ferences were found in the mammography detection rates for 
ER-positive tumors by treatment group.  

  Implication 

 Although chemoprevention with tamoxifen does not reduce the 
incidence of ER-negative breast cancer, it appears to have advanced 
the detection of ER-negative tumors by approximately 1 year. This 
result warrants further investigation.  

  Limitations 

 Breast density was not assessed in the BCPT. The number of 
ER-negative breast cancers diagnosed was relative small and so 
conclusions that are based on these data should be interpreted 
with caution. 

  From the Editors    
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  Results 
  Time to Diagnosis of Breast Cancer 

 A total of 243 women were diagnosed with invasive breast cancer of 
known ER status — 174 with ER-positive tumors and 69 with 
ER-negative tumors. Among women with ER-positive tumors, the 
median time to disease diagnosis was similar in both treatment arms 
(43 months for the placebo arm and 51 months for the tamoxifen 
arm, difference =  – 8 months, 95% CI =  – 20 to 12 months,  P  = .48, 

conditional likelihood ratio test) ( Figure 1, A ). Among women with 
ER-negative tumors, however, the median times to diagnosis of 
disease differed between treatment groups. The median time to 
diagnosis of ER-negative breast cancer was 24 months for women 
in the tamoxifen arm and 36 months for women in the placebo arm 
(difference = 12 months, 95% CI = 3 to 17 months,  P  = .037, con-
ditional likelihood ratio test) ( Figure 1, B ).  

  Mammography Detection Rate 

 The tumor characteristics at the time of diagnosis are shown by 
treatment and by ER status in  Table 1 . Among women with 
ER-positive tumors, the distribution of tumor sizes at diagnosis 
was similar in the two treatment arms ( P  = .823). Among women 
with ER-negative tumors, in contrast, a higher proportion of 
tumors in the tamoxifen arm than in the placebo arm were small 
( ≤ 1.0 cm) at diagnosis: 39.5% of ER-negative tumors in the 
tamoxifen arm had diameters of 1 cm or less compared with 
16.1% of ER-negative tumors in the placebo arm (difference = 
23.4%, 95% CI = 0.94% to 41.2%,  P  = .069). No statistically 
significant difference between the placebo and tamoxifen arms 
was observed in the tumor – node – metastasis stage distribution or 
lymph node status.     

 Among all participants diagnosed with breast cancer during the 
fi rst 6 years of follow-up, more ER-negative breast cancers were 
detected by mammography with or without clinical breast exami-
nation in the tamoxifen arm than in the placebo arm (95% vs 77%, 
difference = 18%, 95% CI = 0.9% to 35.0%,  P  = .068, Fisher test), 
but the difference was only marginally statistically signifi cant. 
However, ER-positive breast cancers were detected by mammog-
raphy (with or without clinical breast examination) at approxi-
mately the same rate in both treatment arms (86% vs 84%, 
difference = 2%, 95% CI =  – 12.9% to 12.1%;  P  = .99, Fisher test). 
In multivariable logistic regression analyses, mammography detec-
tion of ER-positive breast cancer was not associated with treat-
ment (OR = 1.16, 95% CI = 0.42 to 3.2,  P  = .768, Wald test). We 
also found that age at diagnosis appeared to play different roles by 
ER status ( Table 2 ). Among women with ER-positive tumors, 
small tumors and tumors in older women were more likely to have 
been detected by mammography than by clinical breast examina-
tion alone, independent of treatment arm. ER-negative breast 
cancers in the tamoxifen arm were more likely than those in the 
placebo arm to be detected by mammography than by clinical 
breast examination alone after adjustment for age and tumor size, 
but the increase was only marginally statistically signifi cant (OR = 
4.68, 95% CI = 0.86 to 25.32,  P  = .073, Wald’s test). Age and 
tumor size at diagnosis were not associated with the method used 
to detect ER-negative tumors.       

  Discussion 
 We showed that tamoxifen treatment appeared to shorten the time 
to diagnosis of ER-negative breast cancer by approximately 1 year 
but was not associated with the time to diagnosis of ER-positive 
breast cancer. The earlier diagnosis of ER-negative breast cancer 
might have been a result of more diagnosable tumors or of faster- 
growing tumors associated with the use of tamoxifen. However, if 
tamoxifen had stimulated the growth of ER-negative tumors, we 
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 Figure 1  .    Estimated survival distributions for each Breast Cancer 
Prevention Trial treatment arm conditional on prevalent cases of breast 
cancer.  A)  Estrogen receptor (ER) – positive breast cancer.  B)  ER-negative 
breast cancer. The 95% confi dence intervals for the probability of no 
breast cancer diagnosis are presented for 20, 40, and 60 months from 
the time of randomization. The conditional likelihood ratio test was 
used to assess the equality of the two density functions. All statistical 
tests were two-sided. Reprinted with permission from  The Journal of 
American Statistical Association , Copyright 2007, the American 
Statistical Association. All rights reserved. TAM = tamoxifen.    
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would have expected statistically significantly more ER-negative 
tumors to have been diagnosed during follow-up or at younger ages 
at diagnosis in the tamoxifen arm than in the placebo arm. We did 
not observe either of these events among women with ER-negative 
tumors. The estimated incidences of ER-negative breast cancer (7.4 
per 1000 vs 7 per 1000 women) and the median ages at diagnosis 
(53.5 vs 52.7 years) were about the same in both the tamoxifen and 
placebo arms, respectively. The observation that more smaller-
sized ER-negative tumors were diagnosed among women in the 
tamoxifen arm than in the placebo arm tends to support the inter-

pretation that earlier diagnosis is a result of more “diagnosable” 
ER-negative tumors. The relative detection rate by mammography 
also confirmed that ER-negative tumors were more likely to be 
detected by mammography than by clinical breast examination in 
the tamoxifen arm than in the placebo arm, albeit not statistically 
significantly so. In contrast, no differences were found in the mam-
mography detection rates of ER-positive tumors by treatment arm. 
Our analysis also showed that chemoprevention with tamoxifen, 
compared with placebo, reduced the number of invasive ER-positive 
breast cancers among participants in NSABP’s BCPT and also 

 Table 2  .    Detection of invasive breast cancer by mammography vs clinical breast examination alone by estrogen receptor status *   

  Risk factor

ER-positive disease (n = 174) ER-negative disease (n = 69) 

 OR for mammography 

detection (95% CI)  P  value  †  

OR for mammography 

detection (95% CI)  P  value  †    

  Treatment  
     Placebo 1.00 (referent) 1.00 (referent)  
     Tamoxifen 1.16 (0.42 to 3.20) .768 4.68 (0.86 to 25.32) .073 
 Tumor size, cm  
      ≥ 1 1.00 (referent) 1.00 (referent)  
     <1 2.55 (0.96 to 6.80) .061 1.89 (0.15 to 23.25) .619 
 Age at diagnosis per year  ‡  1.06 (1.01 to 1.11) .024 1.03 (0.92 to 1.15) .608  

  *   A multivariable model was used to investigate the detection of invasive breast cancer by mammography vs clinical breast examination alone. 
ER = estrogen receptor; OR = odds ratio; CI = confidence interval.  

   †    All  P  values were obtained from the Wald’s test. All statistical tests were two-sided.  

   ‡    Range of age at diagnosis is 38 – 82 years. Age at diagnosis is a continuous variable. An odds ratio of 1.06 may be reported as follows: For every 1-year increase 
in age, women with ER-positive tumors are 1.06 times more likely to have their tumors detected by mammography than by clinical breast examination alone.   

 Table 1  .    Characteristics of invasive breast cancers at diagnosis by ER status among participants with known tumor ER status *   

  Characteristic

ER-positive disease ER-negative disease 

 Placebo, 

No. (%)

Tamoxifen, 

No. (%)  P  value  †  

Placebo, 

No. (%)

Tamoxifen, 

No. (%)  P  value  †    

  Lymph node status  
     Negative 90 (68.2) 32 (76.2) 18 (58.1) 22 (57.9)  
     Positive 33 (25.0) 10 (23.8) 13 (41.9) 15 (39.5)  
     Unknown  ‡  9 (6.8) 0 (0) .839 0 (0) 1 (2.6) .999 
 Tumor size  
      ≤ 1.0 cm 53 (40.2) 18 (42.9) 5 (16.1) 15 (39.5)  
     1.1 – 2.0 cm 50 (37.9) 12 (28.6) 14 (45.2) 13 (34.2)  
     2.1 – 3.0 cm 13 (9.8) 6 (14.3) 6 (19.4) 7 (18.4)  
      ≥ 3.1 cm 15 (11.4) 6 (14.3) 5 (16.1) 3 (7.9)  
     Unknown  ‡  1 (0.8) 0 (0) .823 1 (3.2) 0 (0) .069 
 TNM stage  
     I 79 (59.8) 27 (64.3) 16 (51.6) 17 (44.7)  
     II 42 (31.8) 13 (31.0) 11 (35.5) 18 (47.4)  
     III/IV 7 (5.2) 2 (4.7) 3 (9.7) 2 (5.3)  
     Unknown  ‡  4 (3.0) 0 (0) .953 1 (3.2) 1 (2.6) .607 
 Detection method  
     Clinical breast exam only 21 (15.9) 6 (14.3) 7 (22.6) 2 (5.3)  
     Mammography only 54 (40.9) 19 (45.2) 10 (32.3) 12 (31.6)  
     Both 57 (43.2) 17 (40.5) .999§ 14 (45.2) 24 (63.2) .068 §  
     Total 132 (100) 42 (100) 31 (100) 38 (100)   

  *   ER = estrogen receptor; TNM = tumor – node – metastasis.  

   †    The comparison was of the distributions by treatment group, excluding participants with unknown values. The Wilcoxon – Mann – Whitney exact test was used for 
comparing tumor sizes between the two arms, and the Fisher exact test was used for all other comparisons. All statistical tests were two-sided.  

   ‡    Excluded numbers of patients in the statistical tests are listed as unknown.  

  §   The comparison was of the combined categories of mammography only and both mammography and clinical breast examination to those of clinical 
breast examination only.   
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concurred with previous findings that tamoxifen did not reduce the 
risk of ER-negative invasive breast cancer ( 1  –  7 ). 

 Because breast cancer is estrogen dependent, the biological 
function of endocrine therapies on the disease differs according to 
the ER status of the tumor. It is thus not surprising that the effects 
of tamoxifen on the reduction of disease incidence and mortality 
differed by the ER status of the tumor. Our study results also pro-
vide information on the effect of tamoxifen treatment on disease 
surveillance, which could be used to improve the early detection of 
breast cancer. Some studies ( 14 , 15 ) have hypothesized that 
ER-negative tumors are less likely to be detected by mammogra-
phy than ER-positive tumors. In this study, we found a similar, 
although not statistically signifi cant, pattern in the placebo arm: 
mammography detected 77.4% of ER-negative tumors and 84.1% 
of ER-positive tumors. Conversely, in the tamoxifen arm, mam-
mography detected 94.7% of ER-negative tumors and 85.7% of 
the ER-positive tumors. Clearly, the mammography detection rate 
of ER-positive tumors was changed little by tamoxifen use, but the 
mammography detection rate of ER-negative tumors increased 
with tamoxifen use. Our multivariable logistic regression model 
also indicated that ER-negative breast cancers were more likely to 
be detected by mammography in the tamoxifen arm than in the 
placebo arm (OR = 4.68, 95% CI = 0.86 to 25.32,  P  = .073), 
although the difference did not reach statistical signifi cance. These 
data appear to support the hypothesis that there are differences in 
mammographic detection of ER-negative breast cancer, but not 
for ER-positive breast cancer, by treatment group. 

 Our fi nding that tamoxifen treatment decreased the time to 
diagnosis of ER-negative breast cancers is supported by the fi nd-
ings that changes in breast density are associated with the use of 
tamoxifen ( 16  –  18 ) and that breast density appears to be a major 
factor infl uencing the sensitivity of mammography screening 
examinations ( 19 , 20 ). Tamoxifen treatment changes the density of 
normal breast tissue and thereby modifi es the contrast between 
normal tissue and tumor tissue, which would increase the ability of 
mammography to detect tumors ( 5 , 16  –  18 , 21 ). Unfortunately, 
these studies ( 16  –  18 , 21 ) were not stratifi ed by the ER status of the 
tumor and the BCPT trial did not collect data on breast density. It 
is therefore unclear why the potential change in breast density did 
not make a difference in the mammographic diagnosis of ER-positive 
breast cancer in the tamoxifen arm. One possibility is that tamox-
ifen treatment increases the contrast between normal tissue and 
ER-negative tumor tissue more than the contrast between normal 
tissue and ER-positive tumor tissue. An alternative explanation is 
that, as an antiestrogen agent, tamoxifen not only modifi es breast 
density but also inhibits the growth of ER-positive breast cancers 
but not ER-negative breast cancers ( 22 ). The latter explanation 
somewhat supports the observations of Cuzick et al. ( 5 ) that the 
change in breast density associated with tamoxifen treatment pre-
dicted approximately one-third of the reduction in the incidence of 
breast cancer that was observed in the prevention trials and that the 
reduction of incidence occurred only in ER-positive tumors. If the 
earlier diagnosis of ER-negative breast cancer is a result of 
the reduction in breast density associated with the use of tamoxifen, 
then tamoxifen may not have a direct clinical benefi t in the reduc-
tion of ER-negative breast cancer, even though breast density is an 
independent risk factor for breast cancer ( 23  –  25 ). 

 Our study has several limitations. Our analysis was limited by 
a lack of measurement of breast density either before or after 
treatment in the BCPT. In addition to its role as an important risk 
factor in predicting the occurrence of breast cancer, breast density 
also affects mammography sensitivity at diagnosis of breast can-
cer. Therefore, information of breast density should be collected 
at periodic screening examinations in future prevention trials. 
Another limitation to this study is that the number of ER-negative 
breast cancers diagnosed was moderately small (a total of 69 
women with ER-negative tumors), and thus, any conclusions that 
are based on these data should be interpreted with caution. 

 The BCPT was the largest placebo-controlled chemopreven-
tion trial to evaluate tamoxifen as a chemopreventive agent. We 
used BCPT data to investigate the effect of tamoxifen treatment in 
primary prevention and early detection settings by the ER status of 
the tumor. Findings from this study have the potential to increase 
our knowledge of tamoxifen’s effects on the natural history of 
breast cancer, its primary prevention, and its early detection. The 
biologic mechanisms associated with the decreased time to diagno-
sis of ER-negative breast tumors in the tamoxifen arm, compared 
with that in the placebo arm, remain to be further investigated in 
treatment and prevention studies.     
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