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Introduction

Many oncologists believe that breast cancer is a clinically 
heterogeneous disease with different responses to therapy  
[1–4]. Of interest, some studies have suggested that adjuvant 
tamoxifen exhibits different effects on the lipid and liver pro-
files of cancer patients [5–25]. Researchers sought to determine 
the appropriate role of adjuvant tamoxifen in breast cancer pa-
tients regarding serum total cholesterol (TC), triglyceride 
(TG), high-density lipoprotein cholesterol (HDL-C), low-den-
sity lipoprotein cholesterol (LDL-C), aspartate transaminase 
(AST), and alanine transaminase (ALT) levels. The large pop-
ulation-based study by Hernandez et al. [5]  revealed that there 
were no associations between tamoxifen and the occurrence of 
atherosclerotic events. These findings are important in risk/
benefit analyses as tamoxifen therapy in postmenopausal 
women is being replaced with aromatase inhibitors.

On the other hand, Esteva and Hortobagyi [7] reported 
that tamoxifen has an overall beneficial effect on lipid pro-
files. However, long-term data from tamoxifen clinical trials 
have failed to reveal a cardioprotective effect and patients 
treated with tamoxifen did not experience fewer cardiovascu-
lar events compared with those receiving a placebo [7]. Infor-
mation on changes in lipid profiles induced by tamoxifen is 
still limited and confusing. To our knowledge, there is no 
 similar study on the issue concerning the connection of tumor 
grade and lipid profile in Taiwan. Our aim was to investigate 
the significance of adjuvant tamoxifen with respect to lipid 
profiles and liver function in a group of homogeneously 
treated Taiwanese breast carcinoma patients.

One study in France suggested that tumor progression- 
related mechanisms would affect the membrane fatty acid 
profile in breast cancers [26]. Also, advanced breast cancer 
patients may receive more adjuvant hormone therapy and 
chemotherapy; therefore, the grouping factors for patients in 
this study included tumor grade and lymph node status.
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Summary
Background: Currently there is a debate regarding 
whether tamoxifen used in breast cancer has an impact 
on lipid profiles. The aim of this study was to determine 
whether tamoxifen has an impact on the serum lipid 
 profile in Taiwanese women. Patients and Methods: 
Data of 109 patients were collected from the routine 
 clinical follow-up for women with hormone receptor-
positive breast cancer who were treated between July 
2005 and March 2008. These patients were divided into  
2 subgroups, based on their tumor grade and lymph 
node status. Subgroup 1 patients had tumor grade I/II 
and a negative lymph node status. Those patients with 
tumor grade III or a positive lymph node status were de-
fined as subgroup 2. Results: In the 109 patients, the 
mean serum total cholesterol (TC) levels after tamoxifen 
treatment, as well as the serum low-density lipoprotein 
cholesterol (LDL-C) levels, were lower than the baseline 
levels, with statistically significant differences. Treat-
ment with tamoxifen lowered the serum TC and LDL-C 
levels in both subgroups. Conclusions: The results indi-
cate that tamoxifen has an impact on the serum lipid 
profile of breast cancer patients in Taiwan. Physicians 
should follow up the lipid profile in these patients.
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relative to an individual patient were made at the same laboratory and 
with the same commercial kit. The patients with cholesterol reduction 
formula before beginning tamoxifen treatment, discontinuance of tamox-
ifen of their own accord, a history of diabetes mellitus, liver cirrhosis, 
 history of other malignancy, or unstable serious coexisting medical condi-
tions were excluded from this study. The normal range of the serum TG 
level is defined as less than 200 mg/dl. For patients with a serum TG level 
over 400 mg/dl, the TG level was reanalyzed the next month. If the TG 
level was still over 400 mg/dl, tamoxifen would be stopped or taken with  
a cholesterol reduction formula simultaneously, or replaced by an aro-
matase inhibitor for postmenopausal women. The biomarker data of 
these patients were not further analyzed after these modifications.

According to their tumor grade and lymph node status, 2 subgroups 
were identified. The subgroup 1 patients had tumor grade I/II and a nega-
tive lymph node status, whereas the subgroup 2 patients had tumor grade 
III or a positive lymph node status. The information regarding tumor 
characteristics, the differences in the adjuvant chemotherapy between the 
2 subgroups and in the body mass index registered in the medical charts 
were also reviewed. The Bloom-Richardson grading system was used for 
tumor grading. This grading scheme is based on 3 morphologic features: 
degree of tumor tubule formation, tumor mitotic activity, and nuclear 
pleomorphism of the tumor cells. 7 possible scores are condensed into  
3 Bloom-Richardson grades: I, II, or III.

Pearson chi-squared tests and independent t-tests were used to exam-
ine the differences between the 2 subgroups in terms of the demographic 
and clinical characteristics of the patients. Values of the continuous vari-
ables were presented as mean ± standard deviation (SD) in this study. 
Paired t-tests were applied in order to explore the differences of the  
lipid parameter values between the patients before and after receiving 
 tamoxifen treatment. P values less than 0.05 were considered to be sta-
tistically significant. All statistical analyses were performed with SPSS 
statistical package (version 16.0).

Patients and Methods

This study was approved by the institutional review board and the 
 ethics committee of Changhua Christian Hospital. We collected labora-
tory profiles of women with breast cancer who had received adjuvant 
 endocrine therapy with tamoxifen between July 2005 and March 2008. 
109 patients in the age range of 34–74 years were enrolled in this study.

Adjuvant chemotherapy was performed based on the recommenda-
tions of the St. Gallen guidelines or the National Comprehensive Cancer 
Network, with anthracycline-based chemotherapy regimens (in this study, 
mostly FEC: 500 mg/m2 5-fluorouracil (5-FU), 75–90 mg/m2 epirubicin, 
500 mg/m2 cyclophosphamide). Taxanes (paclitaxel, docetaxel) were 
added to follow FEC therapy in a few high-risk patients. Tamoxifen was 
given only 4 weeks after completing adjuvant chemotherapy. Treatment 
after recurrence was based on multidisciplinary discussions and the two 
guidelines mentioned earlier.

The use of tamoxifen was according to the hormone status of breast 
cancer. There was a 1-month interval before tamoxifen prescription for 
those patients receiving adjuvant chemotherapies. Tamoxifen was pre-
scribed at a dose of 10 mg twice a day. Before starting the first tamoxifen 
treatment, the biochemical markers, including serum TC, TG, HDL-C, 
LDL-C, AST, ALT, blood urea nitrogen and creatinine levels, were 
measured using a chemistry autoanalyzer (Hitachi 7600–110; Tokyo, 
Japan) as baseline information. In South Korea, the same apparatus had 
shown acceptable performance in the ‘within-day’ and ‘between-day’ pre-
cision, linearity, and accuracy [20]. In our hospital, the within-day and 
between-day coefficients of variations of all items were less than 3.0%.

For laboratory analysis, overnight fasting blood samples were col-
lected under identical conditions from the study patients. Repeated 
 measurement of identical markers was obtained at several intervals  
(3–6 months) during the study period, depending on the various clinical 
conditions of the cases at the outpatient services. All the measurements 

Table 1. Summary of the patient characteristics

Subgroup 1 (n = 49) Subgroup 2 (n = 60) P Total (n = 109)

Mean age at diagnosis (SD), years  51.29 (10.10)  47.93 (8.83) 0.067  49.44 (9.52)
Interval (SD), days 182.22 (97.03) 154.58 (84.07) 0.114 167.01 (90.75)
Tumor size, n (%)

T0   8 (16)   9 (15) 0.471  17 (16)
≤ 2 cm, T1  26 (53)  26 (43)  52 (48)
> 2 cm and ≤ 5 cm, T2  14 (29)  22 (37)  36 (33)
> 5 cm, T3   0 (0)   2 (3)   2 (2)
T4   0 (0)   1 (2)   1 (1)
Unknown   1 (2)   0   1 (1)

Distant metastasis, n (%)
No  49 (100)  58 (96) 1.000 107 (98)
Yes   0 (0)   1 (2)   1 (1)
Unknown   0   1 (2)   1 (1)

Stage, n (%)
< II  33 (67)  18 (30) < 0.001*  51 (47)
≥ II  14 (29)  41 (68)  55 (50)
Unknown   2 (4)   1 (2)   3 (3)

Pathological type, n (%)
Ductal  42 (86)  55 (92) 0.604  97 (89)
Lobular   1 (2)   0 (0)   1 (1)
Ductal carcinoma in situ   3 (6)   2 (3)   5 (5)
Other   3 (6)   3 (5)   6 (6)

Adjuvant chemotherapy, n (%)
Yes  27 (55.10)  47 (78.33) 0.010*  74 (68)
No  22 (44.90)  13 (21.67)  35 (32)

Body mass index, n (%)
< 24  24 (49)  35 (58) 0.657  59 (54)
24–27  12 (25)  14 (23)  27 (25)
≥ 27  10 (20)  10 (17)  19 (17)
Unknown   3 (6)   1 (2)   4 (4)

SD = Standard deviation; interval = days after starting tamoxifen.
*Statistically significant.
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Results

Among the 109 patients, the mean age was 49.4 ± 9.52 
years (range 34–74 years); the mean follow-up interval was 
167.0 ± 90.75 days (range 1–421 days); 67.5% were lymph 
node negative, 29.2% were lymph node positive, and for 3.3% 
of the patients data were missing. As shown in table 1, 98% of 
the patients were free from distant metastasis; tumor grades I, 
II, and III were determined in 9.2%, 54.2%, and 30.0% of  
the patients, respectively; in 6.7% of the patients, the tumor 
grade was unknown. The staging data revealed stage 0 and I 
at 47%, stage II at 38.3%, stage III at 10.0%, stage IV at 
0.8%, and missing data at 3%. Histological categorization 
showed ductal carcinoma at 89%, lobular carcinoma at 1%, 
ductal carcinoma in situ at 5%, and other at 6%. A difference 
in adjuvant chemo therapy did exist between the 2 subgroups. 
The patient characteristics of the 2 subgroups are also pro-
vided in table 1.

The mean serum TC levels after tamoxifen treatment, as 
well as the LDL-C levels, were significantly lower than their 
baseline levels (table 2). The change in the mean serum TG 
levels in these patients was not statistically significant; the 
same was true for the mean serum levels of HDL-C, AST and 
ALT. Table 3 shows the effects of tamoxifen on the biochemi-
cal risk factors between the 2 subgroups. The percentages of 
cases with feasible TC data in these 109 patients displayed  
3 months at 91.7%, 6 months at 95.4%, and 12 months at 
56.8%. The percentages of cases with feasible TG data in 

these 109 patients revealed 3 months at 92.7%, 6 months at 
95.4%, and 12 months at 57.8%. The percentages of cases 
with feasible HDL-C data in these 109 patients revealed  
3 months at 83.5%, 6 months at 79.8%, and 12 months at 
51.4%. The percentages of cases with feasible LDL-C data in 
these 109 patients revealed 3 months at 83.5%, 6 months at 
78.9%, and 12 months at 52.3%. Figure 1 shows the grouping 
trends for serum TC and LDL-C.

Discussion

We present herein the results of a study that examined 
 tamoxifen in relation to lipid profiles. Of interest, we found 
statistically significant decreases in serum TC and LDL-C 
after tamoxifen treatment in Taiwanese breast cancer patients.

The results demonstrated that the serum TC levels were 
 reduced by tamoxifen, in agreement with the results of com-
parable series [7, 10–12]. However, the results of this study 
are in contrast with those of a Japanese study: Hozumi et al. 
[9] reported that the serum TC levels remained unchanged 
after tamoxifen treatment. Their patient population was com-
posed of postmenopausal and lymph node-negative women. 
Their blood samples were collected before and at 2 months 
after the initiation of tamoxifen treatment. Our data indicated 
serum TC level differences between subgroup 1 (both grade I/
II and a negative lymph node status) and subgroup 2 (grade 
III or a positive lymph node status) at 4 months after the ini-

Table 2. Influence of adjuvant tamoxifen on the serum lipid profiles of breast cancer patients

Variables Baseline After tamoxifen P

TC, mg/dl (n = 95) 196.71 ± 36.58 179.58 ± 35.50 < 0.001*
TG, mg/dl (n = 96) 145.15 ± 118.18 132.89 ± 84.89 0.282
HDL-C, mg/dl (n = 76)  58.43 ± 11.89  61.11 ± 14.21 0.015*
LDL-C, mg/dl (n = 75) 124.35 ± 33.60 102.73 ± 26.67 < 0.001*
AST, U/l (n = 66)  29.00 ± 16.08  27.44 ± 16.90 0.467
ALT, U/l (n = 69)  30.78 ± 26.19  26.87 ± 24.40 0.161

Data shown as mean ± SD.
TC = Total cholesterol, TG = triglyceride, HDL-C = high-density lipoprotein cholesterol,  
LDL-C = low-density lipoprotein cholesterol, AST = aspartate transaminase, ALT = alanine transaminase.
*Statistically significant.

Table 3. Effects of tamoxifen on the biochemical risk factors between the 2 subgroups

Biochemical risk factors

Subgroup 1 Subgroup 2

Baseline After tamoxifen P Baseline After tamoxifen P

TC, mg/dl (subgroup 1, n = 43; subgroup 2, n = 52) 195.70 (27.80) 177.60 (32.82) < 0.001* 197.54 (42.76) 181.21 (37.81) < 0.001*
TG, mg/dl (subgroup 1, n = 43; subgroup 2, n = 53) 137.79 (104.86) 127.02 (77.15) 0.304 149.49 (128.81) 137.64 (91.13) 0.514
HDL-C, mg/dl (subgroup 1, n = 34; subgroup 2, n = 42)  59.97 (11.63)  62.15 (12.21) 0.144  57.19 (12.10)  60.26 (15.74) 0.055
LDL-C, mg/dl (subgroup 1, n = 34; subgroup 2, n = 41) 120.00 (24.22) 100.42 (22.77) < 0.001* 127.95 (39.70) 104.65 (29.67) < 0.001*
AST, U/l (subgroup 1, n = 25; subgroup 2, n = 41)  32.44 (20.69)  26.76 (13.96) 0.117  26.90 (12.32)  27.85 (18.62) 0.721
ALT, U/l (subgroup 1, n = 27; subgroup 2, n = 42)  37.37 (36.14)  27.52 (21.88) 0.021*  26.55 (16.20)  26.45 (26.15) 0.979

Data shown as mean ± SD. Paired t-tests were applied.
TC = Serum total cholesterol, TG = triglyceride, HDL-C = high-density lipoprotein cholesterol,  
LDL-C = low-density lipoprotein cholesterol, AST = aspartate transaminase, ALT = alanine transaminase. 
*Statistically significant.
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tiation of tamoxifen treatment. Figure 1 shows that there was 
a turning point in the serum TC level, and the LDL-C level, at 
around 4 months after starting tamoxifen treatment. Thereaf-
ter, the serum levels of TC and LDL-C tended to stabilize. 
The timing of blood sampling might explain the differences 
between the findings of Hozumi et al. [9] and this study, or the 
disparity might be caused by population differences in terms 
of grade and lymph node status. Tan et al. [21] reported that 
genetic polymorphisms influence the epirubicin metabolism, 
as well as the in vitro activity of tamoxifen. Genetic polymor-
phisms and epirubicin may influence tamoxifen and the lipid 
profile in vivo. In this study, patients in subgroup 2 who had 
more advanced breast cancer more likely received epirubicin 
chemotherapy, which may be related to the turning point 
found in this study, shown in figure 1.

Contrary to our supposition, our data indicate that the TG 
levels remained unchanged before and after tamoxifen treat-
ment, which is in contrast with the findings of previous studies 
[7–12, 19]. Estava and Hortobagyi [7] reported that tamoxifen 
increased the TG levels 12 weeks after initiation of the drug. 
However, they also mentioned that long-term data from clini-
cal trials have failed to demonstrate a cardioprotective effect, 
and patients treated with tamoxifen did not experience fewer 
cardiovascular events compared with those receiving a pla-
cebo [7]. The reason might be an apolipoprotein E (APOE) 
polymorphism. Chang et al. [18] reported that the effects of 
tamoxifen on serum TG levels are modified by the APOE 
polymorphism. Breast cancer patients with the APOE4 allele 
have lower serum TG levels when undergoing tamoxifen ther-
apy [18]. The genomic differences between races might ex-
plain the different TG levels found in this study.

The results of the LDL-C level reduction by tamoxifen are 
consistent with previous series [7, 10–12, 17–19]. Tumor grade 
and lymph node status were not independent factors for the 
serum TC and LDL-C levels. The serum TC and LDL-C lev-
els decreased in patients of both subgroup 1 and subgroup 2.

A study by Chajès et al. [26] suggested that malignant 
transformation- and tumor progression-related mechanisms 

would affect the membrane fatty acid profile in breast can-
cers. This study revealed that subgroups 1 and 2 displayed 
similar distributions of clinicopathological characteristics, 
such as age, tumor size, metastasis, and body mass index. 
However, the trends of the serum TC and LDL-C levels 
 between the subgroups were not similar. This difference  
may not be related to the lymph node status and tumor grade. 
A difference in adjuvant chemotherapy did exist between the 
2 subgroups (P = 0.01) and could influence the effects on the 
lipid profiles. On the other hand, a lower stage was observed 
in the patients of subgroup 1 in this study. In spite of these 
findings, the steroid and xenobiotic receptor (SXR) was not 
investigated in the 2 subgroups. Verma et al. [3] reported that 
tamoxifen has the ability to activate a heterodimer of the SXR 
that is highly expressed in the liver. They also revealed that, in 
MCF-7 breast cancer cells treated with SXR activators, the 
SXR target gene CYP3A4 was induced. The changes in the 
serum TC and LDL-C levels in subgroup 2 of this study might 
be related to the SXR inhibitors, which may modulate the 
CYP3A4 and tamoxifen activities [21].

There are potential limitations to this study. In this study, 
no data on dietary effects, body weight, lifestyle, or cardiac 
events are available. Balance is achieved on some covariates 
as shown in table 1. However, in such a small number of pa-
tients, imbalances in unobserved covariates could greatly bias 
the results. According to the research by Lee et al. [23], a mul-
tiple regression model indicates a harmful effect of dietary fat 
(odds ratio (OR): 2.6, 95% confidence interval (CI): 1.4–5.0) 
for the highest versus the lowest quartile in Taiwanese 
women. The finding is compatible with concerns about die-
tary effects.

Furthermore, the tamoxifen lipid profile data were pre-
sented only for the first year. The short follow-up period is 
indeed a limitation of this study. However, other breast  
cancer researchers also used short follow-up periods such as 
12 weeks [7], 3 months [10], 2 months [9] and 36 months [11].

In this study, the small number of patients divided into  
2 heterogeneous groups with longer follow-up is also a limita-

Fig. 1. Serum lipid profile changes in different 
subgroups of breast cancer patients. (A) TC, 
(B) LDL-C.
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tion, especially concerning the single parameters (ALT, AST 
data for only half of the patients). However, the most con-
founding factors, including age, tumor size, metastasis, patho-
logical type, and body mass index, have been assessed and 
demonstrated no statistically significant difference between 
subgroups 1 and 2 (table 1).

The estrogen receptor and the glucocorticoid receptor be-
long to a group of type I steroid hormone receptors. Gluco-
corticoid stimulates fat breakdown in adipose tissue. The fatty 
acids released by lipolysis are used for the production of en-
ergy in tissues like muscle. The released glycerol provides the 
substrate for gluconeogenesis. Based on these observations, it 
seems reasonable to consider steroid hormone receptors while 
discussing tamoxifen, the estrogen receptor, and the lipid pro-
file [3, 5, 24, 25]. Furthermore, a new class of steroid hormone 
receptors has recently been elucidated: Along with the well-
documented intracellular receptors, cell membrane receptors 
have been shown to exist. Their cellular responses are much 
quicker than those of the intracellular receptors [24, 25].

This study indicates that tamoxifen tends to have an impact 
on the serum lipid profiles in Taiwanese breast cancer 
 patients. Notably for tumor grade I/II and node-negative 
 patients, tamoxifen does have a positive effect on the serum 
TC and LDL-C levels in patients with grade III tumors or 
positive nodes. Physicians should follow up the lipid profiles 
in these patients.
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