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Abstract

Purpose Insufficient serum metabolite concentrations of tamoxifen can compromise treatment efficacy in patients with
breast cancer. The purpose of this meta-analysis was to explore correlations between cytochrome P450 (CYP) 2D6*10 gene
polymorphisms and serum concentrations of tamoxifen and its active metabolites in patients with breast cancer in Asia.
Methods The study included a systematic literature search for cohort studies published before March 2018 in English
databases (PubMed, Embase, Cochrane Library, and Web of Science) and Chinese databases (Chinese National Knowledge
Infrastructure and Wan Fang database). The meta-analysis was performed using RevMan 5.3 software. Pooled means and
standard deviations were calculated with 95% confidence intervals. Publication bias and sensitivity analyses were also per-
formed using STATA 14.0.

Results In total, 7 studies and 552 patients were included in the meta-analysis. Serum concentrations of endoxifen were
significantly different in each CYP2D6* 10 genotype group (p <0.05). The CC genotype was associated with higher concen-
trations of 4-OH-TAM than the CT/TT genotype (p <0.05). However, there were no statistically significant between-group
differences in serum concentrations of TAM (p > 0.05). Publication bias and sensitivity analyses confirmed that the meta-
analysis results were stable and reliable.

Conclusions CYP2D6%* 10 polymorphisms influence the pharmacokinetics of tamoxifen in patients with breast cancer in Asia.

Keywords Breast cancer - CYP2D6*10 - Pharmacokinetics - Polymorphism - Tamoxifen

Introduction selective estrogen receptor modulators tamoxifen (TAM)

and toremifene as well as third-generation aromatase

Breast cancer (BC) is the most common malignant tumor
and has a higher mortality rate among women than
among men [1]. Adjuvant endocrine therapies such as the
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inhibitors including anastrozole, letrozole, and exemestane
can decrease the risk of tumor recurrence and mortality in
women with early-stage estrogen receptor (ER)-positive BC;
5-year treatment reduces this risk by one-third in the first
10 years after diagnosis [2, 3].

TAM is a competitive inhibitor for estrogen binding on
cancerous ER-positive cells that require estrogen stimulation
for growth [4]. TAM itself is a prodrug with poor affinity for
the ER that requires biological activation by the cytochrome
P450 (CYP) system in the liver [4]. It is mainly metabolized
via demethylation by CYP3A4/5 to N-desmethyltamoxifen
(NDM). A smaller proportion of TAM is converted to
4-hydroxytamoxifen (4-OH-TAM), which has 30-100-
fold higher affinity for ERs than the parent molecule [5-7].
Subsequently, NDM and 4-OH-TAM are biotransformed to
4-hydroxy-N-desmethyltamoxifen (endoxifen) by CYP2D6
and CYP3A4, respectively [4, 5]. Endoxifen has 100-fold
higher binding affinity to ERs than TAM [5, 7-9]. Moreover,
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patients with endoxifen serum levels below a threshold of
5.97 ng/mL (16 nM) have an increased risk of BC recurrence
after treatment [10, 11].

CYP2D6 is a key enzyme for TAM metabolism [4]. Ger-
mline genetic polymorphism of the CYP2D6 gene can alter
enzyme activity, resulting in individual differences in the
efficacy of TAM treatment [12]. To date, more than 100
allelic variants of the CYP2D6 gene have been reported [13].
These alleles are divided into three functional groups: those
associated with normal enzymatic function, decreased func-
tion, and no function. This classification is implemented by
assigning each allele an activity value ranging from O to 1.
For example, 0 indicates a no-function allele, 0.5 indicates a
decreased-function allele, and 1 indicates a normal-function
allele [13]. The activity score (AS) of CYP2D6 in a given
patient is calculated based on the allele combination and
translated into a phenotype as follows: a poor metabolizer
(PM) is defined as an AS of 0, an intermediate metabolizer
(IM) as an AS of 0.5 or 1, a normal metabolizer (NM) as an
AS from 1 to 2, and an ultrarapid metabolizer (UM) as an
AS of >2.0[13].

Ethnicity is a major biological factor predicting CYP2D6
germline genetic polymorphism; for example, approxi-
mately 50% of the Asian population has the CYP2D6*10
(c.100C>T, rs1065852) polymorphism, whereas it is less
common in Caucasian subjects with a prevalence of only
about 3% [14-16]. The CYP2D6*10 polymorphism is most
commonly associated with a severe decrease in enzyme
activity and decreased circulating concentrations of active
TAM metabolites [17, 18]. CYP2D6*10 genotypes are clas-
sified as CC, CT, and TT with enzyme AS values of 2.0,
1.5, and 1.0, respectively. According to the Clinical Phar-
macogenetics Implementation Consortium (CPIC) Guide-
line for CYP2D6 and TAM Therapy [13], patients with the
TT genotype (AS, 1.0) should receive alternative hormonal
therapy or an increased dose of TAM designed to achieve
adequate serum concentrations. However, the exact effects
of individual CYP2D6 gene polymorphisms on circulating
concentrations of TAM and its active metabolites in patients
with BC are unknown.

In the present study, we performed a meta-analysis to
identify the correlations between CYP2D6*10 gene poly-
morphisms and concentrations of TAM and its metabolites
in an Asian population with BC.

Materials and methods
Literature search
We performed a comprehensive search of English databases

(Pubmed, Embase, Cochrane Library, and Web of Sci-
ence) and Chinese databases (Chinese National Knowledge
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Infrastructure and Wan Fang database) for articles published
prior to March 2018. Our search strategy used the following
terms: “CYP2D6” and “polymorphism” and “tamoxifen” and
“breast cancer”. We also manually inspected literature refer-
ences from included studies for additional relevant papers.
We only retrieved studies published in English and Chinese,
and the search was thus prone to some language bias.

Inclusion and exclusion criteria

Eligible studies met the following criteria: (1) a target popu-
lation of female Asian patients with BC; (2) clinical trials
exploring the effect of CYP2D6* 10 polymorphisms on TAM
pharmacokinetics; (3) patients were treated with adjuvant
TAM (20 mg/day) for a minimum period of 1 month; (4)
studies that measured serum concentrations of TAM or its
metabolites including 4-OH-TAM and endoxifen; (5) stud-
ies including > 30 patients with BC; (6) a patient genotype
distribution conforming to Hardy—Weinberg equilibrium
(HWE); and (7) a Newcastle-Ottawa Scale (NOS) score > 5
points, indicating high quality of the study.

The exclusion criteria were as follows: (1) papers writ-
ten in a language other than English or Chinese; (2) review
articles, abstracts, or meeting reports; (3) non-clinical stud-
ies; (4) studies not evaluating the relationship between
CYP2D6*10 and TAM metabolism; (5) non-Asian or pri-
marily Caucasian studies; and (6) a patient genotype distri-
bution not conforming to HWE.

Data extraction and quality assessment

Two investigators (Yu Bai and Hai-wei Wu) independently
screened titles and abstracts to select potentially eligible lit-
erature. All potentially eligible publications were evaluated
using the eligibility criteria applied to the full text. Data
extraction was also completed by two independent inves-
tigators; data of interest included the first author’s name,
year of publication, study population, sample size, genotype
and concentration detection methods, and serum concentra-
tions of TAM and its metabolites. Finally, two researchers
crosschecked the extracted data. Any disagreements were
resolved by discussion.

Statistical analysis

HWE was evaluated in each study population using the y>
test, with the threshold for HWE defined as p > 0.05. Het-
erogeneity across studies was also evaluated using the
test based on the Q test and I? metric [19]; studies were
determined to be homogenous when p>0.1 and I> < 50%,
and were analyzed using a fixed effects model. When p <0.1
and I*>50%, studies were determined to be heterogeneous
and a random effects model was used. Means and standard
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deviations (SDs) of the concentrations of TAM and its
metabolites were obtained from original articles; if the study
only provided graphical data, GetData Graph Digitizer 2.25
(http://www.getdata-graph-digitizer.com) was used to com-
pute numerical values in figures. For values reported as the
median and range, the mean and SD were calculated using
a previously reported formula [20]. The meta-analysis was
performed using Review Manager 5.3 (Cochrane Commu-
nity Software, London, UK) and the pooled mean and SD
were demonstrated graphically using forest plots. Begg’s
funnel plot and Egger’s test were used to examine publica-
tion bias in STATA 14.0 (StataCorp LLC, College Station,
TX, USA) [21]. A sensitivity analysis was performed by
sequential omission of each study to evaluate the stability
of our results.

Results
Characteristics of included studies

The initial search identified 1129 studies including 1096
English articles and 33 Chinese articles. We deleted 344
repetitive articles and ultimately selected 23 articles for full
text review. Of 10 such articles reviewed for possible inclu-
sion, three [22-24] were excluded because the population
genotype distributions did not conform to HWE. Finally,
seven studies [18, 25-30] and 552 patients with BC were
included in the meta-analysis. The screening process is sum-
marized in Fig. 1 and basic information about the included
studies is shown in Table 1.

CYP2D6*10 polymorphisms and TAM concentration

A total of six studies including 350 patients with BC exam-
ined the relationship between CYP2D6* 10 polymorphisms
and TAM serum concentration. Data for the CC vs. TT
genotype comparison were heterogeneous (I*=55.00%,
p=0.05); therefore, a random effects model was used for
meta-analysis. All other groups were analyzed with fixed
effects models. The meta-analysis revealed no significant
differences in TAM concentration between the CC and CT
genotype groups [mean difference (MD)=4.65; 95% con-
fidence interval (CI) =(— 14.85, 24.14), p=0.64], CC and
TT genotype groups [MD —12.81, 95% CI (—49.87, 24.25),
p=0.50], or CT and TT genotype groups [MD 3.54, 95% CI
(—9.77, 16.84), p=0.60] (Table 2 and Fig. S1).

CYP2D6*10 polymorphisms and 4-OH-TAM
concentration

A total of five studies including 436 BC patients examined
the relationship between CYP2D6* 10 polymorphisms and
4-OH-TAM concentration. Data for the CT vs. TT genotype
comparison were heterogeneous (I*=89%, p <0.01); there-
fore, a random effects model was used for meta-analysis. All
other groups were analyzed with fixed effects models. The
meta-analysis revealed significant differences in 4-OH-TAM
concentrations between the CC and CT genotype groups
[MD 0.30, 95% CI (0.01, 0.58), p=0.04] and CC and TT
genotype groups [MD 1.12, 95% CI (0.82, 1.41), p<0.01].
There was no significant difference between the CT and TT

Fig. 1 Flow diagram of the
study selection process

Records identified through database retrieval (n = 1129)
Pubmed (n = 150), Embase (n = 454), Web of Science (n = 453), Cochrane Library (n = 39),

Chinese National Knowledge Infrastructure (n = 12), and Wan Fang (n = 21)

4

» Duplicates excluded (n = 344)

Reviewed titles and

abstracts (n = 785)

Excluded records (n = 762)

4

Reviewed full-text articles (n = 23)

Excluded full-text articles (n = 16)

4

» Non-Asian population (n = 8)
Duplication of English database and Chinese database (n = 2)

Only reported metabolic types of CYP2D6 (n = 3)

Included studies (n =7)

Genotype did not conform to Hardy-Weinberg equilibrium (n = 3)
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Table 2 Summary of the meta-analysis and publication bias

Metabolite Studies ~ Comparison  Mean difference (95% CI) Z p value  Heterogeneity Publication bias
P % pvalue  Begg'stest  Egger’s test
TAM 6 CCvs. CT 4.65 (—14.85 to 24.14) 0.47 0.64 0.00 0.97 0.45 0.37
CCvs. TT —12.81 (—49.87 to 24.25) 0.68 0.50 55.00 0.05 1.00 0.40
CT vs. TT 3.54 (=9.77 to 16.84) 0.52 0.60 34.00 0.18 0.45 0.24
4-OH-TAM 5 CCvs. CT 0.30 (0.01 to 0.58) 2.03 0.04 2.00 0.40 1.00 0.86
CCvs. TT 1.12 (0.82 to 1.41) 7.41 <0.01 39.00 0.16 0.81 0.45
CT vs. TT 0.57 (—=0.07 to 1.20) 1.75 0.08 89.00 <0.01 0.81 0.40
Endoxifen 5 CCvs.CT 3.77 (0.29 to 7.25) 2.12 0.03 58.00 0.05 1.00 0.93
CCvs. TT 11.13 (9.36 to 12.89) 1238  <0.01 0.00 0.89 0.46 0.39
CT vs. TT 7.53 (6.41 to 8.66) 4.03 <0.01 90.00 <0.01 1.00 0.83

CI confidence interval, TAM tamoxifen

genotype groups [MD 0.57,95% CI (—0.07, 1.20), p=0.08]
(Table 2; Fig. 2).

CYP2D6*10 polymorphisms and endoxifen
concentration

A total of five studies including 463 BC patients examined
the relationship between CYP2D6*10 polymorphisms and
endoxifen concentration. Data for the CT vs. CC and CT vs.
TT genotype comparisons were heterogeneous (I*=58%,
p=0.05 and I>=90%, p <0.01, respectively); therefore, a
random effects model was used for meta-analysis. Data for
the CC and TT genotypes were analyzed with a fixed effects
model. The meta-analysis results revealed significant differ-
ences in endoxifen concentrations between the CC and CT
genotype groups [MD 3.77, 95% CI (0.29, 7.25), p=0.03],
CC and TT genotype groups [MD 11.13, 95% CI (9.36,
12.89), p<0.01], and CT and TT genotype groups [MD
7.53,95% CI1(6.41, 8.66), p<0.01] (Table 2; Fig. 3).

Publication bias and sensitivity analyses

Publication bias was evaluated with both Begg’s funnel plot
and Egger’s test. The results did not indicate any publication
bias (Table 2 and Fig. S2). Moreover, a sensitivity analysis
sequentially omitting each individual study revealed that
most subgroups did not significantly affect pooled mean
differences and no substantial changes in the results were
identified, indicating that our results were statistically stable
(Fig. S3).

Discussion
The development of precision medicine and an increasing

demand for individualized therapy have spurred the progress
of pharmacogenomic research [31]. Gene polymorphisms

in drug-metabolizing enzymes can lead to individual dif-
ferences in serum concentrations of drugs and their active
metabolites, subsequently affecting treatment efficacy [7,
32]. Previous studies have shown that CYP2D6 gene poly-
morphism can play a role in the metabolism of tamoxifen
[33-35]. Therefore, in 2006, the United States Food and
Drug Administration (FDA) Advisory Committee recom-
mended the inclusion of pharmacogenomic biomarker infor-
mation on CYP2D6 in a revision of the label for TAM [7,
36, 37]. The CYP2D6*10 gene mutation frequency is the
highest among Asian populations, and there is an increas-
ing research interest in the relationships between CYP2D6
polymorphisms and TAM metabolism and efficacy [34, 35].
Previous studies have shown that the CYP2D6 TT genotype
has a greater impact on TAM metabolism and efficacy, but
inconformity with concentration of TAM metabolism results
in heterozygous mutagenesis [25, 26, 32].

In our screening of studies for inclusion in the meta-
analysis, three articles had study populations with geno-
type distributions that did not conform to HWE and were
excluded. Among them, Tian et al. [22] studied 200 cases of
BC in China and found that patients with the TT genotype
of CYP2D6*10 had lower serum concentrations of 4-OH-
TAM than other groups, but there were no other significant
differences according to genotype. Xu et al. [23] evaluated
37 cases of BC in China and found that patients with the
TT genotype of CYP2D6*10 had lower concentrations of
4-OH-TAM than those with the CC genotype, consistent
with the results of our meta-analysis. Charoenchokthavee
et al. [24] analyzed 133 cases of BC in Thailand and found
no statistically difference between CYP2D6*10 polymor-
phism and TAM metabolism. We analyzed and identified
the reasons underlying the non-conformance of these three
articles to HWE as follows: (1) Sample source: Tian et al.
[22] used oral mucosal cells to extract DNA for sequencing,
and Xu et al. [23] used blood sample, fresh-frozen tumors,
or paraffin-embedded negative axillary nodes for extracted
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a CC genotype CT genotype Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Kiyotani 2012 343 131 24 274 092 40 229% 0.69 [0.09, 1.29] L}
Lei 2016 39 19 12 458 193 10 3.2% -0.68[-2.29, 0.93] v
Lim 2007 263 134 64 247 075 89 61.7% 0.16 [-0.20, 0.52] 1
Lim 2011 2.33 1.51 13 192 091 31 105%  0.41[-0.47,1.29] T
Zhang 2010 3.56 1.55 2 257 087 18 1.7%  0.99[-1.20, 3.18] i
Total (95% Cl) 115 188  100% 0.30 [0.01, 0.58] P
I I I I
Heterogeneity: Chi? = 4.08, df = 4 (P = 0.40); I = 2% I I I I I
-4 -2 0 2 4

Test for overall effect: Z =2.03 (P = 0.04)

Favours [experimental] Favours [control]

b CC genotype TT genotype Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Kiyotani 2012 3.43 1.31 24 289 1.09 22 182% 0.54 [-0.15, 1.23] L
Lei 2016 39 19 12 314 259 12 27% 0.76 [-1.06, 2.58] -1 -
Lim 2007 263 134 64 125 058 49 653% 1.38[1.01, 1.75] -I'
Lim 2011 233 151 13 1.76 078 40 12.0% 0.57 [-0.29, 1.43] T
Zhang 2010 3.56 1.55 2 191 046 10 19%  1.65[-0.52, 3.82] ]
Total (95% CI) 115 133 100% 1.12[0.82, 1.41] ‘
Heterogeneity: Chi2 = 6.58, df = 4 (P = 0.16); I2 = 39% I I I I
-4 -2 0 2 4

Test for overall effect: Z =7.41 (P < 0.00001)

Favours [experimental] Favours [control]

c CT genotype TT genotype Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Kiyotani 2012 274 0.92 40 289 109 22 217% -0.15[-0.69,0.39] _ll_

Lei 2016 458 193 10 3.14 059 12 78%  1.44[-0.45,3.33] -1
Lim 2007 247 075 89 125 058 49 24.9% 1.22[0.99, 1.45] +

Lim 2011 1.92 091 31 176 078 40 23.3% 0.16 [-0.24,0.56]

Zhang 2010 257 087 18 191 046 10 22.3% 0.66 [0.17, 1.15] i

Total (95% Cl) 188 133  100%  0.57 [-0.07, 1.20] ‘

Heterogeneity: Tau? = 0.41; Chi? = 35.86, df = 4 (P < 0.00001); I> = 89%

Test for overall effect: Z=1.75 (P = 0.08)

I
! I ! I
-4 -2 0 2 4

Favours [experimental] Favours [control]

Fig.2 Forest plots estimating the effects of CYP2D6*10 polymorphisms on 4-OH-TAM concentrations. a CC genotype vs. CT genotype; b CC

genotype vs. TT genotype; ¢ CT genotype vs. TT genotype

DNA. However, the DNA samples were derived from blood
sample in the included literature. (2) Genotype: Charoen-
chokthavee et al. [24] analysis of CYP2D6 polymorphism
was not only limited to *1/*1, *1/*10, and *10/*10, but also
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to *2/%2,%*2/*10, and so on. However, we mainly focused
on *1/*1, *1/*10, and *10/*10, which may affect HWE. (3)
Ignoring HWE: The possibility that the researchers might
have ignored HWE cannot be excluded.
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a CC genotype CT genotype Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Kiyotani 2012 1925 813 24 1495 844 40 249% 4.30[0.13, 8.47] —
Lei 2016 24.06 12.07 12 25.6813.96 10 7.9% -1.62 [-12.64, 9.40] v
Lim 2007 19.35 9.92 64 1774 648 89 31.1% 1.61[-1.17, 4.39] T+
Lim 2011 2069 157 13 19.74 65 31 11.1% 0.95[-7.89, 9.79] L
Yang 2013 3482 5.95 9 259 393 25 249% 8.921[4.74,13.10] L
Total (95% CI) 122 195 100%  3.77 [0.29, 7.25] ‘
Heterogeneity: Tau? = 8.13; Chi = 9.50, df = 4 (P = 0.05); I = 58% I i i f
-20 -10 0 10 20

Test for overall effect: Z=2.12 (P = 0.03)

Favours [experimental] Favours [control]

b CC genotype TT genotype Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Kiyotani 2012 19.25 8.13 24 947 219 22 27.2% 9.78 [6.40, 13.16] ——
Lei 2016 24.06 12.07 12 10.72 4 12 6.0% 13.34 [6.15, 20.53] -
Lim 2007 1935 992 64 7.9 343 49 455% 11.45 [8.84, 14.06] _I_
Lim 2011 2069 157 13 8.03 824 40 3.9%  12.66[3.75, 21.57] -
Yang 2013 3482 5.95 9 2355 4.01 23 17.4% 11.27 [7.05, 15.49] —
Total (95% Cl) 122 146  100%  11.13[9.36, 12.89] ’
Heterogeneity: Chiz = 1.15, df = 4 (P = 0.89); I = 0% f i f f
-20 -10 0 10 20
Test for overall effect: 2 = 12.38 (P < 0.00001) Favours [experimental] Favours [control]
(o] CT genotype TT genotype Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Kiyotani 2012 1495 844 40 947 219 22 22.0% 5.48[2.71, 8.25] —a
Lei 2016 25.68 13.96 10 10.72 4 12 109% 14.96 [6.02, 23.90] I E—
Lim 2007 1774 648 89 7.9 343 49 236% 9.84 [8.19, 11.49] -+
Lim 2011 1974 65 31 8.03 824 40 208% 11.71[8.28, 15.14] -
Yang 2013 259 393 25 2355 4.01 23 228% 2.35[0.10, 4.60] L
Total (95% Cl) 195 146 100% 8.12 [4.17,12.07] ‘
Heterogeneity: Tau? = 16.49; Chi? = 38.33, df = 4 (P < 0.00001); I> = 90% f f I I
-20 -10 0 10 20

Test for overall effect: Z = 4.03 (P < 0.0001)

Favours [experimental] Favours [control]

Fig.3 Forest plots estimating the effects of CYP2D6*10 polymorphisms on endoxifen concentrations. a CC genotype vs. CT genotype; b CC

genotype vs. TT genotype; ¢ CT genotype vs. TT genotype

Our meta-analysis may be the first to identify a corre-
lation between CYP2D6* 10 polymorphism and tamoxifen
pharmacokinetics in female Asian patients with BC receiv-
ing TAM adjuvant therapy (20 mg/day) for at least 1 month.

There was no difference in serum TAM concentrations
between genotype groups, and this is in agreement with
other studies. In our meta-analysis, all genotypes showed
variable concentrations of endoxifen (p <0.05). Patients
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carrying the TT genotype had lower endoxifen concentra-
tions than those with the CC genotype in our pooled results,
and these findings also agree with those of other studies.
However, there were still some discrepancies; for example,
the CT genotype also had a significantly lower concentra-
tion of endoxifen in our pooled results than the CC genotype
and some previous research results also showed a signifi-
cant difference [28, 29], but others showed no difference
[25, 27, 30]. Additionally, an interesting trend was noted
for the 4-OH-TAM concentration, where only Lim et al.
[25] showed a significant difference between the CC and
TT genotypes, whereas other studies showed no significant
differences; however, our pooled results showed a differ-
ence with no heterogeneity. Therefore, large-scale clinical
trials are still necessary to consolidate our meta-analysis.
The discrepant conclusions mainly relate to the comparison
of heterozygous with homozygous mutations, and the dif-
ference in the concentration of 4-OH-TAM. In fact, only a
small part of tamoxifen would be converted to 4-OH-TAM
by CYP2D6 and other metabolic enzymes; therefore, it may
be difficult to obtain a statistically significant difference [5].
Additionally, the sensitivity analysis showed that the pooled
study results did not depend significantly on any individual
study, indicating that our results were statistically stable.

The present study had some limitations. First, we
included several studies with small sample sizes that may
have been underpowered to detect significant correlations
between our study variables. Additionally, our analysis did
not control for menopause status, time of blood sampling,
and other important lifestyle factors. For example, whether
tamoxifen was taken before blood collection and how long
tamoxifen was taken before blood collection could affect the
determination of drug concentration.

In summary, we conclude that although CYP2D6*10 pol-
ymorphisms do not significantly affect serum concentrations
of TAM, the serum concentrations of the active metabolites
of TAM are influenced by CYP2D6* 10 polymorphisms. It
is worth noting that even in patients with the CT genotype
as well as CC genotype, the average serum concentration of
endoxifen could be less than the threshold value of 5.97 ng/
ml used in previous studies to predict tumor recurrence after
treatment [10, 11]. However, the average endoxifen serum
concentration of the CC/CT genotypes was still higher than
that of the TT genotype. Per the Clinical Pharmacogenet-
ics Implementation Consortium (CPIC) Guideline [13], in
patients with a TT genotype, the dose of TAM should be
increased from 20 to 40 mg/day to ensure adequate serum
concentrations. Kiyotani et al. [34] found that patients with
the CT or TT genotype who received increasing doses of
tamoxifen (30 or 40 mg/day from 20 mg/day) showed sig-
nificant increases in serum concentrations of 4-OH-TAM
and endoxifen (p <0.001). However, it remains controversial
whether there is a need to monitor endoxifen concentrations

@ Springer

in patients. In a recent prospective multicenter trial by Neven
et al. [38], no outcome was associated with endoxifen levels
and the results do not suggest therapeutic drug monitoring of
endoxifen to be of clinical value. Considering the possibility
of racial differences, we still need similar prospective studies
in Asia to validate the clinical significance and utility of our
meta-analysis results.
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