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Abstract
Purpose

Currently, the ability to predict the development of resistance to hormone therapy (HT) in breast cancer
patients is suboptimal, and attempts are ongoing to develop more speci�c prognostic markers for
endocrine resistance. Several studies have shown that mammographic breast density is an important
predictor of outcomes following adjuvant HT. This study aimed to evaluate HT-induced mammographic
density (MD) reduction (MDR) and its association with relapse and metastasis in Taiwanese patients.

Methods

In this retrospective study conducted at the Changhua Christian Hospital, 1553 breast cancer patients
were screened. Of these, 399 with luminal-like cancer who were �rst diagnosed between January 2011
and December 2017 and had received adjuvant HT (include treatment with tamoxifen, aromatase
inhibitor or mixture) were enrolled. The mean follow-up period for all patients was 1847 days (median
follow-up period was 1815 days). The MD was measured as a percentage using the automatic volumetric
mammographic density estimation.

Results

We found the MDR equally 20.8% which MD measured was before and after surgery and HT during 6 to
18 months was a signi�cant cut-off threshold for good or pool diagnosis in breast cancer patients who
receiving HT. By utilized the Cox proportion-hazards model analysis, the disease-free survival rate was
signi�cantly higher in MDR-positive patients (MDR > 20.8%) than in MDR-negative patients (MDR <
20.8%) (p = 0.048). Age, histologic grade, histologic stage, and lymph node metastasis showed a
signi�cant association with recurrence-free survival in all patients.

Conclusions

Our results demonstrate the feasibility of using MDR to predict the preliminary outcomes of adjuvant HT
in Asian breast cancer patients.

Introduction
Adjuvant hormone therapy (HT) is effective in inhibiting the growth of hormone-sensitive (luminal-like)
tumors in breast cancers. The ability to predict the development of resistance to HT in breast cancer
patients is suboptimal and attempting to develop more speci�c prognostic markers that can predict
endocrine resistance. It has been shown that mammographic density (MD) reduction (MDR) during
therapy is associated with a risk decreasing of breast cancer progression.

Currently, the mechanisms underlying MDR are not completely understood. Previous studies have shown
that tamoxifen treatments are associated with a reduction in breast density [1, 2]. However, this �nding is



Page 3/17

inconsistent in aromatase inhibitor (AI) treatment, according to several previous studies. The effect of AIs
to breast density was from no effect [3] to average 5.9% decreasing [2]. Even it is having the divergent
views of this issue, a study reveals the overall aromatase expression is higher in tissue cores taken from
dense regions than in those from non-dense regions of the breasts of healthy women [4] and cannot rule-
out the possibility of in�uence of AIs treatment to breast density. However, it did not completely support a
signi�cant MDR when compared to control groups in both small [5, 6] and large cohorts [3] in
postmenopausal women treated with AIs.

There is no clear de�nition of a clinically meaningful MDR threshold up till the present moment due to the
heterogeneity between studies, include (1) cohort size (2) population (3) focus on tamoxifen or AIs
treatment or (4) if consideration of body mass index (BMI) as a factor. Therefore. it is interesting issue to
investigating the potential of MDR as a potential indicator of response to hormonal manipulations. This
study aimed to evaluate the feasibility of using MDR as a response predictor of adjuvant HT in Asian
breast cancer patients by combining the group effect of tamoxifen or AIs on MD totally.

Methods

Study
This retrospective study was based on the existing medical records of patients with luminal-like breast
cancer in the breast cancer registry and raw mammographic data at the Changhua Christian Hospital
from 2011 to 2015. A total of 1941 ER-positive patients were screened. The participants were aged 35-75
years and having full record of mammographic exam during whole adjuvant HT treatment. The patient’s
age, calculated BMI (in kg/m2), tumor size, grade, stage, lymph node status, estrogen receptor
(ER)/progesterone receptor (PR)/human epidermal growth factor receptor 2 (HER2) status, and MD grade
before HT were obtained for all participants from their medical records. The exclusion criteria include (a)
non-luminal-like patient (ER negative), (b) not administrated with HT after con�rmed diagnosis, (c) had
bilateral breast or occult breast cancer or any other condition which was not appropriate for evaluation,
and (d) underwent treatment for less than 48 months. To prevent over express the treatment effect of
tamoxifen on MDR, patients with T0/Tis/T1 stage disease in TNM classi�cation were also excluded.
Treatment with adjuvant HT was generally decided according to the institution’s guidelines. The standard
duration of treatment with tamoxifen is 5 years. Postmenopausal women were treated with the
aromatase inhibitors anastrozole and letrozole for up to 5 years after surgery or after 2 to 3 years of
tamoxifen. A detailed �ow of patient selection is shown in Figure 1.

MD measurement
In this study, the MD measurement was utilized the full-�eld digital mammography (FFDM) combining
automated mammographic density estimated software. It minimizes the bias, compared to traditional
human visual assessment. All participants were undergoing the same procedure of institute and had four-
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view digital mammograms in each exam. Standard two-dimensional digital mammograms were obtained
for all the participants using mainstream FFDM systems, including Senographe Essential/Senographe
DS (GE Medical Systems, Milwaukee, WI, USA), Mammomat Inspiration (Siemens AG Healthcare,
Erlangen, Germany), and Selenia Dimensions systems (Hologic Inc, Bedford, MA, USA). The MD
measurements, including the mammographic density grade (VDG), overall dense breast volume (in cm3),
and volumetric density percentage (VPD), were estimated and quantitated using the VolparaTM software
version 1.5.1 (Volpara Health Technologies, Wellington, New Zealand). To decrease the effect of tumor
tissues on the density estimates and to obtain more accurate results, the VPD in the present study were
calculated only from the contralateral lesions. The change in the MD at the last measurement compared
to that at baseline was used to calculate the MDR. It is note that the VDG in VolparaTM have different
density grade estimation method to the Breast Imaging Reporting and Data System (BI-RADS). However,
it is proved the performance and accuracy of density grade estimation was equal to experienced
radiologist. We do not repeat the mammographic breast density measurement of consistent between
radiology and VDG again.

MDR measurement
Mammographic density reduction (MDR) was based on two digital mammograms; the �rst was the
baseline mammogram which taken before surgery and adjuvant HT (preMD), and the second was 6 to 18
months after the start of adjuvant HT (postMD). It de�ned as the absolute MDR of these two images:

MDR(%) = preMD - postMD/100.

The diagnostic accuracy of MDR threshold was estimated using the area under the receiver operating
characteristics (ROC) curve (AUC) and was compared with DeLong’s nonparametric test. The Youden’s
index [7] was utilized to determine the optimal cut-off point for the speci�city and sensitivity result.

Statistics analysis
Cox proportional hazards model was used to estimate the disease-free survival (DFS) rate and survival
curve. We also identi�ed the different factors that are associated with MDR on DFS and hazard ratios
(HRs) to represent the risks through Cox proportional hazards model. The overall mode �t estimation in
Cox regression model was utilized the Chi-squared statistic tests the relationship between time and all the
covariates in the model, to ensure the proportional hazard assumption is satis�ed. The p-value less than
0.05 was considered signi�cant in statistic and in model �t. Thee statistical analyses were performed
using MedCalc for Windows (Version 19.5.3, MedCalc Software, Ostend, Belgium).

Results

Patient characteristics
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After screening the breast cancer registration database, 399 patients with luminal-like breast cancer who
were �rst diagnosed between 2011 to 2017 and had received adjuvant HT were recruited. Of these 23
patients (18.1%) had ductal carcinoma in situ (DCIS). The mean age of the enrolled patients was 53.16
years (SD = 11.44 years). Each patient had complete mammographic records for the whole duration of
the follow-up, and all follow-up days was converted to years for the time scale in KM curve analysis and
Cox regression in this study. The average follow-up was for 5.11 years (SD = 1.64). The follow-up period
from the start of adjuvant HT to the last mammogram was comparable in MDR-positive and -negative
patients (5.2 years ± 1.55 vs. 5.09 years ± 1.67). There are 50 patients (12.53 %) had tumor recurrence or
metastasis during the follow-up. Having the extremely dense breasts (mammographic density grade
equally to ‘d’, according to BI-RADS 5th criteria) prior to therapy (initial breast density) were noted in 165
patients (41.35%). Table 1 presents the summarize of the participants details.

Threshold for MDR-positive
The cut-off of MDR in 20.8% was found having the optimal sensitive and speci�city in metastatic /
relapse association. By utilized the ROC curve estimation, the sensitive was 80.0% and the speci�city is
80.5% (AUC = 81.2%) in the accuracy of a diagnostic test. Figure 2 shows the ROC curves and the AUC for
MDR-positive group when cut-off equally 20.8%. Figure 3 presents the DFS rates of the MDR-positive
(MDR > 20.8%) and MDR-negative (MDR < 20.8%) patients in Kaplan-Meier curves (p = 0.041 in log-rank
test).

Factors associated with MDR
We evaluated the signi�cance of each factor from patients which may associated with MDR by utilizing
multivariate logistic regression analysis. These factors were including age, BMI (calculated in kg/m2),
tumor size (in continuous), lymph node metastasis status, pathologic stage, histologic grade, ki-67
positive status (>10% at labeling), HER2 positive status and menopausal status (Age >50 years). The
analysis result was shown in table 2, and the age (p = 2 x 10-3) was the only signi�cant factors after the
test.

MDR and recurrence-free survival
Table 3 summarizes the effects of various factors on the association between MDR and recurrence-free
survival of whole study group. In the multivariate analyses by Cox proportional hazard model, MDR
positivity remained an independent predictor of total recurrence-free survival (HR = 0.881; p = 0.032) after
adjusting for several prognostic factors (age, BMI, tumor size, histologic grade status, pathologic stage
status, menopausal status, lymph node status and Ki-67 / HER2 status). High histologic grade (grade ≥
3) and HER2 positivity were also signi�cantly associated with recurrence-free survival.
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In the table 3, although the menopause status was not signi�cant level in statistic, it is close and slightly
over this threshold (p = 0.056). Separate analysis of premenopausal women and postmenopausal
women may help to �nd more related factors. The multivariate regression analysis for the post-
menopause women group was also provided here. Table 4 summarizes the �ndings of the multivariate
Cox proportional hazard model analyses in the post-menopausal group (Age > 50 years) after adjusting
for several prognostic factors. MDR positivity was also a signi�cant predictor of recurrence in this group
(p = 0.038). High histologic grade (p = 0.004), tumor size >2cm (p = 0.031) and HER2 positive (p < 0.001)
were all signi�cantly associated with recurrence-free survival in the post-menopausal group. An
interesting �nding is the factor tumor size >2cm was the signi�cant factor with recurrence-free survival in
postmenopausal women only and not in whole study group.

Discussion
This study assesses the changes in mammographic breast density in Taiwanese breast cancer patients,
following HT and its association with relapse. First, we have found MDR threshold and con�rmed that
MDR positivity (MDR >20.8%) is an independent prognostic factor of recurrence-free survival based on
Kaplan-Meier survival curves. Second, we have identi�ed the factors associated with MDR positivity and
recurrence-free survival by utilized multivariate logistic regression analysis. Logistic regression analysis
showed that age (continuous variable), tumor size (> 2 cm), high pathologic stage (Stage ≥ 3) were
signi�cant factors related to MDR status. In the analysis of MDR-positive patients, high histological grade
(grade ≥ 3) or high pathologic stage (stage ≥ 3) and lymph node metastasis were signi�cantly
associated with recurrence.

Several population-based related studies which including Caucasian and Korea has demonstrated that
the MD grade before HT, menopause, and HER2 status are associated with MDR [8]. In addition to the
HER2 status, the other factors were not found in this study. For these inconsistent �ndings, possibly
reasons including the differences in physiological mechanisms of the study population as well as the
different methods used to evaluate breast density. For example, the Caucasian women usually have a
higher BMI and body size [9] compared to Asian women. The trend of MD decreasing between pre-
menopausal and post-menopausal patients after HT seems also seems to be a difference. An analysis in
volumetric breast density with tamoxifen and AI treatment of Caucasian-based study [10] revealed the
post-menopausal AI patient had greatest reduction of VPD, and this result is inconsistent to the analysis
of our study cohort (mean VPD decline of post-menopausal AI patients: 0.3%, post-menopausal
tamoxifen patients: 1.5%). In the meantime, a previous review article [11] also indicated the MD response
is not a good biomarker in predicting AI effect of breast cancer patient in White women. Although the
association of DFS rate of AI treatment Asian breast cancer patients and MDR is not the focus of this
article, the proportion of post-menopausal AI treatment patients in this study group was 72.27% (full AI
treatment = 44.55%, combine AI and tamoxifen = 27.72%), and the Cox proportion hazard model still
presented the MDR-positive is an association factor to DFS and decrease the hazard of relapse (HR =
0.903 and p=0.045, detailed shown in Table 4), even though the p-value has already close to the upper
bound of signi�cant level of statistic.
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Previous studies based on Caucasian women that have indicated a 10% threshold of MDR as a cut-off to
reduce the risk of recurrence in breast cancer [8,12]. An issue is this �nding should be validated in Asian
women due to having different distribution of mammographic density. In our analysis, the MDR cut-off
was 20.8% and found to be statistically signi�cant between MDR-positive and negative in the Kaplan-
Meier recurrence-free survival curves. This threshold was higher than previous �nding. Since of the
different distribution of breast volume and density between Asian and Caucasian women was reported
[13], it possible the reason of this different. It also demonstrates the association between MD decreasing
in speci�c proportion during HT and better diagnosis may not be in�uenced by the difference in
populations. In addition, the MD measurement in previous studies was based on computer-aid
quantitative assessment (semi-automatic mammographic density measurement), it is still relying on the
visual reading by radiologists. Our study utilized fully-automated volumetric mammographic MD
measurements, which reduced the effort and bias compared to the previous methods.

A signi�cant issue of this study is about 80% participants were excluded in screening (1941 participants
were screening initially and 399 were enrolled �nally). It may cause the bias and patient selection issue.
The reason of this is follow-up duration of the most participants were not exceed the criteria of this study.
Only the participant meets the criteria require were enrolled. Because of the high medical resource
denseness and accessibility in Taiwan, whole adjuvant HT treatment of patients may collaborate with
two or more hospital, therefore fewer patients �nished all treatment in the same institute. This issue will
be improved in the future by enrolling more participants and collaborating with other institutes.

In conclusion, in addition to the signi�cant MDR threshold in clinical need to be classify, the Asian breast
cancer patient who receiving HT might have bene�ted from the Caucasian-based related studies.
However, how to classify the MDR threshold was not easy, and the actual threshold may variate due to
different population / enrolled criteria of HT patient cohort. It is important to compared these related
studies at the same or similar enrolled criteria or population. The aims of this study are �nding a
meaningful MDR threshold and predict the outcomes of adjuvant HT in Asian breast cancer patients, and
the preliminary result showing the statistically signi�cant. It wished to contributed this to clinical in the
future after enlarge the study cohort.
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Tables
Table 1. Clinicopathologic characteristics of patients

Primary Tumor Stage is listed according to the pathologic status. T stage is based on the TNM grading
system. TAM: Tamoxifen, AIs: Aromatase inhibitors
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Associated Variable Total

(N = 399)

MDR-positive

(N = 103)

MDR-negative

(N = 296)

Mean age (year ± SD) 53.16 ± 11.44 50.15 ± 10.97 54.20 ± 11.42

Menopausal      

Pre-menopausal 179 62 117

Post-menopausal 220 41 179

Follow-up time      

Mean (days ± SD) 1841.7 ± 591.2 1871.9 ± 557.6 1830.7 ± 602.9

BMI      

Mean (kg/m2 ± SD) 24.57 ± 4.27 24.34 ± 4.51 24.65 ± 4.19

Hormone therapy      

TAM only 208 65 143

AIs only 105 17 88

TAM /AIs combination 86 21 65

Mammographic density grade (in VDG)      

b 57 9 48

c 177 33 144

d 165 61 104

Primary tumor stage      

T1(a/b/c) 201 57 144

T2 179 41 138

T3/T4(a/b/c) 19 5 14

Lymph node status      

Negative 237 67 170

Positive 53 32 121

HER2      

Negative 186 45 141
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Positive 213 58 155

Ki-67      

High      

Low      

Histologic grade      

1/2 356 91 265

3 40 11 29

Metastasis      

Y 35 11 24

N 364 92 272

Recurrence      

Y 23 2 11

N 386 101 285

Table 2. Factors associated with the MDR in multivariate logistic regression analysis

*: Signi�cant in statistics (p<0.05), **: Signi�cant in statistics (p<0.01)
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Variable Odds ratio (95% CI) P value

Age, years (continuous) 0.968 (0.947, 0.988) 0.002*

BMI, kg/m2 (continuous) 0.983 (0.931, 1.038) 0.529

Tumor Size    

≤2cm 1.000 (Reference)  

>2cm 0.753 (0.483, 1.181) 0.217

Lymph Node    

Negative 1.000 (Reference)  

Positive 0.806 (0.387, 1.678) 0.56

Pathologic Stage    

Low (0/1) 1.000 (Reference)  

High (2/3) 0.650 (0.314, 1.346) 0.25

Ki-67    

Negative 1.000 (Reference)  

Positive 1.502 (0.614, 3.676) 0.37

HER2    

Negative 1.000 (Reference)  

Positive 0.412 (0.112, 1.506) 0.18

Histologic Grade    

Low (1/2) 1.000 (Reference)  

High (3) 0.777 (0.328, 1.844) 0.57

Menopausal Status    

No 1.000 (Reference)  

Yes 0.639 (0.302, 1.351) 0.24

Table 3. Effect of mammographic density reduction (MDR) on disease-free survival

* p < 0.05, ** p < 0.01
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Variable Hazard Ratio (95% CI) P Value

MDR positive 0.881 (0.400 - 1.938) 0.032*

Age, years (continuous) 1.008 (0.979 - 1.037) 0.582

BMI, kg/m2 (continuous) 0.996 (0.918 - 1.081) 0.926

High histologic grade (Grade >3) 2.136 (1.101 - 4.514) 0.047*

High pathologic stage (Stage >3) 0.667 (0.121 - 3.673) 0.642

Tumor size >2 cm 5.039 (0.918 - 27.678) 0.063

Menopausal 1.153 (0.374 – 3.556) 0.056

Lymph node metastasis 2.108 (0.885 – 5.019) 0.092

Ki-67 positive 0.989 (0.435 – 2.252) 0.981

HER2 positive 2.983 (1.413 – 6.299) 0.004**

Table 4. Effect of mammographic density reduction (MDR) on disease-free survival in post-menopausal
patients

* p < 0.05, ** p < 0.01

Variable Hazard Ratio (95% CI) P Value

MDR positive 0.903 (0.335 – 2.435) 0.045*

Age, years (continuous) 1.004 (0.960 - 1.051). 0.856

BMI, kg/m2 (continuous) 0.981 (0.895 - 1.075) 0.675

High histologic grade (Grade >3) 1.680 (0.667 – 4.225) 0.027*

High pathologic Stage (Stage >3) 0.29 (0.022 – 3.957) 0.357

Tumor size >2 cm 10.158 (0.736 – 139.730) 0.031*

Lymph node metastasis 2.181 (0.795 – 5.987) 0.13

Ki-67 positive 0.89 (0.356 – 2.228) 0.801

HER2 positive 4.233 (1.758 – 10.192) 0.001**

Figures
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Figure 1

Flowchart of patient enrollment
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Figure 2

The ROC curve for the criteria when MDR threshold is 20.8%
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Figure 3

Cumulative survival curves for breast cancer with and without MDR


