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This study aimed to evaluate and compare the effects of various endocrine therapies on lipid profiles in young patients with breast cancer. A retrospective, single-center study was performed to investigate the effects of tamoxifen (TAM), tamoxifen plus ovarian function suppression (TAM+OFS), and aromatase inhibitors plus ovarian function suppression (AI+OFS) on lipid profiles during the 60 months of endocrine therapy in hormone receptor-positive patients aged <40 with early breast cancer. The primary endpoint was the cumulative incidence of lipid events, and the secondary endpoints were the changes in lipid profiles. A total of 230 young patients were included with the mean age of 35.7 years old. The patients in TAM group had significantly lower incidence of 5-year lipid events than those in TAM+OFS group (7.4% versus 21.3%; P=0.016) and AI+OFS group (7.4% versus 21.6%; P=0.009). The incidence of fatty liver was significantly higher in TAM+OFS group than TAM group (52.5%versus 30.9%; P=0.043). Lipid events were associated with younger age (odds ratio (OR)=0.865, 95% confidence interval (CI): 0.780-0960; P=0.006), higher baseline LDL-C (OR=14.959, 95% CI: 4.379-51.105; P<0.001), and use of OFS (OR=3.557, 95% CI: 1.151-10.989; P=0.027). Therefore, application of OFS, with younger age and higher baseline LDL-C, may increase the incidence of lipid events in premenopausal breast cancer. More care should be taken for lipid profiles during the endocrine therapy for young breast cancer patients.
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Introduction

Breast cancer is the most common malignant tumor in women as well as one of the three most common cancers worldwide. In all luminal early breast cancer, adjuvant endocrine therapy over the course of 5 to 10 years is now considered as a standard treatment (1). It is widely acknowledged that endocrine sensitivity is directly related to the degree of hormone receptor positivity. For premenopausal patients, the Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) has recommended to use tamoxifen to reduce the recurrence of ER-positive breast cancer (2). For premenopausal patients with high relapse risk (ie, after chemotherapy or age ≤ 35 years old), the addition of ovarian suppression drugs to tamoxifen or aromatase inhibitors (AIs) may enhance the treatment efficacy, according to the SOFT and TEXT trials (3, 4).

Since estrogens have activity in multiple systems, any therapies that result in estrogen deprivation have the various potential toxicity. It has been reported that the side effects of endocrine therapies include impact on the reproductive system (genitourinary irritation, dryness, atrophy, incontinence), the musculoskeletal system (arthralgia, osteopenia, osteoporosis, bone fractures), the cardiovascular system (angina, myocardial and cerebrovascular ischemia), and the central nervous system (fatigue, headache, depression, cognitive dysfunction) (5–8). Recent studies also detect the effect of endocrine therapy on lipid profiles. Significantly higher total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C) triglyceride (TG) is found in Japanese postmenopausal breast cancer treated with tamoxifen, compared to those received anastrozole and exemestane (9). Another clinical trial based on Chinese postmenopausal breast cancer detects higher incidence of lipid events in the patients undergoing anastrozole and letrozole than those treated with exemestane, indicating that nonsteroidal Ais as adjuvant therapy increased the risk of lipid events (10). Other studies also show negative effects of endocrine treatment on lipid profiles in premenopausal patients with breast cancer (11, 12).

However, only a few studies focus on young breast cancer, and the effects of endocrine therapies on lipid profiles in young patients remains unstudied. This study aimed to evaluate and compare the long-term effects of various endocrine therapies on lipid profiles in young women with early breast cancer.



Materials and Methods


Study Design and Patients

This was a retrospective, single-center study performed at the Cancer Hospital of the Chinese Academy of Medical Sciences. We retrospectively included premenopausal women with early-stage breast cancer who started endocrine therapy in our institution from June 1st, 2012 to May 31st, 2019. The institutional research ethics committee of the Cancer Hospital of the Chinese Academy of Medical Sciences reviewed and approved the study. Written consent was obtained from each participant.

Inclusion criteria: (a) premenopausal women, (b) <40 years old, (c) diagnosed with hormone receptor-positive, stages I to III invasive breast cancer, (d) patients had undergone breast cancer surgery, with or without chemotherapy and radiotherapy. Exclusion criteria: (a) patients diagnosed with low-density lipoprotein cholesterol (LDL-C) level ≥4.14 mmol/L or fatty liver at baseline, (b) those with a previous history of endocrine therapy, (c) those prescribed lipid-lowering medications, (d) those with severe cardiovascular/cerebrovascular diseases or other malignant tumors, (e) lipid profiles data were not available.

Patients were divided into three groups according to the treatment regimens: tamoxifen group (TAM group), tamoxifen plus ovarian function suppression group (TAM+OFS group), and aromatase inhibitors plus ovarian function suppression group (AI+OFS group). OFS included goserelin and leuprorelin. AIs included steroidal AI (exemestane) and nonsteroidal AI (anastrozole/letrozole).



Data Collection

Demographic characteristics such as age, body mass index (BMI), and medical history was recorded. Physical examination and laboratory tests were collected at baseline and 3, 6, 9, 12, 18, 24, 36, 48, and 60 months after the initiation of endocrine therapy. Serum lipid parameters including total cholesterol (TC), LDL-C, high-density lipoprotein cholesterol (HDL-C), and triglyceride (TG) concentrations were recorded. The results of abdomen ultrasound were also collected for detecting fatty liver.



Endpoints

The primary endpoint of the study was the cumulative incidence of lipid events during the 60 months of follow-up. The lipid event was defined as an LDL-C level ≥4.14 mmol/L or initiation of lipid-lowering medication, according to the 2007 Chinese guidelines on the prevention and treatment of dyslipidemia in adults (13). The secondary endpoints were the changes in lipid profiles during the 60 months of treatment and incidence of fatty liver, which was diagnosed by abdomen ultrasound.



Statistical Analysis

The statistical analysis was performed using a commercially available statistical software program SPSS 22.0 (IBM, Chicago, IL, USA). The continuous variables were presented as mean ± standard deviation (SD), and were analyzed using two-way repeated measures analysis of variance (ANOVA) with treatment and time course as factors. The variables including TG, TC, HDL-C, and LDL-C were compared between groups at each time-point as inter-group comparison. These variables were also compared between baseline and each time-point as intra-group comparison. The categorical variables were expressed as number (percentage), and were analyzed using Chi-square test. Univariate logistic regression was used to show the relationship between demographic characteristics and lipid events. Multivariable logistic regression was applied to show the correlation of potential significant characteristics and lipid events. Odds ratio (OR) with 95% confidence interval (CI) was calculated for logistic regression. Subgroup analysis was applied to analyze the effects of different AIs on lipid events and fatty liver incidence. A two-tailed P value <0.05 was considered as statistical significance.




Results

A total of 230 young patients who had undergone breast cancer surgery received postoperative endocrine therapy. The demographic characteristics of the patients were presented in Table 1. The mean age ± SD was 35.7 ± 4.3 years old. 81 subjects were treated with tamoxifen, 61 subjects were treated with tamoxifen plus OFS, and 88 subjects were treated with AIs plus OFS. Among patients in AI+OFS group, exemestane was applied in 43 subjects, and anastrozole or letrozole was used in 45 subjects. Similar baseline TC, TG, LDL-C, and HDL-C was detected among the three groups (all P value >0.05).


Table 1 | Basic characteristics of the included patients.



The patients in TAM group had significantly lower incidence of 5-year lipid events than those in TAM+OFS group (7.4% versus 21.3%; P=0.016) and AI+OFS group (7.4% versus 21.6%; P=0.009) (Figure 1). The 5-year cumulative incidence of fatty liver in the TAM group, TAM+OFS group, and AI+OFS group was 30.9%, 52.5%, and 37.5%, respectively. The incidence of fatty liver was significantly higher in TAM+OFS group than TAM group (P=0.043).




Figure 1 | Incidence of lipid events (A) and fatty liver (B) in different groups. TAM, tamoxifen; OFS, ovarian function inhibitor; AI, aromatase inhibitor.



Univariate analysis of factors associated with lipid events was shown in Table 2. Lipid events were correlated with higher BMI (OR: 1.179, 95% CI: 1.057-1.316; P=0.003), baseline TC (OR: 5.263, 95% CI: 2.824-9.807; P<0.001), baseline TG (OR: 1.953, 95% CI: 1.203-3.170; P=0.007), baseline LDL-C (OR: 12.849, 95% CI: 5.549-29.753; P<0.001), and use of OFS (OR: 3.419, 95% CI: 1.364-8.569; P=0.009). Lipid events were not correlated with chemotherapy, radiotherapy, baseline LDL-C, tumor subtypes, tumor stage, tamoxifen, and AIs (all P>0.05). Potential factors with P value lower than 0.10 in univariate logistic regression were further analyzed using multivariate logistic regression (Table 3). In multivariate analysis, lipid events were associated with younger age (OR: 0.865, 95% CI: 0.780-0960; P=0.006), higher baseline LDL-C (OR: 14.959, 95% CI: 4.379-51.105; P<0.001), and use of OFS (OR: 3.557, 95% CI: 1.151-10.989; P=0.027).


Table 2 | Univariate analysis of factors associated with lipid events.




Table 3 | Multivariate analysis of factors associated with lipid events.



The changes of lipid profiles during the treatment were illustrated in Tables 4–7. TC level was significantly lower in TAM group than AI+OFS group during 6 months to 60 months (all P<0.05). Compared to the baseline, TC level in AI+OFS group significantly increased after 18 months (all P<0.05). Significant difference of TG level was found between TAM group and TAM+OFS group at 36 months and 60 months (both P<0.05). Significant difference of TG level was also detected between AI+OFS group and TAM+OFS group at 9 months and 36 months (both P<0.05). Patients in AI+OFS group had significantly lower HDL-C than the other two groups at each time-point except baseline (all P<0.05). Compared to the baseline, HDL-C level in TAM group significantly increased after 18 months (all P<0.05). LDL-C was significantly higher in AI+OFS group than the other two groups at each time-point except baseline (all P<0.05). Compared to the baseline, HDL-C level in AI+OFS group significantly increased after 6 months (all P<0.05).


Table 4 | Comparison of total cholesterol (TC) level at different time-points over the course of treatment.




Table 5 | Comparison of triglyceride (TG) level at different time-points over the course of treatment.




Table 6 | Comparison of high-density lipoprotein cholesterol (HDL-C) level at different time-points over the course of treatment.




Table 7 | Comparison of low-density lipoprotein cholesterol (LDL-C) level at different time-points over the course of treatment.



Subgroup analysis detected no significant difference of lipid events as well as fatty liver incidence between steroidal AI and nonsteroidal AI (both P>0.05) (Figure 2).




Figure 2 | Incidence of lipid events (A) and fatty liver (B) in different AI groups. AI, aromatase inhibitor.





Discussion

This study shows that lipid disorder is a common side effect of endocrine therapy for young women with breast cancer. Application of OFS, with younger age and higher baseline LDL-C, may further increase the incidence of lipid events. Combined with the previous knowledge on postmenopausal patients with breast cancer, our results demonstrate that endocrine therapy-induced lipid disorders occur not only in postmenopausal subjects, but also in premenopausal women.

Tamoxifen is a selective estrogen receptor modulator widely used in the treatment of breast cancer. In this study, patients treated with TAM alone seems to have a lower risk of lipid events, which is consistent with some previous studies based on postmenopausal women. Tominaga et al. (14) found that the tamoxifen group showed significantly decreased TC and LDL-C levels compared with baseline in Japanese postmenopausal breast cancer. Markopoulos et al. (15) also reported that tamoxifen exerted positive effect on LDL-C levels, however, tamoxifen on the other hand increased TG levels, which is not shown in our study. Other than TG, TC, HDL-C, and LDL-C, another meta-analysis of five studies with 215 participants also found a statistically significant reduction of lipoprotein(a) levels following tamoxifen treatment (16). The beneficial effects of tamoxifen on lipid profiles may possibly result from its agonistic estrogenic activity (17).

Adjuvant therapy with the third-generation AIs, including anastrozole, letrozole, and exemestane, has largely replaced the use of tamoxifen as standard adjuvant endocrine treatment for early breast cancer (18). Although various kinds of AIs have different effects on lipid profiles, current guidelines consider all AIs to have similar cardiovascular and lipid effects (19). In general, endocrine therapy with AIs have a negative impact on serum lipids and may ultimately lead to cardiovascular issues (20, 21). The potential mechanisms of cardiometabolic effects of AIs include changes on body composition, hepatic fat accumulation, glucose metabolism, arterial wall, et al. (11). An open, randomized, multi-center study compared the lipid effects of letrozole, exemestane and anastrozole in healthy postmenopausal women. It showed that exemestane significantly increased the LDL-C:HDL-C ratio by 12 and 24 weeks compared with anastrozole or letrozole (22). In the premenopausal patients, we also find AI plus OFS may increase the risk of lipid events, however, further logistic analysis showed this impact may result from OFS rather than AI. Subgroup analysis also detected no significant difference of lipid events as well as fatty liver incidence between steroidal AI and nonsteroidal AI, which is not consistent with former studies based on postmenopausal breast cancer. A clinical trial performed by Wang et al. showed that a significantly higher cumulative incidence of lipid events occurred in the nonsteroidal AI group than in the steroidal AI group, indicating that steroidal AIs exerted a protective effect against blood lipid events in postmenopausal women receiving an AI as adjuvant therapy for breast cancer (10). The divergence may be due to the different age and menstrual status, and further studies are needed to cover this issue.

The Asian Breast Cancer Cooperative Group (ABCCG) contends that high-risk patients (premenopausal) should receive adjuvant chemotherapy and OFS plus AI or tamoxifen (23). In this study, use of OFS is an important risk factor to lipid events, which is commonly accepted. Lipid metabolism constitutes a key component in energy homeostasis, and estrogens show a powerful control on lipid metabolism by regulating metabolic pathways (24). Therefore, lipid metabolic disorders always occur after menopause due to hormonal changes, such as decreased levels of estrogens and increased levels of circulating androgens (25). Our study further proves that lipid disorders may also occur even in young women when ovarian function is suppressed.

Considering that lipid profiles are predictive factors for coronary heart disease (CAD), more care should be taken for lipid profiles during the endocrine therapy for young patients with breast cancer. Lipid-lowering therapy not only helps patients avoid to suffer from CAD, but also improves the overall survival (OS). A retrospective cohort study examined the impact of statin use on the outcomes of 1523 women diagnosed with operable breast cancer, suggesting that long-term statin use (> 5 years) was associated with improved OS and disease-free survival (DFS) in breast cancer regardless of receptor subtype, even after adjusting for metabolic comorbidities (26).

With broader application of endocrine therapy in young breast cancer, this study adds important information of endocrine therapy-induced lipid disorder during the treatment. Other than endocrine therapy, recent studies also reveal chemotherapy has side effects on lipid profiles in patients with breast cancer (12). Further studies detect chemotherapy had much more effects on lipid profiles in premenopausal women compared to postmenopausal women (27). Therefore, attention should be placed to observe the changes of lipid profiles during various treatment in young breast cancer.

Some limitations should be also noted. First, this is a retrospective study with relatively small sample size. Second, all the included subjects were Chinese and were from a single center, limiting the applicability of the results to patients worldwide. Third, with the various combinations of regimen, we failed to detect the effect of each drug separately. Fourth, we failed to evaluate the cardiometabolic effects of endocrine treatment in this cohort. in addition, we did not study the underlying mechanisms of the discrepancy in lipid disorders between premenopausal and postmenopausal breast cancer.

In conclusion, application of endocrine therapy may increase the incidence of lipid disorders in premenopausal breast cancer. Physicians should make treatment strategies after evaluating the risk of lipid metabolism to avoid severe systemic disorders.
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1.58 + 0.49
@1

1.59 + 0.43#
(48)
1.87 +0.38"
(58)

158 +0.49
(41)
1.37 + 0.38"
(58)

48 months

1.64 + 0.424
@9
1.65 = 0.49#
@9

1.64 + 0.42#
39)
132 +0.34*
(48)

1.65 + 0.49#
(39)
1.32+0.34*
(48)

60 months

1.61 + 0.34#
(@3)
1563 +0.41
(29)

1.61 £ 0.34#
@3)
1.32 £ 0.30*
@7)

1.63 + 0.41
(@9)
1.32 + 0.30"
@7

n represents patient number.
*P value < 0.001, compared to the other group at the same time-point.
*P value < 0.001, compared to the baseline at the same group.
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Parameters OR 95% CI Regression coefficient B P value
Age 0.928 0.859-1.003 -0.075 0.059
BMI 1179 1.057-1.316 0.165 0.003
Chemotherapy (reference: no) 1129 0.462-2.755 0.790
Radiotherapy (reference: no) 0.581 0.284-1.186 0.136
Baseline TC 5.263 2.824-9.807 1.661 0.000
Baseline TG 1.953 1.203-3.170 0.669 0.007
Baseline LDL-C 12.849 5.5649-29.753 2.563 0.000
Baseline HDL-C 0.408 0.133-1.220 0.108
ER (reference: negative) 0.389 0.034-4.407 0.446
PR (reference: negative) 1.636 0.360-7.430 0.524
HER2 (reference: negative) 1.870 0.865-4.042 0.111
Stage 1.071 0.675-1.698 0.772
Tamoxifen (reference: negative) 0.561 0.278-1.131 0.106
OFS (reference: negative) 3419 1.364-8.569 1.229 0.009
Al (reference: negative) 1.783 0.884-3.593 0.106
Exemestane (reference: negative) 1.442 0.626-3.323 0.390
Anastrozole/letrozole (reference: negative) 1.602 0.713-3.600 0.254

OR, odds ratio; Cl, confidence interval; BMI, body mass index; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol: ER, estrogen receptor; PR, progesterone receptor; HER2, human erbB-2 receptor; OFS, ovarian function inhibitor; Al, aromatase inhibitor.





OEBPS/Images/table4.jpg
Group Baseline 3 months 6 months 9 months 12 months 18 months 24 months 36 months 48 months 60 months
TAM group 415079 431083 422100 411076 410085 422085 430076 418064 436+0.75" 430 +0.75"
(n) ®1) (56) (51) (39) (64) (62) (59) (48) (38) (23)
TAM+OFS group 4.25:087 4.42:091 442082 4.30 £ 083 428£075 437076 437 £0.74 4.40 £ 0.68° 458099 4.36 +0.89
) ®1) (8) (@2) (@8) (49) (“2) (50) @) @9 9
Finter-group=7288, Pinter-groun<0.05;Firtra-group=4-353, Pawa-group<0.001

TAM group 415079 431082 4.22.£1.00 4.11£0.76 410085 422+085 4.30 £0.76 4.18+0.64 436+0.75" 430075
") (®1) (56) (61) 39 (64) (62) (69 (48) (38 (23)
AI4OFS group 426085 447 £090 455084 448073 448+ 085" 450 £ 0.90* 460 +0.92* 470 £ 106 461095 487 £ 093"
() (88) 73) (70) (68) (76) (€8) ©67) (68) (48) @7
Finter-group=77-203, Piter-group<0.001:Finira-group=13.443, Porya.group<0.001

TAM+OFS group 425087 442091 4421082 430+083 4231075 437076 437074 440068 458+099" 436089
) ®1) (8) (@2) (@8) (49) (“2) (50) 1) @9 ©9)
Al+OFS group 4.26+0.85 4.47 £090 4.55+0.84" 4.48+0.73 4.48 + 0.85" 4.50 £ 090" 4.60 + 0.92* 4.70 £ 1.05" 461+095" 4.87 +0.93"
() (88) (73) (70) (58) (76) (©8) (67) (68) (48) @7)

Finter-group=19:462, Piter-group<0.001:Fintra-group=3.896, Pt group<0.001

n represents patient number.
*P value < 0.05, compared to the other group at the same time-point.
*p value < 0.05, compared to the baseline at the same group.





OEBPS/Images/table3.jpg
Parameters OR 95% CI Regression coefficient B P value
Age 0.865 0.780-0960 -0.145 0.006
BMI 1.081 0.942-1.240 0.268
Baseline TC 0.949 0.446-2.021 0.892
Baseline TG 1.420 0.757-2.663 0.275
Baseline LDL-C 14.959 4.379-51.105 2.705 0.000
OFS (reference: negative) 3.557 1.1561-10.989 1.269 0.027

OR, odds ratio; Cl, confidence interval: BMI, body mass index; TC, total cholesterol: TG, triglyceride; LDL-C, low-density lipoprotein cholesterol: OFS, ovarian function inhibitor.
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OEBPS/Images/table7.jpg
Group Baseline 3 months 6 months 9 months 12months 18 months 24 months 36 months 48 months 60 months
TAM+OFS group 2.56 +0.63 2.60+0.75 253075 2.36+063" 239067 254+072 254074 242:057 253+067 2.78+0.69"
(n) ®1) (56) 61 (39) ©4) 62 (59) (48) 39 (23)
TAM group 2690+067 2.66+058 263+073 257+060° 251+062 263+056 264+067 262+062° 291:084" 274066
(n) 61) (48) (42) (38) (49) 42 (50) (41) @9 (29)
Finter-group=18.179, Prnter-group<0.001 Fintra-group=4.540, Pira-group=<0.001

TAM group 256+063 260075 253+075 2.36+063" 239:+067 254:072 254+074 242:057 253:067 2.78=0.69"
(n) 1) (66) (51) ©9) 64 (52 (59) (48) 89 (3)
A+OFS group 274+ 061 290+076° 2.96+069* 2.88+071" 2.95+0.75% 3.00+0.82% 3.06+0.81* 3.21=0.89% 3.21+0.80"* 328073
(n) 88) (74) (70) (58) (76) (68) 67 (58) (48) @7)
Finter-group=288.630, Piter-group<0.001 Fira-group=11.172, Prrrargroup<0.001

TAM+OFS group 2.69 +0.67 2.66+0.58 263073 257 +0.60 251062 263+056 264067 262:062 291=084" 274:066
(n) ©®1) (48) 42 @8) (49) (42 (50) @1 @9 (29)
A+OFSgroup 274061 290+076° 296+069% 288+071% 295+075% 300:082" 306+081* 3.21+089* 321+080* 328+073%
(n) 88) (74) (70) (58) (76) (68) 67 (58) (48) @7)

Finter-group=105.881, Piter-group<0.001:Fintra-group=5.512, Prira-group<0.001

n represents patient number.
*P value < 0.05, compared to the other group at the same time-point.
*P value < 0.05, compared to the baseline at the same group.
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All continuous variables were presented as mean + standard deviation.
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TAM, tamoxifen; OFS, ovarian function inhibitor; Al, aromatase inhibitor; BMI, body mass index; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C,

low-density lipoprotein cholesterol: ER, estrogen receptor; PR, progesterone receptor; HER2, human erbB-2 receptor.
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Group Baseline 3 months 6 months
TAM group 1.21£079 139 0,88 1.43137
() ®1) (56) (51)
TAM-+OFS group 1.23048 1.74.+1.86" 1.45 061"
0 ©1) (@8) (2)
Finer-group=12-858, Prter-group<0.00 Fia group=2.636, P roup<0.05

TAM group 1212079 1.39+0.88 143137
3] 1) (56) 1)
AI+OFS group 1.28 0,61 176+ 2.02" 153154
() (88) (73) (70)
Finer-group=11-201, Poter-group<0.001 Fira.rou=2.029, Pia.group<0.05
TAM+OFS group 1.23 048 174 + 1.86" 1.45 061"
() 61) (48) (42)
AI+OFS group 1.28 + 0.61 1.75 £ 2.02% 1.53 + 1.54
) ©9) (73) (70)

Fintor-group=0.013, Prer-group>0.05:F - group=2.423, Pevra-group<0.05

n represents patient number.
*P value < 0.05, compared to the other group at the same time-point.
P value < 0.05, compared to the baseline at the same group.
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