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INTRODUCTION

Surgical procedures are a mainstay of treatment for breast can-
cer, but adjuvant therapies improve the postoperative outcomes 
and long-term survival of breast cancer patients. Over 80% of 

patients overexpress estrogen receptors (ER) and/or progester-
one receptors [1-4]. For these patients, adjuvant hormonal ther-
apy should be used for at least 5 years, including selective estro-
gen receptor modulators (SERMs) such as tamoxifen or aroma-
tase inhibitors (AIs) such as anastrozole and letrozole. It was 
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also proven in a recent trial that for patients with ER-positive 
disease, continuation of tamoxifen therapy for 10 years, instead 
of 5, reduced rates of recurrence and mortality [3].

Extensive mammographic density is strongly associated with 
the risk of breast cancer. SERMs such as tamoxifen are known 
to reduce the risk of breast cancer recurrence by affecting hor-
monal receptors and reducing mammographic density [5-8]. 
Cuzick et al. [6] and Nyante et al. [9] reported a 5% to 10% de-
crease in mammographic density after 12 months of tamoxifen 
therapy.

Meanwhile, in patients who undergo breast reconstruction, 
hormonal therapy can cause breast volume to change, both by 
affecting the breast tissue itself and by affecting the fat distribu-
tion and body weight of the patient [10,11]. Ishii et al. [12] re-
ported a significant decrease in breast volume in patients who 
received adjuvant therapy, especially in those with higher breast 
density. Theirs was the first study to report a breast volume de-
crease after adjuvant chemotherapy and tamoxifen therapy. 
However, a limitation of that study is that they used an uncom-
mon method to measure breast volume [12].

The purpose of our study was to evaluate breast volume 
changes after hormonal therapy using a more reliable method 
than the previously mentioned study. Moreover, more patients 
were enrolled in this study to increase its reliability compared to 
that of the previous study [13]. Moreover, the relationships be-
tween hormonal therapy, body mass index (BMI), and breast 
volume were evaluated to explore effects on breast volume in 
more detail. The aim of this study was to observe whether vol-
ume changes in the contralateral breast occurred during hor-
monal therapy and other adjuvant therapies.

METHODS

A retrospective cohort study was performed with patients who 
underwent 2-stage breast reconstruction using tissue expanders, 
followed by placement of a permanent implant. Data were ob-
tained from the Department of Plastic and Reconstructive Sur-
gery of Korea University Anam Hospital between September 
2012 and April 2018. Among the patients who underwent 
breast reconstruction surgery, 112 cases were reconstructed us-
ing tissue expanders followed by placement of a silicone im-
plant. The following cases were excluded from the study: (1) 
bilateral reconstruction cases where both breasts were resected; 
(2) delayed reconstruction cases where adjuvant therapy began 
before the first operation; (3) secondary mastectomy cases due 
to local recurrence after breast-conserving therapy and/or addi-
tional contralateral breast cancer; and (4) non-elective cases in 
which properly collected data were not available. Ultimately, a 

total of 90 cases were included in our study.
Patient data were collected from the electronic medical re-

cords shared by oncologists and surgeons. The following data 
were collected: age, weight, BMI, hypertension, diabetes, smok-
ing status, cancer type, hormone receptor status, hormonal 
therapy status, target therapy, preoperative and postoperative 
chemotherapy status, and radiation therapy.

Breast volume and photographic data were also collected for 
evaluation. Patients visited the office on the day prior to each 
operation for a breast volume measurement to be obtained. 
Breast volume was acquired using a cast by a single person (i.e., 
the breast coordinator) to reduce the error [13]. Photographic 
data were also acquired on the day before each operation. In-
formed consent was obtained from all patients for use of their 
photographic data. Institutional review board/ethics committee 
approval was obtained from the Institutional Review Board of 
Korea University Anam Hospital (K2018-1201-002).

When acquiring breast volume, the breast margin was first de-
termined in the sitting position. By lifting up the breast, the up-
per margin could be identified. After drawing a line on the infra-
mammary fold to establish the lower margin, a curvilinear line 
was drawn by connecting the upper and lower margins. Then, 
also with the patient in the sitting position, plastic wrap was ap-
plied and molded on the breast. Plastic tape was additionally ap-
plied to the wrap, to cast the molded wrap. The breast margin 
was drawn again on the applied cast before removing it from the 
breast. Finally, the cast was filled with water and breast volume 
was estimated by measuring the volume of the water that filled 
the cast (Fig. 1).

Immediate breast reconstruction was done using a tissue ex-
pander, at the same time when mastectomy was done by a 
breast surgeon. Approximately 6 months later, tissue expanders 
were changed to permanent silicone implants. The mean time 
interval between tissue expander insertion and implant change 
was 6.8 months (median, 5.8 months). Hormonal therapy was 
started, on average, 2.4 months after the mastectomy (median, 
0.8 months). Hormonal therapy was applied for an average of 
4.6 months, when patients were undergoing the second stage of 
surgery (median, 4.1 months).

The difference in the volume of the contralateral normal breast 
between the first stage and the second stage of reconstruction 
was measured. Differences in body weight and BMI between 
those periods were also assessed. These data were collected to 
evaluate any correlations among the type of adjuvant therapy, 
breast volume changes, and body weight changes. Proportional 
changes in breast volume and body weight were also calculated. 
The primary object of this study was to determine whether ad-
juvant therapy, including hormonal therapy, influenced breast 
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volume. We also aimed to assess whether adjuvant therapy had 
any impact on weight gain or loss, and to determine whether 
this change had an effect on breast volume.

Statistical analysis
Continuous variables are presented as means with the standard 
deviation, and as medians with interquartile ranges. The Kol-
mogorov-Smirnov test was used to check the normality of the 
data. The data we used for the analysis did not show a normal 
distribution according to the Kolmogorov-Smirnov test. All cat-
egorical data are presented as counts and percentages. For group 
comparisons, hypothesis testing was performed with the Mann-
Whitney U test for continuous data. Spearman correlation anal-
ysis was used to assess the correlation between breast volume 
and body weight changes. A 2-tailed value of P < 0.05 was used 
for all tests to indicate statistical significance. All analyses were 
performed using SPSS version 24 (IBM Corp., Armonk, NY, 
USA).

RESULTS

The mean age of the patients was 46.8 ± 0.9 years, and their 
mean BMI was 23.1 ± 0.3 kg/m2. Patient demographics and 
characteristics are presented in Table 1. Most patients (68%) 
were diagnosed as having invasive ductal carcinoma, while 27% 
had ductal carcinoma in situ and 4% had invasive lobular carci-
noma. Among the 77 patients (86%) who had hormone recep-
tor-positive tumors, 64 (71%) received tamoxifen and 13 (14%) 
received AIs. Additionally, goserelin (Zoladex; AstraZeneca, 
London, UK) and trastuzumab (Herceptin; Genentech, South 
San Francisco, USA) were administered to 18 patients (20%) 

each. All 18 patients receiving goserelin were also treated with 
tamoxifen. Neoadjuvant chemotherapy was administered to 
11% of the patients, and 40% of the patients underwent adju-
vant chemotherapy. Radiation therapy was applied to 11% of 
patients.

The contralateral breast volume difference between the first 
and second operation was compared to the breast volume at the 

Fig. 1. Breast volume measured by plaster cast method

(A) The breast margin was determined in the sitting position. By lifting up the breast, the upper margin could be identified. (B) Plastic wrap was 
applied on the breast and plastic tape was additionally applied on the wrap, to cast the molded wrap. (C) The breast margin was drawn again on 
the applied cast before removing it from the breast. (D) The cast was filled with water and breast volume was estimated by measuring the volume 
of the water that filled the cast.

A B DC

Characteristic No. (%)

Patient demographics
  No. of patients 90
  Age, mean±SD, yr 46.8±0.9
  BMI, mean±SD, kg/m2 23.1±0.3
  Hypertension 10 (11)
  Diabetes  3 (3)
  Smoking history  8 (9)
Type of breast cancer
  Ductal carcinoma in situ  24 (27)
  Invasive ductal carcinoma  61 (68)
  Invasive lobular carcinoma  4 (4)
  Phyllodes tumor  1 (1)
HR status
  HR-positive 77 (86)
  HER2-positive 26 (29)
Hormone therapy
  Tamoxifen 64 (71)
  Goserelin (Zoladex) 18 (20)
  Aromatase inhibitor 13 (14)
Target therapy
  Trastuzumab (Herceptin) 18 (20)
Neoadjuvant chemotherapy 10 (11)
Adjuvant chemotherapy 36 (40)
Adjuvant radiation therapy 10 (11)

SD, standard deviation; BMI, body mass index; HR, hormone receptor; HER2, 
human epidermal growth factor receptor type 2.

Table 1. Patient characteristics
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first operation. The ratio between the final breast volume and 
the initial breast volume was calculated. Patients receiving 
tamoxifen therapy demonstrated significantly decreased breast 
volume compared with patients who did not receive tamoxifen 
therapy (−7.8% vs. 1.0%; P = 0.028). The breast volume of the 
patients who received tamoxifen decreased by 25.4 mL, whereas 
that of those who did not receive tamoxifen increased by 1.9 mL 
on average (P = 0.019). On the contrary, patients treated with 
an AI showed a significant volume increase compared to those 
who did not receive an AI (4.5% vs. −6.9%; P = 0.023). The use 
of an AI combined with adjuvant chemotherapy was also associ-
ated with a significant volume increase compared to those who 
did not receive that therapeutic combination (7.9% vs. −6.5%; 
P = 0.022). No statistically significant differences were found for 
the groups treated with other forms of hormonal therapy, such 
as goserelin (P = 0.828) or trastuzumab (P = 0.316). Chemo-
therapy and radiation therapy likewise showed no statistically 
significant effect on breast volume change (Table 2).

The correlation between weight change and breast volume 
change was evaluated, as weight change has been hypothesized 
to affect breast volume. The body weight of each patient at the 
time of the first and second operations was checked, and the dif-
ference was calculated. There was a significant correlation be-

tween the proportional change in body weight and the breast 
volume change ratio (P = 0.005), as well as between BMI and 
breast volume change (P = 0.001) (Table 3). The Spearman cor-
relation coefficient of the proportional change in body weight 
and the breast volume change ratio was 0.293, corresponding to 
a positive linear correlation. Patients who gained weight tended 
to experience an increase in breast volume (Fig. 2).

No statistically significant proportional change in body weight 
was found between patients who did or did not receive tamoxi-
fen (1.2% vs. −0.3%; P = 0.135). Likewise, no other therapies 
examined in this study were associated with a significant differ-
ence in proportional body weight (Table 4).

Figs. 3 and 4 show preoperative photographs of the first and 
second stages of reconstruction surgery. Breast reconstruction 
was performed using a tissue expander, followed by a secondary 
permanent silicone implant. Total capsulectomy and a fat graft 
were performed during placement of the permanent implant. A 
contralateral balancing procedure using a silicone implant was 
performed to acquire additional symmetry.

DISCUSSION

This study shows that hormonal therapy affects breast volume. 
We first assumed that breast volume would decreased, either as 
a result of changes in breast density or due to weight loss, but 
believed that other minor factors could also affect volume. 
Compared to those who were not treated, tamoxifen-treated pa-
tients showed a significant decrease in breast volume, without 
significant changes in body weight. AIs, on the contrary, caused 
significant increases in breast volume without significantly im-
pacting body weight. This demonstrates that breast volume 

Compared data P-valuea)

Breast volume ratio vs. weight change ratio 0.005
Breast volume difference vs. BMI difference 0.001

BMI, body mass index.
a)Spearman’s correlation analysis was conducted for statistical analysis.

Table 3. Correlation between weight, BMI and contralateral 
breast volume change

Adjuvant therapy
No therapy Therapy

 P-valueb)

No. Mean±SD Median (Q1, Q3) No. Mean±SD Median (Q1, Q3)

Tamoxifen 26 1.0±15.8 6.3 (–9.3, 13.4) 64 –7.8±19.0  –7.2 (–19.1, 6.5) 0.028c)

Goserelin 72 –5.0±18.8 –3.3 (–17.7, 11.3) 18 –6.2±17.9  –3.1 (–12.8, 6.3) 0.828
Aromatase inhibitor 77 –6.9±18.7 –5.8 (–18.8, 7.0) 13  4.5±14.6 7.4 (0, 14.3) 0.023c)

Trastuzumab 72 –6.1±17.9 –4.0 (–17.3, 6.8) 18 –1.7±21.1 6.7 (–17.8, 12.1) 0.316
Neoadjuvant CTx 80 –5.8±19.1 –3.8 (–18.3, 8.9) 10 –1.1±13.2 –2.9 (–11.2, 6.8) 0.542
Adjuvant CTx 54 –7.1±18.1 –5.1 (–17.1, 6.3) 36 –2.6±19.1 3.7 (–18.2, 12.2) 0.285
Adjuvant RTx 80 –6.0±18.9 –4.0 (–18.8, 7.4) 10  1.7±14.4 4.5 (–13.2, 12.2) 0.256
Tamoxifen + Neo CTx 85 –5.6±18.7 –3.6 (–17.5, 7.7) 5  0.1±17.1 –2.9 (–13.2, 16.0) 0.503
Tamoxifen + Adj CTx 65 –5.4±18.2 –3.6 (–16.7, 7.7) 25 –4.9±19.9 –2.9 (–18.8, 11.9) 0.896
AI + Neo CTx 89 –5.4±18.6 –3.6 (–17.5, 8.3) 1 6.4 6.4 0.551
AI + Adj CTx 82 –6.5±18.7 –4.6 (–18.6, 7.1) 8 7.9±11.3 10.6 (4.8, 14.7) 0.022c)

SD, Standard deviation; Q1, first quartile; Q3, third quartile; CTx, chemotherapy; RTx, radiation therapy; Neo CTx, neoadjuvant chemotherapy; Adj CTx, adjuvant 
chemotherapy; AI, aromatase inhibitor.
a)Breast volume ratio= (breast volume at implant change–breast volume before expander)/breast volume before expander; b)Mann-Whitney U test was conducted for statistical 
analysis; C)Statistically significant (P<0.05).

Table 2. Effect of adjuvant therapy on contralateral breast volume ratio (%)a)
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changes after hormonal therapy resulted from changes in breast 
density itself, rather than changes in body weight.

Anti-estrogen agents block estrogen exposure by different 
mechanisms. Tamoxifen is a SERM, which acts as a competitive 
antagonist of the ER in breast tissue. Although tamoxifen acts as 
an antagonist in breast tissue, it selectively acts as an agonist in 
bone or endometrial tissue. SERMs are widely used for pre-
menopausal women in whom ovarian estrogen production is 

still maintained [1,14]. Meanwhile, AIs are indicated for post-
menopausal women in whom peripheral tissue conversion is 
the only source of estrogen. Aromatase is an enzyme found in 
subcutaneous fat, muscle, and breast tissue that transforms an-
drogens into estrogens. AIs act by blocking the transformation 
in peripheral tissue of adrenal androgens into estrogens [1,14]. 
Goserelin, a gonadotropin-releasing hormone agonist that leads 
to ovarian suppression, is a less commonly used agent in pa-

Fig. 2. Scatter plot of correlation

Scatter plot of the correlation between proportional body weight change and the breast volume change ratio. The Spearman correlation coeffi-
cient was 0.293, corresponding to a positive linear correlation.
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Adjuvant therapy
No therapy Therapy

 P-valueb)

No. Mean±SD Median (Q1, Q3) No. Mean±SD Median (Q1, Q3)

Tamoxifen 26 –0.3±4.5 –0.3 (–2.4, 3.2) 64 1.2±5.2 1.1 (–1.1, 3.9) 0.135
Goserelin 72 0.2±4.6 0.6 (–1.8, 3.4) 18 3.0±6.2 2.8 (–0.2, 7.2) 0.061
Aromatase inhibitor 77 0.6±5.2 0.6 (–2.3, 3.4) 13 1.9±3.7 2.8 (–1.1, 4.4) 0.356
Trastuzumab 72 0.4±4.7 0.6 (–1.8, 3.3) 18 2.4±6.0 2.6 (–1.7, 5.1) 0.155
Neoadjuvant CTx 80 1.0±5.2 0.8 (–1.8, 3.9) 10 –0.7±3.8 0.4 (–2.2, 1.6) 0.304
Adjuvant CTx 54 0.6±4.9 0.5 (–2.0, 3.5) 36 1.0±5.3 1.0 (–0.6, 3.9) 0.569
Adjuvant RTx 80 0.6±4.9 0.6 (–2.0, 3.4) 10 2.5±6.2 1.1 (0.6, 4.7) 0.234
Tamoxifen + Neo CTx 85 0.8±5.1 0.7 (–1.8, 3.7) 5 –0.4±5.0 1.0 (0.2, 1.8) 0.867
Tamoxifen + Adj CTx 65 0.5±4.9 0.5 (–2.3, 3.5) 25 1.4±5.4 1.1 (0.2, 3.9) 0.375
AI + Neo CTx 89 0.7±5.1 0.7 (–1.8, 3.7) 1 2.8 2.8 0.577
AI + Adj CTx 82 0.6±5.1 0.6 (–1.9, 3.5) 8 2.4±4.0 3.1 (0.5, 4.5) 0.239

SD, Standard deviation; Q1, first quartile; Q3, third quartile; CTx, Chemotherapy; RTx, radiation therapy; Neo CTx, neoadjuvant chemotherapy; Adj CTx, adjuvant 
chemotherapy; AI, aromatase inhibitor.
a)Weight ratio=body mass index ratio= (patient’s weight at implant change–patient’s weight at expander insertion)/patient’s weight at expander insertion; b)Mann-Whitney U 
test was conducted for statistical analysis.

Table 4. Effect of adjuvant therapy on weight change (body mass index change) ratio (%)a)
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tients with breast cancer [15,16]. Nonetheless, goserelin thera-
py can be applied in premenopausal or perimenopausal women 
to prevent ovarian estrogen production [17].

In our study, tamoxifen was applied for an average of 4.8 
months before patients underwent the second breast volume 
measurement. A 7.8% volume decrease was seen with a 1.2% in-
crease in weight. According to our study, there was a linear cor-
relation between breast volume increase and weight gain among 

the patients enrolled in the study. However, as there was no sig-
nificant change in the weight of the patients treated with tamox-
ifen, factors other than weight influenced breast volume. Be-
cause tamoxifen is a selective ER antagonist in breast tissue, 
tamoxifen is expected to have more of an effect on breast tissue 
than on other peripheral tissues. By reducing mammographic 
density, tamoxifen treatment may be the major cause of changes 
in breast volume change [5,8,18].

Fig. 3. Case 1

(A) Preoperative photograph of a 40-year-old 
female patient. The initial volume of the right 
breast was 350 mL, and the patient’s body 
weight was 54.2 kg. (B) The right breast vol-
ume decreased to 250 mL, whereas the pa-
tient’s body weight was 55.1 kg, after 6 
months of tamoxifen therapy when perma-
nent implant placement was performed. Addi-
tional total capsulectomy and a fat graft were 
performed on the right breast during the per-
manent implant placement procedure, after 
the photo was taken. A contralateral balancing 
procedure was not performed due to the pa-
tient’s refusal.

A B

Fig. 4. Case 2

(A) Preoperative photograph of a 32-year-old female patient. The initial volume of the left breast was 455 mL, and the patient’s body weight was 
60.6 kg. (B) The left breast volume decreased to 395 mL, with a body weight of 55.2 kg, after 4 months of tamoxifen therapy when permanent 
implant placement was performed. Additional total capsulectomy and a fat graft were performed on the left breast during the permanent im-
plant placement procedure, after the photo was taken. Additionally, a contralateral balancing procedure using a silicone implant was performed 
on the right breast at the same time. (C) A follow-up photo was taken after 9 months of tamoxifen therapy, when her weight was 53 kg. 

A B C
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After an average of 3.6 months of AI treatment, a 4.5% increase 
in breast volume and a 1.9% increase in weight were found. Pre-
vious studies from other groups have reported unclear findings 
regarding the relationship between AI treatment and breast 
density [5,19]. Since AIs are given to postmenopausal patients, 
however, breast volume may be related to weight gain, as it is 
known that menopause and estrogen deficiency are associated 
with weight gain [11,20]. Even though our study showed no 
significant weight gain to have resulted from AI therapy, there 
was a significant change in breast volume. It is difficult to explain 
the breast volume change after AI therapy, but fat distribution 
changes after menopause may be a possible explanation for this 
result. However, as far as we are aware, no study has reported ad-
ditional fat deposition in breast tissue after menopause. 

We also evaluated weight change in patients to exclude the ef-
fect of weight change on breast volume change. Although a posi-
tive correlation was found between weight change and breast 
volume change, there was no statically significant change in the 
proportional body weight of the patients after undergoing adju-
vant therapy. The only noteworthy data for weight was found in 
patients who received goserelin, who experienced a near-signifi-
cant amount of weight gain (3.0% vs. 0.2%; P = 0.061). These 
results are relevant to other studies, as goserelin has been report-
ed to lead to weight gain of 1% to 5% [11].

Although chemotherapy is associated with amenorrhea caused 
by ovarian dysfunction, Ishii et al. [12] reported no significant 
difference in breast volume between those who did or did not 
receive chemotherapy [21]. Likewise, in our study, we found no 
significant difference in breast volume according to whether the 
patient underwent chemotherapy. As radiation therapy is ap-
plied on the reconstructed breast, the effect on the contralateral 
breast is expected to be minimal. Our results also showed no 
significant difference in breast volume depending on whether 
the patient received radiation therapy.

Various methods for measuring breast volume have been in-
troduced, but no single method is recognized as the best. Chop-
pin et al. [22] reported that magnetic resonance imaging (MRI) 
and 3-dimensional (3D) scanning were the two most accurate 
methods for volume measurements, but the high cost of these 
devices and methods is a limitation. The Archimedes procedure 
and mammography have also been reported to be reliable, but 
mixed findings have been observed [23]. Although using a cast 
is less accurate than MRI or 3D scanning, it is still reliable con-
sidering its low cost [13]. The reliability for this measurement 
was enhanced in our study, as breast volume was measured by a 
single person. Ishii et al. [12] calculated breast volume by ap-
proximating the breast as a hemisphere (volume = π × width ×  
height × projection/6), but the reliability of this volume mea-

suring method was not reported.
In unilateral breast reconstruction, balancing the breasts to ob-

tain symmetry is an essential part of the procedure [24,25]. At 
the same time, this can be the most frustrating aspect of recon-
struction for surgeons. Late revisions after single-stage breast re-
construction for asymmetry have been reported in 7.6% to 44% 
of patients [12]. Contralateral balancing augmentation or fat in-
jection can be an option for asymmetric breasts; however, opti-
mizing the aesthetic results in a single surgical procedure would 
be ideal.

Recently, more patients with breast cancer have received re-
constructions using a direct-to-implant technique at our center. 
For these patients, the implant volume used for reconstruction 
should be determined with care, keeping in mind the shrinkage 
of the contralateral normal breast after tamoxifen therapy. Thus, 
we need to know whether the patient will receive tamoxifen 
therapy before the histologic diagnosis is reported. Previous 
studies have reported that 83% to 88% of all breast cancers are 
ER-positive [2-4]. Over 80% of premenopausal women would 
therefore receive tamoxifen therapy, because tamoxifen is the 
first-line adjuvant therapy for premenopausal women with ER-
positive breast cancer. Thus, for unilateral breast reconstruction 
in premenopausal women, the majority of patients will experi-
ence a decrease in breast volume in the opposite breast after 
tamoxifen therapy. Our suggestion is to use smaller implants 
than the estimated size, especially when manufacturers do not 
have the precise implant size that is desired and surgeons need 
to choose between implants that are slightly larger or smaller 
than the intended size. 

Previous reports have shown that breast density declines most 
in the first year after starting tamoxifen treatment [6]. Breast 
volume also decreases steeply in the first year. We cannot con-
firm the final volume decrease of the patients in the current 
study, but acquiring volume data from a longer follow-up period 
would provide additional information regarding volume chang-
es. This would also give us more confidence regarding the size 
of the implant to be used in reconstructions in the future.

In our study, the patients who received tamoxifen therapy 
showed a significant volume decrease in the contralateral breast. 
No significant change in proportional body weight or BMI was 
found after tamoxifen therapy, which implies that weight change 
is not primarily responsible for the breast volume decrease after 
tamoxifen. Our study suggests that we should use smaller im-
plants for premenopausal patients because over 80% of these 
patients are likely to receive tamoxifen therapy. However, long-
term follow-up data of breast volume is needed to confirm the 
actual volume decrease after tamoxifen therapy. 
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