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Abstract
Background: Tamoxifen (TAM) and Toremifene (TOR), two kinds of selective estrogen receptor modulators (SERMs),
have equal efficacy in breast cancer patients. However, TAM has been proved to affect serum lipid profiles and
cause fatty liver disease. The study aimed to compare the effects of TAM and TOR on fatty liver development and
lipid profiles.
Methods: This study performed a retrospective analysis of 308 SERMs-treated early breast cancer patients who
were matched 1:1 based on propensity scores. The follow-up period was 3 years. The primary outcomes were fatty
liver detected by ultrasonography or computed tomography (CT), variation in fibrosis indexes, and serum lipid
profiles change.
Results: The cumulative incidence rate of new-onset fatty liver was higher in the TAM group than in the TOR
group (113.2 vs. 67.2 per 1000 person-years, p < 0.001), and more severe fatty livers occurred in the TAM group (25.5
vs. 7.5 per 1000 person-years, p = 0.003). According to the Kaplan-Meier curves, TAM significantly increased the risk
of new-onset fatty liver (25.97% vs. 17.53%, p = 0.0243) and the severe fatty liver (5.84% vs. 1.95%, p = 0.0429). TOR
decreased the risk of new-onset fatty liver by 45% (hazard ratio = 0.55, p = 0.020) and showed lower fibrotic burden,
independent of obesity, lipid, and liver enzyme levels. TOR increased triglycerides less than TAM, and TOR increased
high-density lipoprotein cholesterol, while TAM did the opposite. No significant differences in total cholesterol and
low-density lipoprotein cholesterol are observed between the two groups.
Conclusions: TAM treatment is significantly associated with more severe fatty liver disease and liver fibrosis, while
TOR is associated with an overall improvement in lipid profiles, which supports continuous monitoring of liver
imaging and serum lipid levels during SERM treatment.
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Background
In China, the breast cancer morbidity rate has increased
rapidly and has become the most prevalent cancer
among women in recent years. For Chinese women, the
average age at diagnosis is 40 to 50 years, more than 10
years younger than the age reported in western countries, and premenopausal cases account for most breast
cancer patients [1, 2]. Selective estrogen receptor modulators (SERMs), including tamoxifen (TAM) and toremifene (TOR), have been verified to have similar efficacy
for premenopausal and postmenopausal estrogen
receptor-positive breast cancer patients [3, 4]. Since
endocrine therapy is currently recommended for 5–10
years, the side effects of long-term use of TAM and
TOR need to be acknowledged. These include the risk of
endometrial cancer, venous thrombosis, fatty liver disease, lipid dysfunction, and interference with infant development and breastfeed [5–7]. Several previous studies
have shown that during 3–5 years of follow-up, 30.4–
52.6% of patients undergoing TAM treatment developed
fatty liver [8–11]. Some researchers have explored the
effect of TAM on serum lipid profiles; however, their
findings are not consistent. Overall, TAM increases
serum triglyceride levels and low-density lipoprotein
cholesterol, which are important risk factors for cardiovascular events [12]. Although the pathological mechanism is not yet precise, TAM is thought to affect lipid

Fig. 1 Patient selection algorithm
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metabolism by promoting triglyceride synthesis and aggregation, reducing fatty acid oxidation, and inhibiting
estrogen synthesis [13–15]. TOR, a chlorinated derivative of TAM, does not increase intracellular concentrations of triglyceride as TAM does in vitro [16]. However,
data on the effects of TAM and TOR on lipid abnormality were inconsistent, and the investigations reported so
far were performed in Western or postmenopausal
women. To date, there are no data regarding the comparisons of fatty liver and serum lipids abnormality
caused by TOR and TAM with a large sample size in
premenopausal breast cancer. Herein, this retrospective
propensity score-matched cohort study was performed
to compare the effect of TAM and TOR on the risk of
newly developed fatty liver and the change of serum
lipid profiles.

Methods
Patient cohort

A propensity score-matched (PSM) study was performed
by reviewing the electronic medical records of a single
university-affiliated, tertiary-level institution (Fig. 1).
From January 2011 to June 2017, a total of 1226 adult
women underwent surgery, were diagnosed with breast
cancer, and then received TAM (20 mg/day) or TOR
(60 mg/day) as adjuvant endocrine therapy. The index
date of entry into the study was defined as the date of
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the first prescription for TAM or TOR. The baseline
data of the subjects, from before surgery, were retrieved,
including demographic, smoking status, alcohol consumption, complications, pathology reports, treatment
regimens, and liver ultrasonography(USG) or computed
tomography (CT), laboratory values. Patients who met
any of the following criteria were excluded: less than 3
months of TAM or TOR treatment; the presence of fatty
liver at baseline, defined by USG or CT; insufficient
baseline or follow-up information; hepatitis B surface
antigen or anti-hepatitis C virus antibody positivity; the
history of liver disease; a prescription for any drug that
affects lipid or liver enzyme levels; Stage IV status at
diagnosis; smoker; or significant alcohol intake (> 20 g/
day). The above patients would be followed-up for 3
years, or until SERM therapy was discontinued. Seven
hundred seventy-six patients met the inclusion criteria
(TAM group N = 479; TOR group N = 297), and 154 patients were eventually included in each group after PSM
(Fig. 1).
Measurements

All individuals underwent liver USG or CT at baseline
and at least once at the annual follow-up visit, with both
being performed by experienced sonographers and radiologists who were blinded to the study. USG was used
to diagnose fatty liver based on the increased hepatic
echogenicity compared to the cortex of the right kidney
and the echo loss of the intrahepatic vessel walls.
Fatty liver measured by CT is divided into the following levels: (1) mild-to-moderate: CT ratio of liver to
the spleen is less than 0.9 and (2) severe: CT ratio
less than 0.5 or the liver parenchyma appearing darker than the hepatic vessels [17, 18]. The primary
endpoint of this study was the new identification of
the fatty liver. Fatty liver graded as severe by CT was
defined as the secondary endpoint.
Liver biopsy is the gold standard to determine the degree of liver fibrosis. Compared with the risks and costs
associated with liver biopsy, noninvasive diagnoses provide a safe and practical approach to quantify liver fibrosis. Two simple, noninvasive indexes were used to assess
liver fibrosis—aspartate aminotransferase-platelet ratio
index (APRI) and Fibrosis 4 index (FIB-4), which are
proven to provide satisfactory diagnostic performance
for detecting liver fibrosis [19, 20]. There follows the formulas: APRI = [(AST/upper limit of normal)/platelet
count(109/L)] × 100; FIB-4 = [age (years) × AST (U/L)]/
[platelet count (109/L) × ALT1/2 (U/L)]. These indexes
include liver enzymes and platelet counts as parameters,
which can be interpreted as liver fibrosis leading to liver
dysfunction and portal hypertension leading to platelet
accumulation in the spleen [21]. Two risk grades (low,
medium, or high) were set up for each score according
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to the cut-off values described in the original publication. The cut-off values are 0.5 for the APRI and 1.30 for
the FIB-4 [22, 23].
Laboratory tests were performed at baseline and during routine annual visits, and data from individuals were
collected at the end of SERM treatment.
Statistical analysis

Continuous data with a normal distribution are described as the mean ± standard deviation (SD), and a
paired t-test was applied to compare the differences between the two groups. Otherwise, the median [interquartile range] and Wilcoxon rank-sum test were employed.
Categorical data are presented as the number of cases
(%), and the McNemar-Bowker test was utilized to compare the differences between the two groups. Propensity
score matching was performed by using logistic regression. Based on the previous literature and clinical knowledge, potential risk factors leading to the occurrence of
fatty liver were included as propensity score covariates,
as follows: age, body mass index (BMI), ALT/AST ratio,
and high-density lipoprotein-cholesterol (HDL-C) concentration. Kaplan-Meier curves were plotted to compare the development of fatty liver between the matched
groups. Univariable and multivariable Cox proportional
hazards regression models were utilized to identify independent factors related to the outcome variables. The
changes in serum fibrosis markers were analyzed by linear mixed-effects regression models with an unstructured covariance pattern. The models included the
treatment (TAM or TOR), time as fixed effects; age,
BMI, diabetes, hypertension and ALT/AST ratio as fixed
covariables; study subjects as a random effect. The
changes in the serum lipid profiles over time were compared between the TAM and TOR groups by repeatedmeasures analysis of variance. A two-sided P-value of <
0.05 was considered significant. Statistical analyses were
performed using SAS 9.4 (SAS Institute Inc., Cary,
North Carolina, USA). The power of test was performed
using R-Studio (1.2.5001), and the result was about 30%
(Alpha = 0.05).

Result
Baseline characteristics after propensity score matching
analysis

The baseline characteristics of 308 participants in the
score-matched cohort are shown in Table 1, and the
main laboratory values did not differ between the two
groups. There were no significant differences in mean
age, BMI, menstrual status, the prevalence of hypertension or diabetes between the TAM and TOR groups.
The breast cancer at diagnosis was mainly staged 1 or 2
and estrogen-receptor-positive in both groups. However,
the TOR group included more estrogen-receptor-
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Table 1 Baseline characteristics and treatment in the PSM cohorts
Variables

Tamoxifen (n = 154)

Toremifene (n = 154)

P-value

Age, years

44.0 [40.0–48.0]

44.0 [40.0–48.0]

0.890

BMI, kg/m2

22.1 [20.6–23.7]

21.7 [20.4–23.5]

0.444

Premenopausal

146 (94.8)

150 (97.4)

Postmenopausal

Menstrual status

0.239

8 (5.2)

4 (2.6)

Hypertension

14 (9.1)

14 (9.1)

Diabetes

0 (0.0)

3 (1.9)

Cancer stage

0.246
0.024

0a

23 (14.9)

22 (14.3)

1

48 (31.2)

72 (46.8)

2

53 (34.4)

43 (27.9)

3

30 (19.5)

17 (11.0)

23 (14.9)

26 (16.9)

Pathologic type
Ductal or lobular carcinoma in situ

1.000

0.339

Invasive ductal or lobular carcinoma

123 (79.9)

114 (74.0)

Othersb

8 (5.2)

14 (9.1)

ER positive

145 (94.2)

152 (98.7)

PR positive

132 (85.7)

140 (90.9)

0.156

26 (16.9)

28 (18.2)

0.764

Chemotherapy

127 (82.5)

111 (72.1)

0.030

Radiation therapy

53 (34.4)

67 (43.5)

0.102

Trastuzumab

9 (5.8)

14 (9.1)

0.278

Hormone receptor status

HER-2 positive

0.032

Therapeutic schedule

Ovarian function suppression

16 (10.4)

27 (17.5)

0.071

Traditional Chinese medicine

29 (18.8)

36 (23.4)

0.328

36.0 [18.2–36.0]

36.0 [28.1–36.0]

< 0.001

Total cholesterol, mmol/L

4.8 [4.2–5.5]

4.9 [4.5–5.4]

0.483

Triglyceride, mmol/L

1.0 [0.7–1.6]

0.9 [0.7–1.2]

0.055

HDL-C, mmol/L

1.4 [1.2–1.7]

1.4 [1.3–1.7]

0.245

LDL-C, mmol/L

2.7 [2.2–3.3]

2.8 [2.4–3.2]

0.913

ALT, IU/L

13.0 [10.0–17.0]

13.0 [10.0–16.0]

0.656

AST, IU/L

18.0 [16.0–21.0]

18.0 [16.0–21.0]

0.698

ALT/AST ratio

0.7 [0.6–0.9]

0.7 [0.6–0.8]

0.892

Fasting glucose, mmol/L

5.3 [4.9–5.7]

5.3 [4.8–5.8]

0.851

Endocrine therapy duration, months
Laboratory values

Data are presented as the mean ± standard deviation, median [interquartile range] or number (%)
Abbreviations: BMI body mass index; ER estrogen receptor; PR progesterone receptor; HER-2 Human Epidermal Growth Factor Receptor 2; HDL-C high-density
lipoprotein-cholesterol; LDL-C low-density lipoprotein-cholesterol; ALT alanine aminotransferase; AST aspartate aminotransferase;
a
Ductal or lobular carcinoma in situ and Paget’s disease were included in stage 0.
b
Other pathological types included mucinous, tubular, papillary, and Paget’s disease.

positive subjects (94.2% vs 98.7%, p = 0.032), while the
TAM group included more advanced breast cancer subjects (p = 0.024) and more subjects who received chemotherapy (82.5% vs 72.1%, p = 0.030). The median

duration of SERM therapy was 36 months. Liver fibrosis
indexes and medium or high fibrosis proportions
showed no significant differences in the two groups.
(Table 2).

Song et al. BMC Cancer

(2021) 21:798

Page 5 of 11

Table 2 The fibrosis indexes of the study subjects in the PSM cohorts
P-value

Variables

Tamoxifen (n = 154)

Toremifene (n = 154)

APRI at baseline

0.23 [0.19–0.30]

0.22 [0.18–0.27]

0.052

APRI at follow-up time

0.30 [0.26–0.37]

0.25 [0.22–0.34]

< 0.001

P-value

< 0.001

< 0.001

Medium or high APRI at baseline

4 (2.6)

3 (1.9)

1.000
0.009

Medium or high APRI at follow-up time

15 (9.7)

4 (2.6)

P-value

0.009

1.000

FIB-4 at baseline

0.99 [0.79–1.20]

0.93 [0.77–1.11]

0.095

FIB-4 at follow-up time

1.13 [0.92,1.35]

1.04 [0.87,1.30]

0.034

P-value

< 0.001

< 0.001

Medium or high FIB-4 at baseline

28 (18.2)

18 (11.7)

0.110
0.302

Medium or high FIB-4 at follow-up time

45 (29.2)

37 (24.0)

P-value

0.023

0.004

Statistically significant values are highlighted in italics
Data are presented as the mean ± standard deviation, median [interquartile range] or number (%)
Abbreviations: APRI aspartate aminotransferase-platelet ratio index; FIB-4 Fibrosis- 4 index

Analysis of fatty liver development

In the propensity score-matched cohorts, 40 cases in the
TAM group and 27 cases in the TOR group developed
fatty liver. Over the total 755.3 person-years in the
matched cohort, the cumulative incidence rate of newonset fatty liver was higher in the TAM group than in
the TOR group (113.2 vs. 67.2 per 1000 person-years,
p < 0.001). Most of the severe fatty livers occurred in the
TAM group (25.5 vs. 7.5 per 1000 person-years, p =
0.003). According to the Kaplan-Meier curves, compared
with the TOR group, the TAM group had more rapidly
increasing probabilities of any level of fatty liver, particularly within the first 16 months of treatment (25.97% vs.
17.53%, log-rank p = 0.0243, Fig. 2A). A significant increase in the probability of severe fatty liver was detected

in the TAM group compared with the TOR group
(5.84% vs. 1.95%, log-rank p = 0.0429, Fig. 2B).
Variations in liver fibrosis indicators are shown in
Table 2. At the end of SERM treatment, APRI and FIB-4
were elevated from baseline in both groups (p < 0.001).
Serum fibrosis markers at baseline showed no significant
difference between the two groups, whereas, at the end
of follow-up, APRI and FIB-4 in the TAM group were
higher than those in the TOR group with statistical differences (APRI, 0.30 vs. 0.25, p < 0.001; FIB-4, 1.13 vs.
1.04, p = 0.034). As for the proportion of medium or
high fibrosis statistically increased in the TAM group
measured by APRI and FIB-4, while increased in the
TOR group measured by FIB-4. The patients who received TAM had a higher proportion of medium or high

Fig. 2 In propensity score-matched pairs, Kaplan-Meier curves for the probability of (A) any level of new-onset fatty liver diagnosed by USG or CT
and (B) severe fatty liver
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fibrosis than those who received TOR, as measured by
the APRI (9.7% vs. 2.6%, p = 0.009). However, when
comparing FIB-4, there was no significant difference in
the degree of liver fibrosis between the two groups
(29.2% vs. 24.0%, p = 0.302). In linear mixed-effects regression models, the effect of TAM on the increase in fibrosis indexes was more obvious than that of TOR
(APRI p = 0.034; FIB-4 p = 0.005). Besides, the trend of
the APRI over time varied depending on the different
SERM treatments (p = 0.042).
The univariate Cox proportional hazards models
showed that TOR use (versus TAM) (hazard ratio
[HR] = 0.58, p = 0.026) significantly reduced the risk of
new-onset fatty liver. In contrast, age, BMI, the ALT/
AST ratio, triglyceride (TG), and diabetes increased the
risk of fatty liver development. In multivariate analyses,
compared with TAM use, TOR use was also associated
with a decreased risk of newly developed fatty liver
(HR = 0.55, p = 0.020), and the ALT/AST ratio, BMI also
remained significant independent predictors (Table 3).

higher than those in the TOR group. Similarly, the
HDL-C in the TOM group increased while in the TAM
group decreased in the first year and then were maintained, with a significant difference between the two
groups. Low-density lipoprotein-cholesterol (LDL-C)
levels in the two groups significantly decreased and were
lower in the TAM group, but there was no significant
difference between the two groups. Compared with baseline, TAM and TOR had no noticeable effect on total
cholesterol (TC), but the TC of the TAM group was significantly lower than that of the TOR group in the second and third years. When the changes in lipids profiles
were analyzed in groups according to fatty liver, the patterns of the changes were similar between participants
with new-onset fatty liver and those without in both
groups (Fig. 3B). TG levels increased in both groups in
individuals with fatty liver, and the TG levels in the
TAM group were higher than those in the TOR group
regardless of whether the subjects had fatty liver. Regardless of fatty liver, HDL-C of the TOR group was increased while that of the TAM group was decreased.

Changes in lipid profiles

We analyzed the lipid profile data of subjects who had
completed 3 years of follow-up (TAM group N = 59;
TOR group N = 88). Longitudinal changes after administration are shown in Fig. 3A. There was a notable increase in TG levels during the first year in both groups
that remained unchanged thereafter compared with
baseline. Besides, at any point after 1 year of treatment,
the TG levels in the TAM group were significantly

Discussion
In this retrospective study, we found that compared with
TOR use, TAM use significantly increased the risk of
new-onset fatty liver, as well as the risk of severe fatty
liver, during a 3-year follow-up. The adverse consequence of TAM treatment was independent of other risk
predictors for fatty liver, including age, BMI, TG level
and diabetes. Meanwhile, the increase in noninvasive

Table 3 Independent predictors associated with new-onset fatty liver in the PSM cohorts
Variables

Univariate

Multivariate

HR (95% CI)

P-value

HR (95% CI)

P-value

TOR use (versus TAM)

0.58 (0.35–0.94)

0.026

0.55 (0.33,0.91)

0.020

Age

1.05 (1.01–1.09)

0.008

1.03 (0.98,1.07)

0.248

BMI

1.26 (1.16–1.37)

<.0001

1.23 (1.13,1.35)

<.0001

ALT/AST ratio

4.74 (1.59–14.11)

0.005

3.93 (1.16,13.29)

0.028

1.27 (0.94,1.72)

0.126

HDL-cholesterol

0.52 (0.25–1.08)

0.079

Triglyceride

1.36 (1.06–1.75)

0.016

Endocrine therapy duration

0.99 (0.96–1.02)

0.649

Radiotherapy

0.65 (0.39–1.09)

0.106

Chemotherapy

1.18 (0.66–2.13)

0.575

Diabetes

4.35 (1.06–17.88)

0.041

4.16 (0.87,19.95)

0.075

Hypertension

1.56 (0.74–3.26)

0.241

0.97 (0.42,2.25)

0.952

Cancer stage (versus stage 0)
1

0.60 (0.26–1.37)

0.225

2

2.05 (0.98–4.26)

0.055

3

0.94 (0.36,2.45)

0.906

Statistically significant values are highlighted in italics
Abbreviations: HR hazard ratio; CI confidence interval; TAM tamoxifen; TOR toremifene; BMI body mass index; ALT alanine aminotransferase; AST aspartate
aminotransferase; HDL-C high-density lipoprotein-cholesterol
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liver fibrosis scores showed statistically significant differences between the two groups. Regarding lipid changes,
TAM significantly decreased LDL-C levels, both TAM
and TOR significantly increased TG levels, and TOR increased HDL-C while TAM did the opposite. When TG
levels and HDL-C were analyzed in groups according to
fatty liver, the patterns of the changes were similar.
The incidence of fatty liver in subjects treated with
TAM ranged from 30.4 to 52.6% during the 3–5 years of
follow-up, and fatty liver was detected within the first 2
years in most cases [8–11]. However, the effect of TOR
on fatty liver disease is unclear; a Japanese study suggested a 7.7% incidence of TOR-induced fatty liver based
on CT [24]. The results of this research showed that the
incidence of TAM treatment-related fatty liver was
25.97%, lower than previous findings, which may be attributed to the fact that most of subjects were younger
premenopausal women. In contrast, the incidence of
TOR treatment-related fatty liver was was 17.53%, which
may be due to the higher sensitivity of USG combined
with CT in the diagnosis. Moreover, similar to previous
studies, the risk of new-onset fatty liver in both groups
increased sharply within the first 1.5–2 years. Few studies have compared the risk of fatty liver disease between
TAM and TOR. In this research, TAM was an independent factor for increased risk of fatty liver disease
compared with TOR. In contrast, prospective studies by
Yang et al.(41.3% vs 50.2%, p = 0.45), and Jin et al.(31.9%
vs 26.7%, p = 0.581), reported that no increased risk of
TAM than TOR [25, 26]. However, the primary endpoint of both two studies was not the development of
fatty liver disease, and patients with fatty liver disease
were not excluded at baseline; meanwhile, more postmenopausal, older, high-BMI patients were enrolled in
the TOR group in Yang et al.’s study. The results of this
study were reliable because of the better consistency of
baseline data after PSM and the higher sensitivity of the
combined diagnosis of USG and CT.
NAFLD includes liver diseases ranging from simple
steatosis to advanced fibrosis, cirrhosis, and eventually
hepatic carcinoma. The “two-hit” hypothesis of NAFLD
is widely accepted as the pathogenesis. Previous studies
have shown that estrogen has a protective effect against
NAFLD development, and TAM increases hepatic fat
content (first hit) by blocking the role of estrogen in
lipid homeostasis [27, 28]. Obesity, insulin resistance
also play a role in the first hit of NAFLD, and TAM may
also contribute to hepatic steatosis by increasing serum
TG levels. In this context, as a secondary agent, TAM
induces inflammation, fibrosis, or necrosis for NAFLD
to develop [27]. An in vitro experiment showed that
TOR did not increase intracellular triglyceride levels as
much as TAM [15]. This study showed that TAM use
(versus TOR use), BMI, serum TG levels and diabetes
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were associated with the occurrence of fatty liver, which
was consistent with the pathological mechanism of
NAFLD. Although TG levels and diabetes were not significant predictors in the multivariate analyses, it cannot
be excluded that the failure to show statistical significance might be due to the insufficient sample size.
It has been reported that advanced fibrosis is a crucial
prognostic factor for NAFLD. Several studies have revealed that APRI and FIB-4 can stratify the risks of liverrelated morbidity and mortality [29]. This study found
that liver fibrosis scores showed statistically significant
differences between the TAM and TOR groups, independent of obesity and diabetes. Measured by the APRI,
the proportion of significant fibrosis was significantly
greater in those who underwent TAM treatment. Previous studies have shown that APRI and FIB-4 are more
advantageous in excluding advanced fibrosis in NAFLD
patients, and the positive predictive value of APRI is
higher than that of FIB-4, which may explain why the
proportion of significant fibrosis was significant with
APRI but not with FIB-4 [30, 31]. Considering NAFLD
could develop into nonalcoholic steatohepatitis or even
irreversible cirrhosis, the results of this research probably support the monitoring of fatty liver development
during SERM treatment. Since TOR showed a favorable
pattern versus TAM in NAFLD progression, we suggest
TOR as adjuvant endocrine therapy for premenopausal
estrogen-receptor-positive breast cancer patients, especially those with obesity, abnormal TG levels and insulin
resistance. Up to now, the correlation between SERMassociated NAFLD and breast cancer prognosis has
remained contentious [32, 33]. In a meta-analysis, endocrine treatment(including SERM and aromatase inhibitor) associated with NAFLD showed no significant
impact on disease-free survival (DFS) and overall survival(OS). In contrast, non-endocrine treatment associated
with NAFLD had a significant correlation with poor OS
[34]. Although NAFLD was considered to increase the
risk of cancer, its negative impact on survival may be
partly counteracted by its protective effect on liver metastases [35]. In patients with NAFLD, insulin-like
growth factor-1(IGF-1) levels are low, reducing antiestrogen resistance resulting from activation of Akt and
mitogen-activated protein kinase (MAPK) signaling networks [34].
Previous literature has reported adverse effects of
SERMs on lipid profiles, but the outcomes have not been
consistent. TAM typically induces a decrease in TC and
LDL-C levels and an increase in TG level, whereas
HDL-C concentration has been reported to be increased,
decreased, or unchanged [12]. Similar to the results of
tamoxifen studies, TOR usually reduces TC and LDL-C
levels while increases TG and HDL-C cholesterol [36,
37]. In this study, the effects of TAM and TOR on the
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trends of lipids were consistent with the above rules. In
addition, TOR increased triglycerides less than TAM,
and TOR increased HDL-C while TAM did the opposite;
these trends were maintained throughout the treatment
period. Other outcomes of a previous study confirmed
that TOR has better effects on lipid profiles than TAM,
especially on TG and HDL-C levels [36–38]. A Japanese
crossover experiment powerfully illustrated that the lipid
profile changes associated with TOR are better than
those associated with TAM. After a year of SERMS
treatment, compared with the TAM group(N = 121),
HDL-C was significantly higher, and TG was significantly lower in the TOR group(N = 76). After a year of
the crossover, TG levels decreased while HDL-C levels
increased in subjects switched from TAM to TOR(N =
57); in contrast, TG levels increased in subjects switched
from TOR to TAM(N = 23) [39, 40].
HDL-C is commonly considered good cholesterol due
to its improvement of atherosclerotic vascular lesions
and the promotion of reverse cholesterol transport [41].
In epidemiological studies, elevated serum levels of
HDL-C are associated with a decreased CVD risk and its
sequelae [41]. Conversely, a high LDL-C level is a critical
risk factor relative to CVD [42]. This study proved that
TOR improves HDL-C levels while not significantly increasing TC and decreasing LDL-C levels, suggesting
that TOR may reduce CVD risk. Results of primary coronary prevention trials estimated that a 1% increase in
HDL-C was related to a 3% reduction in CVD events,
and each 1 mg/dl HDL-C elevation was associated with a
3–4% decrease in cardiovascular mortality [41]. Compared with the upper limit of normal, if HDL-C was increased by 0.07 mmol/L in the TOR group (1.62 mmol/L
versus 1.55 mmol/L), it would further reduce CVD risk
events by 13.5% and cardiovascular mortality by 2.1–
2.8%. Cholesterol-lowering medications are widely used
to prevent CVD, with statins being the most commonly
used drug. Although the mechanism is not yet understood, the use of statins during adjuvant endocrine
therapy may prevent the recurrence of estrogenreceptor-positive early breast cancer and reduce cancerrelated deaths [43, 44]. Based on the above findings, this
research suggest that lipid indicators be continuously
monitored during SERM treatment, that TOR is given
priority in patients with cardiovascular risk factors, and
that statins be used in breast cancer patients with
dyslipidemia.
To the best of our knowledge, this study is the first to
comprehensively evaluate the effects of TAM and TOR
on lipid metabolism by combining analyses of fatty liver,
fibrosis indexes and lipid levels. In addition, the joint
diagnosis of fatty liver by USG and CT is innovative,
which improves the sensitivity of diagnosis. In contrast
to previous studies, premenopausal subjects accounted
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for the vast majority, while those with obesity and metabolic syndrome were rare. The main limitation of the
study was the insufficient power of test. Fortunately, the
primary endpoint -- that TAM was more likely to cause
fatty liver disease than TOR -- was statistically significant. However, the non-statistically significant results in
this study are still open to discussion. It is necessary to
recruit patients, extend the duration, and complete the
follow-up data to meet the sample size required to increase the reliability of the trial. A meta-analysis showed
that the NAFLD incidence estimate for Asia was 52.34
per 1000 person-years [44], and whether TOR influences
the progression of fatty liver (67.2 per 1000 personyears) requires further study with a larger cohort.

Conclusion
In conclusion, TAM treatment is significantly associated
with more serious fatty liver disease and liver fibrosis,
while TOR improves overall lipid profiles. Given the
clinical impact and medical burden of NAFLD and
CVD, this research suggest regular reexaminations of
liver imaging and lipid levels during SERM treatment.
TOR as endocrine therapy for estrogen-receptor-positive
breast cancer, especially in premenopausal patients with
risk factors including obesity, diabetes, high TG levels,
and low HDL-C levels, may have selective benefits.
Abbreviations
SERM: Selective estrogen receptor modulator; TAM: Tamoxifen;
TOR: Toremifene; NAFLD: Non-alcoholic fatty liver disease;
CVD: Cardiovascular disease; USG: Ultrasonography; CT: Computed
tomography; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
NFS: NAFLD fibrosis score; APRI: AST-platelet ratio index; FIB-4: Fibrosis 4
index; BMI: Body mass index; PSM: Propensity score matching; TC: Total
cholesterol; TG: Triglyceride; HDL-C: High-density lipoprotein-cholesterol;
LDL-C: Low-density lipoprotein-cholesterol
Acknowledgements
Not applicable.
Authors’ contributions
HXQ made substantial contributions to conception and design, and given
final approval of the version to be published. ZHQ and ZYR collected followup liver imaging data of patients and made statistical analysis. MRR, ZBD, CYJ
obtained the serological data of the patients and made analysis. SDD, HYY,
DBY analyzed and interpreted the data and were major contributors in writing the manuscript. HXQ and SDD confirm the authenticity of all the raw
data. All authors read and approved the final manuscript.
Funding
This study was funded by the Natural Science Foundationof Zhejiang
Province (LY20H160010).
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
All participants were informed of the purpose of the research and signed
informed consent. The study was approved by the ethics committee of The
First Affiliated Hospital of Wenzhou Medical University, Wenzhou, China.

Song et al. BMC Cancer

(2021) 21:798

Ethical Number: YS2021–024.
Approval Time: 2021-02-22
Professor: Gaojun Wu.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Breast Surgery, The First Affiliated Hospital of Wenzhou
Medical University, Wenzhou, Zhejiang, China. 2Department of Oncology
Surgey, Wenzhou People’s Hospital, Wenzhou, Zhejiang, China. 3Department
of Ultrasound Imaging, The First Affiliated Hospital of Wenzhou Medical
University, Wenzhou, Zhejiang, China. 4Department of Urinary Surgery, The
First Affiliated Hospital of Wenzhou Medical University, Wenzhou, Zhejiang,
China. 5Department of Thyroid and Breast Surgery, Taizhou Hospital of
Zhejiang Province, Taizhou, Zhejiang, China.
Received: 5 December 2020 Accepted: 28 June 2021

References
1. Li T, Mello-Thoms C, Brennan P C. Descriptive epidemiology of breast
cancer in China: incidence, mortality, survival and prevalence. Breast Cancer
Res Treat. 2016;159(3):395–406. https://doi.org/10.1007/s10549-016-3947-0.
2. Fan L, Strasser-Weippl K, Li J-J, St Louis J, Finkelstein DM, Yu K-D, Chen WQ,
Shao ZM, Goss PE. Breast cancer in China. Lancet Onco. 2014;15(7):e279–89.
https://doi.org/10.1016/s1470-2045(13)70567-9.
3. International Breast Cancer Study G, Pagani O, Gelber S, Price K, Zahrieh D,
Gelber R,et al. Toremifene and tamoxifen are equally effective for earlystage breast cancer: first results of international breast Cancer study group
trials 12-93 and 14-93. Ann Oncol. 2004;15(12):1749–59. https://doi.org/10.1
093/annonc/mdh463.
4. Qin T, Yuan Z Y, Peng RJ, Zeng YD, Shi YX, Teng XY, Liu DG, Bai B, Wang SS.
Efficacy and tolerability of toremifene and tamoxifen therapy in
premenopausal patients with operable breast cancer: a retrospective
analysis. Curr Oncol. 2013;20(4):196–204. https://doi.org/10.3747/co.20.1231.
5. Holli K, Valavaara R, Blanco G, Kataja V, Hietanen P, Flander M, Pukkala
E, Joensuu H. for the Finnish Breast Cancer Group Safety and efficacy
results of a randomized trial comparing adjuvant toremifene and
tamoxifen in postmenopausal patients with node-positive breast cancer.
Finnish Breast Cancer Group. 2000;18(20):3487–94. https://doi.org/10.12
00/jco.2000.18.20.3487.
6. Riggs B. Hartmann L. Selective estrogen-receptor modulators -- mechanisms
of action and application to clinical practice. N Engl J Med 2003;348(7):618–
29. https://doi.org/10.1056/NEJMra022219.
7. Shreedhara AK, Shanbhag S, Joseph RC, Varadaraj S. A study of maternal
breast feeding issues during early postnatal days. Sci Medicine Journal.
2020;2(4):219–24. https://doi.org/10.28991/SciMedJ-2020-0204-4.
8. Lin Y, Liu J, Zhang X, Li L, Hu R, Liu J, Deng Y, Chen D, Zhao Y, Sun S, Ma R,
Zhao Y, Liu J, Zhang Y, Wang X, Li Y, He P, Li E, Xu Z, Wu Y, Tong Z, Wang
X, Huang T, Liang Z, Wang S, Su F, Lu Y, Zhang H, Feng G, Wang S. A
prospective, randomized study on hepatotoxicity of anastrozole compared
with tamoxifen in women with breast cancer. Cancer Sci. 2014;105(9):1182–
8. https://doi.org/10.1111/cas.12474.
9. Liu C, Huang J, Cheng S, Chang Y, Lee J, Liu TP. Fatty liver and transaminase
changes with adjuvant tamoxifen therapy. 2006;17(6):709–13. https://doi.
org/10.1097/01.cad.0000215056.47695.92.
10. Pan H-J, Chang H-T, Lee C-H. Association between tamoxifen treatment and
the development of different stages of nonalcoholic fatty liver disease
among breast cancer patients. J Formos Med Assoc. 2016;115(6):411–7.
https://doi.org/10.1016/j.jfma.2015.05.006.
11. Murata Y, Ogawa Y, Saibara T, Nishioka A, Fujiwara Y, Fukumoto M et al.
Unrecognized hepatic steatosis and non-alcoholic steatohepatitis in
adjuvant tamoxifen for breast cancer patients. Oncol Rep. 2000;7(6):1299–
304. https://doi.org/10.3892/or.7.6.1299.
12. Filippatos TD, Liberopoulos EN, Pavlidis N, Elisaf MS, Mikhailidis DP. Effects of
hormonal treatment on lipids in patients with cancer. Cancer Treat Rev.
2009;35(2):175–84. https://doi.org/10.1016/j.ctrv.2008.09.007.

Page 10 of 11

13. Cole LK, Jacobs RL, Vance DE. Tamoxifen induces triacylglycerol
accumulation in the mouse liver by activation of fatty acid synthesis.
Hepatol. 2010;52(4):1258–65. https://doi.org/10.1002/hep.23813.
14. Paquette A, Wang D, Jankowski M, Gutkowska J, Lavoie JM. Effects of
ovariectomy on PPAR alpha, SREBP-1c, and SCD-1 gene expression in the
rat liver. Menopause. 2008;15(6):1169–75. https://doi.org/10.1097/gme.0b013
e31817b8159.
15. Larosche I, Letteron P, Fromenty B, Vadrot N, Abbey-Toby A, Feldmann G,
et al. Tamoxifen inhibits topoisomerases, depletes mitochondrial DNA, and
triggers steatosis in mouse liver. J Pharmacol Exp Ther. 2007;321(2):526–35.
https://doi.org/10.1124/jpet.106.114546.
16. Sawaki M, Idota A, Uchida H, Noda S, Sato S, Kikumori T, Imai T. The effect
of toremifene on lipid metabolism compared with that of tamoxifen
in vitro. Gynecol Obstet Investig. 2011;71(3):213–6. https://doi.org/10.1159/
000322372.
17. Schwenzer NF, Springer F, Schraml C, Stefan N, Machann J, Schick F. Noninvasive assessment and quantification of liver steatosis by ultrasound,
computed tomography and magnetic resonance. J Hepatol. 2009;51(3):433–
45. https://doi.org/10.1016/j.jhep.2009.05.023.
18. Papatheodoridi M, Cholongitas E. Diagnosis of non-alcoholic fatty liver
disease (NAFLD): current concepts. Curr Pharm Des. 2018;24(38):4574–86.
https://doi.org/10.2174/1381612825666190117102111.
19. European Association for Study of L. Asociacion Latinoamericana para el
Estudio del H. EASL-ALEH clinical practice guidelines: non-invasive tests for
evaluation of liver disease severity and prognosis. J Hepatol. 2015;63(1):237–
64. https://doi.org/10.1016/j.jhep.2015.04.006.
20. Altamirano J, Qi Q, Choudhry S, Abdallah M, Singal AK, Humar A, Bataller R,
Borhani AA, Duarte-Rojo A. Non-invasive diagnosis: non-alcoholic fatty liver
disease and alcoholic liver disease. Transl Gastroenterol Hepatol. 2020;5:31.
https://doi.org/10.21037/tgh.2019.11.14.
21. Xiao G, Zhu S, Xiao X, Yan L, Yang J, Wu G. Comparison of laboratory tests,
ultrasound, or magnetic resonance elastography to detect fibrosis in
patients with nonalcoholic fatty liver disease: a meta-analysis. Hepatol. 2017;
66(5):1486–501. https://doi.org/10.1002/hep.29302.
22. Angulo P, Bugianesi E, Bjornsson ES, Charatcharoenwitthaya P, Mills PR,
Barrera F, Haflidadottir S, Day CP, George J. Simple noninvasive systems
predict long-term outcomes of patients with nonalcoholic fatty liver
disease. Gastroenterol. 2013;145(4):782–9 e4. https://doi.org/10.1053/j.ga
stro.2013.06.057.
23. Shah AG, Lydecker A, Murray K, Tetri BN, Contos MJ, Sanyal AJ. Nash Clinical
Research Network. Comparison of noninvasive markers of fibrosis in patients
with nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol. 2009;7(10):
1104–1112. https://doi.org/10.1016/j.cgh.2009.05.033.
24. Hamada N, Ogawa Y, Saibara T, Murata Y, Kariya S, Nishioka A, et al.
Toremifene-induced fatty liver and NASH in breast cancer patients with
breast-conservation treatment. Int J Oncol. 2000;17(6):1119–23. https://doi.
org/10.3892/ijo.17.6.1119.
25. Yang YJ, Kim KM, An JH, Lee DB, Shim JH, Lim YS, Lee HC, Lee YS, Ahn JH,
Jung KH, Kim SB. Clinical significance of fatty liver disease induced by
tamoxifen and toremifene in breast cancer patients. Breast. 2016;28:67–72.
https://doi.org/10.1016/j.breast.2016.04.017.
26. Hong J, Huang J, Shen L, Zhu S, Gao W, Wu J, et al. A prospective,
randomized study of Toremifene vs. tamoxifen for the treatment of
premenopausal breast cancer: safety and genital symptom analysis. BMC
Cancer. 2020;20(1):663. https://doi.org/10.1186/s12885-020-07156-x.
27. Osman K, Osman M, Ahmed MJE. Tamoxifen-induced non-alcoholic
steatohepatitis: where are we now and where are we going? Expert Opin
Drug Saf. 2007;6(1):1–4. https://doi.org/10.1517/14740338.6.1.1.
28. Nemoto Y, Toda K, Ono M, Fujikawa-Adachi K, Saibara T, Onishi S, et al. Altered
expression of fatty acid-metabolizing enzymes in aromatase-deficient mice. J
Clin Invest. 2000;105(12):1819–25. https://doi.org/10.1172/jci9575.
29. Lee J, Vali Y, Boursier J, Spijker R, Anstee QM, Bossuyt PM, Zafarmand MH.
Prognostic accuracy of FIB-4, NAFLD fibrosis score and APRI for NAFLDrelated events: a systematic review. Liver Int. 2021;41(2):261–70. https://doi.
org/10.1111/liv.14669.
30. McPherson S, Stewart SF, Henderson E, Burt AD, Day CP. Simple noninvasive fibrosis scoring systems can reliably exclude advanced fibrosis in
patients with non-alcoholic fatty liver disease. Gut. 2010;59(9):1265–9.
https://doi.org/10.1136/gut.2010.216077.
31. Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, Conjeevaram
HS, Lok AS. A simple noninvasive index can predict both significant fibrosis

Song et al. BMC Cancer

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

(2021) 21:798

and cirrhosis in patients with chronic hepatitis C. Hepatol. 2003;38(2):518–
26. https://doi.org/10.1053/jhep.2003.50346.
Zheng Q, Xu F, Nie M, Xia W, Qin T, Qin G, et al. Selective estrogen receptor
modulator-associated nonalcoholic fatty liver disease improved survival in
patients with breast Cancer: a retrospective cohort analysis. Medicine
(Baltimore). 2015;94(40):e1718. https://doi.org/10.1097/MD.0000000000001718.
Pan H-J, Chang H-T, Lee C-H. Association between tamoxifen treatment and
the development of different stages of nonalcoholic fatty liver disease
among breast cancer patients. J Formos Med Assoc. 2016;115(6):411–7.
https://doi.org/10.1016/j.jfma.2015.05.006.
Wang C, Zhou Y, Huang W, Chen Z, Zhu H, Mao F, Lin Y, Zhang X, Shen S,
Zhong Y, Huang X, Chen C, Sun Q. The impact of pre-existed and SERMinduced non-alcoholic fatty liver disease on breast cancer survival: a metaanalysis. J Cancer. 2020;11(15):4597–604. https://doi.org/10.7150/jca.44872.
Sanna C, Rosso C, Marietti M, Bugianesi E. Non-alcoholic fatty liver disease
and extra-hepatic cancers. Int J Mol Sci. 2016;17(5). https://doi.org/10.3390/
ijms17050717.
Mustonen MV, Pyrhonen S, Kellokumpu-Lehtinen PL. Toremifene in the
treatment of breast cancer. World J Clin Oncol. 2014;5(3):393–405. https://
doi.org/10.5306/wjco.v5.i3.393.
Joensuu H, Holli K, Oksanen H, Valavaara R. Serum lipid levels during and
after adjuvant toremifene or tamoxifen therapy for breast cancer. Breast.
Cancer Res Treat. 2000;63(3):225–34. https://doi.org/10.1023/a:10064
65732143.
Chi F, Wu R, Zeng Y, Xing R, Liu Y, Xu Z. Effects of toremifene versus
tamoxifen on breast cancer patients: a meta-analysis. Breast Cancer. 2013;
20(2):111–22. https://doi.org/10.1007/s12282-012-0430-6.
Kusama M, Miyauchi K, Aoyama H, Sano M, Kimura M, Mitsuyama S, et al.
Effects of toremifene (TOR) and tamoxifen (TAM) on serum lipids in
postmenopausal patients with breast cancer. Breast Cancer Res Treat. 2004;
88(1):1–8. https://doi.org/10.1007/s10549-004-4384-z.
Kusama M, Kaise H, Nakayama S, Ota D, Misaka T, Aoki T, et al. Crossover trial
for lipid abnormality in postmenopausal breast cancer patients during
selective estrogen receptor modulators (SERMs) administrations. Breast
Cancer. 2004;88(1):9–16. https://doi.org/10.1007/s10549-004-5449-8.
Fisher EA, Feig JE, Hewing B, Hazen SL, Smith JD. High-density lipoprotein
function, dysfunction, and reverse cholesterol transport. Arterioscler Thromb
Vasc Biol. 2012;32(12):2813–20. https://doi.org/10.1161/ATVBAHA.112.300133.
Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ, Bruckert E, Hegele
RA, Krauss RM, Raal FJ, Schunkert H, Watts GF, Borén J, Fazio S, Horton JD,
Masana L, Nicholls SJ, Nordestgaard BG, van de Sluis B, Taskinen MR,
Tokgözoğlu L, Landmesser U, Laufs U, Wiklund O, Stock JK, Chapman MJ,
Catapano AL. Low-density lipoproteins cause atherosclerotic cardiovascular
disease. 1. Evidence from genetic, epidemiologic, and clinical studies. A
consensus statement from the European atherosclerosis society consensus
panel. Eur Heart J. 2017;38(32):2459–72. https://doi.org/10.1093/eurheartj/
ehx144.
Nielsen S, Nordestgaard B, Bojesen SE. Statin use and reduced cancerrelated mortality. N Engl J Med. 2013;368(6):576–7. https://doi.org/10.1056/
NEJMc1214827.
Borgquist S, Giobbie-Hurder A, Ahern TP, Garber JE, Colleoni M, Lang I, et al.
Cholesterol, cholesterol-lowering medication use, and breast Cancer
outcome in the BIG 1-98 study. J Clin Oncol. 2017;35(11):1179–88. https://
doi.org/10.1200/JCO.2016.70.3116.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 11 of 11

