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• ER+ breast cancer: brief review of the benefit 
of endocrine therapy

• Tamoxifen metabolism:  Does variation in the 
hydroxylated metabolites matter?
• Tamoxifen pk/pg
• The effects of tamoxifen and metabolites 

on estrogen-induced proliferation and ER 
transcription

• Clinical:  CYP2D6 metabolism and Ki-67
• Clinical: association between CYP2D6 

genotype and recurrence:  Reasons for 
discrepancy

• Steps forward for standardization

Outline



Breast Cancer
Endocrine Therapy

Therapeutic Strategies
• Block ER – Tamoxifen
• Block estrogen synthesis – aromatase 

inhibitors
• Target the ER for degradation (Fulvestrant)
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Early Breast Cancer Trialists' Collaborative Group (EBCTCG): Lancet 2011 and 2015

Tamoxifen and Aromatase Inhibitors:  Adjuvant 
Treatment of Postmenopausal ER+ Breast Cancer
Tamoxifen vs Control AI’s vs Tamoxifen

San Antonio Breast Cancer Symposium, December 8-12, 2015 
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• Adjuvant hormonal therapy results in substantial 
improvements in recurrence and survival in 
women with ER+ breast cancer 

• What are the accepted molecular markers which 
drive endocrine response?

• Does genetic variation in drug metabolism 
contribute to endocrine resistance?

Summary



Breast Cancer Molecular Subtypes

TCGA. Nature. 2012. 
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Importance of ER in Tamoxifen-treated Breast Cancer

Early Breast Cancer Trialists' Collaborative Group (EBCTCG): Lancet 2011 and 2015



Dowsett M et al. JCO 2008;26:1059-1065

©2008 by American Society of Clinical Oncology

Time to Recurrence in ATAC according to 
HER2 status



21 Gene Recurrence Score:  
Distant Recurrence in NSABP B14



SOFT:  Estrogen Suppression in Addition to 
Tamoxifen:  Overall and Age < 35

Francis et al.  NEJM 2014



Endocrine Resistance
• Partial List of genes/pathways associated with 

primary endocrine resistance
• Low or absent ER
• ER+/HER2+ (luminal HER2) (effects abrogated in 

the setting of trastuzumab)
• Luminal B (heterogeneous)

• Activation of Growth Factor Pathways (e.g. 
EGFR1)

• Activation of proliferation genes
• Gene expression assays encompass many of these 

genes/pathways (Oncotype Dx)
• Host “estrogen” levels
• ?  Does tamoxifen metabolism provide independent 

“prediction” of treatment benefit?



Tamoxifen Biotransformation

Murdter et al.  Clin Phar Ther 2011
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Endoxifen and CYP2D6 Genotype/Phenotype

Murdter et al.  Clin Phar Ther 2011

Endoxifen Concentrations and CYP2D6 Genotype



• Extensive variability in the concentration of 
tamoxifen and its metabolites

• CYP2D6 is responsible for the hydroxylation of N-
desmethyl tamoxifen

• CYP2D6 genetic variation accounts for 
approximately 30-50% of the variation in 
endoxifen concentrations in tamoxifen treated 
patients

• Does variability in the concentrations of tamoxifen 
and its metabolites affect estrogen induced 
stimulation/transcription?

Summary



3135039B-17
Xianglin Wu et al. Cancer Res 2009;69:1722-1727

Effects of tamoxifen and metabolites on ER 
stimulated proliferation and transcription
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Effects of “pre-menopausal” estrogen levels on ER-
stimulated proliferation in the presence of tamoxifen and 

metabolites 

Maximov et al. British Journal of Pharmacology 2014
Maximov et al.  JNCI 2014
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Endoxifen and Letrozole  in MCF7/AC1 Xenografts

Goetz et al. 
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Effects of SERMs on AKT on letrozole sensitive and 
resistant MCF7 cells in vivo and in vitro (1 hour)

Letrozole 
sensitive 
treated 
with AND

LR –treated 
with 
tamoxifen

Letrozole 
resistant 
(LR)

LR treated 
with 
Endoxifen

pAKT (Ser473)

Actin

P-Akt

Akt

Letrozole 
resistant MCF7:  
effects of SERMs 
on AKT
Goetz et al.  
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• Endoxifen is a critical metabolite that 
necessary for full inhibition of  proliferation 
and ER transcription in ER+ cells

• The pre-clinical effects of endoxifen may vary 
depending on the amount of estrogen present 
and the endocrine sensitivity of the tumor 
cells

• The importance of endoxifen (and thus 
CYP2D6 genotype) in tamoxifen treated 
women may greatest in the premenopausal 
setting

Summary
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Ki-67 Change is Correlated with Clinical 
Outcome after Tamoxifen Therapy

Higher Ki-67 expression after 2 weeks of endocrine therapy was significantly
associated with lower recurrence-free survival  (P=0.004)

23

JNCI
Annals of Oncology 22- 582-587, 2011 

Ki-67 is a surrogate marker for the response to tamoxifen therapy 

Ki-67 change after TAM



ER (+)
Her2 (-)

any T, any N, M0

Radical Operation

Neoadjuvant Tamoxifen Therapy
For 2-4 weeks

Primary Endpoint：Change in Ki-67Labeling index (LI)
Secondary Endpoint:     Tumor reduction (US)

Histological response
Breast conservative operation

C-GENT study
- Prospective Clinical Study to Clarify the Relationship between CYP2D6

Genotype and the Therapeutic Effects of Preoperative Tamoxifen Therapy-

CYP2D6 genotype

Association Study

Ki-67Labeling index
Core needle biopsy sample

Ki-67Labeling index
Surgically resected 
breast cancer tissue

24Zembutsu  AACR 2016



・Sapporo Medical University

・Saitama Cancer Center

・Showa University

・Sagara Hospital

・Yokohama City Minato Red 
Cross Hospital

・Yokohama City University
Medical Center

・Sapporo Breast Surgical Clinic

・Koiki Monbetsu Hospital

Singapore: ・National University of Singapore

・Kotoni Breast Clinic 

・Nakagami Hospital 

・Nippon Medical School

・Higashi-Sapporo Hospital

C-GENT collaborative study group (17 sites)

25

・Hirosaki Municipal Hospital
・St Marianna University

・Tan Tock Seng Hospital 

・Tokyo Medical  University
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• Level 1 data that…..

• CYP2D6 genetic variation is associated with 
endoxifen concentrations

• CYP2D6 genotype affects Ki-67 response in a 
2-week window study

• What is the level of evidence for the use of 
CYP2D6 genotyping for patients with ER+ breast 
cancer?

Summary
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Simon/Hayes/Paik Criteria for Biomarker Studies

• Category A:  Prospective Clinical Trial (PCT) 
designed to address tumor biomarker 

• Category B:  PCT not designed to address 
biomarker, but design accommodates tumor 
marker utility 

• Category C:  Prospective Observational 
Registry, treatment and follow-up not 
dictated

• Category D:  No prospective aspect to study
1. Simon, R. M., S. Paik, Hayes et al. (2009). Journal of the National Cancer 

Institute 101(21): 1446-1452.
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CYP2D6 Polymorphism is a Determinant of 
Tamoxifen Response in Early Breast Cancer



• International Tamoxifen Pharmacogenomics Consortium. 
4,973 tamoxifen-treated patients

• Using clinical trial eligibility (Criterion 1:  n=1,996) 
(postmenopausal ER+-positive, 20 mg/day tamoxifen for 
5 years, standard follow-up), CYP2D6 PM associated 
with IDFS and BCFI: HR 1.25; (1.06, 1.47; p = 0.009).

ITPC:  Pooled Analysis of Category C Studies

Province, M; Goetz MP et al.  Clin Pharmacol Ther. 2014 Feb; 95(2): 216–227



Simon/Hayes/Paik Criteria

• Category A:  Prospective Clinical Trial (PCT) 
designed to address tumor biomarker 

• Category B:  PCT not designed to address 
biomarker, but design accommodates tumor 
marker utility 

• Category C:  Prospective Observational 
Registry, treatment and follow-up not 
dictated

• Category D:  No prospective aspect to study
1. Simon, R. M., S. Paik, Hayes et al. (2009). Journal of the National Cancer 

Institute 101(21): 1446-1452.



• Secondary analysis of a phase III trial1
 "prospective-retrospective" designs using archived 

specimens
 adequate amounts of archived tissue must be available 

for statistical power
 patients studied must be representative of patients in 

the trial
 test should be analytically and pre-analytically validated 

for use with archived tissue

• Did ATAC, BIG 1-98, and ABCSG8 fulfill each of these 
criteria?

Paradigm for Biomarker Study Design

1. Simon, R. M., S. Paik, Hayes et al. (2009). Journal of the National Cancer 
Institute 101(21): 1446-1452.



• Adjuvant treatment of invasive ER+ breast ca
• ATAC: Tam or anastrozole for 5 years (Rae  et 

al JNCI 2012)
• BIG 1-98 Tam or letrozole for 5 years  (Regan, 

Leyland-Jones:  JNCI 2012
• ABCSG 8:  Tam for 5 yrs or Tam for 2 yrs 

followed by anastrozole for 3 yrs (Goetz: Clin 
Canc Research 2013)

Prospective 5 year Tamoxifen Trials in 
Postmenopausal Women Evaluating CYP2D6



Postmenopausal Women with ER+ Breast Cancer:  
• BIG 1-98:  Tam or letrozole (5 yrs) (Negative Study)

• DNA derived from FFPE Tumor Cores
• ATAC: Tam or anastrozole (5 yrs)  (Negative Study) 

• DNA derived from FFPE Tumor Cores
• Analyzed less than 20% of the patients

• ABCSG 8:  Tam (5 yrs) or Tam (2 yrs) followed by 
anastrozole (3 yrs) (Positive Study)
• DNA derived from FFPE enriched for normal tissue

CYP2D6 Genotype:  Results from the 5 year 
Adjuvant Tamoxifen and AI Trials (Category B)

1. Regan et al. J National Canc Institute 2012
2. Rae et al J National Canc Institute  2012
3. Goetz et al. Clin Canc Research 2013



Controversy: CYP2D6 and Tamoxifen

• The first two studies:
• BIG 1-98 and ATAC demonstrated no association 

between CYP2D6 genotype and outcomes in either 
study

• CYP2D6 Genotyping has “no value in practice:

• Editorial:  
• “the fact that these two studies confirm each other 

suggests that this matter has likely been laid to rest. 
Why has such a good hypothesis gone wrong?”

Kelly, CM Pritchard K JNCI 2012



CYP2D6 Phenotype N Observed
(%)

Expected 
(%)

Poor (PM) 236 9 5-7

Intermediate (IM) 716 27 55-65

Extensive (EM) 1585 59 30-35

***Hardy Weinberg equilibrium:                    
CYP2D6 *4: X2 test P value= 1 x 10-92

CYP2D6*41: X2 test P value= 2 x 10-174;

BIG 1-98: Observed vs Expected CYP2D6  
Alleles---excess homozygotes and deficiency 

of heterozygotes

Regan et al. J Natl Cancer Inst  2012
Stanton V Jr: J Natl Cancer Inst 104:1265-1266; author reply
Nakamura Y, Ratain MJ, Cox NJ, et al. J Natl Cancer Inst 104:1264; author 
reply Pharoah PD, Abraham J, Caldas C: J Natl Cancer Inst 104:1263-1264; author 

 



Goetz JNCI 2015

CYP2D6 LOH and Genotyping Error



• TCGA:  Loss of Heterozygosity (LOH) at the CYP2D6 
Locus (chromosome 22q13.1) > 40% of ER+ BC 

• Heterozygotes mislabeled as homozygotes

• Comparing purified ER+ tumor DNA (FFPE tumor cores) 
vs germline (buccal cells), CYP2D6*4 genotype 
discordant in 6/31(19.4%)

• Conclusion:  Tumor DNA should not be used to 
determine germline CYP2D6 genotype without sensitive 
techniques to detect low frequency alleles and quality 
control procedures appropriate for somatic DNA.

CYP2D6 LOH and Genotyping Error

Goetz et al. J Natl Cancer Inst. 2014



ABCSG Trial 8:  CYP2D6 PM/PM vs EM/EM
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• Three (Category B) studies have been reported 
regarding CYP2D6 and tamoxifen

• Only ABCSG 8 CYP2D6 analysis demonstrated a 
positive association

• Significant methodology issues in BIG -98 and 
ATAC preclude their use in formulating guidelines

• When should patients be tested for CYP2D6?  
ASCO and NCCN Guidelines reference BIG 1-98 
and ATAC and recommend against CYP2D6 
genotyping

Summary



• Focusing only on studies evaluating the use of 
tamoxifen in the adjuvant setting for ER+ breast 
cancer

• Excluded studies which focused on single 
CYP2D6 allele (e.g. *10 or *4)

• Nearly 50 studies extensively curated for all 
clinical and PG phenotypes

• Group of experts have classified the literature 
findings regarding the effects of CYP2D6
genotype on PK, PD, side-effects, recurrence, 
DFS, and OS

CPIC Tamoxifen Guidelines



• Strong consensus that CYP2D6 genotype 
consistently alters endoxifen concentrations and 
pharmacodynamic effects (e.g. Ki-67) 

• Moderate consensus that the literature 
demonstrates evidence for an effect of CYP2D6 
genotype on recurrence and event free survival

• Next steps:  
• Crafting of clinical recommendations for each 

CYP2D6 phenotype (AS)
• Publication

CPIC Tamoxifen Guidelines (Summary)



• Substitute AI for tamoxifen1

• Increase the dose of tamoxifen (40-60 mg/day)2-4

• Substitute another SERM (toremifene)

• Directly administer endoxifen 

Ways to overcome CYP2D6 metabolism 
in Tamoxifen treated patients

1. Schroth, Goetz et al., JAMA 2009
2. Hertz et al.  Oncologist 2016
3. Fox et al.  Clin Canc Res 2016
4. Dezentje Breast Cancer Res Treat 2015



3135039B-46

Final results of a First-in-human Phase I Study of the 
Tamoxifen (TAM) Metabolite, Z-Endoxifen 

Hydrochloride
(Z-Endx) in Women with Aromatase Inhibitor (AI) 

Refractory Metastatic Breast Cancer (MBC) 
(NCT01327781)

Matthew P. Goetz; Vera J Suman; Joel M. Reid; Don W. Northfelt; Michael A. Mahr; 
Travis Dockter; Mary Kuffel; Andrew T. Ralya; Sarah Burhow; Stephanie Safgren; 

Renee McGovern; Jerry Collins; Howard Streicher; 
John R. Hawse; Tufia Haddad; Charles Erlichman; 

Matthew M. Ames; and James N. Ingle

Mayo Clinic, Rochester, MN and Scottsdale, AZ; NCI

CP1229323-1

San Antonio Breast Cancer Symposium, December 8-12, 2015 

Goetz SABC 2015 and submitted 2017



• 40 and 80 mg/day:  Cmin:  248 and 602 
ng/ml respectively

• Compare to tamoxifen 20 mg/day:  
endoxifen conc:  range 2-25 ng/ml

• T1/2 of 50 hours

• 3 fold accumulation over 28 days, but no 
further accumulation at 2 and 6 months

Endoxifen PK Summary

Goetz SABC 2015 and submitted 2017
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AI Refractory Breast Cancer:  Endoxifen Responses 
according to progression on Tamoxifen (A) and 

Fulvestrant (B)

Goetz SABC 2015 and submitted 2017
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Endoxifen Responses according to Prior Tamoxifen 

Expected median PFS of 60-90 days:

Goetz SABC 2015 and submitted 2017
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Endoxifen activity in tamoxifen, AI, fulvestrant 
and Everolimus refractory breast cancer

Goetz SABC 2015



A11023 (activated)

Metastastic 
ER+ breast 
cancer and 
progression 

on a 
nonsteroidal

AI 

Tamoxifen
20 mg daily

Endoxifen 
80 mg daily
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E

Tumor 
biopsy to 
confirm ER 
status and 
to obtain 
tissue for 
ER 
mutations

Stratify:   endocrine resistance (primary/secondary) and prior 
everolimus/palbociclib (yes/no)

Endoxifen
80 mg daily



• Genetic Variation in tamoxifen metabolism alters
• Endoxifen concentrations
• The effects of tamoxifen metabolism on clinical 

outcomes is controversial
• A substantial proportion of the unresolved 

controversy can be explained by poorly 
conducted studies.

• Recommendations:

• Prospective Clinical Trials are key

• Secondary analyses of prospective clinical 
trials are still forthcoming (SOFT/TEXT)

Summary
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