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Toremifene, an Alternative Adjuvant Endocrine Therapy, Is Better Than
Tamoxifen in Breast Cancer Patients with CYP2D6*10 Mutant Genotypes
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Purpose Tamoxifen showed individual differences in efficacy under different CYP2D6* 10 genotypes. Our study evaluated the prog-
nosis of tamoxifen or toremifene in hormone receptor (HR)-positive breast cancer patients under different genotypes.

Materials and Methods CYP2D6*10 genotypes of HR-positive breast cancer patients were determined by Sanger sequencing, and
all the patients were divided into tamoxifen group or toremifene group.

Results A total of 268 patients with HR-positive breast cancer were studied. The median follow-up time was 72.0 months (range, 5.0
to 88.0 months). Of these, 88 (32.9%), 114 (42.5%), and 66 (24.6%) patients had C/C, C/T, and T/T genotypes, respectively. Among
patients who received tamoxifen (n=176), the 5-year disease-free survival (DFS) rate in patients with C/C and C/T genotype was bet-
ter than that in patients with T/T genotype, and the difference was statistically significant (p < 0.001 and p=0.030, respectively). In
patients receiving toremifene, CYP2D6*10 genotype was not significantly associated with DFS (p=0.325). Regardless of genotypes,
the 5-year DFS rate was higher in patients treated with toremifene than in patients with tamoxifen (91.3% vs. 80.0%, p=0.011).
Compared with tamoxifen, toremifene remained an independent prognostic marker of DFS in multivariate analysis (hazard ratio,
0.422; p=0.021). For all the 180 patients with CYP2D6*10 C/T and T/T genotypes, the 5-year DFS rate was significantly higher in the

toremifene group than in the tamoxifen group (90.8% vs. 70.1%, p=0.003).

Conclusion Toremifene may be an alternative adjuvant endocrine therapy for patients with CYP2D6* 10 mutant genotypes.
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Introduction

Breast cancer is a hormone-dependent tumor. Its occur-
rence and development are affected by hormone levels in
the body. About 65%-75% of breast cancer patients express
estrogen receptor (ER) or progesterone receptor (PR) [1].
Tamoxifen (TAM) is a selective estrogen receptor modulator
(SERM) used for adjuvant endocrine therapy of hormone
receptor (HR)-positive breast cancer, whose structure is
similar to estrogen and competitively binds to ER, block-
ing the activation of ER, and then affecting the transcription
and expression of downstream related genes [2]. TAM is a
widely used adjuvant endocrine treatment option among
premenopausal and postmenopausal breast cancer patients,
with therapy durations of up to 10 years [3], which has been
shown to reduce breast cancer mortality by 31% [4] and
recurrence by 50% [5]. However, within 15 years of initial
surgery, one-third of breast cancer patients treated with TAM
will have relapsed [5].

Differences in clinical response to TAM among patients are

thought to be related to enzyme conversion to active metabo-
lites. The relatively poor affinity of the original TAM for ER
resulted in their inability to fully exert their anti-estrogenic
activity. Initially, TAM was metabolized into 4-hydroxy
TAM and N-demethyl TAM (NDM-TAM), which were then
bio-converted into endoxifen, the most active metabolite.
However, CYP2D6 is considered to be the key rate-limiting
enzyme for NDM-TAM conversion into endoxifen [6].
CYP2D6 gene is characterized by polymorphism, and
more than 100 allele mutants have been found. These
alleles are classified into normal function (CYP2D6*1 and *2),
decreased function (CYP2D6%9, *10, *17, and *41) and no
function (CYP2D6*3, *4, *5, and *6) on the basis of the level of
activity [7]. Due to the ethnic differences, CYP2D6*10 is the
type with the highest distribution frequency in Asian popu-
lation, and its allele frequency in Chinese population is 30%-
50%, but it is very low in Caucasians. In contrast, CYP2D6*4
is most common in Caucasians, with an allele frequency of
20%-25% [8]. Mutation of CYP2D6 gene will lead to chang-
es in enzyme activity, resulting in wide differences in the
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level of endoxifen, further affecting the therapeutic effect of
TAM. Since Goetz et al. [9] initially found that patients with
CYP2D6 *4/*4 had a poor prognosis in the treatment of TAM,
the influence of CYP2D6 polymorphism on the clinical effect
and prognosis of TAM in the treatment of breast cancer has
been debated until now.

Toremifene (TOR) is another SERM for the treatment of
HR-positive breast cancer. Its structure is only one chlorine
atom different from TAM. In postmenopausal patients, TOR
has similar efficacy and side effects as adjuvant endocrine
therapy as TAM, and may even reduce the occurrence of
the events such as endometrial cancer and liver disease [10].
Relevant clinical trial results, meta-analysis and pharmaco-
logical studies have shown that TOR is an effective and well-
tolerated drug for the treatment of early and advanced breast
cancer compared with TAM [11].

Human liver microsomes tests showed that CYP2D6 acti-
vity was significantly correlated with TAM hydroxylation,
but not with TOR hydroxylation [12]. In addition, in vitro
inhibition tests to detect the effects of recombinant human
CYP450 subtype on TOR and TAM metabolism found that
the hydroxylation and demethylation of TOR were mainly
catalyzed by CYP3A4, and did not depend on CYP2D6 [13].
The contribution of CYP2D6 in the TOR bioactivation path-
way may be lower than that of TAM. Therefore, TOR may
be a viable alternative for CYP2D6*10 gene mutant patients
with poor prognosis of TAM.

Materials and Methods

1. Study population

A total of 268 patients with breast cancer treated in the
Harbin Medical University Cancer Hospital from 2016 to
2018 were selected. Inclusion criteria is as follows: (1) all
patients were pathologically confirmed as primary malig-
nant breast tumors; (2) ER+ (ER = 1%) and or PR+ (PR = 1%),
standard TAM (20 mg/day) or TOR (60 mg/day) adjuvant
endocrine therapy for at least 5 years after surgery, and for
patients who were high risk of recurrence at initial diagno-
sis, we extend treatment up to at least 10 years according to
individual tolerance of treatment. During treatment period
of adjuvant phase, if recurrence or distant metastasis occur,
we discontinued adjuvant endocrine therapy. All patients
received standard local and systemic therapy. Clinical and
pathological characteristics were collected, including age at
diagnosis, menopause, surgery, pathological type, histologi-
cal grade, tumor diameter, axillary lymph node metastasis,
TNM stage, adjuvant chemotherapy, adjuvant radiotherapy,
and ER, PR, and human epidermal growth factor receptor 2
(HER-2) status.

2. Trial design

Patients were divided into TAM (n=176) and TOR (n=92)
groups based on prior medication. The CYP2D6*10 gene test
was performed after endocrine therapy for 6 months, and
the test results were obtained from our Precision Medicine
Center. We isolated approximately 10 ng genomic DNA from
3 mL peripheral blood samples of patients using the TIAN-
amp Genomic DNA kit (TTANGEN Biotech, Beijing, China),
amplified the sample DNA by multiplex polymerase chain
reaction, and finally sequenced it using the Applied Biosys-
tems 3130Dx sequencer. The CYP2D6*10 gene phenotypes
were classified into wild-type (C/C), heterozygous (C/T),
and mutant (T/T) types. It should be noted that none of the
patients in this study changed endocrine medications based
on genetic test results. Patients were followed up by phone
or in clinic. Disease-free survival (DFS) is defined as the time
from surgery to disease progression or death. The median
follow-up time was 72.0 months (range, 5.0 to 88.0 months).

3. Statistical analysis

The data was processed using IBM SPSS ver. 26.0 soft-
ware (IBM Corp., Armonk, NY). A y* test was used to com-
pare the baseline characteristics of patients between differ-
ent CYP2D6"10 genotypes and between different treatment
groups. The Kaplan-Meier method was used to create sur-
vival curves, and the log-rank method was used in statisti-
cal testing. Cox regression analysis was used to determine
independent predictors. A p-values < 0.05 were considered
statistically significant.

Results

1. Study characteristics

The results of CYP2D6 genotype showed that among
268 patients with breast cancer, there were 88 cases of C/C
genotype (32.9%), 114 cases of C/T genotype (42.5%), and 66
cases of T/ T genotype (24.6%). The frequency of C allele was
54.15%, and that of T allele was 45.85%. A total of 51 cases
(19.0%) of disease progression occurred. The y* test showed
no significant difference in baseline characteristics between
different CYP2D6*10 genotypes and between the two treat-
ment groups (TAM vs. TOR) (p > 0.05) (Table 1).

2. Association between CYP2D6*10 genotypes and survival
in patients who received adjuvant TAM or TOR treatment

Kaplan-Meier curve estimates that in patients receiving
TAM (n=176), the CYP2D6*10 genotype was significantly
related to DFS. Patients with CYP2D6*10 C/C and C/T gen-
otype showed a better DFS than patients with T/ T genotype,
and the difference was statistically significant (p < 0.001 and
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Table 1. Relationship between different CYP2D6*10 genotypes and between treatment groups

CYP2D6*10 genotypes Treatment
Characteristic _—————— ——————————
C/C(n=88) C/T (n=114) T/T (n=66) p-value TAM (n=176) TOR (n=92) p-value
Age (yr)
<50 71 (80.7) 102 (89.5) 60 (90.9) 0.100 151 (85.8) 82(89.1) 0.442
>50 17 (19.3) 12 (10.5) 6(9.1) 25 (14.2) 10 (10.9)
Menopause
Pre/Peri 79 (89.8) 102 (89.5) 62 (93.9) 0.574 160 (90.9) 83(90.2) 0.853
Post 9(10.2) 12 (10.5) 4(6.1) 16 (9.1) 9(9.8)
Surgery
Mastectomy 68 (77.3) 101 (88.6) 57 (86.4) 0.078 152 (86.4) 74 (80.4) 0.205
BCS 20 (22.7) 13 (11.4) 9 (13.6) 24 (13.6) 18 (19.6)
Pathology
DCIS 15 (17.0) 11 (9.6) 10 (15.2) 0.278 151 (85.8) 81 (88.0) 0.608
IBC 73 (83.0) 103 (90.4) 56 (84.8) 25(14.2) 11 (12.0)
Histological grade
I 13 (14.8) 8(7.0) 8(12.1) 0.363 20 (11.4) 9(9.8) 0.327
II 54 (61.4) 77 (67.5) 39(59.1) 110 (62.5) 60 (65.2)
I 5(5.7) 9(7.9) 9 (13.6) 12 (6.8) 11 (12.0)
Unknow 16 (18.2) 10 (15.2) 10 (15.2) 34 (19.3) 12 (13.0)
Tumor diameter (cm)
<2 66 (75.0) 74 (64.9) 47 (71.2) 0.289 120 (68.2) 67 (72.8) 0.432
>2 22 (25.0) 40 (35.1) 19 (28.8) 56 (31.8) 25(27.2)
Axillary lymph node metastasis
Yes 59 (67.0) 74 (64.9) 45 (68.2) 0.894 112 (63.6) 66 (71.7) 0.182
No 29 (33.0) 40 (35.1) 21(31.8) 64 (36.4) 26(28.3)
TNM stage
0 15 (17.0) 11 (9.6) 9 (13.6) 0.340 25 (14.2) 10 (10.9) 0.259
I 39 (44.3) 46 (40.4) 31 (47.0) 70 (39.8) 46 (50.0)
II 26(29.5) 41 (36.0) 15(22.7) 54 (30.7) 28 (30.4)
I 8(9.1) 16 (14.0) 11 (16.7) 27 (15.3) 8(8.7)
HER2 status
Negative 72 (81.8) 96 (84.2) 56 (84.8) 0.857 146 (83.0) 78 (84.8) 0.701
Positive 16 (18.2) 18 (15.8) 10 (15.2) 30 (17.0) 14 (15.2)
ER (%)
<1 0 0 0 >0.05 0 0 >0.05
=1 88 (100) 114 (100) 66 (100) 176 (100) 92 (100)
PR (%)
<1 6(6.8) 8(7.0) 4(6.1) 0.969 14 (8.0) 4 (4.3) 0.263
=1 82(93.2) 106 (93.0) 62 (93.9) 162 (92.0) 88 (95.7)
Adjuvant chemotherapy
No 31(35.2) 41 (36.0) 21(31.8) 0.847 54 (30.7) 39 (42.4) 0.056
Yes 57 (64.8) 73 (64.0) 45 (68.2) 122 (69.3) 53 (57.6)
Adjuvant radiotherapy
No 67 (76.1) 89 (78.1) 47 (71.2) 0.582 136 (77.3) 67 (72.8) 0.420
Yes 21(23.9) 25(21.9) 19 (28.8) 40 (22.7) 25(27.2)

(Continued to the next page)

p=0.030 respectively) (Fig. 1A). However, significant differ- and the 5-year DFS rates were similar among C/C, C/T, and
ences in DFS were not noted in patients receiving TOR (n=92) T/T genotypes (93.8% vs. 93.2% vs. 87.5%).
among the three CYP2D6*10 genotypes (p=0.325) (Fig. 1B),
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Table 1. Continued
CYP2D6*10 genotypes
C/T n=114) T/T (n=66) p-value

Treatment

Characteristic —_————————
TAM (n=176) TOR (n=92) p-value

C/C (n=88)

Recurrence or metastasis

Chest wall 2(18.2) 5(25.0) 3(15.0) 0.616 6(14.3) 4 (44.4) 0.263
Regional lymph node 2(18.2) 4 (20.0) 6 (30.0) 9(21.4) 3(33.3)

Lung 2(18.2) 1(5.0) 5(25.0) 8(19.0) 0

Bone 1(0.0) 6 (5.0) 2 (10.0) 7 (16.7) 2(22.2)

Liver 3(27.3) 2 (10.0) 2 (10.0) 7 (16.7) 0

Pleural 0 1(5.0) 0 1(2.4) 0

Others 1(9.1) 1 (5.0) 2 (10.0) 4(9.5) 0

Values are presented as number (%). BCS, breast conserving surgery; DCIS, ductal carcinoma in-situ; ER, estrogen receptor; HER2, human
epidermal growth factor receptor 2; IBC, invasive breast carcinoma; PR, progesterone receptor; TAM, tamoxifen; TOR, toremifene.
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Fig.1. Association between CYP2D6 *10 genotypes and disease-free survival in patients who received adjuvant tamoxifen (A) or toremifene

(B) treatment.

3. Comparison of DFS between TAM and TOR groups

Kaplan-Meier curve estimates indicated that 5-year DFS
rate was higher in patients treated with TOR (n=92) than in
patients treated with TAM (n=176) (91.3% vs. 80.0%, p=0.011)
(Fig. 2). In univariate Cox proportional risk analysis for DFS,
age, menopause, tumor diameter, histological grade, axillary
lymph node metastasis, TNM stage, HER-2 status, PR, and
adjuvant chemotherapy were significant variables. When
they were included in multivariate cox regression analysis
(Table 2), it was found that adjuvant TOR therapy remained
an independent prognostic factor for DFS compared with
TAM (hazard ratio, 0.422; 95% confidence interval, 0.202 to
0.879; p=0.021).

4. Comparison of DFS between TOR and TAM in CYP2-
D610 patients with different genotypes

In patients with CYP2D6*10 C/C genotype (n=88), no sta-
tistically significant difference in DFS was observed between
the two treatment groups (p > 0.05) (Fig. 3A). However,
among the patients with C/T genotype (n=114), DFS in TAM

group was significantly worse than TOR (80.0% vs. 93.2%,
p=0.019) (Fig. 3B), as did patients with T/T genotype (61.8%
vs. 87.5% p=0.029) (Fig. 3C). Thus, patients with C/T or T/T
genotypes exhibit worse DFS when treated with TAM than
with TOR.

5. Comparison of DFS between TOR and TAM in CYP2D6
*10 C/T and T/T patients

For all the 180 patients with CYP2D6 *10 C/T and T/T
genotypes, the 5-year DFS rate was significantly higher in
patients receiving TOR (n=76) than in patients receiving
TAM (n=104) (90.8% vs. 70.1%, p=0.003) (Fig. 4).

Discussion

Breast cancer has become the most common malignancy
in the world and the highest morbidity and mortality rate
among women worldwide [14]. The age distribution of
breast cancer patients differs significantly between east and
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Fig. 2. Comparison of disease-free survival between tamoxifen
(TAM) and toremifene (TOR) groups.

Table 2. Multivariate analysis of DFS in breast cancer patients
receiving TOR or TAM treatment

Age 2.024 (0.818-5.005) 0.127
Menopause 1.149 (0.434-3.041) 0.780
Tumor diameter 2.757 (1.449-5.248) 0.002
Histological grade 1.157 (0.763-1.755) 0.491
Axillary lymph node 0.735(0.352-1.537)  0.414
metastasis
TNM stage 2.064 (1.227-3.473) 0.006
HER?2 status 2.389 (1.296-4.401) 0.005
PR 0.445 (0.205-0.966) 0.041
Adjuvant chemotherapy 0.821 (0.367-1.837) 0.631
Treatment 0.422 (0.202-0.879) 0.021

CI, confidence interval, DFS, disease-free survival, HER2,
human epidermal growth factor receptor 2; PR, progesterone
receptor; TAM, tamoxifen; TOR, toremifene.

west. The median age of onset of breast cancer in the Unit-
ed States is 62-64 years old, while in China and other East
Asian countries, the median age of onset is about 45-49 years
old [15]. TAM is the standard treatment for premenopausal
breast cancer with low recurrence risk. Therefore, the reason-
able application of TAM is of great significance for Chinese
breast cancer patients. However, until now, we still do not
have a good biomarker to predict the efficacy of TAM.

In this study, it was found that among the people who
treated with TAM for adjuvant endocrine therapy, the 5-year
DFS rate of patients with CYP2D6*10 T/T genotype was sig-
nificantly lower than that of patients with C/C and C/T gen-
otype, which was similar to the research results of Chinese
scholar Lan et al. [16] published in the International Journal
of Cancer in 2018. In addition, this research also confirmed
that T/T genotype remained an independent poor prognos-
tic factor of DFS in this patient cohort [16]. In 2009, a large
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Fig. 3. Comparison of disease-free survival between toremifene
(TOR) and tamoxifen (TAM) in CYP2D6*10 patients with differ-
ent genotypes. (A) CYP2D6*10 C/C. (B) CYP2D6*10 C/T. (C)
CYP2D6*10 T/T.

retrospective analysis of 1,325 German and American pati-
ents with early breast cancer found that there was an asso-
ciation between CYP2D6 variation and clinical outcomes
during TAM treatment, and patients with two functional
CYP2D6 alleles had better clinical outcomes than patients
with nonfunctional or reduced-function alleles [17]. Many
studies have also confirmed the correlation between CYP-
2D6 gene polymorphism and TAM drug metabolism. Lim
et al. [18] in Korea confirmed that CYP2D6*10/*10 is associ-
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Fig. 4. Comparison of disease-free survival between toremifene
(TOR) and tamoxifen (TAM) in CYP2D6 *10 C/T and T/T pati-

ents.

ated with lower steady-state plasma concentrations of active
TAM metabolites, which could possibly influence the clini-
cal outcome by TAM in Asian breast cancer patients. Hel-
land et al. [19] conducted CYP2D6 allele typing among 99
HR-positive breast cancer patients treated with TAM, and
grouped their metabolic functions according to allele com-
binations: ultrafast metabolizers, extensive /normal metabo-
lizers, intermediate metabolizers, and poor metabolizers. It
was found that CYP2D6 genotype was related to the concen-
tration of TAM active metabolites, and low concentration of
endoxifen would lead to poor survival outcome [19]. He et
al. [20] calculated hazard ratio to determine the association
between CYP2D6 metabolic status and breast cancer mor-
tality, and found that compared with patients with normal
metabolism, patients with poor TAM metabolism and ultra-
fast metabolizers had a worse prognosis, and the reason for
the poor prognosis of ultrafast metabolizers might be related
to stronger side effects and higher discontinuation rate. In
contrast, a prospective study conducted in 2019 by Sanchez-
Spitman et al. [21] found no association between endoxifen
levels and relapse-free survival, but its study design and
statistical power have been criticized by various researchers.
Firstly, the patients included in this study were not treated
with TAM monotherapy, and some patients received addi-
tional systemic therapy or switched to aromatase inhibitors
during adjuvant therapy, which altered the hazard of both
early and late breast cancer events [22]. Secondly, in view
of the long time to recurrence of breast cancer, the study
by Sanchez-Spitman did not have the power to determine
the association between CYP2D6 genotype or endoxifen
concentrations with RFS either in terms of treatment time
or follow-up time [23]. Furthermore, it was noted that the
anticipated effect size of hazard ratio=2.0 at 3 years may have
been overestimated, as the hazard ratio was based on studies
with a more extended clinical follow-up of 5 and 10 years

[24]. Jorge-Aaron et al. [25] also reported the lack of effect of
CYP2D6 genotype on breast cancer-free survival, which may
be related to the limited sample size.

As early as the 1990s, studies have evaluated the efficacy of
TOR and TAM in adjuvant endocrine therapy for breast can-
cer. The International Breast Cancer Research Group IBCSG
conducted two randomized trials (Trials 12-93 and 14-93),
combining the results of the two trials (n=1,035) and com-
paring TOR 60 mg/day with TAM 20 mg/day as adjuvant
in combination with chemotherapy in perimenopausal and
postmenopausal patients with node-positive breast cancer.
It was found that the 5-year DFS and overall survival (OS)
of TOR and TAM were similar (DFS: 72% TOR, 69% TAM;
0S: 85% TOR, 81% TAM), and both treatment groups were
similar in terms of toxicity and quality of life [26]. A simi-
lar conclusion was reached by FBCG, which compared the
efficacy and safety of TOR 40 mg/day and TAM20 mg/day,
and found that TOR had similar side effects to TAM and was
no less effective than TAM after an average follow-up of 3.4
years [27]. The NAFTA trial further demonstrated that TOR
is a safe and effective alternative to TAM for adjuvant endo-
crine therapy in perimenopausal and postmenopausal HR-
positive breast cancer [28]. A meta-analysis involving data
from 3,747 breast cancer patients also confirmed the results
more precisely [29].

There is limited clinical data on the use of TOR in the
treatment of breast cancer in premenopausal women. A
Korean registry study analyzed the survival outcomes of
young (age > 50 years) breast cancer patients given adjuvant
endocrine therapy after chemotherapy. Of the 3,489 patients
treated, 2,856 (82%) received TAM and 632 (18%) received
totamifen, but no drug-specific survival data was reported
[30]. A retrospective cohort study in China of TOR endocrine
therapy in premenopausal women with HR-positive early
invasive breast cancer compared the outcomes of premeno-
pausal women receiving TOR (n=212) versus TAM (n=240).
The relapse-free survival rate in the TOR group was signif-
icantly better than that in the TAM group (TOR 97.2% vs.
TAM 90.4, p=0.022), and the toxic side effects were similar
between the two groups [31]. Similarly, a study by Lan et al.
[32] compared the survival of 230 breast cancer patients (86%
of whom were younger than 50 years old) receiving adjuvant
endocrine therapy TAM with TOR 1:1, and found that with-
out considering CYP2D6*10 genotype, the 5-year DFS rate
was significantly higher in the TOR group than in the TAM
group (89.6% vs. 80.9% p=0.009). Therefore, TOR may be an
effective and safe alternative to TAM for Chinese premeno-
pausal HR-positive breast cancer patients.

Our study found that the efficacy of patients treated
with TOR was not affected by CYP2D6*10 genotype, and
the 5-year DFS rate was better than TAM (91.3% vs. 80.0%,
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p=0.011). In multivariate analysis, adjuvant TOR therapy
was still an independent prognostic factor for DFS.

Finally, we respectively compared the DFS of TOR and
TAM under different CYP2D6*10 genotypes, and found that
the 5-year DFS rate of patients treated with TOR was signifi-
cantly better than that of TAM in C/T and T/T genotypes
(90.8% vs. 70.1% p=0.003). Different from the research results
of Lan et al. [32], our study included patients with C/T and
T/T genotypes in different treatment groups for comparison,
and the results were more targeted. Due to the high muta-
tion frequency of CYP2D6*10 alleles in China, patients with
C/T and T/T genotypes accounted for 67.1% in this study.
Therefore, this result indicates that TOR has a better progno-
sis than TAM in at least over half of the population in China.

Helland et al. [19] suggest that direct measurement of
serum concentrations of active metabolites of TAM to pre-
dict prognosis of breast cancer is a simple and applicable
method for patients with poor TAM metabolism. However,
the results of a prospective clinical trial indicate that endox-
ifen drug-monitoring is not clinically valuable in patients
receiving TAM [31]. Khalaj et al. [33] increased TAM dose
in patients with low CYP2D6 enzyme activity, and found
that plasma concentration of the active metabolite endox-
ifen significantly increased. Similarly, a prospective phase II
clinical trial in Japan randomly assigned CYP2D6 homozy-
gous and heterozygous mutant patients to an increased TAM
dose group (ID group, 40 mg/day) and regular dose group
(RD group, 20 mg/day), the results showed that the plasma
endoxifen dose in ID group was significantly higher than
that in RD group, but increasing TAM dosing did not achieve
a higher progression-free survival rate at 6 months. There-
fore, the CYP2D6 genotype solely cannot explain individual
variability in the efficacy of TAM [34]. In 2018, CPCI, Clini-
cal Pharmacogenetics Implementation Consortium, issued
guidelines for clinical medication of TAM based on CYP2D6
gene test [35]. However, due to insufficient evidence, Euro-
pean Society for Medical Oncology (ESMO) of the European
Society of Internal Medicine of Oncology in 2019 considered
that CYP2D6 gene test could not determine the medication
decision of TAM [36], which is consistent with the current
National Comprehensive Cancer Network (NCCN) breast
cancer guidelines. The reason why we are against NCCN

and ESMO guidelines because of the clinical trials they are
referring to is from randomized controlled trials with mainly
postmenopausal and Western countries (Schroth et al. [17]
and BIG 1-98), while our study population was mainly pre-
menopausal patients from Asian, so our data are more tar-
geted. The TEXT and SOFT trials found that increasing ovar-
ian suppression could significantly reduce the recurrence in
premenopausal patients with HR-positive early breast can-
cer, but combining ovarian suppression may lead to a set of
additional side effects [37]. However, our results confirm that
TOR may be a good choice for adjuvant endocrine therapy in
HR-positive breast cancer, at least to reverse the outcome in
patients with CYP2D6*10 mutant genotypes, but this result
needs to be confirmed by clinical trials with larger sample
sizes.
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