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Abstract
Biotransformation of tamoxifen to the potent antiestro-
gen endoxifen is performed by cytochrome P450 (CYP) 
enzymes, in particular the CYP2D6 isoform. CYP2D6*4 
is one of the most frequent alleles associated with 
loss of enzymatic activity. The incidence of CYP2D6*4 
among Caucasians is estimated up to 27%, while it is 
present in up to 90% of all poor metabolizers within the 
Caucasian population. The hypothesis under question 
is whether the presence of one or two non-functioning 
(null) alleles predicts an inferior outcome in postmeno-
pausal women with breast cancer receiving adjuvant 
treatment with tamoxifen. The numerous existing stud-
ies investigating the association of CYP2D6 with treat-
ment failure in breast cancer are inconsistent and give 
rather conflicting results. Currently, routine CYP2D6 
testing among women with breast cancer is not recom-
mended and the significance of CYP2D6 phenotype in 
decision making regarding the administration of tamox-
ifen is unclear. The present study summarizes current 
literature regarding clinical studies on CYP2D6*4, par-

ticularly in terms of response to tamoxifen therapy and 
breast cancer outcome.
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Core tip: Currently, routine cytochrome P450 (CYP)2D6 
testing among women with breast cancer is not recom-
mended and the significance of CYP2D6 phenotype in 
decision making regarding the administration of tamox-
ifen is unclear. The present study summarizes current 
literature regarding clinical studies on CYP2D6*4, par-
ticularly in terms of response to tamoxifen therapy and 
breast cancer outcome.
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INTRODUCTION
Tamoxifen (TAM) is a selective estrogen receptor modu-
lator (SERM) and 5 years of  Tamoxifen treatment is 
considered as “standard of  care” in the adjuvant setting 
in most cases of  premenopausal patients with estro-
gen receptor positive (ER+) breast cancer, as well as in 
postmenopausal patients in different treatment strate-
gies, alone or in combination with aromatase inhibitors. 
Recently, it was shown that, for women with ER-positive 
disease, continuing Tamoxifen to 10 years rather than 
stopping at 5 years produces a further reduction in re-
currence and mortality, particularly after year 10. These 
results, taken together with results from previous trials 
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of  5 years of  Tamoxifen treatment vs none, suggest that 
10 years of  tamoxifen treatment can approximately halve 
breast cancer mortality during the second decade after 
diagnosis[1]. 

Tamoxifen has also been used as prophylactic treat-
ment for those women considered being in high risk for 
developing breast cancer due to positive family history 
or the presence of  atypia or lobular neoplasia in situ in a 
breast biopsy. Major side effects associated with tamoxi-
fen use are hot flashes, as well as increased incidence of  
endometrial cancer and deep venous thrombosis. Besides 
acting as SERMs, it has been found that some of  tamoxi-
fen’s metabolites also act as aromatase inhibitors in vitro[2]. 

Norendoxifen consists the main metabolite of  tamox-
ifen which is the most potent aromatase inhibitor of  the 
tamoxifen metabolites. It causes the same decrease in vitro 
in aromatase activity as letrozole, an exclusive aromatase 
inhibitor.

Tamoxifen is actually a pro-drug with a weak affinity 
to ER that exerts its therapeutical action after been trans-
formed in the liver. Tamoxifen metabolism mostly occurs 
via two pathways, 4-hydroxylation and N-demethylation, 
both of  which result in the very potent secondary me-
tabolite, endoxifen (Figure 1).

CYP2D6, a member of  the cytochrome P450 mixed-
function oxidase system, is one of  the most important 
enzymes involved in the metabolism of  xenobiotics 
in the body. CYP2D6 is highly polymorphic, as 93 al-
leles with varying functions and distribution among the 
nations have been reported. In particular, CYP2D6 is 
responsible for the metabolism and elimination of  ap-
proximately 25% of  clinically used drugs[3]. This enzyme 
also metabolizes several endogenous substances such as 
hydroxytryptamines and neurosteroids[3]. 

There is considerable variation in the efficiency and 
amount of  CYP2D6 enzyme produced between individu-

als. Hence for drugs that are metabolized by CYP2D6 
(that is CYP2D6 substrates), certain individuals will elimi-
nate these drugs quickly (extensive metabolizers) whilst 
others will do that slowly (poor metabolizers). If  a drug 
is metabolized too quickly then drug’s efficacy might 
be reduced, while if  the drug is metabolized too slowly, 
toxicity may result[4]. Therefore, the dose of  the drug 
might have to be adjusted in order to balance the speed 
at which it is metabolized by CYP2D6[5]. 

CYP2D6*4 is the most frequent allele associated with 
loss of  enzymatic activity within the Caucasian popula-
tion (incidence reaching 27%); meaning that its signifi-
cance in decision making regarding the administration of  
tamoxifen in breast cancer patients across Europe might 
be crucial. The clinical efficiency could be even stronger 
in small countries with a more consistent and homoge-
neous population.

The numerous existing studies investigating the rel-
evance of  CYP2D6 in the treatment of  breast cancer are 
not unique and give conflicting results. The purpose of  the 
present article is to focus especially on studies involving the 
CYP2D6*4, as this allele is present in up to 90% of  all 
PMs in Caucasians[6].

LITERATURE SEARCH
We performed a preliminary data search in PubMed 
which revealed 307 abstracts under the general terms 
“CYP2D6” and “tamoxifen”. Consequently, we tried 
to narrow our research by excluding abstracts that were 
outside of  clinical trials and the new approach revealed 
23 abstracts that met the last criteria. We choose those 
with exact match in our review, especially involving 
CYP2D6*4 genotype, while we also selected original 
articles focused in the treatment of  breast cancer with 
tamoxifen correlated with the CYP2D6 genotype in ret-
rospective series among ER+ patients. We finally selected 
and took under consideration 31 abstracts as they appear 
to our references including general articles in order to 
explain the enzyme that correlates with our review along 
with tamoxifen usage. 

RESEARCH 
Clinical impact of  CYP2D6*4 on breast cancer outcome 
was the main subject of  our review. There are numerous 
studies performed that provide conflict results to sup-
port or not this assumption. Goetz et al[7] performed a 
retrospective randomised phase III study in postmeno-
pausal women with ER+ breast cancer. They concluded 
that tamoxifen- treated patients being homozygous for 
CYP2D6*4 had shorter relapse-free time and decreased 
DFS but not OS compared to *4/wt and wt/wt carries (P 
= 0.030, P = 0.020 and P = 0.360 respectively). The same 
conclusions could be extracted in a follow study for the 
same cohort evaluating the role of  co-administration of  
CYP2D6 inhibitors[8]. 

A further retrospective study by Schroth et al[9], com-
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Figure 1  Tamoxifen metabolism pathways.



pared 206 patients receiving adjuvant tamoxifen and 280 
patients not receiving tamoxifen. They tried to extend 
the assessment of  patients with poor metabolic status 
and assigned more CYP2D6 alleles with impaired activity 
(*4, *5, *10 and *41). They showed a significant associa-
tion between CYP2D6-PM and -IM and an unfavourable 
outcome (more recurrences, shorter relapse-free time and 
reduced DFS) in patients receiving adjuvant tamoxifen 
therapy. The incidence of  allele *4 has not been reported 
by the authors. A larger study from the same author re-
fers to results from retrospective analysis of  German and 
US cohorts of  1325 total patients treated with adjuvant 
tamoxifen. All women were genotyped for CYP2D6 al-
leles associated with reduced (*10, *41) or absent (*3, 
*4, *5) activity. Although no difference in overall sur-
vival could be observed heterozygous EM/IM and PM 
had significant higher recurrence rates and worse event-
free and disease-free survival. CYP2D6*4 was present 
in 20% of  study cases[10]. A small series of  84 patients 
under adjuvant treatment with tamoxifen from Spain fo-
cused exclusively in allele *4. The authors concluded that 
combined genotype wt/*4 plus *4/*4 was significant as-
sociated with higher risk of  disease relapse. This patient 
group had clearly lower benefit of  tamoxifen treatment[11]. 
Another retrospective study from Spain with 91 patients 
receiving tamoxifen in the adjuvant setting gave similar 
results. The genotyping was performed for 11 common 
CYP2D6 alleles. CYP2D6*4 was present in 22 cases, in 
12 of  which there was heterozygous in combination with 
a functional allele (*1, *2 or *35). Poor metabolizers were 
found to have worse DFS[12]. A further population-based 
study from the Netherlands examined 85 patients for 
the clinical affection of  allele *4 in breast cancer survival 
among tamoxifen users. The breast cancer mortality was 
also found to be significantly increased in patients with 
*4/*4 genotype[13]. The report of  Thompson et al[14], is 
also of  great interest. They genotyped 33 CYP2D6 alleles 
(including *4) in 618 tamoxifen-treated patients, using 
a pool of  two cohorts from United Kingdom. Patients 
with at least one reduced function CYP2D6 allele showed 
a tendency for worse DFS, although not statistically sig-
nificant. However, analysis restricted to four common 
variant alleles *4, *5, *10 and *41 showed no significant 
differences regarding DFS. In a sub-group analysis of  
post-menopausal women only, decreased metabolizers 
had a clear higher risk of  disease recurrence. The influ-
ence of  CYP2D6*4 on chemoprevention with tamoxifen 
was evaluated in a small subset of  46 patients with breast 
cancer and 136 controls pooled from a large Italian trial. 
The authors concluded that patients homozygous for 
allele *4 may be less likely to benefit from tamoxifen in 
the course of  chemoprevention, as the cancer events 
were significantly higher in this study arm[15]. The effect 
of  variation in CYP2D6 activity on the clinical course 
of  patients with familial breast cancer was approached in 
another study from United Kingdom. The 115 enrolled 
patients were genotyped for the CYP2D6 *wt, *3, *4, *5 
and *41 alleles. Poor metabolizers showed a significantly 

worse overall survival, a condition that was also observed 
in the subset analysis considering only CYP2D6*4, es-
pecially in BRCA2 carriers[16]. Karle et al[17] analysed the 
effect of  the CYP2D6 genotyping in a palliative setting, 
enrolling 88 patients with ER positive advanced breast 
cancer. Co-medication with known CYP2D6 inhibitors 
was an exclusion criterion. The overall survival was sig-
nificantly shorter for the poor or intermediate metaboliz-
ers when compared to an extensive group. Allele *4 was 
the most frequent non-functional variant, being detected 
in 37 cases. The authors concluded that CYP2D6 test-
ing in advanced breast cancer is reasonable, especially 
if  administration of  tamoxifen is considered[17]. A ret-
rospective genetic analysis of  patients pooled from the 
Austrian prospective TIGER study, incorporated 493 
women with ER positive tumours and focused exclu-
sively in allele *4. The overall frequency of  allele*4 was as 
high as 31%, with 5.7% of  all patients being genotyped 
as CYP2D6*4/*4. Overall, no significant difference in 
tumour free survival was reported; however, a subgroup 
analysis of  patients treated with concomitant chemo-
therapy showed that CYP2D6*4 poor metabolizers had 
a shorter mean time interval to disease progression. 
However, It has to be reported that information on co-
medication were not available[18]. The impact of  CYP2D6 
in the outcome of  breast cancer was further studied in a 
population-based cohort trial of  313 women that were 
adherent to tamoxifen therapy for at least one year (Table 
1). It should be mentioned that 22.4% of  enrolled pa-
tients were premenopausal, while administration of  adju-
vant chemotherapy was reported in 19,5% of  the cases. 
Ninety seven women were heterozygous and 8 were 
homozygous for CYP2D6*4 respectively. This incidence 
was in accordance to the Hardy-Weinberg equilibrium. 
DNA for genotyping was extracted exclusively from pa-
tients’ peripheral blood. CYP2D6 was shown to be an 
independent predictor of  outcome, as its reduced activity 
was associated with recurrence and breast cancer specific 
survival. These results were more prevalent in the pre-
menopausal subgroup of  this cohort. As a possible ex-
planation for this relationship, the authors proposed the 
higher endogenous estrogen levels in premenopausal ages 
that require efficient transformation into anti-estrogenic 
metabolites[19]. 

In contrast to the studies mentioned above, Abraham 
et al[20] published results in the opposite direction. In a 
large cohort of  3155 patients with confirmed treatment 
with tamoxifen from United Kingdom, the metabolic 
status of  CYP2D6 was associated with breast cancer sur-
vival. In 587 of  these patients additional chemotherapy 
had been administered, while for 1041 patients no data 
concerning concomitant chemotherapy were available.  
The authors could prove the absence of  relevance be-
tween survival and variable CYP2D6 variants and argue 
therefore against CYP2D6 genetic testing in a clinical set-
ting. A separate subset analysis for allele *4 showed also 
no statistically significant association regarding breast 
cancer specific- or overall-survival[20]. 
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ditional chemotherapy. This observation was also issued 
among CYP2D6*4 carriers[24]. The Arimidex, Tamoxifen 
Alone or in Combination (ATAC) study was a double-
blind randomized clinical trial in which postmenopausal 
women with early-stage breast cancer were randomly as-
signed to receive anastrozole alone, tamoxifen alone, or 
a combination of  both agents in a double-blind fashion. 
Rae et al[25], designed a genetic substudy including 588 pa-
tients who enrolled in the tamoxifen group of  the ATAC 
trial only in the United Kingdom. All these women were 
genotyped for CYP2D6, while 544 of  them had hor-
mone receptor-positive cancers. The investigators could 
not detect any statistically significant association between 
CYP2D6 activity (EM, IM or PM) and breast cancer 
outcomes for patients with ER+ early-stage breast cancer 
treated with adjuvant tamoxifen. They reported that their 
results could not be ascribed to any clinical pathological 
factors such as tumor size, grade, nodal status, and age. 
The Breast International Group (BIG) 1-98 study was a 
randomized, phase 3, double-blind trial that compared 
five years of  treatment with various adjuvant endocrine 
therapy regimens in postmenopausal women with ER+ 
breast cancer. Regan et al[26] investigated the clinical 
relevance of  CYP2D6 phenotype by obtaining tissue 
samples from 4861 of  8010 postmenopausal women who 
enrolled in this prospective trial. A specific correlation for 
allele *4 has been also performed. The CYP2D6 results 
are interestingly very similar to these from ATAC. Pa-
tients who were homozygous (PM phenotype) or hetero-
zygous (IM phenotype) for CYP2D6*4 variant had risk 
of  breast cancer events that were not statistically signifi-
cantly different from patients who were homozygous for 
wild-type alleles. CYP2D6*4 status did not influence the 
outcome in patients under tamoxifen therapy. According 
to these findings, CYP2D6 genetic testing is not recom-
mended prior to adjuvant administration of  tamoxifen. 
The results of  the BIG 1-98 trial have been presented as 
recommendation at the 33rd annual San Antonio Breast 
Cancer Symposium, 2010. The results of  another large 

On the other hand, some published studies report a 
protective effect of  CYP2D6*4. The relation between 
CYP2D6*4 genotype and tamoxifen therapy was validat-
ed in a cohort of  226 postmenopausal patients participat-
ing in the Stockholm Breast Cancer Group clinical trial. 
Nine patients were genotyped to be homozygous carriers 
of  allele *4, while further 55 were wt/*4. Comparison 
was made among arms with and without tamoxifen 
therapy. Tamoxifen-treated patients with at least one 
CYP2D6*4 allele had a significantly longer survival time 
than those being homozygous for wildtype genotype[21]. 
In a different and larger study by the same authors, data 
of  677 patients from Sweden, all treated with tamoxifen 
for stage II and III breast cancer, have been analysed. 
Patients homozygous for allele *4 showed a significant 
survival advantage when compared to the other two 
genotype patterns (wt/*4 or wt/wt)[22]. Nowell et al[23] 
investigated 337 breast cancer patients registered in the 
Arkansas Cancer Research Center of  the USA, perform-
ing a CYP2D6*4 genotyping. 162 patients were under 
tamoxifen treatment, while the remaining 175 received 
no hormonal therapy. The number of  patients with ei-
ther one or two alleles *4 in the tamoxifen and the non-
tamoxifen arm was 48 and 49 respectively. No remarkable 
impact of  CYP2D6*4 on recurrence or overall survival in 
both study arms could be detected. The authors did actu-
ally mention that in all subgroups, the CYP2D6*4 variant 
seemed to have a slight beneficial role as it was associated 
with decreased risk of  recurrence or death[23]. A case-
controled study in a subgroup of  patients enrolled in the 
Women’s Environment Cancer and Radiation Epidemiol-
ogy (WECARE) study investigated the association be-
tween CYP2D6 polymorphisms and risk for contralateral 
breast cancer among patients receiving tamoxifen. The 
authors failed to detect such an association in a cohort of  
119 and 312 women with contra- and unilateral disease 
respectively. It should be mentioned that 39 patients had 
ER negative tumour status, while a small proportion of  
patients with ER positive cancers was treated with ad-
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Table 1  The impact of CYP2D*6 genotype in clinical parameters

Ref. Parameter Extensive metabolisers Intermediate metabolisers Poor metamolisers

Goetz et al[8] RFS
DFS
OS

NS (P = 0.075)
NS (P = 0.097)

NS

Worse (P = 0.005)
Worse (P = 0.008)

NS
Scroth et al[9,10] RR

MR
14.90%
16.70%

20.90%
18.00%

29.00%
22.80%

Ramóny Cajal et al[12] DFS 118 mo 114 mo 98 mo
Bijl et al[13] RBCM NS Increased (P = 0.041)
Newman et al[16] OS Worse
Karle et al[17] PFS 14 mo 9 mo
Abraham et al[20] BCSS NS
Nowell[23] BCR, OS NS NS
Rae et al[25] RR NS NS
Regan et al[26] BCE NS NS

RFS: Relapse free survival; DFS: Disease free survival; OS: Overall survival; RR: Recurrence rate; MR: Mortality rate; RBCM: Risk 
of breast cancer mortality; PFS: Progression free survival; BCSS: Breast cancer specific survival; BCR: Breast cancer relapse; BCE: 
Breast cancer events; NS: Non-significant difference.
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prospective multicenter randomised trial (Austrian Breast 
and Colorectal Study 8 - ABCSG trial 8) have been newly 
published. In this cohort 3901 postmenopausal patients 
with resected ER+ early cancer were randomised to re-
ceive either five years tamoxifen or two years tamoxifen 
followed by anastrazole administration over three more 
years. The incidence of  negative events between carri-
ers of  one or two poor alleles (*3, *4, *6, *10, *41) vs 
patients with two extensive alleles was compared. The 
possibility of  such an event was significantly higher when 
poor alleles were present and only during the period of  
tamoxifen administration. It should be noted that *4 was 
present in 58.45% of  all non-EM cases[27]. 

DISCUSSION
The advisory Committee for Pharmaceutical Science 
(Clinical Pharmacology Subcommittee) recommended 
in 2006 that CYP2D6 variations influence the levels of  
endoxifen and that patients with ER+ breast cancer who 
are poor metabolizers (due to genotype or drugs co-
administration) have an increased risk for breast cancer 
recurrence. Contrary to this statement and due to lack of  
strong evidence, the American Society of  Clinical On-
cology (ASCO)[28] and the St. Gallen’s expert consensus 
(2011) do not recommend the routine use of  CYP2D6 
genotyping in the setting of  decision making about ad-
ministration of  tamoxifen.

The analysis of  existing literature regarding the clini-
cal importance of  CYP2D6 polymorphism in the out-
come of  breast cancer actually leads to conflicting results. 
Notably, the contradictory findings on this topic might 
also be due to the heterogeneity across the studies in 
terms of  data collection, analysis and interpretation. 

Interestingly and contrary to the main hypothesis, 
there are three reports that support improved outcome 
in patients who are carriers of  CYP2D6*4[21-23]. Although 
the interpretation of  these findings remains unclear, these 
studies do actually support the effectiveness of  tamoxi-
fen in the group of  intermediate and poor metabolizers. 
Since then, no other large study could confirm such a fa-
vourable impact of  allele*4 in the clinical course of  ER+ 
breast cancer. 

A large number of  published studies show a clear 
negative relationship between CYP2D6*4 genotype and 
breast cancer outcome. In five of  them the investiga-
tion focused exclusively on allele*4, while in the study 
of  Newmann et al[16] performed in patients with familiar 
breast cancer, a subanalysis for *4 alone has also been 
performed[7,8,11,13,15]. In six other, the analysis included a 
larger pool of  intermediate/poor metabolizers based on 
a combined basis of  common non-functional alleles, in-
cluding allele*4[6,7,9,11,14,16]. All of  them were unique regard-
ing the worse clinical course of  ER+ breast cancer under 
tamoxifen therapy in non-extensive metabolizers. In the 
study of  Thompson, a higher recurrence risk could be 
proven, in a sub-group analysis of  only post-menopausal 
women, while Margolin et al[19] described this association 

mainly in premenopausal subjects.
Furthermore, there are numerous studies supporting 

the strong relation of  CYP2D6 genotype on the circulat-
ing serum levels of  tamoxifen metabolites. A recent work 
of  Zafra-Ceres et al[29] studied 90 Spanish women with ER 
positive breast cancer concluded that the CYP2D6*4/*4 
genotype was associated with statistically significant lower 
4-OH tamoxifen and endoxifen levels. Irvin et al[30] ex-
amined a brighter combination of  CYP2D6 alleles and 
reported similar results. It could be additionally demon-
strated that a daily dose adjustment from 20 to 40 mg 
could sufficiently increase the endoxifen concentration in 
patients with impaired CYP2D6 function. Although this 
data indirectly support the main hypothesis, there is no 
strong evidence about the influence of  endoxifen levels 
on the clinical course of  breast cancer[30]. 

On the other hand, a large population based case-
cohort study from the United Kingdom showed no asso-
ciation between any CYP2D6 variants and breast cancer 
specific survival in the setting of  tamoxifen therapy. A 
sub-group analysis regarding allele*4 alone gave consis-
tent results. However, it should be mentioned that a large 
proportion of  included cases had received concomitant 
chemotherapy[20]. Furthermore, Brooks et.al investigated 
a cohort of  breast cancer patients, pooled from the 
WECARE study, and showed that the CYP2D6*4 variant 
is not associated with higher risk of  contralateral breast 
cancer, in the setting of  tamoxifen treatment.

All these reported studies implicating allele*4 are ret-
rospective and partially refer to limited cohort numbers. 
It is reasonable to assume that due to the small number 
of  subjects, the proportion of  poor metabolizers is un-
avoidably limited, a fact that influences the level of  evi-
dence of  any extracted results regarding this group.

The comparison groups within the existing studies 
varies, as the heterozygous genotypes wt/*4 (IM) are not 
consistently stratified in one comparison group. Although 
most published studies classify them together with the 
homozygous *4 genotype, in three studies they are incor-
porated in the homozygous wt arm[7,13,22]. 

The function of  CYP2D6 can be altered or inhibited 
by several pharmaceutical substances. Agents such as 
fluoxetine, paroxetine, bupropion quinidine and cina-
calcet act as strong inhibitors of  CYP2D6 and should 
therefore be cautiously prescribed in combination with 
tamoxifen[31]. Unfortunately, there is little and inconsist-
ent data within the majority of  available studies, regard-
ing the co-administration of  a CYP2D6-inhibitor. This 
fact strongly insults the reliability and the evidence level 
of  any statistically significant result.

Another important aspect is the adherence of  exam-
ined population to therapy. It is known that the long last-
ing administration of  tamoxifen is associated with various 
adverse effects, such as hot flashes, that strongly impair 
the quality of  life of  the treated patients. Due to possible 
side effects, incompliance or therapy discontinuation, 
especially between extensive metabolizers or non-trial 
women, remains relatively high[32]. Although data over the 
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adherence to tamoxifen therapy should be known in or-
der to safely validate the existing results, this information 
is absent in nearly all relevant studies[22].

The estrogen-receptor status of  breast malignancies 
clearly affects the outcome of  the administered hormo-
nal therapy. Many of  all existing studies analyse cohorts 
that include a number of  patients with ER-negative dis-
ease[15,16,20,23,24], while two other provide no sufficient data 
regarding the hormonal status of  the enclosed popula-
tion[11,13]. This condition represents a strong limitation in 
the interpretation of  the published results. 

It is important to mention that the three latest large 
studies refer exclusively to postmenopausal women with 
ER positive breast cancer disease[25-27]. Goetz et al[27], have 
proven a statistically important incidence of  negative 
events within carriers of  poor CYP2D6 variants, while 
the two other studies failed to confirm such an associa-
tion. Although they favour against a CYP2D6 genetic 
testing prior to tamoxifen therapy, it should be mentioned 
that both studies showed a substantial departure from the 
Hardy-Weinberg equilibrium regarding the frequency of  
allele*4[25,26]. 

An important bias of  most published trials is the 
followed genotyping procedure, as the estimation of  
CYP2D6 variant was performed at paraffin-fixed cancer 
tissue and not at hosts’ blood-or buccal-derived DNA. 
However, tumor DNA may show significant differences 
from germline DNA, considering the frequent occur-
rence of  “loss of  heterozygosity” in cancer biology. A 
possible misclassification leads to a smaller arm of  inter-
mediate metabolizers (IM) in favour of  extensive metab-
olizers (EM), a fact that strongly insults the final results 
and conclusions.

Furthermore and in order to safely evaluate the influ-
ence of  CYP2D6 genotype on tamoxifen therapy, any 
performed study should actually enclose patients treated 
with tamoxifen monotherapy. 

These two last conditions are unfortunately not sat-
isfied in all three large prospective trials. It should be 
mentioned that the examined DNA was extracted from 
formalin-fixed paraffin-embedded tumor tissue, while 
concomitant chemotherapy is reported in a large propor-
tion of  the cohorts. These strong limitations set the reli-
ability of  the various results in doubt.

As a final comment, it remains questionable whether 
the possible ethnic heterogeneity of  the examined popu-
lation within the existing cohorts has an influence on any 
extracted results. This assumption makes the evaluation 
of  all this data extremely difficult. 

CONCLUSION
CYP2D6*4 consists the most frequent allele with poor 
metabolizing function among Caucasians, that possibly 
affects the clinical course of  breast cancer. At present 
there is an ongoing debate, whether a dose or duration 
adjustment of  administered tamoxifen could guarantee a 
better outcome in carriers of  CYP2D6*4.

The current recommendations regarding breast can-
cer treatment do not include the routine use of  CYP2D6 
genotyping in the adjuvant setting of  tamoxifen. On the 
other hand, there is strong evidence supporting a nega-
tive impact of  allele*4 in the outcome of  the disease, that 
should not be ignored. Large prospective trials, limited 
exclusively to postmenopausal women with ER positive 
breast cancer, have been newly completed and offer a 
huge bank of  data eligible to further assessment. These 
three latest studies lead to conflicting results and are all 
amenable to criticism due to numerous limitations. In 
European countries with consistent and homogeneous 
population the frequency of  CYP2D6*4 is expected 
to be quiet high. For this group of  patients, the ques-
tion about the clinical importance of  CYP2D6*4 in the 
course of  breast cancer remains practically unanswered. 
Future research should explore prospectively the role 
of  CYP2D6 activity in patients receiving tamoxifen, in 
particular in premenopausal patients for which tamoxifen 
represents the standard of  care in the adjuvant and meta-
static setting.
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