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INCIDENCE 



Breast Cancer Incidence

Tam CY, Martin LJ, Hislop G, et al. Breast Cancer Res 2001
Liu Q, Loo WTY, Yip AYS, Chow LWC, et al. Chinese Journal of Breast Disease 2013

Breast cancer incidence in Asia is highest in the 
Philippines, followed by Singapore, and China.



Incidence Rates



Incidence (HK)



Cumulative overall survival by ethnicity in 5,264 South East Asian 
women with breast cancer

Bhoo-Pathy, et al. PLoS ONE 7(2):e30995.

Five year overall survival:
Chinese (75.8%; 95%CI: 74.4%–77.3%); Indians (68.0%; 95%CI: 63.8%–72.2%); Malays (58.5%; 95%CI: 55.2%–61.7%)



Breast cancer in Asia

• The incidence of breast cancer in Hong Kong is 
among the highest in Asia, on par with Singapore and 
Japan

• Breast cancer incidence in Hong Kong was 41 per 
100,000 persons from 1998 to 2002

Tam CY, Martin LJ, Hislop G, et al. Breast Cancer Res 2001
Liu Q, Loo WTY, Yip AYS, Chow LWC, et al. Chinese Journal of Breast Disease 2013



Genetic Ancestry 

• European ancestry 
– Associated with higher risk of breast cancer
• OR: 1.36

– Every 25% of European ancestry was associated 
with increased risk of breast cancer 
• OR: 1.20 (compared with women with <25%)

Fejerman L, Cancer Res 2008; 68:9723-28

Fejerman L, Cancer Epidemiol Biomarkers Prev 2010



MORTALITY



Highest and lowest mortality 
ASR(W) from breast cancer 
in the world for the period 

1998-2006

Curado MP. Salud Publica Mex 2011

In China, mortality rates for breast cancer are 
lower than in Western population. 

Breast Cancer Mortality



Death Rates 



Comparison of clinicopathologic features and
survival in young American women aged
18–39 years in different ethnic groups with
breast cancer
P Liu1, X Li1, E A Mittendorf2, J Li1, X L Du3, J He4, Y Ren4, J Yang5, K K Hunt2 and M Yi1,2

1Department of Translational Medicine, The First Affiliated Hospital of Xian Jiaotong University, School of Medicine, 277 West
Yanta Road, Xian, Shaanxi 710061, China; 2Department of Surgical Oncology, The University of Texas MD Anderson Cancer
Center, Houston, TX, USA; 3Division of Epidemiology, Human Genetics, and Environmental Sciences, The University of Texas
School of Public Health, Houston, TX, USA; 4Department of Surgical Oncology, The First Affiliated Hospital of Xian Jiaotong
University, School of Medicine, Xian, China and 5Department of Medical Oncology, The First Affiliated Hospital of Xian Jiaotong
University, School of Medicine, Xian, China

Background: Ethnic disparities in breast cancer diagnoses and disease-specific survival (DSS) rates in the United States are well
known. However, few studies have assessed differences specifically between Asians American(s) and other ethnic groups,
particularly among Asian American(s) subgroups, in women aged 18–39 years.

Methods: The Surveillance, Epidemiology, and End Results database was used to identify women aged 18–39 years diagnosed
with breast cancer from 1973 to 2009. Incidence rates, clinicopathologic features, and survival among broad ethnic groups and
among Asian subgroups.

Results: A total of 55 153 breast cancer women aged 18–39 years were identified: 63.6% non-Hispanic white (NHW), 14.9% black,
12.8% Hispanic-white (HW), and 8.7% Asian. The overall incidence rates were stable from 1992 to 2009. Asian patients had the least
advanced disease at presentation and the lowest risk of death compared with the other groups. All the Asian subgroups except
the Hawaiian/Pacific Islander subgroup had better DSS than NHW, black, and HW patients. Advanced tumour stage was
associated with poorer DSS in all the ethnic groups. High tumour grade was associated with poorer DSS in the NHW, black, HW,
and Chinese groups. Younger age at diagnosis was associated with poorer DSS in the NHW and black groups.

Conclusion: The presenting clinical and pathologic features of breast cancer differ by ethnicity in the United States, and these
differences impact survival in women younger than 40 years.

Breast cancer is the most common cancer in women and the
leading cause of cancer death among women in all ethnic groups
worldwide (NHS, 2013). However, breast cancer is uncommon in
young women: only B7% of all breast cancers are diagnosed in
women younger than 40 years, and fewer than 4% are diagnosed in
women younger than 35 years (Chung et al, 1996; Brinton et al,

2008). Nonetheless, a recent study showed a small but significant
increase in the incidence of breast cancer with distant disease in the
United States in relatively young women aged 25–39 years from
1976 to 2009 (Johnson et al, 2013), causing some concern and
prompting further studies to confirm the findings and to determine
the potential reasons.
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in all age groups (Yi et al, 2012). These data suggest that this
subgroup may experience issues related to access to care
(i.e., screening and follow-up) rather than differences in tumour
biology (Ooi et al, 2011).

Our study also showed that age as a risk factor for DSS varied
between ethnic groups. Although being younger than 35 at
diagnosis was associated with poorer DSS in NHW and black
patients, it was not associated with DSS in HW patients or Asian
patients. Our study also showed that there was no survival

difference in Asian subgroups when compared patients younger
than 35 with 35–39, which is consistent with the studies conducted
in Japan (Yoshida et al, 2011) and Korean (Kim et al, 2007). This
may suggest that, in HW and Asian groups, tumour biology and
age are independent prognostic factors for survival. An interesting
observation in our study is the differences in biologic factors
between Asians and other ethnic groups, specifically in tumour
grade, ER/PR status, and % presenting with localised disease.
Previous studies have shown that certain breast cancer subtypes to

Table 3. Survival (5-year and 10-year) rates for each ethnic group of women aged 18–39 years with breast cancer

NHW
(n¼35 101)

(%)

Black
(n¼8215)

(%)

HW
(n¼ 7067)

(%)

Asian
(n¼ 4770)

(%)

Filipino
(n¼1040)

(%)

Japanese
(n¼602)

(%)

Chinese
(n¼995)

(%)

Hawaiian/
Pacific

Islander
(n¼540)

(%)

Korean
(n¼339)

(%)

Asian
Indian/

Pakistani
(n¼410)

(%)

Vietnamese
(n¼307)

(%)

Other
(n¼537)

(%)

Disease-specific survival

5-Year 81.4 71.8 79.1 84.6 82.9 86.0 85.6 76.1 89.3 84.9 85.6 90.3
10-Year 73.0 63.9 70.3 77.2 73.0 80.2 78.3 67.9 83.8 73.8 80.6 86.5

Overall survival

5-Year 80.0 69.4 77.0 83.5 81.1 86.0 84.8 74.6 88.3 82.5 86.1 89.5
10-Year 70.6 60.2 67.2 74.7 69.9 79.1 76.5 65.2 80.7 68.7 80.8 82.4

Abbreviations: HW¼Hispanic white; NHW¼non-Hispanic white.

Table 4. Multivariate analysis of clinicopathologic variables associated with disease-specific survival in women with breast cancer aged 18–39 years in four
broad ethnic groups using a Cox proportional hazards model

NHW (n¼35 101) Black (n¼8215) HW (n¼7067) Asian (n¼4770)

Variable HR P-value HR P-value HR P-value HR P-value

Disease stage

Localised Referent
Regional 2.43 o0.001 2.89 o0.001 2.53 o0.001 3.25 o0.001
Distant 8.19 o0.001 8.29 o0.001 7.59 o0.001 12.15 o0.001

Tumour grade

I Referent
II 2.37 o0.001 1.21 0.4 1.65 0.05 2.58 0.006
III 3.40 o0.001 1.66 0.02 2.06 0.005 3.55 o0.001
IV 3.13 o0.001 1.70 0.05 2.31 0.005 3.52 0.002

Histology

IDC Referent
ILC 1.40 0.005 1.87 0.02 NS NS
IDC and ILC 1.08 0.4 1.10 0.6 NS NS
Other 0.93 0.3 0.88 0.2 NS NS

Negative ER status 1.14 0.02 1.46 o0.001 1.33 0.008 1.44 0.01

Negative PR status 1.12 0.02 NS NS NS

Age o35 years 1.09 0.02 1.14 0.03 1.1 0.3 1.12 0.3

Adjuvant radiation therapy 1.07 0.07 0.76 o0.001 NS NS

Primary surgery

SM Referent
TM 1.38 o0.001 1.20 0.01 1.63 o0.001 1.37 0.006
None 2.63 o0.001 1.38 0.04 2.70 o0.001 2.51 0.002

Abbreviations: ER¼oestrogen receptor; HR¼ hazard ratio; HW¼Hispanic white; IDC¼ invasive ductal cancer; ILC¼ invasive lobular cancer; NHW¼non-Hispanic white; NS¼ not significant;
PR¼progesterone receptor; SM¼ segmental mastectomy; TM¼ total mastectomy.

Breast cancer in young Americans BRITISH JOURNAL OF CANCER

www.bjcancer.com | DOI:10.1038/bjc.2013.387 1307



Trend 1 Trend 2 Trend 3

Country Year APC Year APC

China 1987-1995 +0.4 1995-2000 +4.1

Hong Kong 1980-2011 -0.1

Singapore 1980-2011 +0.3

South Korea 1985-1994 +5.5 1994-2011 +2.1

Japan 1980-1990 +1.5 1990-1997 +3.3* 1997-2011 +1.1

Australia 1985-1994 –0.4 1994-2000 -3.2 2000-2011 -1.7

New Zealand 1980-1989 +0.4 1989-2009 –2.1

Annual percent change (APC) in the mortality rates of breast cancer among 
females by country and broad age group, 1980-2011

Youlden DR et al. Cancer Biol Med. 2014

Breast Cancer Mortality Rates 
Caucasian • �
Chinese • �



AGE AT DIAGNOSIS



Age distribution of patients with breast 
cancer

Figure shows age distribution in China and the USA in 2008, and estimated distributions in 

China in 2020 and 2030; based on data from the WHO China country profile.

• The mean age at diagnosis of breast cancer in China is 45–55 years.
• Similar situation have been reported in East such as Taiwan and Hong Kong, and have 

been attributed to shifts in risk-factor profiles of younger women.

• Compare: The median age at diagnosis of breast cancer in USA is 62 years with 68% of 
women diagnosed after their 54th year of life. 

Lei Fan et al. Lancet Oncol 2014
NIH SEER, visited 06/2016



• Onset and aetiology of breast 
cancer in Chinese women is 
different. 

• Vast majority of luminal 
tumours is diagnosed at 
younger age 

• Before menopause;
• Higher proliferative;
• Poorer prognosis. 

• Over 50% breast cancers in 
Asia are diagnosed in 
premenopausal females

Age distribution of patients with breast 
cancer



STAGE



Breast cancer stage at diagnosis

China India Japan South Korea Canada USA

AJCC stage of 
initial 
presentation

St I: 15.7%
Mostly stage II 
50%
StIII-IV 21.1%

St I: 1–8%; 
St II: 23–58%; 
St III: 29–52%; 
St IV: 6–24%

43.6% 
presented 
with Stage II 
disease

St I: 36% 
St II: 40% 
St III: 5%

Localized 
(Stage 1) 65%

Localized 
(Stage 1) 60–
70%

Stanley P. L. Leong et al. World J Surg. 2010 

In Asia,

• Lower rates of monitoring and screening for breast cancer

• Delays in diagnosis (more advanced stage of disease)
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• At diagnosis, the most common cancer stage was stage II (44.9%) 
• Advanced cancer (stage III-IV) contribute to 21.1%. (v.s. Hong Kong, 15.3% ) 
• Stage I contribute to 15.7% (v.s. Hong Kong, 30.3%)
• By contrast, 60%-70% of women in the USA present with localised stage I disease.

In China
Data from a retrospective study by multiple clinical centre in China

Breast cancer stage at diagnosis

21.1%

Li J, Zhang BN, Fan JH, et al. BMC Cancer 2011; 11: 364
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At diagnosis, the most common cancer stage was stage II (39.7%) •
Advanced cancer (stage III• -IV) contribute to 15.2%. 
11.3% paGent were diagnosed with in situ cancer•

In Hong Kong
Data from Hong Kong Breast Cancer Registry Report No. 6 (Issue 2014)

Breast cancer stage at diagnosis

15.2%

Data from Breast Cancer Registry Report No. 6 (Issue 2014)



SUBTYPES AND BIOLOGY



Distribution of breast cancer intrinsic subtypes from PAM50 assay in a population-based cohort 
by race and ethnicity, LACE and Pathways studies.

Carol Sweeney et al. Cancer Epidemiol Biomarkers Prev 
2014;23:714-724

©2014 by American Association for Cancer Research



Differences in Breast Cancer Subtypes among Asian-
American Women with Invasive Breast Cancer in 

New York City

Ethnicity Luminal A Luminal B HER-
2+/ER-

Basal like All HER-2+ Age (yrs)

Chinese 66.7% 15.3% 9.5% 8.5% 24.9% 51+/-13

Filipino 47.1% 20.6% 25.0% 5.9% 45.6% 52+/-10

Japanese 77.8% 11.1% 2.8% 5.6% 13.9% 47+/-11

Korean 47.1% 11.8% 17.6% 23.5% 29.4% 39+/-11

K. McCarville et al, SABCS 2009



Breast density: Western vs. East population

Race by Breast Density
No. (%) of Patients in BI-RADS Categorya

Total No. of 

Patients (%)1 2 3 4

Asian 4 (0.92) 69 (15.86) 244 (56.09) 118b (27.13) 435 (2.84)

White 831 (6.54) 3,463 (27.26) 6,825 (53.72) 1,585 (12.48) 12,704 (83.1)

African 
American 47 (8.38) 174 (31.02) 290 (51.69) 50 (8.91) 561c (3.67)

Otherd 150 (9.42) 465 (29.21) 830 (52.14) 147 (9.23) 1,592 (10.4)

Total 1,032 4,171 8,189 1,900 15,292

del Carmen, Marcela G., et al. American Journal of Roentgenology 2007

aBI-RADS categories converted to the following numeric values: 1, breast is almost entirely fat; 2, breast has scattered 

fibroglandular dense tissue; 3, breast tissue is heterogeneously dense; and 4, breast tissue is extremely dense.
bAsian women had a statistically meaningful higher breast density (p < 0.0001).
cAfrican American women had a statistically meaningful lower breast density (p < 0.0001). 
dRacial background not specified, American Indian, and Caribbean race.



Dispari'es in breast cancer outcomes

Danforth DN, Breast Cancer Research 2013



SURGERY



Operable Challenge 
For The Chinese Population

Western vs. Chinese population: 
• breast volume consideration

Yarkko, Target Map

Chinese average cup size: A cup



Treatment Pattern in China

• Surgery was the most common 
treatment. Radical mastectomy 
was widely perceived as the only 
curative treatment

• Radiotherapy and endocrine 
therapy were much less, which 
indicates that adjuvant therapy, 
especially radiotherapy and 
endocrine therapy are of great 
unmet needs.

Li J, Zhang BN, Fan JH, et al.  BMC Cancer 2011



Western vs. Asian population:
surgical treatment comparison

Parameters China India Japan S. Korea Europe
(Sweden)

Canada USA

Mastectomy rate (%) 60-80 *>90 45.3 64.7 #40 #20 46

Lumpectomy
Rate (%)

15-30 *<10 48-40 35.3 #60 #80 52

Lumpectomy
+ AxLND (%)

15-30 *<5 48 42.6 53 #80 9

Lumpectomy
+ SLNB (%)

>5 #2 48 42.6 #57 #80 33

Modified RM (%) 75 #80 45 50 46 5%-10 21

Radical (%) 5 Rare 1-2 1 Occasional Extremely rare 0

Leong SPL, Shen ZZ, Liu TJ, et al. World J Surg (2010)

AxLND, axillary lymph node dissection; SLNB, sentinel lymph node biopsy; RM, radical mastectomy
*Estimate; #approximate

Higher rates of mastectomy performed in China compared to western countries



Number (%)
No surgery 174 (1.4)

Breast- conserving surgery 4217 (35.1)

Mastectomy 7582 (63.1)

Nodal surgery only 5 (0.0)

Type of surgery not known 16 (0.1)

Not known if surgery done 29 (0.2)

Data From Breast Cancer Registry Report No. 6 (Issue 2014)

Types of surgical operations in the patient in Hong Kong (N=12,023) 
Data From Breast Cancer Registry Report No. 6 (Issue 2014)



The rate of BCS in Chinese popula3on is rela3vely •
low compared to that of Western countries

Age, marital status, and educa3onal level were •
found to be independent significant factors 
affec3ng the choice of BCS

Suitability and acceptance of BCS by Chinese •
women should increase with beAer understanding 
and educa3on.

Types of surgical operations in Chinese 
population



Can we totally apply the Z11 results?



NCCN Guidelines



Patients had a low nodal burden

______________________ALND (n=420)      SLND (n=436)      p

Median nodes removed       17                                 2       <.001

Positive Nodes, n (%)
0                                  4     (1.2) 29   (7)           <.001
1 199 (58) 295 (71)

2 68   (19.8) 76 (18.3)
>3 72   (21) 15   (3.6)

Size of Metastasis, n (%)
Micro 137 (37.5) 164 (44.8)         .05

Macro 228 (62.5) 202 (55.2)       

Additional Positive Non-Sentinel Nodes
All 97 (27.3) N/A
Micromet 14 (10)

65% only one 
positive LN

41% micromet

! In those undergoing ALND, 27% had additional 
positive LNs and 14% had 4 or more positive LNs



ACOSOG Z011
Enrolled patients had 

favorable  characteristics

ER+     
83%

T stage
69% T1

Age
65% >  

50

LVS
I     

38%

IDC     
82%

65% > 50 yo

69% T1

83% ER+ve

35% LVI +ve

84% IDC

50% > 50 yo

30% T1

77% ER+ve

55% LVI +ve

93% IDC

Hong Kong Figures



Non-sen'nel lymph node metastasis

• 31% with non-SLN +ve disease
• Factors include:
– tumors >3 cm, 
– more than 1 metastatic SLN, 
– presence of extracapsular spread

Hung WK, et al ANZ J Surg. 2005 



CHEMOTHERAPY



Han HS, Reis IM, Zhao W, Kuroi K, Toi M, Suzuki E, Syme R, Chow L, Yip AY, Glück
Eur J Cancer. 2011 Nov;47(17):2537-45



• Ethnic differences in treatment-related toxicities exist 
between Eastern and Western patients 

• Our previous retrospective study has demonstrated racial 
differences in acute toxicities in patients receiving 
anthracycline-based chemotherapy

Ethnic differences in toxicity profile between Asians and 
Caucasians were noted in patients given adjuvant TC 
regimen 

For haematological toxicities, over 30% of Asian patients but 
only <5% of Caucasian patients experienced grade ≥3 
neutropenia. 

“… Asians had a significantly higher rate of grade 3 hae-matologic 
toxicity than Caucasians, African Americans or Hispanic women (32%, 
16%, 10%, and 15%, respectively; p<0.05)” • EJC 2011



Grade >3 Toxicity by type, race and 
ethnicity 

Neo/Adjuvant chemotherapy: FEC 100



Toxicity by Cycle and Race/Ethnicity % relative to 
total episodes 



Chow lWC et al
Asia Pac J Clin Oncol. 2017 Dec;13(6):372-378



Results

• From March 2004 to July 2013, data of 246
patients were included. 19 patients were 
excluded because of insufficient data

• Patients from six countries (China, Hong Kong 
SAR, Japan and Taiwan as Asian group 
whereas Italy and United States as Caucasian 
group)
– Asian group 127 Asians 
– Caucasian group 100 Caucasian



• With respect to body mass 
index (BMI), there were 
significantly more overweight 
and obese patients in the 
Caucasian population, but more 
underweight and normal weight 
patients represented by Asian 
cohorts. 

• There were significantly more 
cardiac predispositions in 
Caucasians. 

Demographics Asian 
(N = 127)

Caucasian
(N = 100)

N (%) N (%) P-value
Age, years

< 55 68 (53.5) 42 (42.0) 0.108
≥55 59 (46.5) 58 (58.0)

Menopausal status
Pre-menopausal 61 (48.4) 30 (31.6) 0.013
Post-menopausal 65 (51.6) 65 (68.4)

Body mass index, 
kg/m2

Underweight 15 (11.8) 4 (4.0) <0.001
Normal weight 84 (66.1) 41 (41.0)
Overweight 22 (17.3) 34 (34.0)
Obese 6 (4.7) 21 (21.0)

ECOG PS
0 126 (99.2) 90 (91.8) 0.011
1 1 (0.8) 6 (6.1)
2 0 - 2 (2.0)

Comorbidities
Diabetes 3 (2.4) 7 (7.0) 0.111
Hypertension 24 (18.9) 23 (23.0) 0.510 
Hepatitis 2 (1.6) 0 - 0.505
Cardiac 2 (1.6) 14 (14.0) <0.001
Respiratory 3 (2.4) 3 (3.0) 1.000 
Gastrointestinal 8 (6.3) 3 (3.0) 0.355 
Genitourinary 0 - 2 (2.0) 0.193 

Patient Characteristics

Louis WC Chow et al. “Toxicity profile differences of adjuvant docetaxel/cyclophosphamide (TC) between Asian and Caucasian breast cancer 
patients” has been submitted to Annals of Oncology



• A majority of patients 
receiving the TC regimen were 
treated for early-stage breast 
cancer 

• The histological grades were 
more advanced for the 
Caucasian population than 
Asians

• There were significantly more 
ER+ (84.3% vs. 68%, p=0.004) 
and PR+ (74% vs. 51%, 
p<0.001) breast tumours
among Asians. 

Disease
Characteristics

Asian
(N=127)

Caucasian 
(N=100)

N (%) N (%) P-value
AJCC Stage

Stage I 49 (38.6) 46 (46.9) <0.001
Stage IIA 65 (51.2) 26 (26.5)
Stage IIB 10 (7.9) 10 (10.2)
Stage IIIA 3 (2.4) 15 (15.3)
Stage IIIC 0 - 1 (1.0)

Histologic Grade
1 18 (14.4) 4 (4.1) 0.027
2 53 (42.4) 47 (48.0)
3 54 (43.2) 47 (48.0)

Hormone Receptor*

ER+ 107 (84.3) 68 (68.0) 0.004
PR+ 94 (74.0) 51 (51.0) <0.001

CerbB2 Status*
HER2+ 15 (11.8) 17 (17.0) 0.337

*Measured by immunohistochemistry (IHC); HER-2 status of IHC 3+ 
was defined as HER2+

Disease Characteristics

Louis WC Chow et al. “Toxicity profile differences of adjuvant docetaxel/cyclophosphamide (TC) between Asian and Caucasian breast cancer 
patients” has been submitted to Annals of Oncology



• During the given four-cycle TC adjuvant chemotherapy, significantly more 
grade 2 or higher neutropenia events were observed in Asians when 
compared to Caucasian patients (45.7% vs.6.0, p<0.001). 

• The incidence rates of grade 3 and 4 neutropenia were 30.7% and 4.0% 
respectively among Asian and Caucasian patients (p < 0.001). 

Toxicity Asian 
(N = 127)

Caucasian 
(N = 100)

No. of episodes (%) No. of episodes (%) P-value
Febrile Neutropenia 19 (15.0) 9 (9.0) 0.223
Neutropenia 58 (45.7) 6 (6.0) <0.001
Thrombocytopenia 0 - 0 - N/A
Anemia 1 (0.8) 6 (6.0) 0.046
Nausea 7 (5.5) 8 (8.0) 0.592
Vomiting 7 (5.5) 1 (1.0) 0.081
Diarrhea 13 (10.2) 7 (7.0) 0.483
Mucositis 7 (5.5) 5 (5.0) 1.000 
Hepatotoxicity 2 (1.6) 1 (1.0) 1.000 
Hand-foot syndrome 10 (7.9) 5 (5.0) 0.433
Others* 1 (0.8) 0 - 1.000 
*One patient experience grade 2 malaise at the last cycle of TC

First episodes of grade 2 or higher toxicities during 4 cycles of TC

A significantly higher incidence of grade 2 and above 
hematological events were experienced by Asian patients.

Louis WC Chow et al. “Toxicity profile differences of adjuvant docetaxel/cyclophosphamide (TC) between Asian and Caucasian breast cancer 
patients” has been submitted to Annals of Oncology



Comparison of Disease-free Survival (DFS)  between Asians and Caucasians

There was no significant difference 
observed in disease free survival 
(DFS) for the entire group of 
women under study (Log-rank 
p=0.910) 

Patient Status
at Follow-up

Asian
(N=105)

Caucasian 
(N=100)

N (%) N (%)
Disease-free 98 (93.3) 90 (90.0)
Relapse 3 (2.9) 7 (7.0)
Lost to Follow-up 4 (3.8) 1 (1.0)
Death 0 - 2 (2.0)

A total of 188 females were disease-free at 
median follow-up of 23 months, while 3 Asian 
patients and 7 Caucasian women had a relapse

Louis WC Chow et al. “Toxicity profile differences of adjuvant docetaxel/cyclophosphamide (TC) between Asian and Caucasian breast cancer 
patients” has been submitted to Annals of Oncology



POSSIBLE REASONS



Review Article

Pharmacokinetics, dynamics and toxicity of
docetaxel: Why the Japanese dose differs from the
Western dose
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Docetaxel (Taxotere!) has been one of the most important chemotherapeutic
drugs for cancer treatment since 1996. Although a large number of clinical stud-
ies have been conducted in various cancer fields, there is a discrepancy in the
standard dose between Japan and Western countries. This article reviews the
pharmacokinetic, pharmacodynamic and toxicological profiles of docetaxel, and
explains why there exists an ethnic difference in dose, and further discusses
which direction we should go forward to solve this problem. The original recom-
mended dose was 100 mg ⁄m2 every 3 weeks in US and European populations,
while a Japanese phase I study suggested the recommended dose as 60 mg ⁄m2

every 3 weeks. A prospective population pharmacokinetic analysis of docetaxel
conducted in both the USA ⁄ Europe and Japan, indicated an absence of ethnic dif-
ference in the pharmacokinetics. Both analyses demonstrated that docetaxel
clearance is related to a1-acid glycoprotein level, hepatic function, age and body
surface area. The relationship was observed between increasing docetaxel dose
and increased tumor response rates across the dose range of 60 to 100 mg ⁄m2.
The area under the serum concentration time curve (AUC) of docetaxel at the first
cycle was significantly related to time to progression. Hematological toxicities
were well correlated with the AUC of docetaxel, and severe hematological toxici-
ties were more frequently observed in Japanese patients treated with 60 mg ⁄m2,
compared to the US ⁄ European patients treated with 75–100 mg ⁄m2 dose. The
Japanese population seems more susceptible to the toxicity of docetaxel. A do-
cetaxel dose of 75 mg ⁄m2 is now standard not only in global trials but also in
recent Japanese trials. Although the optimal dose of docetaxel is still unclear, we
need to continue to seek the appropriate dose of docetaxel depending on patient
status and the goals of chemotherapy.

Background and Aims of This Article

D ocetaxel, a more potent semisynthetic derivative of pac-
litaxel, derived from extracts of the leaves of the Euro-

pean yew tree (Taxus baccata), was discovered in the 1980s.(1)

Docetaxel (Taxotere!) was first approved for use by the US
Food and Drug Administration in 1996 for locally advanced or
metastatic breast cancer after failure of prior chemotherapy,
with a dose of 60 to 100 mg ⁄m2 administered intravenously
over 1 hour every 3 weeks. Thereafter, additional indications
were approved at a dose of 75 mg ⁄m2. In contrast, docetaxel
was approved in Japan in 1996 with the recommended dose of
60 mg ⁄m2 every 3 weeks, based on a Japanese phase I
study.(2) Currently, docetaxel is widely used for treatment of
breast, non-small cell lung, gastric, head and neck, ovary,

esophageal, uterus body and prostate cancers, and the Japanese
approved dose has been extended to 60 to 75 mg ⁄m2. How-
ever, there is still discrepancy between Japan and Western
countries in the standard doses for pretreated non-small cell
lung cancer, with docetaxel typically administered at a dose of
60 mg ⁄m2 every 3 weeks in both clinical practice and clinical
trials of Japan.
Docetaxel is one of the most important chemotherapeutic

drugs and a number of clinical studies have been conducted to
extend its clinical applications. When global or multi-national
collaborative studies used the dose of 100 mg ⁄m2, Japan was
not able to join these studies because the 100 mg ⁄m2 dose
exceeded the Japanese approved dose. Recently, some Japa-
nese patients were treated at a dose of 75 mg ⁄m2 when they

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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reproduction in any medium, provided the original work is properly cited and is
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Docetaxel (Taxotere") has been one of the most important chemotherapeutic drugs for cancer 
treatment since 1996. Although a large number of clinical stud- ies have been conducted in various 
cancer fields, there is a discrepancy in the standard dose between Japan and Western countries. This 
article reviews the pharmacokinetic, pharmacodynamic and toxicological profiles of docetaxel, and 
explains why there exists an ethnic difference in dose, and further discusses which direction we should 
go forward to solve this problem. The original recommended dose was 100 mg ⁄ m2 every 3 weeks in US 
and European populations, while a Japanese phase I study suggested the recommended dose as 60 mg ⁄ 
m2 every 3 weeks. A prospective population pharmacokinetic analysis of docetaxel conducted in both 
the USA ⁄ Europe and Japan, indicated an absence of ethnic difference in the pharmacokinetics. Both 
analyses demonstrated that docetaxel clearance is related to a1-acid glycoprotein level, hepatic 
function, age and body surface area. The relationship was observed between increasing docetaxel dose 
and increased tumor response rates across the dose range of 60 to 100 mg ⁄ m2. The area under the 
serum concentration time curve (AUC) of docetaxel at the first cycle was significantly related to time to 
progression. Hematological toxicities were well correlated with the AUC of docetaxel, and severe 
hematological toxicities were more frequently observed in Japanese patients treated with 60 mg ⁄ m2, 
compared to the US ⁄ European patients treated with 75–100 mg ⁄ m2 dose. The Japanese population 
seems more susceptible to the toxicity of docetaxel. A docetaxel dose of 75 mg ⁄ m2 is now standard not 
only in global trials but also in recent Japanese trials. Although the optimal dose of docetaxel is still 
unclear, we need to continue to seek the appropriate dose of docetaxel depending on patient status and 
the goals of chemotherapy. 



Pharmacokinetics

several pharmacologically inactive oxidation products.(21) An-
tiepileptic drugs, in particular phenytoin and phenobarbital,
possess the potential to interact with docetaxel through induc-
tion of the hepatic metabolic activity, and can greatly reduce
the potential antitumor effects of docetaxel.(21) In contrast,
potent inhibitors of CYP3A, such as ketoconazole, were
reported to decrease docetaxel clearance (49% decrease in
clearance of docetaxel).(21,25)

Concomitant treatment with doxorubicin was associated with
decreased docetaxel clearance (20% decrease in clearance),(26)

probably because doxorubicin inhibited the CYP3A activity. In
a PK and PD study for the combination of docetaxel and topo-
tecan in patients with solid tumors, administration of topotecan
on days 1–4 and docetaxel on day 4 resulted in an approximate
50% decrease in docetaxel clearance and was associated with
increased neutropenia.(27) In designing combination regimens
of chemotherapeutic agents, attention should be paid to drug
interactions.

Pharmacogenomics. ABCB1 (P-glycoprotein, multidrug resis-
tance 1), ABCC2 (MRP2) and SLCO1B3 (OATP1B3, OATP8)
are considered as transporters to carry docetaxel. ABCB1 plays
important and crucial roles in intestinal absorption and biliary
excretion.(28,29) There was no statistically significant effect of
genotype on the clearance of docetaxel for ABCB1 genetic
variations.(30,31) However, the homozygous allele T of C1236T
polymorphism in the ABCB1 gene (ABCB1*8) was signifi-
cantly correlated with a decreased docetaxel clearance (!25%;
P = 0.0039).(32) Single nucleotide polymorphism (SNP) in
ABCB1 may influence toxicity more than the PK of docetaxel.
ABCC2 and SLCO1B3 have cooperative roles in the docet-

axel transport process in the liver.(33) A Japanese case-control
association study indicated a significant association of both

rs12762549 in ABCC2 (P = 0.00022) and rs11045585 in
SLCO1B3 (P = 0.00017) with docetaxel-induced leukopenia
⁄neutropenia.(34)
Regarding hepatic metabolism, influences of polymorphism

in CYP3A4 and CYP3A5 on docetaxel PK were not demon-
strated in several studies.(31,35) One study reported that simul-
taneous presence of the CYP3A4*1B and CYP3A5*1A alleles
was associated with a 64% increase in docetaxel clearance
(P = 0.0015).(36) In addition, rs7761731 of CYP39A1 was
found to be the only SNP significantly associated (P = 0.049,
OR = 9.0) with the incidence of grade 4 neutropenia among
28 SNP, which were associated with the AUC of docetaxel.(37)

The pharmacogenomics of docetaxel have not yet been eluci-
dated in a large clinical study. A genome-wide association
study is expected to find genomic variants which relate to the
efficacy or toxicity of docetaxel.(38,39)

Special population: Hepatic dysfunction. In a population PK
analysis, patients with concomitant elevations of transaminases
(ALT or AST > 1.5 9 ULN) and alkaline phosphatase
(>2.5 9 ULN) showed a 27% reduction in docetaxel clearance
and are higher risk of toxicity.(14) However, in an observa-
tional study of docetaxel for patients with metastatic breast
cancer and liver dysfunction, PK results suggested that docet-
axel at 25 mg ⁄m2 for patients with more severe hepatic dys-
function (serum total bilirubin 1.5–3 9 ULN, and ALT or
ALT 2.5–5 9 ULN) may be underdosed compared with docet-
axel at 100 mg ⁄m2 for patients with normal hepatic func-
tions.(40) Docetaxel unbound clearance was lower and more
variable in patients with hepatic dysfunction compared to those
without hepatic dysfunction.(41) Compared to patients with nor-
mal liver function, patients with grade 2 and 3 elevations of
transaminases at baseline in conjunction with elevation of alka-
line phosphatase (grade ≥1) showed 22% and 38% lower clear-
ances, respectively. Minami et al. proposed dose reduction by
approximately 20% and 40% for patients with grade 2 and 3
elevations of transaminases at baseline in conjunction with ele-
vation of alkaline phosphatase, respectively.(42) Caution is war-
ranted and appropriate dose reduction seems advisable for
docetaxel when treating patients with liver dysfunction,
although the correlation between serum drug exposure and tox-
icity needs further investigation.

Special population: Renal dysfunction. Preclinical PK studies
show that hepatobiliary extraction is the major route of elimi-
nation, with similar metabolic pathways in all species.(43) No
apparent differences were seen in the plasma concentration
time curves of docetaxel administered before or after dialy-
sis.(44) Because docetaxel is excreted mainly in the feces as
metabolites, docetaxel PK may not be altered in patients with
renal dysfunction.

Special population: Elderly. A population PK showed that age
was one of factors affecting docetaxel clearance (6.7%
decrease in mean clearance for a 71-year-old patient).(18) In a
prospective PK study of 75 mg ⁄m2 docetaxel every 3 weeks
for patients with solid tumors, mean docetaxel clearance was
not altered in elderly patients (≥65 years) versus younger

Table 2. Equations predicting docetaxel clearance for European ⁄American and Japanese populations

Authors Equations predicting docetaxel clearance xCL (%)

Bruno et al.(18) CL = BSA (22.1 ! 3.55 AAG ! 0.095 AGE + 0.225 ALB) (1 ! 0.334 HEP) 33

Tanigawara et al.(19) CL = BSA (37.6 ! 6.41 AAG ! 0.191 AGE + 0.0436 ALB) (1 ! 0.209 HEP) 25

AAG, a1-acid glycoprotein level (g ⁄ L); ALB, albumin level (g ⁄ L); AGE (years); BSA, body surface area (m2); CL, total body clearance (L ⁄ h); HEP,
complication of hepatic dysfunction indicated by HEP = 1 (presence) or HEP = 0 (absence).

Fig. 1. Comparison of clearance estimates predicted by European ⁄US
and Japanese population pharmacokinetic models of docetaxel. The
model equations are described in Table 2, and a correlation analysis is
provided: y = 1.178x ! 5.454 (R2 = 0.894, r = 0.945). CL, total body
clearance (L ⁄ h). The solid line shows a unit line.

Cancer Sci | May 2015 | vol. 106 | no. 5 | 499 © 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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Other Factors
• Docetaxel clearance is related to:

– hepatic function
• patients with grade 2 and 3 elevations of transaminases at baseline in conjunction with elevation of 

alkaline phosphatase (grade ≥1) showed 22% and 38% lower clearances, respectively 
– age 
– body surface area

• Pharmacogenomics 
– Transporters of docetaxel:

• ABCB1 (P-glycoprotein, multidrug resistance 1), 
• ABCC2 (MRP2)
• SLCO1B3 (OATP1B3, OATP8)

– the homozygous allele T of C1236T polymorphism in the ABCB1 gene was 
significantly correlated with a decreased docetaxel clearance (25%; P = 
0.0039). 

– ABCC2 and SLCO1B3 have cooperative roles in the docetaxel transport process 
in the liver
• A Japanese case-control association study indicated a significant association of both 

rs12762549 in ABCC2 (P = 0.00022) and rs11045585 in SLCO1B3 (P = 0.00017) with 
docetaxel-induced leukopenia ⁄ neutropenia 
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Background: Aromatase inhibitors are widely employed in the adjuvant treatment of early stage breast cancer.

The impact of aromatase inhibitors has not been established in ethnic minority women.

Patients and methods: The purpose of this study was to evaluate the impact of letrozole on minority women in

MA.17, a placebo-controlled trial of letrozole following 5 years of tamoxifen in postmenopausal women with early stage

breast cancer. Retrospective comparison of disease-free survival (DFS), side effects, and mean changes in quality of

life (QOL) scores from baseline between Caucasian and minority women was performed.

Results: Minority (n = 352) and Caucasian (n = 4708) women were analyzed. There was no difference between these

groups in DFS (91.6% versus 92.4% respectively for 4 year DFS). Letrozole, compared with placebo, significantly

improved DFS for Caucasians (HR = 0.55; P < 0.0001) but not for minorities (HR = 1.39; P = 0.53). Among women

who received letrozole, minorities had a significantly lower incidence of hot flashes (49% versus 58%; P = 0.02),

fatigue (29% versus 39%; P = 0.005), and arthritis (2% versus 7%; P = 0.006) compared with Caucasians.

Mean change in QOL scores for minority women who received letrozole demonstrated improved mental health at

the 6-month assessment (P = 0.02) and less bodily pain at the 12-month assessment (P = 0.046).

Conclusion: Letrozole improved DFS in Caucasians but a definite benefit in minority women has not yet been

demonstrated. Minority women tolerated letrozole better than Caucasians in terms of toxicity. These results need

confirmation in other trials of aromatase inhibitors.

Key words: early breast cancer, aromatase inhibitors, minority race, ethnicity

introduction

A major advance over the last few decades in the treatment
of womenwith hormone receptor positive breast cancer has been
the use of adjuvant tamoxifen. Recently, several studies have
demonstrated that adjuvant aromatase inhibitors which deplete
extra-gonadal peripheral estrogen synthesis, result in substantial
improvement in disease-free survival in postmenopausal women
with operable breast cancer [1–4]. One such study, MA.17, is
a placebo-controlled trial of the aromatase inhibitor letrozole
given for 5 years to postmenopausal women who were disease-
free after approximately 5 years of initial tamoxifen [3]. After
a median follow-up of 30 months, letrozole resulted in
a significant improvement in disease-free survival (DFS) and
distant disease-free survival (DDFS) and an overall survival (OS)
benefit in women with node-positive disease. Letrozole caused
predictable symptoms of estrogen depletion including hot

flashes and urogenital symptoms but had no adverse effects
on lipid profiles and patient reported overall mental and physical
quality of life (QOL) after 36 months of treatment compared
with placebo [5–8].
Based on the results of MA.17 and other trials of aromatase

inhibitors in early stage breast cancer, chronic aromatase
inhibitor therapy, in otherwise healthy postmenopausal
women free of breast cancer recurrence, is now being widely
employed. Because most women currently being treated will not
experience recurrence of their cancer and because of the cost
associated with long-term treatment, attention is now focusing
on the identification of women who most need therapy and
who are most vulnerable to unwanted side effects and end-organ
toxicities. Recently characterized genetic polymorphisms in
the aromatase gene and pharmacogenomic differences between
individuals leads to the hypothesis that both tumor and host
factors may effect response to the inhibitors [9]. One important
surrogate marker of host genotypic variation is race. Large
ethnic variations in allele frequencies and types in the aromatase
gene have been identified between Caucasian Americans,
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• Background: Aromatase inhibitors are widely employed in the adjuvant treatment of early stage breast cancer. 
The impact of aromatase inhibitors has not been established in ethnic minority women.

• Patients and methods: The purpose of this study was to evaluate the impact of letrozole on minority women in 
MA.17, a placebo-controlled trial of letrozole following 5 years of tamoxifen in postmenopausal women with early 
stage breast cancer. Retrospective comparison of disease-free survival (DFS), side effects, and mean changes in 
quality of life (QOL) scores from baseline between Caucasian and minority women was performed. 

• Results: Minority (n = 352) and Caucasian (n = 4708) women were analyzed. There was no difference between 
these groups in DFS (91.6% versus 92.4% respectively for 4 year DFS). Letrozole, compared with placebo, 
significantly improved DFS for Caucasians (HR = 0.55; P < 0.0001) but not for minorities (HR = 1.39; P = 0.53). 
Among women who received letrozole, minorities had a significantly lower incidence of hot flashes (49% versus 
58%; P = 0.02), fatigue (29% versus 39%; P = 0.005), and arthritis (2% versus 7%; P = 0.006) compared with 
Caucasians. Mean change in QOL scores for minority women who received letrozole demonstrated improved 
mental health at the 6-month assessment (P = 0.02) and less bodily pain at the 12-month assessment (P = 0.046).

• Conclusion: Letrozole improved DFS in Caucasians but a definite benefit in minority women has not yet been 
demonstrated. Minority women tolerated letrozole better than Caucasians in terms of toxicity. These results need 
confirmation in other trials of aromatase inhibitors. 



Ethnic Minority

• Total = 5170 patients, 
• Ethnic minority = 462 (8.9%) 
– Black = 179 (3.5%) were 
– Hispanic = 77 (1.5 %) 
– Asian or Pacific Islander = 73 (1.4%) 
– Native North American or Native Alaskan = 23 (0.4%) 
– ‘other’ = 31 (0.6%) 
– ‘unknown’ = 44 (0.9%) 
– Missing ethnic data = 35 (0.7%) 



Patient’s Characteristics & Co-Morbidities

women were better with a mean change score of 1.59 versus
!2.62; P = 0.02). The patterns of change scores over time for
these two domains are shown in Figures 1 and 2.
Compliance with study medication is presented in Table 6.

In this analysis, compliance was measured by determining the
number of subjects who said they had taken the pills every day
and the number of patients who did not lose any pills during
evaluation at one month after randomization. Significantly
fewer minority patients reported taking their pills every day.
Additionally, more minority patients had incorrect pill counts
when evaluated one month after randomization.

discussion

This analysis of MA.17 demonstrates that women of minority
race and ethnicity tolerated letrozole better than Caucasian
women in terms of significantly less hot flashes, fatigue, arthritis,
and mental health scores. However, a beneficial effect on disease
free survival, while present in Caucasian women, was not
identified in women of minority race and ethnicity. Whether
this is a chance finding related to the small number of these
women enrolled in the trial, or a true sub-group effect, cannot
easily be resolved, as this was an unplanned retrospective
analysis, and the test for interaction is not significant. This
finding requires further prospective investigation.
A recent study identified large ethnic variations in allele

frequencies and types in the aromatase gene between Caucasian
Americans, African Americans, Han-Chinese, and Mexican
Americans that could contribute to variations in
pathophysiology of hormone-dependent breast cancer [9].
Of 88 polymorphisms of the aromatase gene observed, 32
polymorphisms were only seen in African Americans, six were
seen only in Han-Chinese Americans, six were seen only in
Mexican-Americans, and five were seen only in Caucasians.
These ethnic variations may be important because peripheral
estrogen synthesis is dependent mainly on the tissue-specific
promoter of aromatase in fat and could result in different
baseline plasma estrogen levels between women of varying
race and ethnicity. Results of the Study of Women’s Health
Across the Nation reveal ethnic differences in estradiol, serum
sex steroid, FSH, and sex hormone-binding globulin levels
[26–28]. Racial differences in estrogen-mediated signaling have
also been shown between African American and Caucasian
women [29]. Pharmacogenetic differences might alter the
metabolism of letrozole through the cytochrome p450 system
(CYP3A enzymes). Ethnic variations have previously been
demonstrated in the CYP3A enzyme [30]. These CYP3A
polymorphisms are an important contributor to interracial
differences in CYP3A-dependent drug clearance in general,
and perhaps with letrozole specifically. However, it is
important to note that, to date, there is no clear evidence in the
literature of differential treatment effects between minority
women and Caucasian women with breast cancer. Prior studies
have shown essentially equivalent relative benefit effects of
hormonal therapy between blacks and whites [31, 32]. Similarly,

Table 2. Prior treatment and comorbidities

Minority

women

Caucasian

women

P-value

Prior treatment (modality)

Surgery only 86 (24.6%) 1086 (23.1%) 0.004

Surgery & radiation 81 (23.6%) 1491 (31.7%)

Surgery & chemo 76 (21.7%) 790 (16.8%)

Surgery & radiation & chemo 106 (30.6%) 1331 (28.3%)

Comorbidity

Osteoporosis 28 (8.0%) 497 (10.8%) 0.12

Arthritis 34 (9.7%) 575 (12.5%) 0.15

Thyroid disease 32 (9.1%) 603 (13.2%) 0.04

Liver disease 6 (1.7%) 99 (2.2%) 0.61

Uterine cancer 2 (0.6%) 20 (0.4%) 0.69

IBD 1 (0.3%) 63 (1.4%) 0.09

Hypertension 194 (55.4%) 1978 (43.1%) <0.0001

Heart attack 5 (1.4%) 80 (1.7%) 0.69

Stroke 4 (1.1%) 54 (1.2%) 0.99

Neuromuscular disease 2 (0.6%) 70 (1.5%) 0.15

Diabetes 120 (34.3%) 1320 (28.8%) 0.02

Kidney disease 0 40 (0.9%) 0.08

Phlebitis/thrombophlebitis 2 (0.6%) 26 (0.6%) 0.97

Respiratory disease 19 (5.4%) 207 (4.5%) 0.38

Other cancer 7 (2.0%) 84 (1.8%) 0.78

Number of past major medical problems

0 119 (33.8%) 1999 (42.5%) 0.004

1–6 233 (66.2%) 2709 (57.5%)

Table 3. Analysis of disease free survival by race

Univariate

analysis

Log-rank

P-value

Multivariate

analysis

4 year

DFS

(%)

Hazard

ratio

(95% CI)

Hazard

ratio

(95% CI)

P-value

(Cox

regression)

Race 0.88 0.90b

Minority

(n = 352)

91.6 0.95a

(0.56, 1.60)

0.96a

(0.57, 1.62)

Caucasian

(n = 4708)

92.3

aMinority versus Caucasian.
bAdjusting for age, letrozole or placebo treatment, duration of prior

tamoxifen, geographic location, t-stage, nodal status, prior treatment

modality, number of comorbidities, menopausal status at start of

tamoxifen, prior chemotherapy.

Table 4. Disease Free Survival (DFS) by race and treatmenta

Race Letrozole Placebo Hazard ratiob

(95% CI)

P-value
n 4 year

DFS

(%)

n 4 year

DFS

(%)

Minority 183 89.5 169 93.7 1.39 (0.50, 3.91)

P = 0.53

Caucasian 2339 94.9 2369 89.7 0.55 (0.41, 0.72)

P < 0.0001

aAdjusted hazard ratio of interaction between race and treatment was

2.55 with 95% C.I. from 0.87 to 7.44 with P-value for the interaction

between race and treatment=0.09.
bLetrozole versus Placebo.

original article Annals of Oncology
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t-stage (1 versus others), nodal status (negative versus positive), prior

treatment modality (surgery only versus surgery and other treatments),

number of comorbidities (none versus at least one), menopausal status at

start of tamoxifen (‡50 years of age versus others), prior chemotherapy (yes

versus no). The chi-square test was used for the comparison of the groups in

terms of the rates of side effects. The Wilcoxon rank sum test was used to

compare mean change of quality-of-life scores from baseline and to

compare racial groups.

The SF-36 QOL measure contains eight subscales or domains, which are

summarized into two global scores: the physical and mental component

summary (PCS and MCS) scores. The results of the two summary scores

provide a global indicator of patients’ quality of life. Additional details on

specific QOL aspects may be ascertained using the individual eight subscales

or domains, which include physical functioning, role-physical, bodily

pain, general health, vitality, social functioning, role-emotional, and

mental health.

All reported P values are two-sided.

results

A total of 5187 patients were randomized on MA.17. One
participating site did not fully comply with Good Clinical
Practice guidelines and all 17 patients from this site were
excluded from all analyses. Of the 5170 remaining patients,
462 (8.9%) were identified as of minority ethnic origin, not
Caucasian. 179 (3.5%) women were black, 77 (1.5 %) were
Hispanic, 73 (1.4%) were Asian or Pacific Islander, 23 (0.4%)
were native North American or Native Alaskan, 31 (0.6%) were
categorized as ‘other’, 44 (0.9%) were categorized as ‘unknown,’
and 35 (0.7%) had missing ethnic data. Women whose race
was identified as ‘other,’ ‘unknown,’ or missing were excluded
from the analyses, leaving 352 minority women in total.
Baseline patient and disease characteristics are presented in

Table 1. Fewer minority women had been treated with
chemotherapy. Most of the minority women lived in the
United States. Tumor size and nodal status were not
significantly different between minority and Caucasian women.
Prior treatments and major medical problems prior to

entering the study are presented in Table 2. Slightly more
minority women were treated by surgery only, with
chemotherapy or both chemotherapy and radiotherapy.
Statistically significantly more minority women had
hypertension and diabetes but more Caucasian women
had thyroid disease.
Tables 3 and 4 present the results related to disease free

survival (DFS), the primary endpoint of the study: The 4 year
DFS was 91.6% for minority women and 92.4% for Caucasian
women with a hazard ratio between minority and Caucasian
women of 0.95 (95% CI from 0.56 to 1.60). The P-value of
the log-rank test for the difference in DFS between these two
groups was 0.85. The result remained the same after adjusting
for other potential prognostic factors such as age, letrozole or
placebo treatment, duration of prior tamoxifen, geographic
location, t-stage, nodal status, prior treatment modality,
number of comorbidities, menopausal status at the start
of tamoxifen and prior chemotherapy (adjusted hazard
ratio = 0.96 with 95% CI from 0.57 to 1.62; P = 0.87).
For the minority women, the difference between letrozole

and placebo in DFS was not statistically significant (hazard
ratio of letrozole to placebo = 1.39 with 95% CI from 0.50

to 3.91; P = 0.53) while there was a highly statistically significant
difference between letrozole and placebo in DFS for Caucasian
women (hazard ratio of letrozole to placebo = 0.55 with 95%
CI from 0.41 to 0.72; P < 0.0001). The hazard ratio for
differences in disease free survival for letrozole versus placebo
for minority women (hazard ratio 1.39) was not statistically
significant and was in the opposite direction to that observed
in the MA.17 trial (hazard ratio 0.57). The hazard ratio for
Caucasian women was similar to that observed in the overall
trial. The apparent difference in treatment effect between the
two groups was not statistically significant (hazard ratio for
interaction adjusting for other potential prognostic factors listed
above = 2.55 with 95% CI from 0.87 to 7.44; P = 0.09).
The incidences of the major toxicities that occurred on

study are summarized in Table 5 for all women treated with
letrozole. Minority women had a statistically significant higher
incidence of hypertension (9% versus 5%; P = 0.008) and lower
incidences of hot flashes/flushes (49% versus 58%; P = 0.02) and
fatigue (29% versus 39%; P = 0.005). Minority women also
had statistically significantly lower incidences of diarrhea (3%
versus 7%; P = 0.033) and arthritis (2% versus 7%; P = 0.006).
The analysis of SF-36 quality of life change scores from

baseline for women treated with letrozole showed only
statistically differences in the bodily pain domain at 12 months
after randomization (minority women was worse with mean
change score !11.28 versus !6.53; P = 0.046) and the mental
health domain at 6 month after randomization (minority

Table 1. Baseline characteristics

Minority

women

n = 351

Caucasian

women

n = 4708

P-value

(two-sided)

Age (years)

Mean 61.3 62.3 0.03

Range 35.4–84.5 32.4–94.7

<65 216 (61.5%) 2754 (58.5%)

‡65 135 (38.5%) 1954 (41.5%)

Duration of prior tamoxifen (years)

Mean 5.1 5.0 0.0002

Range 4.2–6.1 0–6.3

£5 137 (38.9%) 2182 (46.4%)

>5 215 (61.1%) 2518 (53.6%)

Geographical region

US 285 (81.0%) 3300 (70.1%) <0.0001

Canada 65 (18.5%) 1287 (27.3%)

Other 2 (0.6%) 121 (2.6%)

T stage

1 190 (54.3%) 2744 (58.5%) 0.19

2 122 (34.9%) 1570 (33.5%)

3 24 (6.9%) 248 (5.3%)

4 10 (2.9%) 72 (1.5%)

X 4 (1.1%) 55 (1.2%)

N stage

0 171 (48.7%) 2337 (49.8%) 0.54

1 160 (45.6%) 2064 (44.0%)

2 8 (2.3%) 71 (1.5%)

3 0 (0%) 10 (0.2%)

X 12 (3.4%) 211 (4.5%)
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women were better with a mean change score of 1.59 versus
!2.62; P = 0.02). The patterns of change scores over time for
these two domains are shown in Figures 1 and 2.
Compliance with study medication is presented in Table 6.

In this analysis, compliance was measured by determining the
number of subjects who said they had taken the pills every day
and the number of patients who did not lose any pills during
evaluation at one month after randomization. Significantly
fewer minority patients reported taking their pills every day.
Additionally, more minority patients had incorrect pill counts
when evaluated one month after randomization.

discussion

This analysis of MA.17 demonstrates that women of minority
race and ethnicity tolerated letrozole better than Caucasian
women in terms of significantly less hot flashes, fatigue, arthritis,
and mental health scores. However, a beneficial effect on disease
free survival, while present in Caucasian women, was not
identified in women of minority race and ethnicity. Whether
this is a chance finding related to the small number of these
women enrolled in the trial, or a true sub-group effect, cannot
easily be resolved, as this was an unplanned retrospective
analysis, and the test for interaction is not significant. This
finding requires further prospective investigation.
A recent study identified large ethnic variations in allele

frequencies and types in the aromatase gene between Caucasian
Americans, African Americans, Han-Chinese, and Mexican
Americans that could contribute to variations in
pathophysiology of hormone-dependent breast cancer [9].
Of 88 polymorphisms of the aromatase gene observed, 32
polymorphisms were only seen in African Americans, six were
seen only in Han-Chinese Americans, six were seen only in
Mexican-Americans, and five were seen only in Caucasians.
These ethnic variations may be important because peripheral
estrogen synthesis is dependent mainly on the tissue-specific
promoter of aromatase in fat and could result in different
baseline plasma estrogen levels between women of varying
race and ethnicity. Results of the Study of Women’s Health
Across the Nation reveal ethnic differences in estradiol, serum
sex steroid, FSH, and sex hormone-binding globulin levels
[26–28]. Racial differences in estrogen-mediated signaling have
also been shown between African American and Caucasian
women [29]. Pharmacogenetic differences might alter the
metabolism of letrozole through the cytochrome p450 system
(CYP3A enzymes). Ethnic variations have previously been
demonstrated in the CYP3A enzyme [30]. These CYP3A
polymorphisms are an important contributor to interracial
differences in CYP3A-dependent drug clearance in general,
and perhaps with letrozole specifically. However, it is
important to note that, to date, there is no clear evidence in the
literature of differential treatment effects between minority
women and Caucasian women with breast cancer. Prior studies
have shown essentially equivalent relative benefit effects of
hormonal therapy between blacks and whites [31, 32]. Similarly,

Table 2. Prior treatment and comorbidities

Minority

women

Caucasian

women

P-value

Prior treatment (modality)

Surgery only 86 (24.6%) 1086 (23.1%) 0.004

Surgery & radiation 81 (23.6%) 1491 (31.7%)

Surgery & chemo 76 (21.7%) 790 (16.8%)

Surgery & radiation & chemo 106 (30.6%) 1331 (28.3%)

Comorbidity

Osteoporosis 28 (8.0%) 497 (10.8%) 0.12

Arthritis 34 (9.7%) 575 (12.5%) 0.15

Thyroid disease 32 (9.1%) 603 (13.2%) 0.04

Liver disease 6 (1.7%) 99 (2.2%) 0.61

Uterine cancer 2 (0.6%) 20 (0.4%) 0.69

IBD 1 (0.3%) 63 (1.4%) 0.09

Hypertension 194 (55.4%) 1978 (43.1%) <0.0001

Heart attack 5 (1.4%) 80 (1.7%) 0.69

Stroke 4 (1.1%) 54 (1.2%) 0.99

Neuromuscular disease 2 (0.6%) 70 (1.5%) 0.15

Diabetes 120 (34.3%) 1320 (28.8%) 0.02

Kidney disease 0 40 (0.9%) 0.08

Phlebitis/thrombophlebitis 2 (0.6%) 26 (0.6%) 0.97

Respiratory disease 19 (5.4%) 207 (4.5%) 0.38

Other cancer 7 (2.0%) 84 (1.8%) 0.78

Number of past major medical problems

0 119 (33.8%) 1999 (42.5%) 0.004

1–6 233 (66.2%) 2709 (57.5%)

Table 3. Analysis of disease free survival by race

Univariate

analysis

Log-rank

P-value

Multivariate

analysis

4 year

DFS

(%)

Hazard

ratio

(95% CI)

Hazard

ratio

(95% CI)

P-value

(Cox

regression)

Race 0.88 0.90b

Minority

(n = 352)

91.6 0.95a

(0.56, 1.60)

0.96a

(0.57, 1.62)

Caucasian

(n = 4708)

92.3

aMinority versus Caucasian.
bAdjusting for age, letrozole or placebo treatment, duration of prior

tamoxifen, geographic location, t-stage, nodal status, prior treatment

modality, number of comorbidities, menopausal status at start of

tamoxifen, prior chemotherapy.

Table 4. Disease Free Survival (DFS) by race and treatmenta

Race Letrozole Placebo Hazard ratiob

(95% CI)

P-value
n 4 year

DFS

(%)

n 4 year

DFS

(%)

Minority 183 89.5 169 93.7 1.39 (0.50, 3.91)

P = 0.53

Caucasian 2339 94.9 2369 89.7 0.55 (0.41, 0.72)

P < 0.0001

aAdjusted hazard ratio of interaction between race and treatment was

2.55 with 95% C.I. from 0.87 to 7.44 with P-value for the interaction

between race and treatment=0.09.
bLetrozole versus Placebo.
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women were better with a mean change score of 1.59 versus
!2.62; P = 0.02). The patterns of change scores over time for
these two domains are shown in Figures 1 and 2.
Compliance with study medication is presented in Table 6.

In this analysis, compliance was measured by determining the
number of subjects who said they had taken the pills every day
and the number of patients who did not lose any pills during
evaluation at one month after randomization. Significantly
fewer minority patients reported taking their pills every day.
Additionally, more minority patients had incorrect pill counts
when evaluated one month after randomization.

discussion

This analysis of MA.17 demonstrates that women of minority
race and ethnicity tolerated letrozole better than Caucasian
women in terms of significantly less hot flashes, fatigue, arthritis,
and mental health scores. However, a beneficial effect on disease
free survival, while present in Caucasian women, was not
identified in women of minority race and ethnicity. Whether
this is a chance finding related to the small number of these
women enrolled in the trial, or a true sub-group effect, cannot
easily be resolved, as this was an unplanned retrospective
analysis, and the test for interaction is not significant. This
finding requires further prospective investigation.
A recent study identified large ethnic variations in allele

frequencies and types in the aromatase gene between Caucasian
Americans, African Americans, Han-Chinese, and Mexican
Americans that could contribute to variations in
pathophysiology of hormone-dependent breast cancer [9].
Of 88 polymorphisms of the aromatase gene observed, 32
polymorphisms were only seen in African Americans, six were
seen only in Han-Chinese Americans, six were seen only in
Mexican-Americans, and five were seen only in Caucasians.
These ethnic variations may be important because peripheral
estrogen synthesis is dependent mainly on the tissue-specific
promoter of aromatase in fat and could result in different
baseline plasma estrogen levels between women of varying
race and ethnicity. Results of the Study of Women’s Health
Across the Nation reveal ethnic differences in estradiol, serum
sex steroid, FSH, and sex hormone-binding globulin levels
[26–28]. Racial differences in estrogen-mediated signaling have
also been shown between African American and Caucasian
women [29]. Pharmacogenetic differences might alter the
metabolism of letrozole through the cytochrome p450 system
(CYP3A enzymes). Ethnic variations have previously been
demonstrated in the CYP3A enzyme [30]. These CYP3A
polymorphisms are an important contributor to interracial
differences in CYP3A-dependent drug clearance in general,
and perhaps with letrozole specifically. However, it is
important to note that, to date, there is no clear evidence in the
literature of differential treatment effects between minority
women and Caucasian women with breast cancer. Prior studies
have shown essentially equivalent relative benefit effects of
hormonal therapy between blacks and whites [31, 32]. Similarly,

Table 2. Prior treatment and comorbidities

Minority

women

Caucasian

women

P-value

Prior treatment (modality)

Surgery only 86 (24.6%) 1086 (23.1%) 0.004

Surgery & radiation 81 (23.6%) 1491 (31.7%)

Surgery & chemo 76 (21.7%) 790 (16.8%)

Surgery & radiation & chemo 106 (30.6%) 1331 (28.3%)

Comorbidity

Osteoporosis 28 (8.0%) 497 (10.8%) 0.12

Arthritis 34 (9.7%) 575 (12.5%) 0.15

Thyroid disease 32 (9.1%) 603 (13.2%) 0.04

Liver disease 6 (1.7%) 99 (2.2%) 0.61

Uterine cancer 2 (0.6%) 20 (0.4%) 0.69

IBD 1 (0.3%) 63 (1.4%) 0.09

Hypertension 194 (55.4%) 1978 (43.1%) <0.0001

Heart attack 5 (1.4%) 80 (1.7%) 0.69

Stroke 4 (1.1%) 54 (1.2%) 0.99

Neuromuscular disease 2 (0.6%) 70 (1.5%) 0.15

Diabetes 120 (34.3%) 1320 (28.8%) 0.02

Kidney disease 0 40 (0.9%) 0.08

Phlebitis/thrombophlebitis 2 (0.6%) 26 (0.6%) 0.97

Respiratory disease 19 (5.4%) 207 (4.5%) 0.38

Other cancer 7 (2.0%) 84 (1.8%) 0.78

Number of past major medical problems

0 119 (33.8%) 1999 (42.5%) 0.004

1–6 233 (66.2%) 2709 (57.5%)

Table 3. Analysis of disease free survival by race

Univariate

analysis

Log-rank

P-value

Multivariate

analysis

4 year

DFS

(%)

Hazard

ratio

(95% CI)

Hazard

ratio

(95% CI)

P-value

(Cox

regression)

Race 0.88 0.90b

Minority

(n = 352)

91.6 0.95a

(0.56, 1.60)

0.96a

(0.57, 1.62)

Caucasian

(n = 4708)

92.3

aMinority versus Caucasian.
bAdjusting for age, letrozole or placebo treatment, duration of prior

tamoxifen, geographic location, t-stage, nodal status, prior treatment

modality, number of comorbidities, menopausal status at start of

tamoxifen, prior chemotherapy.

Table 4. Disease Free Survival (DFS) by race and treatmenta

Race Letrozole Placebo Hazard ratiob

(95% CI)

P-value
n 4 year

DFS

(%)

n 4 year

DFS

(%)

Minority 183 89.5 169 93.7 1.39 (0.50, 3.91)

P = 0.53

Caucasian 2339 94.9 2369 89.7 0.55 (0.41, 0.72)

P < 0.0001

aAdjusted hazard ratio of interaction between race and treatment was

2.55 with 95% C.I. from 0.87 to 7.44 with P-value for the interaction

between race and treatment=0.09.
bLetrozole versus Placebo.
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Adverse Effects

blacks and whites have been shown to realize benefits of
a similar magnitude from chemotherapy [31–33].
It is important to note that compliance with letrozole was

poorer among minority women compared to Caucasian
women, possibly contributing to this observation. However,
improved tolerability of letrozole among minority women may
be related to previously-demonstrated ethnic differences in
menopausal symptoms. African women have 1.5 times the
risk of Caucasian women for experiencing hot flashes [34]
and have a 2- to 8-fold greater risk for an earlier menopause
[35]. In contrast, Asian women report fewer vasomotor
symptoms [19]. African American women been shown to have
a more positive attitude about certain aspects of the menopause,
including sexuality, physical changes, and general well-being
[36]. These racial differences in the menopause experience
may play an important role in the therapeutic index and
tolerability of letrozole.
It is also important to consider inequality of treatment

between Caucasians and minorities when analyzing different
effects of anticancer therapy. Prior data demonstrates that
overall quality of cancer care differs by patient race and
ethnicity. For example, black women are more likely than
white women to receive nonsurgical cancer therapy or to
have no cancer-directed therapy [37]. Minority women are
20 to 50% more likely to receive or elect a first course of
surgical and radiation treatment that does not meet the 2000
National Comprehensive Cancer Network standards [38].
A weakness of this analysis is the low number of minority

women enrolled in MA.17. Low minority enrolment prevents

us from drawing definitive conclusions about the efficacy of
letrozole in minority populations. Since we were limited by
low minority participation in MA.17 overall, all minority ethnic
groups were also pooled together in this analysis. We are
therefore unable to differentiate effects between minority
subgroups. We had also hoped to study potential predictors
of survival according to race but were limited by statistical
power. We plan to perform these interesting analyses in future
trials, providing there is sufficient minority participation.
Another weakness of this analysis is that poorer compliance
among minority women could account for both reduced

Table 5. Adverse events reported by Race (for patients on letrozole only)

Toxicity Minority (n = 183) Caucasian (n = 2339) P value!

Grade 1 Grade 2 Grade 3 Grade 4 Total, no.

(%)

Grade 1 Grade 2 Grade 3 Grade 4 Total, no.

(%)

Edema 40 4 44 (24) 422 91 5 518 (22) 0.55

Hypertension 9 1 7 17 (9) 44 20 48 112 (5) 0.008

Hot flashes/flushes 59 30 1 90 (49) 740 616 1 1357 (58) 0.02

Fatigue 46 7 53 (29) 739 170 14 1 924 (39) 0.005

Sweating 4 10 54 (30) 494 219 713 (30) 0.78

Anorexia 8 1 9 (5) 104 25 1 130 (6) 0.71

Constipation 23 2 25 (14) 270 57 6 333 (14) 0.83

Diarrhea 4 1 5 (3) 117 27 14 158 (7) 0.033

Nausea 21 21 (12) 240 35 6 281 (12) 0.83

Vaginal bleeding 5 1 6 (3) 115 20 2 137 (6) 0.15

Infection without neutropenia 3 4 7 (4) 29 59 27 115 (5) 0.51

Arthritis 2 1 3 (2) 107 45 9 161 (7) 0.006

Hypercholesterolemia 25 2 1 28 (15) 346 33 1 380 (15) 0.90

Dizziness 29 5 34 (19) 352 52 13 417 (18) 0.80

Insomnia 7 2 9 (5) 108 42 2 152 (6) 0.40

Depression 7 1 8 (4) 77 41 14 2 134 (6) 0.44

Headache 43 9 52 (28) 487 129 22 638 (27) 0.74

Arthralgia 34 11 1 46 (25) 340 229 24 593 (25) 0.95

Myalgia 15 9 24 (13) 216 112 18 346 (15) 0.54

Bone pain 5 2 1 1 9 (5) 74 44 12 130 (6) 0.25

Dyspnea 11 4 15 (8) 129 9 4 142 (6) 0.25

Alopecia 9 9 (5) 101 12 113 (5) 0.96

Vaginal dryness 6 5 11 (6) 63 64 127 (5) 0.74
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Figure 1. Mean change score SF-36 bodily pain for patients on letrozole.
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Quality of life scores
Bodily Pain

blacks and whites have been shown to realize benefits of
a similar magnitude from chemotherapy [31–33].
It is important to note that compliance with letrozole was

poorer among minority women compared to Caucasian
women, possibly contributing to this observation. However,
improved tolerability of letrozole among minority women may
be related to previously-demonstrated ethnic differences in
menopausal symptoms. African women have 1.5 times the
risk of Caucasian women for experiencing hot flashes [34]
and have a 2- to 8-fold greater risk for an earlier menopause
[35]. In contrast, Asian women report fewer vasomotor
symptoms [19]. African American women been shown to have
a more positive attitude about certain aspects of the menopause,
including sexuality, physical changes, and general well-being
[36]. These racial differences in the menopause experience
may play an important role in the therapeutic index and
tolerability of letrozole.
It is also important to consider inequality of treatment

between Caucasians and minorities when analyzing different
effects of anticancer therapy. Prior data demonstrates that
overall quality of cancer care differs by patient race and
ethnicity. For example, black women are more likely than
white women to receive nonsurgical cancer therapy or to
have no cancer-directed therapy [37]. Minority women are
20 to 50% more likely to receive or elect a first course of
surgical and radiation treatment that does not meet the 2000
National Comprehensive Cancer Network standards [38].
A weakness of this analysis is the low number of minority

women enrolled in MA.17. Low minority enrolment prevents

us from drawing definitive conclusions about the efficacy of
letrozole in minority populations. Since we were limited by
low minority participation in MA.17 overall, all minority ethnic
groups were also pooled together in this analysis. We are
therefore unable to differentiate effects between minority
subgroups. We had also hoped to study potential predictors
of survival according to race but were limited by statistical
power. We plan to perform these interesting analyses in future
trials, providing there is sufficient minority participation.
Another weakness of this analysis is that poorer compliance
among minority women could account for both reduced

Table 5. Adverse events reported by Race (for patients on letrozole only)

Toxicity Minority (n = 183) Caucasian (n = 2339) P value!

Grade 1 Grade 2 Grade 3 Grade 4 Total, no.

(%)

Grade 1 Grade 2 Grade 3 Grade 4 Total, no.

(%)

Edema 40 4 44 (24) 422 91 5 518 (22) 0.55

Hypertension 9 1 7 17 (9) 44 20 48 112 (5) 0.008

Hot flashes/flushes 59 30 1 90 (49) 740 616 1 1357 (58) 0.02

Fatigue 46 7 53 (29) 739 170 14 1 924 (39) 0.005

Sweating 4 10 54 (30) 494 219 713 (30) 0.78

Anorexia 8 1 9 (5) 104 25 1 130 (6) 0.71

Constipation 23 2 25 (14) 270 57 6 333 (14) 0.83

Diarrhea 4 1 5 (3) 117 27 14 158 (7) 0.033

Nausea 21 21 (12) 240 35 6 281 (12) 0.83

Vaginal bleeding 5 1 6 (3) 115 20 2 137 (6) 0.15

Infection without neutropenia 3 4 7 (4) 29 59 27 115 (5) 0.51

Arthritis 2 1 3 (2) 107 45 9 161 (7) 0.006

Hypercholesterolemia 25 2 1 28 (15) 346 33 1 380 (15) 0.90

Dizziness 29 5 34 (19) 352 52 13 417 (18) 0.80

Insomnia 7 2 9 (5) 108 42 2 152 (6) 0.40

Depression 7 1 8 (4) 77 41 14 2 134 (6) 0.44

Headache 43 9 52 (28) 487 129 22 638 (27) 0.74

Arthralgia 34 11 1 46 (25) 340 229 24 593 (25) 0.95

Myalgia 15 9 24 (13) 216 112 18 346 (15) 0.54

Bone pain 5 2 1 1 9 (5) 74 44 12 130 (6) 0.25

Dyspnea 11 4 15 (8) 129 9 4 142 (6) 0.25

Alopecia 9 9 (5) 101 12 113 (5) 0.96

Vaginal dryness 6 5 11 (6) 63 64 127 (5) 0.74
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Figure 1. Mean change score SF-36 bodily pain for patients on letrozole.
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Mental health

efficacy and toxicity. This problem highlights the importance
of collecting compliance data, particularly by ethnicity, in
future trials of early stage breast cancer.
These weaknesses point out the need for more focused

research to fully evaluate women of minority races and ethnicity
in future trials. However, this analysis attempted to examine
the different effects of a globally-used therapy on minority
women in hopes of gaining insight into the effects of genetic
variation on anti-cancer therapy. It is important to note that
information about the proportion of minority participation
was reported in MA.17 but not in the other large adjuvant
aromatase inhibitor trials and is thus a weakness in these trials
[1, 2, 4]. A pooled meta-analysis of ethnicity data from all the
adjuvant aromatase inhibitor trials may allow for a better
understanding of these effects. Of note, there is some concern
that increased minority participation in cancer clinical trials
could reduce the statistical power of trials and blunt effect
size. However, it is important to represent the entire breast
cancer population in clinical trials in order to make truly
generalizeable conclusions about the clinical impact of
anticancer treatments.
This analysis represents an attempt to examine the potential

importance of genotypic variation by using race and ethnicity
as a surrogate marker. We hope to analyze further the clinical
outcomes of minority women in future and current clinical

trials of aromatase inhibitors. Identification of a group that is
either more or less responsive to aromatase inhibitor therapy,
whether it be a racial or ethnic group or through testing for
certain genetic polymorphisms, could lead to a future algorithm
to predict responsiveness to therapy. It is incumbent upon
researchers to improve knowledge about the effectiveness of
breast cancer therapy among genotypically variable women,
and specifically, in women of minority race and ethnicity.
We rely on the results of controlled clinical trials that
include subjects representing the full range of patients
who would receive the treatment once it is marketed. Future
research strategies should focus on examining in vivo
genotype-phenotype correlations to determine the effects of
genetic variation on response to anticancer therapy and on
toxicities and end-organ effects.
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Table 6. Compliance with study medication

Number of

patients (%)

Caucasian

(n = 4687)
Minority

(n = 347)

Taken the study medication

by month per day at all times*

205 (59.1) 1767 (68.8)

Without missing or losing any pills

one month after randomization**

261 (84.5) 3806 (88.0)

*P < 0.0001.

**P = 0.07.
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Figure 2. Mean change score SF-36 mental health for patients on

letrozole.
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Distribution of tumor size, axillary nodal status, receptor expression, 
and histological grading in geriatric Asian compared to Caucasian 

breast cancer cases
Shanghai, n (%) Vienna, n (%) P-value

Mean age 75.3 75.3 0.934
[Minimum–maximum age] [70-105] [70-105]

Tumor size
≤2 cm 193 (53.3) 105 (61.4) 0.079
>2 cm 169 (46.7) 66 (38.6)

Axillary lymph node status
Negative 264 (66.3) 113 (68.5) 0.245
Positive 134 (33.7) 52 (31.5)

Grading
G1 23 (7.3) 46 (24.1) G1 + G2 vs. G3 < 0.001
G2 250 (79.6) 93 (48.7)
G3 41 (13.1) 52 (27.2)

Receptor status
ERa positive 261 (73.7) 144 (84.2) <0.001
ERa negative 93 (26.3) 27 (15.8)
PRa positive 236 (66.5) 103 (60.2) 0.162
PRb negative 119 (33.5) 68 (39.8)
HER2c positive 21 (5.9) 16 (9.7) 0.129
HER2c negative 333 (94.1) 149 (90.3)
Triple negative 74 (20.9) 19 (11.5) 0.027

a ER (estrogen-receptor); b PR (progesterone-receptor); c HER2 (human epidermal growth factor 2-receptor).



Percentage distribution of women according to urine oestriol proportion,
by continent and age group 

(  ) Numbers of women
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Leticia B. A. Rangel, Jodi L. Taraba, Christopher R. Frei, Lon Smith, 
Gladys Rodriguez, John G. Kuhn

Pharmacogenomic diversity of tamoxifen 
metabolites and estrogen receptor genes 
in Hispanics and non-Hispanic whites 
with breast cancer

Breast Cancer Res Treat, Dec 2014

Ethnic differences in patient genetics and breast cancer (BC) biology contribute to ethnic disparities in cancer 
presentation and patient outcome. We prospectively evaluated SNPs within phase I and phase II tamoxifen (TAM) 
metabolizing enzymes, and the estrogen receptor gene (ESR1), aiming to identify potential pharmacogenomic
ethnicity patterns in an ER-positive BC cohort constituted of Hispanic and Non-Hispanic White (NHW) women in 
South Texas. Plasma concentrations of TAM/metabolites were measured using HPLC. CYP2C9, CYP2D6 and 
SULT1A1 genotypes were determined by DNA sequencing/Pyrosequencing technology. ESR1 PvuII and XbaI SNPs 
were genotyped using Applied Biosystems Taqman® Allelic Discrimination Assay. Hispanics had higher levels of 
TAM, 4-hydroxytamoxifen, and endoxifen than NHWs. There was a higher prevalence of CYP2D6 EM within 
Hispanics than NHWs, which corresponded to higher endoxifen levels, but no differences were verified with 
regard to CYP2C9 and SULT1A1. We found a higher incidence of the wild type forms of the ESR1 in Hispanics than 
NHWs. The performance status, the disease stage at diagnosis, and the use of aromatase inhibitors might have 
overcome the overall favorable pharmacogenomics profile of Hispanics when compared to NHWs in relation to 
TAM therapy responsiveness. Our data strongly point to ethnical peculiarities related to pharmacogenomics and 
demographic features of TAM treated Hispanics and NHWs. In the era of pharmacogenomics and its ultimate goal 
of individualized, efficacious and safe therapy, cancer studies focused on the Hispanic population are warranted 
because this is the fastest growing major demographic group, and an understudied segment in the U.S.



Tamoxifen & metabolites plasma concentration

Fig. 1. 
TAM and TAM metabolites plasma concentration in Hispanic and NHW breast cancer 
patients. TAM and metabolites plasma concentrations were assessed by HPLC in both 
Hispanics (n = 74). and NHWs (n = 186) Data are expressed as mean ± SD. Statistical 
significance was verified applying unpaired t test (p ≥ 0.05)
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Interethnic Differences in Genetic Polymorphisms 
of CYP2D6 in the U.S. Population: Clinical Implications

Stephen Bernard,a Kathleen A. Neville,b Anne T. Nguyen,b David A. Flockhartb

aDivision of Hematology and Medical Oncology, University of North Carolina
School of Medicine, Chapel Hill, North Carolina, USA; 

bDivision of Clinical Pharmacology, Indiana University School of Medicine, Indianapolis, Indiana, USA

Key Words. CYP2D6 polymorphism • Hepatic metabolism • 5-HT3-receptor antagonist antiemetics • Genetic variability

Learning Objectives
After completing this course, the reader will be able to:

 1. List the four different genotypes for CYP2D6 polymorphism.

 2. Understand the potential effects of CYP2D6 polymorphism on the efficacy and safety for drugs metabolized   
 via this enzyme.

 3. List the ethnic groups that are most frequently affected by genetic variation of the CYP2D6 enzyme.

Correspondence: S. Bernard, Division of Hematology and Medical Oncology, University of North Carolina School of Medicine, 3009 
Old Clinic Building, CB #7305, Chapel Hill, North Carolina 27599-7305, USA. Telephone: 919-966-4431; Fax: 919-966-6735; e-
mail: bernmed@med.unc.edu  Received September 26, 2005; accepted for publication December 12, 2005. ©AlphaMed Press 1083-
7159/2006/$20.00/0

Abstract
DNA polymorphisms have been identified in the genes 
encoding a number of the cytochrome P450 (CYP) 
enzymes, leading to wide interindividual variation in 
drug clearance. CYP2D6 metabolizes a significant 
number of clinically used medications, and genetic vari-
ants of the CYP2D6 isozyme that result in varying levels 
of metabolic activity are of clinical importance in some 
settings. The exact nature of the clinical effect caused 
by polymorphisms of the gene depends on the drug in 
question and the specific variant alleles expressed, as 
individual variants result in differing phenotypes with 
a range of levels of enzymatic activity. 
 Compromised drug efficacy due to CYP2D6 varia-
tion has been documented with a variety of agents, and 
this review considers a number of examples, includ-
ing the 5-HT3-receptor antagonists, which are used in 

oncology supportive care for the prophylaxis of nausea 
and vomiting. CYP2D6 is involved in the metabolism of 
all of the most commonly available agents, except granis-
etron, and their efficacy and side effects may therefore 
be affected by the CYP2D6 polymorphism.
 Significant interethnic differences in CYP2D6 
allele frequencies have been demonstrated from stud-
ies across many countries. However, incidences of poly-
morphisms in the U.S. population have been challeng-
ing to characterize because of the country’s wide ethnic 
diversity. The CYP2D6 polymorphism may become 
more important as robust clinical tests become widely 
available and as the use of multiple medications and the 
attendant risk for drug–drug interactions increases. 
The Oncologist 2006;11:126–135
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have been challenging to characterize because of the large 
ethnic diversity that exists within the U.S. Non-Hispanic 
whites accounted for around 70% of the population in 
2000, with the remaining 30% comprised of a wide range 
of races (Table 4) [18]. However, it has been estimated that 

the proportion of ethnic minorities in the U.S. population 
will increase to around 40% by 2020 [18], with the greatest 
increase seen among Hispanics [19]. The challenge is that 
individuals of European, African, and Hispanic ancestry 
have all emigrated from different regions that have different 

Table 2. The effect on metabolism and the resulting potential clinical consequences of the poor and ultrarapid metabolizer 
phenotypes of the cytochrome P450 CYP2D6 enzyme.

Phenotype Effect on metabolism Potential consequences

Poor metabolizer Slowed drug metabolism Greater potential for drug–drug interactions and adverse events
Slower conversion to active metabolites, potentially lower efficacy

Ultrarapid metabolizer Accelerated drug metabolism Greater rates of drug elimination
Potentially lower drug efficacy

Table 3. Incidence of the cytochrome P450 CYP2D6 enzyme phenotypes among different ethnic populations.

Population PM phenotype (%)
Diminished 
activity of IMs (%) UM phenotype (%) Reference

White 1–2 [1]

 American 7.7 4.3 [20, 40]

 British 8.9 [26]

 Polish 8.3 [73]

 Swiss 10 [25]

 Danish 0.8 [22]

 German 7.7 0.8 [49]

 Swedish 1 [50]

 Spanish 10 [23]

 Turkish 1.5 8.7

 Croatian 3.0 4.0 [74]

African

 African-American 1.9–7.3 4.9 [20, 39–42]

 Nigerian 0–8.1 [35, 36]

 Ghanaian 6.0 [37]

 Ethiopian 1.8 29 [21]

 South African 19 [38]

Asian 51 [1]

 Japanese 0 [29]

 Chinese <1.0 0.9 [28, 75]

 Thai 1.2 [27]

 Indian 1.8–4.8 [30–33]

 Saudi Arabian 1–2 3–9 21.0 [1, 51, 76]

Hispanic

 Colombian 6.6 1.7 [47]

 Mexican 3.2 [46]

 Panamanian (Amerindian) 2.2–4.4 [45]

 Nicaraguan 3.6 [48]
Abbreviations: IM, intermediate metabolizer; PM, poor metabolizer; UM, ultrarapid metabolizer.
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Clinical Implications of CYP2D6 Genotypes Predictive of
Tamoxifen Pharmacokinetics in Metastatic Breast Cancer
Hyeong-Seok Lim, Han Ju Lee, Keun Seok Lee, Eun Sook Lee, In-Jin Jang, and Jungsil Ro

A B S T R A C T

Purpose
The CYP3A and CYP2D6 enzymes play a major role in converting tamoxifen to its active metabolites.
CYP3A is a highly inducible enzyme, regulated mainly by pregnane X receptor (PXR). This study
assessed the association between genetic polymorphisms of CYP2D6 and PXR, and tamoxifen
pharmacokinetics (PK) and clinical outcomes in patients with breast cancer.

Patients and Methods
Plasma concentrations of tamoxifen and its metabolites were measured. Common alleles of
CYP2D6 and PXR were identified in 202 patients treated with tamoxifen 20 mg daily for more than
8 weeks. Twelve of the 202 patients and an additional nine patients with metastatic breast cancer
receiving tamoxifen were assessed for clinical outcome in correlation with genotypes.

Results
Patients carrying CYP2D6*10/*10 (n ! 49) demonstrated significantly lower steady-state plasma
concentrations of 4-hydroxy-N-desmethyltamoxifen and 4-hydroxytamoxifen than did those with
other genotypes (n ! 153; 4-hydroxy-N-desmethyltamoxifen: 7.9 v 18.9 ng/mL, P " .0001;
4-hydroxytamoxifen: 1.5 v 2.6 ng/mL, P " .0001), whereas no difference by PXR genotypes was
found. CYP2D6*10/*10 was significantly more frequent among nonresponders with MBC
(100% v 50%, P ! .0186). In Cox proportional hazard analysis, CYP2D6 genotype and number of
disease sites were significant factors affecting time to progression (TTP). The median TTP for
patients receiving tamoxifen was shorter in those carrying CYP2D6*10/*10 than for others (5.0 v
21.8 months, P ! .0032)

Conclusion
CYP2D6*10/*10 is associated with lower steady-state plasma concentrations of active tamoxifen
metabolites, which could possibly influence the clinical outcome by tamoxifen in Asian breast
cancer patients.

J Clin Oncol 25:3837-3845. © 2007 by American Society of Clinical Oncology

INTRODUCTION

Tamoxifen has been widely used for the treat-
ment of patients with hormone-dependent breast
cancer. Tamoxifen is converted to the active meta-
bolites 4-hydroxytamoxifen and 4-hydroxy-N-
desmethyltamoxifen (endoxifen), which is more
than 100 times more potent than tamoxifen in an-
tiestrogen effect.1,2 The majority of tamoxifen is
biotransformed to N-desmethyltamoxifen by cyto-
chrome P450 (CYP) 3A enzymes. A portion of the
desmethyltamoxifen metabolite is further metabo-
lized to endoxifen by CYP2D6. A minor portion of
tamoxifen is converted to 4-hydroxytamoxifen,
which is performed mainly by CYP2D6.3

CYP2D6 plays a major role in the biotransfor-
mation of many drugs including neuroleptics, anti-
arrythmics, antidepressants, and selective serotonin

reuptake inhibitors and blockers.4 There is a large
interindividual and ethnic variability in the metab-
olism of drugs by CYP2D6 that can be explained
largely by genetic polymorphisms affecting the en-
zyme’s function and expression. The typical
CYP2D6 phenotype is usually classified into three
groups: poor metabolizers (PMs), extensive me-
tabolizers (EMs) and ultrarapid metabolizers. The
PM group is characterized by complete absence of
CYP2D6 enzyme activity, found in less than 1% of
Koreans, Japanese, or Chinese, and in 7% to 10%
of whites.5-8 CYP2D6*3, CYP2D6*4, CYP2D6*5,
and CYP2D6*6 cause absence of enzyme activity,
and 93% to 97.5% of the PMs can be predicted by
these genotypes.9 CYP2D6*4 occurs with an allele
frequency of 20% to 25% and is responsible for
70% to 90% of all PMs in whites, but is rare in
Asians. The allele frequency of CYP2D6*5 in Asians
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• The frequency of the polymorphic T allele was particularly high among 
patients presenting with high stage disease and with tumors larger 
than 5 cm and was significantly associated with mRNA levels as well as 
a switch from the normally used adipose promoter to ovary promoter

• Individuals homozygous for this allele may have accelerated 
production of tissue estrogen and therefore higher risk for developing 
tumors with rapid local growth 
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LEARNING OBJECTIVES

After completing this course, the reader should be able to:

1. Describe why premenopausal women with the long allele of the CYP19 TTTA repeat polymorphism have a
greater survival rate and may not gain benefit from adjuvant chemotherapy.

2. Assess whether we need to revisit the routine use of adjuvant chemotherapy in high-risk premenopausal patients
with the long allele of the CYP19 polymorphism.

3. Explain why further validation in a randomized study with a large sample size is needed to determine whether the
CYP19 TTTA repeat polymorphism can serve as a predictor in hormone receptor–positive premenopausal
patients.

This article is available for continuing medical education credit at CME.TheOncologist.com.CMECME

ABSTRACT

Purpose. Given the critical role of the CYP19 gene, en-
coding aromatase, in estrogen synthesis and the associ-
ation of the estrogen level with its TTTA repeat
polymorphism, the potential influence of this polymor-
phism on breast cancer survival, and hence manage-
ment, deserves further study.

Methods. Genotyping for the CYP19 TTTA repeat

polymorphism was performed on 482 stage I–II and op-
erable stage III Taiwanese breast cancer patients. Pa-
tients with more than seven TTTA repeats in either
allele of CYP19 were defined as having the long allele.
We correlated clinical variables and CYP19 genotypic
polymorphism with outcome.

Results. In hormone receptor (HR)-positive breast
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©AlphaMed Press 1083-7159/2008/$30.00/0 doi: 10.1634/theoncologist.2007-0246

TheOncologist®

Breast Cancer

The Oncologist 2008;13:751–760 www.TheOncologist.com

 by guest on A
ugust 19, 2016

http://theoncologist.alpham
edpress.org/

D
ow

nloaded from
 

2008:13; 751-60

Premenopausal women 
with the long allele have a 
greater survival rate 
and may not gain benefit 
from adjuvant 
chemotherapy 

pared with suboptimal adjuvant chemotherapy, standard
chemotherapy resulted in a significantly greater DFS (p !
.028) and OS (p ! .034) rate (Table 5).

DISCUSSION

In the present study, we demonstrated that, in HR-positive
breast cancer patients, premenopausal women with the long
allele of the CYP19 polymorphism had a significantly
higher DFS and OS rate than those without the long allele,
but this prognostic effect of the CYP19 polymorphism was
not seen in postmenopausal patients. This difference was
further demonstrated by multivariate analysis. In HR-neg-
ative cancers, no significant difference in DFS or OS was
seen between patients with the long allele and those without
the long allele. Standard adjuvant chemotherapy did not re-
sult in a higher survival rate than suboptimal chemotherapy
in premenopausal patients with the long allele, irrespective
of lymph node status, but it did in premenopausal patients
without the long allele.

Several genotypic polymorphisms of CYP19 have been
reported, and the reasons that we focused on this length of
polymorphism in the present study are: (a) This length of
polymorphism of CYP19 was reported to be associated with
the prognosis of breast cancer in a British population-based
study [15]; in order to compare our findings with other
ethnic groups, we decided to genotype the same polymor-
phism. (b) Compared with single-nucleotide polymor-
phisms (SNPs), this length of polymorphism is more
informative because it is more polymorphic. (c) The TTTAn
tetranucleotide repeat polymorphism has been suggested to
be associated with the expression of CYP19, and we con-
sidered that quantitative changes (versus qualitative
changes) in this gene were more clinically relevant to the
issue we address in the present study. (d) On the basis of
previous studies, the polymorphisms in CYP19 are in link-
age disequilibrium [13, 14]. Thus, if there are other unde-
fined causal alleles determining breast cancer prognosis, it
is reasonable to expect that this length of polymorphism
genotyped can probably capture and reflect these polymor-
phisms.

Given the critical role of aromatase in estrogen synthe-
sis, the explanation of our findings may include the differ-
ence in estrogen levels between women carrying the long
allele and women without the long allele. A study in post-
menopausal women demonstrated that women with a dif-
ferent repeat number allele of the TTTA repeat
polymorphism have different estrogen levels [13]. Al-
though the TTTA repeat polymorphism, which is located in
an intron, is unlikely to directly affect the function of
CYP19, one study reported linkage between a higher num-
ber of TTTA repeats and a C–T substitution in exon 10 of
CYP19, which was associated with greater aromatase activ-
ity [11]. These results suggest that the long allele of the
CYP19 TTTA repeat polymorphism may result in greater
aromatase activity, and thus increase estrogen production.
In addition, a higher repeat number of the TTTA repeat
polymorphism was found to be associated with longer sur-
vival in breast cancer patients [15], which further supports
the use of this polymorphism to predict survival in breast
cancer. Because the study by Haiman et al. [13] revealed
that women with the 7-repeat allele of the TTTA polymor-
phism have lower estrogen levels than noncarriers, while
women with the 8-repeat allele of the TTTA polymorphism
have higher estrogen levels than noncarriers, we chose the
7-repeat number as the cutoff point. The same cutoff point
was used in the recent studies of prostate cancer risk and the
prognosis of metastatic prostate cancer [26, 28].

Our finding that the prognostic effect of the TTTA re-
peat polymorphism of CYP19 was only observed in pre-
menopausal women is intriguing. On the basis of the

Figure 1. Overall treatment results of premenopausal patients
as a function of the CYP19 polymorphism. (A): Disease-free
survival. (B): Overall survival.

Abbreviation: CI, confidence interval.
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Abstract

Purpose
Aromatase, encoded by the CYP19 gene, catalyzes the final step of the conversion of an-
drogens to estrogens. Given the critical role of CYP19 in estrogen synthesis, the potential in-
fluence of CYP19 rs4646 polymorphism on breast cancer survival, deserves further study.

Methods
Genotyping for CYP19 rs4646 variants was performed on 406 Chinese women with stage
I–II and operable stage III breast cancer. Associations were evaluated between CYP19
rs4646 genotypes and disease-free survival (DFS).

Results
In premenopausal patients, women who are homozygous for the minor allele (AA) have a
longer DFS compared with those carrying the major allele (CC or AC) (87 months versus
48.7 months; Hazard ratio (HR) = 0.56, 95 % CI = 0.318-0.985, P = 0.041). These differ-
ences were further demonstrated by a multivariate analysis (HR = 0.456, 95 % CI = 0.249-
0.836, P = 0.011). Conversely, the same variant (AA) was estimated to be associated with a
poorer DFS in postmenopausal women (AA versus AC or CC: 13.7 months versus 56.3
months; HR = 2.758, 95 % CI = 1.432-5.313, P = 0.002). Furthermore, the differences were
confirmed by the COX proportional hazards model (HR = 2.983, 95% CI =1.494-5.955, P =
0.002).

Conclusions
The present study indicates that CYP19 rs4646 polymorphism is related to DFS in early
breast cancer and that the prognosis index of the homozygous for the minor allele (AA) may
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• CYP19 rs4646 polymorphism is 

related to DFS in early breast 

cancer 

• The prognosis index of the 

homozygous for the minor 

allele (AA) may depend on 

menopause status 
Fig 3. Survival curves for the postmenopausal patients. a. Disease-free survival of the postmenopausal women grouped by CYP19 rs4646 genotypes
(CC vs AC vs AA). b. Disease-free survival of the postmenopausal women stratified by CYP19 rs4646 genotypes (AA vs AC + CC).

doi:10.1371/journal.pone.0121535.g003

Table 5. Multivariate analysis of prognostic factors and DFS for postmenopausal patients.

Characteristics HR (95% CI) P1

CYP19 polymorphism

AA versus AC + CC 2.983 (1.494–5.955) 0.002

Tumor size

>5 versus !5 cm 1.055 (0.855–1.302) 0.617

Lymph nodes

Positive versus negative 1.330 (1.029–1.717) 0.029

ER

Positive versus negative 0.939 (0.499–1.764) 0.844

PR

Positive versus negative 0.669 (0.385–1.162) 0.153

HER-2

Negative versus positive 0.971 (0.879–1.073) 0.560

BMI

>24 versus !24 1.001 (0.815–1.230) 0.992

Adjuvant chemotherapy

Yes versus No 0.646 (0.370–1.092) 0.102

Adjuvant radiotherapy

Yes versus No 0.886 (0.526–1.495) 0.650

Adjuvant hormone therapy

Yes versus No 0.880 (0.627–1.236) 0.462

Note: HR, hazard ratio; CI, confidence interval.
1Data were estimated by Cox regression analyses with adjustment for tumor size, lymph nodes involved,
ER and PR status, HER-2 status, Body Mass Index (BMI), chemotherapy, adjuvant hormone therapy
and radiotherapy.

doi:10.1371/journal.pone.0121535.t005
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A bs tr ac t

Background
Resistance to endocrine therapy in breast cancer is associated with activation of the 
mammalian target of rapamycin (mTOR) intracellular signaling pathway. In early 
studies, the mTOR inhibitor everolimus added to endocrine therapy showed antitu-
mor activity.
Methods
In this phase 3, randomized trial, we compared everolimus and exemestane versus 
exemestane and placebo (randomly assigned in a 2:1 ratio) in 724 patients with hor-
mone-receptor–positive advanced breast cancer who had recurrence or progression 
while receiving previous therapy with a nonsteroidal aromatase inhibitor in the 
adjuvant setting or to treat advanced disease (or both). The primary end point was 
progression-free survival. Secondary end points included survival, response rate, 
and safety. A preplanned interim analysis was performed by an independent data 
and safety monitoring committee after 359 progression-free survival events were 
observed.
Results
Baseline characteristics were well balanced between the two study groups. The median 
age was 62 years, 56% had visceral involvement, and 84% had hormone-sensitive 
disease. Previous therapy included letrozole or anastrozole (100%), tamoxifen (48%), 
fulvestrant (16%), and chemotherapy (68%). The most common grade 3 or 4 adverse 
events were stomatitis (8% in the everolimus-plus-exemestane group vs. 1% in the 
placebo-plus-exemestane group), anemia (6% vs. <1%), dyspnea (4% vs. 1%), hyper-
glycemia (4% vs. <1%), fatigue (4% vs. 1%), and pneumonitis (3% vs. 0%). At the 
interim analysis, median progression-free survival was 6.9 months with everolimus 
plus exemestane and 2.8 months with placebo plus exemestane, according to assess-
ments by local investigators (hazard ratio for progression or death, 0.43; 95% confi-
dence interval [CI], 0.35 to 0.54; P<0.001). Median progression-free survival was 10.6 
months and 4.1 months, respectively, according to central assessment (hazard ratio, 
0.36; 95% CI, 0.27 to 0.47; P<0.001).
Conclusions
Everolimus combined with an aromatase inhibitor improved progression-free survival 
in patients with hormone-receptor–positive advanced breast cancer previously treated 
with nonsteroidal aromatase inhibitors. (Funded by Novartis; BOLERO-2 ClinicalTrials 
.gov number, NCT00863655.)

The New England Journal of Medicine 
Downloaded from nejm.org on June 15, 2016. For personal use only. No other uses without permission. 

 Copyright © 2012 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 366;6 nejm.org february 9, 2012522

mittee supervised the conduct of the study, and 
an independent data and safety monitoring com-
mittee performed semiannual safety reviews and 
reviewed the interim efficacy results.

Study Design and Treatment
In this international, double-blind, phase 3 study, 
patients were randomly assigned to treatment with 
oral everolimus or matching placebo (at a dose of 
10 mg daily), in conjunction with exemestane 
(25 mg daily). Randomization, at a 2:1 ratio in 

favor of the everolimus–exemestane group, was 
stratified according to the presence of visceral 
metastasis and previous sensitivity to endocrine 
therapy. The latter was defined as at least 24 months 
of endocrine therapy before recurrence in the ad-
juvant setting or a response or stabilization for at 
least 24 weeks of endocrine therapy for advanced 
disease.

The primary end point was progression-free 
survival, on the basis of radiographic studies as-
sessed by the local investigators, with central as-

Table 1. Patient and Tumor Characteristics at Baseline.*

Characteristic

Everolimus  
and Exemestane

(N = 485)

Placebo  
and Exemestane

(N = 239)

Age (yr)

Median 62 61

Range 34–93 28–90

Race (%)†

White 74 78

Black 3 1

Asian 20 19

Other 3 2

Disease-free interval‡

Median (mo) 58 57

Range (mo) 1–340 5–316

<12 mo (%) 2 4

12–24 mo (%) 5 6

>24 mo (%) 56 54

No adjuvant therapy (%) 31 31

Previous sensitivity to endocrine therapy (%) 84 84

Visceral disease (%) 56 56

Measurable disease (%)§ 70 68

Metastatic site (%)

Lung 29 33

Liver 33 30

Bone 76 77

No. of metastatic sites (%)

1 32 29

2 31 34

≥3 36 37

ECOG performance status (%)¶

0 60 59

1 36 35

2 2 3
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tane alone. The adverse events observed with 
everolimus plus exemestane are consistent with 
those reported with everolimus and other rapa-

mycin analogues and include stomatitis, fatigue 
and asthenia, diarrhea, cough, pyrexia, and hy-
perglycemia.22,23 In the current study, a high per-
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All patients
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Figure 2. Consistency of Results for Progression-free Survival across the Various Subgroups.

Scores for Eastern Cooperative Oncology Group (ECOG) performance status range from 0 to 5, with 0 indicating that 
the patient is fully active, 1 indicating that the patient is restricted in physically strenuous activity but is ambulatory and 
able to carry out work of a light or sedentary nature, and 2 indicating that the patient is ambulatory and capable of all 
self-care but unable to work. The number of patients may not add up to 724 owing to missing baseline data. The size of 
each square is proportional to the number of patients in the subgroup. The data are shown on a semi-logarithmic scale.
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Abstract
Background The addition of mTOR inhibitor everolimus

(EVE) to exemestane (EXE) was evaluated in an interna-

tional, phase 3 study (BOLERO-2) in patients with hor-
mone-receptor-positive (HR?) breast cancer refractory to

letrozole or anastrozole. The safety and efficacy of anti-

cancer treatments may be influenced by ethnicity (Sekine
et al. in Br J Cancer 99:1757–62, 2008). Safety and efficacy

results from Asian versus non-Asian patients in BOLERO-

2 are reported.

Methods Patients were randomized (2:1) to 10 mg/day
EVE ? EXE or placebo (PBO) ? EXE. Primary endpoint

was progression-free survival (PFS). Secondary endpoints

included overall survival, response rate, clinical benefit
rate, and safety.

Results Of 143 Asian patients, 98 received EVE ? EXE

and 45 received PBO ? EXE. Treatment with
EVE ? EXE significantly improved median PFS versus

PBO ? EXE among Asian patients by 38 % (HR = 0.62;

95 % CI, 0.41–0.94). Median PFS was also improved
among non-Asian patients by 59 % (HR = 0.41; 95 % CI,

0.33–0.50). Median PFS duration among EVE-treated

Asian patients was 8.48 versus 4.14 months for
PBO ? EXE, and 7.33 versus 2.83 months, respectively,

in non-Asian patients. The most common grade 3/4 adverse
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Results: Of 143 Asian patients, 98 received EVE + EXE and 45 received PBO + EXE. 
Treatment with EVE + EXE significantly improved median PFS versus PBO + EXE 
among Asian patients by 38 % (HR = 0.62; 95 % CI, 0.41–0.94). Median PFS was 
also improved among non-Asian patients by 59 % (HR = 0.41; 95 % CI, 0.33–0.50). 
Median PFS duration among EVE-treated Asian patients was 8.48 versus 
4.14months for PBO + EXE, and 7.33 versus 2.83 months, respectively, in non-
Asian patients. The most common grade 3/4 adverse events (stomatitis, anemia, 
elevated liver enzymes, hyperglycemia, and dyspnea) occurred at similar 
frequencies in Asian and non-Asian patients. Grade 1/2 interstitial lung disease 
occurred more frequently in Asian patients. Quality of life was similar between 
treatment arms in Asian patients. 



Forest plot of progression-free survival
(subgroup analysis by region and ethnicity) 

lower in Asian patients compared with non-Asian patients

(2.0 vs. 3.6 %, respectively). In contrast, hot flushes were

comparable in incidence between Asian and non-Asian

patients. They were, however, less frequent in Asian and non-

Asian patients in the EVE ? EXE arm (6.1 and 5.5 %) than

in the PBO ? EXE arm (13.3 and 14.5 %) (Table 4).
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Fig. 2 Kaplan–Meier analyses
of progression-free survival in
a Asian and b non-Asian
patients with advanced breast
cancer. CI confidence interval,
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Adverse events

Asians
(Im)

Asians 
(Noguchi)

Non-asians
(Noguchi)

Stomatitis 66 (9) 82 (8) 14 (2)

Hyperlipidemia 26 (2) 8 (0) 3 (<1)

Hyperglycaemia 14 (5) 9(4) 4 (1.5)

Elevated liver 

enzymes

17 (6) 17 (3) 3 (0.8)

Pneumonitis 10 (<1) 23 (2) 4 (1)

Im, HY Im, ASCO 2015 abstract

Noguchi, S Noguchi, Breast Cancer, 2014
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PFS: Asian subgroup analysis*

PFS (investigator 

assessment)

Ribociclib + tamoxifen/NSAI 

n=92

Placebo + tamoxifen/NSAI 

n=88

Number of events, n (%) 33 (36) 56 (64)
Median PFS, months 24.7 10.9
Hazard ratio (95% CI) 0.419 (0.266–0.659)

One-sided p value 0.0000527
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Adverse Events in Pts on Palbociclib + Letrozole

Paloma-1 study: Palbociclib + Letrozole in 1st line ABC
- Finn et al. Lancet Oncol 2015; 16: 25–35 

OOTR-N007 Study: Palbociclib + Letrozole in 
Neoadjuvant Treatment of Breast Cancer
– Chow et al. AOS-OOTR-KBCCC Meeting, 2016 Poster Presentation 

- Ethnicity: not reported

- Only East-Asian 24/321 sites

- Dosing Palbociclib

- 125 mg q3w / 28 d

- Stage: mostly stage IV BC

- Visceral Metastasis: 44% 

- Bone Metastasis: 20% 

- Other Metastasis: 30% 

- CTx pre-treated: 40% 

- Hormonal Pre-treated: 32% 

- Ethnicity: Chinese

- Starting Dose Palbociclib: 

- Initially: 125 mg q3w / 28 d

- Amended: 100 mg q3w / 28 d
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A bs tr ac t

Background
Lapatinib, a tyrosine kinase inhibitor of human epidermal growth factor receptor 
type 2 (HER2, also referred to as HER2/neu) and epidermal growth factor receptor 
(EGFR), is active in combination with capecitabine in women with HER2-positive 
metastatic breast cancer that has progressed after trastuzumab-based therapy. In 
this trial, we compared lapatinib plus capecitabine with capecitabine alone in such 
patients.

Methods
Women with HER2-positive, locally advanced or metastatic breast cancer that had 
progressed after treatment with regimens that included an anthracycline, a taxane, 
and trastuzumab were randomly assigned to receive either combination therapy 
(lapatinib at a dose of 1250 mg per day continuously plus capecitabine at a dose of 
2000 mg per square meter of body-surface area on days 1 through 14 of a 21-day cycle) 
or monotherapy (capecitabine alone at a dose of 2500 mg per square meter on days 
1 through 14 of a 21-day cycle). The primary end point was time to progression, 
based on an evaluation by independent reviewers under blinded conditions.

Results
The interim analysis of time to progression met specified criteria for early reporting 
on the basis of superiority in the combination-therapy group. The hazard ratio for 
the independently assessed time to progression was 0.49 (95% confidence interval, 
0.34 to 0.71; P<0.001), with 49 events in the combination-therapy group and 72 
events in the monotherapy group. The median time to progression was 8.4 months 
in the combination-therapy group as compared with 4.4 months in the monotherapy 
group. This improvement was achieved without an increase in serious toxic effects 
or symptomatic cardiac events.

Conclusions
Lapatinib plus capecitabine is superior to capecitabine alone in women with HER2-
positive advanced breast cancer that has progressed after treatment with regimens that 
included an anthracycline, a taxane, and trastuzumab. (ClinicalTrials.gov number, 
NCT00078572.)
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of these events in the combination-therapy group 
were considered to be related to treatment, and all 
women had an LVEF value that was at or above 
the lower limit of the normal range on subsequent 
assessment. Prinzmetal’s angina developed in one 
of the four women. It resolved when the study 
treatment was permanently discontinued, but 
there was a subsequent drop in the LVEF. An 
asymptomatic cardiac event occurred in one of 
the four women after tumor progression, and in 
the remaining two women, treatment with lapa-
tinib was resumed at a dose of 1000 mg daily 
without recurrence of a cardiac event. The cardi-
ac event in the monotherapy group was deemed 
to be unrelated to treatment and did not resolve. 
There were no symptomatic cardiac events, and 
lapatinib was not discontinued because of a de-
crease in the LVEF. There were no differences in 
the mean LVEF values between the two groups at 
scheduled assessments (Figure 2 of the Supple-
mentary Appendix).

Discussion

This phase 3, randomized study compared lapa-
tinib plus capecitabine with capecitabine alone in 
women with advanced, progressive HER2-positive 
breast cancer who had received multiple previous 
treatments. The interim analysis showed that the 
addition of lapatinib to capecitabine was associ-
ated with a 51% reduction in the risk of disease 
progression. The early reporting boundary for 
superiority was crossed. The median time to pro-
gression was 8.4 months in the combination-
therapy group and 4.4 months in the monother-
apy group. On the basis of the efficacy analysis 
and the absence of concern about safety, the data 
and safety monitoring committee recommended 
terminating enrollment and reporting the results.

To minimize ascertainment bias, the determi-
nation of the primary end point (time to progres-
sion) was based on an assessment of disease 
status by independent reviewers under blinded 

Table 3. Adverse Events.

Event Lapatinib plus Capecitabine (N = 164) Capecitabine Alone (N = 152) P Value*
Grade

1
Grade

2
Grade

3
Grade

4†
Any

Grade
Grade

1
Grade

2
Grade

3
Grade

4†
Any

Grade
number of events (percent)

Diarrhea 44 (27) 33 (20) 19 (12) 2 (1) 98 (60) 21 (14) 22 (14) 17 (11) 0 60 (39) <0.001

Nausea 48 (29) 21 (13) 3 (2) 0 72 (44) 42 (28) 18 (12) 3 (2) 0 64 (42)‡ 0.83

Vomiting 30 (18) 10 (6) 3 (2) 0 43 (26) 22 (14) 11 (7) 3 (2) 0 37 (24)‡ 0.80

Stomatitis 17 (10) 7 (4) 0 0 24 (15) 12 (8) 5 (3) 1 (<1) 0 18 (12) 0.57

Abdominal pain 13 (8) 10 (6) 2 (1) 0 25 (15) 17 (11) 13 (9) 2 (1) 0 32 (21) 0.23

Constipation 14 (9) 2 (1) 0 0 16 (10) 13 (9) 3 (2) 1 (<1) 0 17 (11) 0.82

Dyspepsia 13 (8) 5 (3) 0 0 18 (11) 4 (3) 1 (<1) 0 0 5 (3) 0.014

Hand–foot syndrome 16 (10) 52 (32) 12 (7) 0 80 (49) 19 (12) 39 (26) 16 (11) 0 74 (49) 1.00

Rash 32 (20) 11 (7) 2 (1) 0 45 (27) 14 (9) 7 (5) 2 (1) 0 23 (15) 0.011

Dry skin 18 (11) 0 0 0 18 (11) 6 (4) 2 (1) 0 0 8 (5) 0.10

Fatigue 16 (10) 10 (6) 3 (2) 0 29 (18) 17 (11) 18 (12) 5 (3) 1 (<1) 41 (27) 0.06

Mucosal inflammation 11 (7) 7 (4) 0 0 18 (11) 7 (5) 9 (6) 3 (2) 0 19 (12) 0.80

Asthenia 6 (4) 4 (2) 0 0 10 (6) 7 (5) 8 (5) 3 (2) 0 18 (12) 0.11

Headache 9 (5) 6 (4) 0 0 15 (9) 13 (9) 4 (3) 1 (<1) 1 (<1) 20 (13)† 0.34

Pain in extremity 13 (8) 6 (4) 1 (<1) 0 21 (13)† 9 (6) 2 (1) 1 (<1) 0 13 (9)† 0.30

Back pain 9 (5) 6 (4) 2 (1) 0 17 (10) 5 (3) 3 (2) 1 (<1) 0 9 (6) 0.22

Anorexia 18 (11) 6 (4) 1 (<1) 0 25 (15) 21 (14) 8 (5) 1 (<1) 0 30 (20) 0.37

Dyspnea 8 (5) 5 (3) 5 (3) 0 18 (11) 4 (3) 3 (2) 3 (2) 0 10 (7) 0.24

* P values were calculated with Fisher’s exact test for differences in toxicities of any grade.
† A total of 13 grade 4 adverse events occurred among 10 (6%) of the patients receiving lapatinib plus capecitabine, and 16 grade 4 adverse 

events occurred among 11 (7%) of the patients receiving capecitabine alone. These differences are not significant.
‡ The number includes one event with an unknown grade.
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and 35 occurred in the monotherapy group (hazard 
ratio, 0.92; 95% CI, 0.58 to 1.46; P = 0.72) (Fig. 2B).

CNS as the Site of First Progression
In the monotherapy group, 11 women had progres-
sive CNS metastases, as compared with 4 women 
in the combination-therapy group. This difference 
was not statistically significant (P = 0.10 by Fisher’s 
exact test).

Supportive Analyses
An analysis of the investigator-assessed time to 
progression, based on the date of disease progres-
sion or death due to breast cancer, was conducted 
for the first 133 of the 146 reported disease-pro-
gression events. The subsequent 13 events were 
censored for this analysis. Investigators reported 
59 disease-progression events in the combination-
therapy group and 74 in the monotherapy group 
(hazard ratio for disease progression in the com-
bination-therapy group, 0.59; 95% CI, 0.42 to 0.84; 
P = 0.002) (Fig. 2C). The median time to progres-
sion was 5.9 months in the combination-therapy 
group and 4.3 months in the monotherapy group. 
Investigator-assessed response rates were 29% 
(95% CI, 23 to 37) in the combination-therapy 
group and 17% (95% CI, 11 to 24) in the mono-
therapy group (P = 0.01).

Table 2 of the Supplementary Appendix shows 
a 75% concordance between the assessments of 
time to progression that were made by the inde-
pendent reviewers and the assessments made by 
the investigators. The primary reasons for differ-
ences were alternative interpretations of lesions 
and selection of different lesions by reviewers. In 

a sensitivity analysis with the use of the earliest 
disease-progression event assessed by the inves-
tigator or by the independent reviewers, there were 
167 events: 74 in the combination-therapy group 
and 93 in the monotherapy group (hazard ratio for 
progression, 0.59; 95% CI, 0.43 to 0.80; P<0.001).

Adverse Events
Table 3 shows adverse events through November 
15, 2005, according to the treatment received. 
The most common adverse events were diarrhea, 
the hand–foot syndrome, nausea, vomiting, fa-
tigue, and rash that was distinct from the hand–
foot syndrome. Most adverse events were grade 
1, 2, or 3. Grade 4 diarrhea occurred in two 
women in the combination-therapy group (1%). 
One case each of grade 4 fatigue, headache, and 
dizziness was reported in the monotherapy group. 
Diarrhea, dyspepsia, and rash occurred more of-
ten in the group of women who received combi-
nation therapy. Five women had a fatal adverse 
event: two in the combination-therapy group and 
three in the monotherapy group. The death of 
one woman in the monotherapy group, who had 
diarrhea, vomiting, and small-bowel obstruction, 
was deemed by the investigator to be related to 
drug toxicity. Adverse events led to discontinua-
tion of treatment in 22 women in the combina-
tion-therapy group (13%) and in 18 women in the 
monotherapy group (12%).

Cardiac Safety
Asymptomatic cardiac events were identified in 
four women in the combination-therapy group 
and in one woman in the monotherapy group. All 

Table 2. Efficacy End Points in the Intention-to-Treat Population.*

End Point

Lapatinib plus 
Capecitabine

(N = 163)

Capecitabine 
Alone

(N = 161)

Hazard 
Ratio 

(95% CI) P Value

Median time to progression — mo 8.4 4.4 0.49 (0.34–0.71) <0.001†

Median progression-free survival — mo 8.4 4.1 0.47 (0.33–0.67) <0.001†

Overall response — % (95% CI) 22 (16–29) 14 (9–21) 0.09‡

Complete response — no. (%) 1 (<1) 0 (0)

Partial response — no. (%) 35 (21) 23 (14)

Clinical benefit — no. (%) 44 (27) 29 (18)

Death — no. (%) 36 (22) 35 (22)   

*  End points are based on evaluation by the independent review committee under blinded conditions.
† The P value was calculated with the log-rank test.
‡ The P value was calculated with Fisher’s exact test.
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of these events in the combination-therapy group 
were considered to be related to treatment, and all 
women had an LVEF value that was at or above 
the lower limit of the normal range on subsequent 
assessment. Prinzmetal’s angina developed in one 
of the four women. It resolved when the study 
treatment was permanently discontinued, but 
there was a subsequent drop in the LVEF. An 
asymptomatic cardiac event occurred in one of 
the four women after tumor progression, and in 
the remaining two women, treatment with lapa-
tinib was resumed at a dose of 1000 mg daily 
without recurrence of a cardiac event. The cardi-
ac event in the monotherapy group was deemed 
to be unrelated to treatment and did not resolve. 
There were no symptomatic cardiac events, and 
lapatinib was not discontinued because of a de-
crease in the LVEF. There were no differences in 
the mean LVEF values between the two groups at 
scheduled assessments (Figure 2 of the Supple-
mentary Appendix).

Discussion

This phase 3, randomized study compared lapa-
tinib plus capecitabine with capecitabine alone in 
women with advanced, progressive HER2-positive 
breast cancer who had received multiple previous 
treatments. The interim analysis showed that the 
addition of lapatinib to capecitabine was associ-
ated with a 51% reduction in the risk of disease 
progression. The early reporting boundary for 
superiority was crossed. The median time to pro-
gression was 8.4 months in the combination-
therapy group and 4.4 months in the monother-
apy group. On the basis of the efficacy analysis 
and the absence of concern about safety, the data 
and safety monitoring committee recommended 
terminating enrollment and reporting the results.

To minimize ascertainment bias, the determi-
nation of the primary end point (time to progres-
sion) was based on an assessment of disease 
status by independent reviewers under blinded 

Table 3. Adverse Events.

Event Lapatinib plus Capecitabine (N = 164) Capecitabine Alone (N = 152) P Value*
Grade

1
Grade

2
Grade

3
Grade

4†
Any

Grade
Grade

1
Grade

2
Grade

3
Grade

4†
Any

Grade
number of events (percent)

Diarrhea 44 (27) 33 (20) 19 (12) 2 (1) 98 (60) 21 (14) 22 (14) 17 (11) 0 60 (39) <0.001

Nausea 48 (29) 21 (13) 3 (2) 0 72 (44) 42 (28) 18 (12) 3 (2) 0 64 (42)‡ 0.83

Vomiting 30 (18) 10 (6) 3 (2) 0 43 (26) 22 (14) 11 (7) 3 (2) 0 37 (24)‡ 0.80

Stomatitis 17 (10) 7 (4) 0 0 24 (15) 12 (8) 5 (3) 1 (<1) 0 18 (12) 0.57

Abdominal pain 13 (8) 10 (6) 2 (1) 0 25 (15) 17 (11) 13 (9) 2 (1) 0 32 (21) 0.23

Constipation 14 (9) 2 (1) 0 0 16 (10) 13 (9) 3 (2) 1 (<1) 0 17 (11) 0.82

Dyspepsia 13 (8) 5 (3) 0 0 18 (11) 4 (3) 1 (<1) 0 0 5 (3) 0.014

Hand–foot syndrome 16 (10) 52 (32) 12 (7) 0 80 (49) 19 (12) 39 (26) 16 (11) 0 74 (49) 1.00

Rash 32 (20) 11 (7) 2 (1) 0 45 (27) 14 (9) 7 (5) 2 (1) 0 23 (15) 0.011

Dry skin 18 (11) 0 0 0 18 (11) 6 (4) 2 (1) 0 0 8 (5) 0.10

Fatigue 16 (10) 10 (6) 3 (2) 0 29 (18) 17 (11) 18 (12) 5 (3) 1 (<1) 41 (27) 0.06

Mucosal inflammation 11 (7) 7 (4) 0 0 18 (11) 7 (5) 9 (6) 3 (2) 0 19 (12) 0.80

Asthenia 6 (4) 4 (2) 0 0 10 (6) 7 (5) 8 (5) 3 (2) 0 18 (12) 0.11

Headache 9 (5) 6 (4) 0 0 15 (9) 13 (9) 4 (3) 1 (<1) 1 (<1) 20 (13)† 0.34

Pain in extremity 13 (8) 6 (4) 1 (<1) 0 21 (13)† 9 (6) 2 (1) 1 (<1) 0 13 (9)† 0.30

Back pain 9 (5) 6 (4) 2 (1) 0 17 (10) 5 (3) 3 (2) 1 (<1) 0 9 (6) 0.22

Anorexia 18 (11) 6 (4) 1 (<1) 0 25 (15) 21 (14) 8 (5) 1 (<1) 0 30 (20) 0.37

Dyspnea 8 (5) 5 (3) 5 (3) 0 18 (11) 4 (3) 3 (2) 3 (2) 0 10 (7) 0.24

* P values were calculated with Fisher’s exact test for differences in toxicities of any grade.
† A total of 13 grade 4 adverse events occurred among 10 (6%) of the patients receiving lapatinib plus capecitabine, and 16 grade 4 adverse 

events occurred among 11 (7%) of the patients receiving capecitabine alone. These differences are not significant.
‡ The number includes one event with an unknown grade.
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Abstract
Background The results from a phase III trial conducted

outside of Japan demonstrated a significant improvement in

time to progression (TTP) when lapatinib was combined
with capecitabine compared with capecitabine alone in

patients with HER2-positive advanced or metastatic breast

cancer. In this clinical study of lapatinib in combination
with capecitabine, efficacy, safety, pharmacokinetics (PK)

and biomarkers were investigated in Japanese patients with

HER2-positive advanced or metastatic breast cancer trea-
ted with prior trastuzumab.

Methods Eligible women received lapatinib 1250 mg
once daily and capecitabine 1000 mg/m2 twice daily on

days 1 through 14 of a 21-day cycle. The primary endpoint

was the clinical benefit rate (CBR: complete response,
partial response or stable disease for at least 24 weeks).

Results Lapatinib in combination with capecitabine was

well tolerated in the 51 patients enrolled in this study. CBR
was 59 % (95 % CI 44.2, 72.4), and the median TTP in the

Kaplan-Meier estimate was 36 weeks (95 % CI 27.1, 48.0).

The majority of drug-related adverse events were mild to
moderate (grade 1 or 2); the most common adverse events

reported were palmar-plantar erythrodysesthesia syndrome

(76 %), diarrhea (67 %) and stomatitis (41 %).
Conclusions Lapatinib in combination with capecitabine

in Japanese HER2-positive breast cancer patients was well

tolerated. Overall, our findings on the efficacy, safety and
PK were similar to those reported from the overseas studies.

Keywords Lapatinib ! Capecitabine ! HER2 ! Breast
cancer ! Biomarker

Introduction

Approximately 20 % of breast cancers exhibit overex-

pression or gene amplification of human epidermal growth
factor receptor 2 (HER2), which is known to be associated

with aggressive disease and a greater risk of disease pro-

gression and death [1].
Lapatinib is a reversible, bioavailable and small molecule

tyrosine kinase inhibitor (TKI) that potently inhibits both

epidermal growth factor receptor (EGFR) and HER2. EGF
receptor family TKIs, such as lapatinib, compete intracel-

lularly with adenosine triphosphate for its receptor binding

site and inhibit the tyrosine kinase activity of the receptor. In
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Abstract 
Overexpression of human epidermal gro wth factor receptor鄄  2 (HER2) in metastatic breast cancer 

(MBC) is associated with poor prognosis. This single鄄  arm open鄄  label trial (EGF109491; NCT00508274) 
was designed to confirm the efficacy and safety of lapatinib in combination with capecitabine in 52 heavily 
pretreated Chinese patients with HER2鄄  positive MBC. The primary endpoint was clinical benefit rate 
(CBR). Secondary endpoints included progression鄄  free survival (PFS), time to response (TTR), duration of 
response (DoR), central nervous system (CNS) as first site of relapse, and safety. The results showed 
that there were 23 patients with partial responses and 7 patients with stable disease, resulting in a CBR 
of 57.7%. The median PFS was 6.34 months (95% confidence interval, 4.93-9.82 months). The median 
TTR and DoR were 4.07 months (range, 0.03 -14.78 months) and 6.93 months (range, 1.45 -9.72 
months), respectively. Thirteen (25.0%) patients had new lesions as disease progression. Among them, 2 
(3.8%) patients had CNS disease reported as the first relapse. The most common toxicities were palmar鄄  
plantar erythrodysesthesia (59.6%), diarrhea (48.1%), rash (48.1%), hyperbilirubinemia (34.6%), and 
fatigue (30.8%). Exploratory analyses of oncogenic mutations of PIK3CA suggested that of 38 patients 
providing a tumor sample, baseline PIK3CA mutation status was not associated with CBR (P = 0.639) or 
PFS (P = 0.989). These data confirm that the lapatinib plus capecitabine combination is an effective and 
well鄄  tolerated treatment option for Chinese women with heavily pretreated MBC, irrespectiv e of PIK3CA 
status. 

Key words Lapatinib, capecitabine, HER2, metastatic breast cancer 
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Human epidermal growth factor receptor­2 (HER2) 
is a member of the epidermal growth factor receptor 
(EGFR) family of transmembrane cell surface receptors, 
which possess intrinsic tyrosine kinase (TK) activity [1] . 
Amplification of the  gene or its product is 
observed in 17% to 30% of human breast cancers and 
is associated with poor prognosis, enhanced risk of 
disease progression, and reduced progression­free 
survival (PFS) and overall survival (OS) [2­7] . 

Inhibition of HER2, for which there are currently 2 
approved therapeutic approaches, is now a validated 
means of improving clinical outcomes in patients with 
HER2­overexpressing breast cancer. One approach 
involves trastuzumab, a humanized monoclonal antibody 
directed against the HER2 extracellular domain [8] . When 
added to chemotherapy, trastuzumab has been shown to 
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observed in 63 % (32/51) and 12 % (6/51), respectively;

one subject had an unknown response. The median TTP
was 36.0 weeks (95 % CI 27.1, 48.0) (Fig. 1). The median

OS was 78.6 weeks (95 % CI 51.6, 103.0).

Biomarker

All subjects enrolled were HER2-positive (IHC 3 ? or
FISH positive) by a local laboratory. Based on results of

the HER2 status assessed at the central laboratory, 4 % (2/

50) were IHC 0, 4 % (2/50) 1 ? , 32 % (16/50) 2 ? and
60 % (30/50) 3 ? ; 91 % (43/47) were FISH positive

(ratio C 2.0) and 9 % (4/47) were negative (ratio \ 2.0)

(Table 5). Three out of 47 subjects were evaluated as
HER2 negative by IHC and FISH, i.e. one subject was IHC

0/FISH negative, another was IHC 1 ?/FISH negative, and

the other was IHC 2 ?/FISH negative. There was one
subject whose tumor tissue was non-evaluable for HER2

testing.

Of 49 subjects with EGFR status assessed centrally by
IHC, 69 % (34/49) were IHC 0, 8 % (4/49) 1 ? , 20 %

(10/49) 2 ? and 2 % (1/49) 3 ?; thus, the majority of
subjects had tumors that were EGFR negative.

For exploratory purposes, subgroup analysis was per-

formed in terms of the HER2 status evaluated in the central
laboratory (Table 6). In terms of HER2 status evaluated by

IHC and FISH, as expected, ORR and CBR were higher in

the HER2-positive subgroup, althougha small number of
subjects had IHC or FISH negative tumors.

ORR was similar in EGFR IHC 0 and 2 ? subgroups;

there was a possible trend of a correlation between EGFR
status and tumor response; however, inference testing was

not performed. There was no significant difference in TTP

between EGFR-negative (IHC 0) and -positive (IHC 1 ? ,
2 ? , 3 ?) subgroups (p= 0.8025).

Baseline serum HER2 ECD concentration levels (col-

lected prior to this study treatment) were available for all
subjects. At screening, the majority of subjects had HER2

ECD levels [ 15 ng/ml (63 %). This finding may be

reflective of the advanced disease stage and overall tumor
burden of the population [11]. Exploratory analysis showed

no significant difference in TTP between two HER2 ECD

subgroups and no significant difference in HER2 ECD levels
between the no clinical benefit group and clinical benefit

group (p= 0.1539 and 0.3338, respectively) (Fig. 2a, b).

Discussion

In this study, lapatinib in combination with capecitabine

was well tolerated in Japanese patients with HER2-positive
MBC who had been treated with prior anthracyclines,

Table 4 Summary of tumor response in the ITT population

Best response, n (%)

CR 0

PR 12 (24)

SD, C 24 weeks 18 (35)

SD, \ 24 weeks 14 (27)

PD 6 (12)

NE 1 (2)

ORR 24 % (95 %CI 12.8, 37.5)

CBR 59 % (95 %CI 44.2, 72.4)

CR complete response, PR partial response, SD stable disease, PD
progressive disease, NE not evaluable, ORR overall response rate,
CBR clinical benefit rate (CR; PR; SD C 24 weeks)

Fig. 1 Kaplan-Meier estimates for the time to progression as
assessed at the Independent Review Facility

Table 5 Distribution of HER2 and EGFR biomarker results

HER2 IHC score, n (%) (n= 50)

0 2 (4)

1? 2 (4)

2? 16 (32)

3? 30 (60)

FISH HER2 amplification, n (%) (n= 47)

Positive (C 2.0) 43 (91)

Borderline (1.8 to \ 2.0) 0

Negative (\ 1.8) 4 (9)

EGFR IHC score, n (%) (n= 49)

0 34 (69)

1? 4 (8)

2? 10 (20)

3? 1 (2)

HER2 eligibility was determined at the local laboratory. One subject
was non-evaluable for HER2 and EGFR

HER2 human epidermal growth factor receptor 2, IHC immunohis-
tochemistry, FISH fluorescence in situ hybridization, EGFR epider-
mal growth factor receptor
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Anticancer therapies before lapatinib 
Treatment for advanced or metastatic disease 

1 regimen 
2 regimens 
逸3 regimens 

Capecitabine 
逸1 anthracycline, taxane, or trastuzumab containing regimen 

Anthracycline 
Taxane 
Trastuzumab 

Neoadjuvant 
Adjuvant 
Metastatic 

Trastuzumab exposure duration (months) 
Median 
Range 

No. of patients (%) 
48 (92.3) 
18 (34.6) 
10 (19.2) 
20 (38.5) 
15 (28.8) 

44 (84.6) 
48 (92.3) 
33 (63.5) 

0 (0) 
7 (21.2) 

30 (90.9) 

7.2 
1-40 

Data are presented as number of patients, with the percentage in parentheses, except for trastuzumab exposure duration. 

Endpoint 
Best response rate 

CR 
PR 
SD 逸24 weeks 
PD 
Unknown 

CBR (CR + PR + SD 逸24 weeks) 
% (95% CI) 

PFS 
Median, months (95% CI) 
6鄄  month rate, % (95% CI) 

Median time to response (months) 
Median duration of response (months) 
First site of relapse 

Any new lesion(s) 
CNS disease as site of first relapse 

No. of patients (%) 

0 (0) 
23 (44.2) 

7 (13.5) 
4 (7.7) 
2 (3.8) 

57.7 (43.2-71.3) 

6.34 (4.93-9.82) 
53.4 (39.4-67.4) 

4.07 
6.93 

13 (25.0) 
2 (3.8) 

Data are presented as number of patients with the percentage in parentheses, except for CBR, median PFS, median time of response and median duration of 
response. CBR, clinical benefit rate; CR, complete response; PR, partial response; SD, stable disease; CI, confidence interval; PD, progressive disease; PFS, 
progression-free survival; CNS, central nervous system. 
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had received it for MBC, and the median duration of 
trastuzumab exposure was 7.2 months. Consistent with 
the standard capecitabine dosing regimen (i.e., 2 weeks 
on, 1 week off), the median duration of exposure was 
170 days for lapatinib and 112 days for capecitabine. 

Efficacy 

There were 23 patients with PR, 7 patients with SD 
for at least 24 weeks, and 0 patients with CR, resulting 
in a CBR of 57.7% (Table 4). The median PFS was 

6.34 months (95% CI, 4.93­9.82 months) (Figure 1). 
The median TTR and DoR were 4.07 (range, 
0.03­14.78 months) and 6.93 months (range, 1.45­9.72 
months), respectively. There were 13 (25.0%) patients 
who had new lesions as disease progression. Among 
them, 2 (3.8%) patients had CNS disease reported as 
first site of relapse. 

Safety 

A total of 49 patients (94.2%) experienced at least 1 
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1) median TTP was 9 months (95 
% CI 27.1, 48.0)

2) median OS was 19.7 months 
(95 % CI 51.6, 103.0) 

Chinese Study



Adverse events

Japanese study

reached Cmax and then decreased in a linear fashion. t1/2 values

of FBAL were just under 2.5 h, which was longer than that of
capecitabine and 5-FU by approximately three-fold.

In part 2, mean (standard deviation) pre-dose concen-

trations of lapatinib were 1.07 (0.72) lg/ml on day 14 and
1.24 (0.85) lg/ml on day 21. At pre-dose on day 14,

plasma concentrations of capecitabine were below the limit

of quantitation in most of the subjects, plasma concentra-
tions of 5-FU were below the limit of quantitation in all of

the subjects, and the mean (standard deviation) plasma

concentration of FBAL was 0.67 (0.46) lg/ml.

Efficacy

The primary endpoint of this study was CBR. Of 51

patients enrolled, 30 subjects (59 %) derived clinical ben-
efit (95 % CI 44.2, 72.4) (Table 4). ORR in the ITT pop-

ulation was 24 % (95 % CI 12.8, 37.5) with 12 PRs

(24 %), while SD and progressive disease (PD) were

Table 2 Summary of adverse
events experienced by at least
10 % of 51 subjects

Number (percent)

PPE palmar-plantar
erythrodysesthesia

Adverse event, n (%) Grade 1 Grade 2 Grade 3 Grade 4 Total

PPE syndrome 18 (35) 16 (31) 5 (10) 0 39 (76)

Diarrhea 26 (51) 7 (14) 1 (2) 0 34 (67)

Stomatitis 21 (41) 0 0 0 21 (41)

Rash 13 (25) 6 (12) 1 (2) 0 20 (39)

Pruritus 16 (31) 1 (2) 0 0 17 (33)

Nausea 15 (29) 2 (4) 0 0 17 (33)

Fatigue 16 (31) 1 (2) 0 0 17 (33)

Anorexia 15 (29) 1 (2) 1 (2) 0 17 (33)

Blood bilirubin increased 6 (12) 10 (20) 0 0 16 (31)

Dry skin 13 (25) 1 (2) 1 (2) 0 15 (29)

Alanine aminotransferase increased 9 (18) 4 (8) 1 (2) 1 (2) 15 (29)

Aspartate aminotransferase increased 9 (18) 3 (6) 3 (6) 0 15 (29)

Nasopharyngitis 14 (27) 1 (2) 0 0 15 (29)

White blood cell count decreased 2 (4) 10 (20) 2 (4) 0 14 (27)

Paronychia 11 (22) 3 (6) 0 0 14 (27)

Neutrophil count decreased 3 (6) 4 (8) 3 (6) 1 (2) 11 (22)

Pigmentation disorder 9 (18) 0 0 0 9 (18)

Pyrexia 8 (16) 1 (2) 0 0 9 (18)

Blood alkaline phosphatase increased 7 (14) 0 1 (2) 0 8 (16)

Red blood cell count decreased 8 (16) 0 0 0 8 (16)

Cheilitis 7 (14) 0 0 0 7 (14)

Weight decreased 4 (8) 3 (6) 0 0 7 (14)

Headache 6 (12) 1 (2) 0 0 7 (14)

Skin exfoliation 6 (12) 1 (2) 0 0 7 (14)

Vomiting 4 (8) 2 (4) 0 0 6 (12)

Malaise 5 (10) 1 (2) 0 0 6 (12)

Dizziness 5 (10) 0 1 (2) 0 6 (12)

Cancer pain 3 (6) 3 (6) 0 0 6 (12)

Acne 3 (6) 1 (2) 1 (2) 0 5 (10)

Nail disorder 4 (8) 1 (2) 0 0 5 (10)

Constipation 5 (10) 0 0 0 5 (10)

Blood albumin decreased 3 (6) 2 (4) 0 0 5 (10)

Table 3 Pharmacokinetic parameters of five subjects

AUC0–s
a

(lg h/ml)
Cmax

a

(lg/ml)
tmax

b

(h)

Lapatinib 48.2
(34.6, 67.1)

3.52
(2.57, 4.82)

5.55
(3.02, 5.93)

Capecitabine 4.00
(3.01, 5.31)

2.70
(1.49, 4.88)

1.90
(0.53, 3.25)

5-FU 0.51
(0.35, 0.76)

0.28
(0.13, 0.63)

1.90
(0.53, 3.25)

FBAL 29.0
(26.4, 32.0)

5.77
(5.00, 6.66)

3.05
(2.00, 4.25)

a Geometric mean (95 % confidence interval)
b Median (range)
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Figure 1. Kaplan鄄  Meier curve for 
progression鄄  free survival (PFS) of 52 
patients with HER2鄄  positive metastatic 
breast cancer treated with lapatinib plus 
capecitabine. Median PFS was 6.34 
months (95% confidence interval, 4.93- 
9.82 months). 

Adverse event 
PPE 
Diarrhea 
Rash 
Hyperbilirubinemia 
Fatigue 
Nausea 
Neutropenia 

Grade 1 
25 (48.1) 
20 (38.5) 
22 (42.3) 

4 (7.7) 
11 (21.2) 

9 (17.3) 
0 

Grade 2 
6 (11.5) 
4 (7.7) 
1 (1.9) 

12 (23.1) 
4 (7.7) 
1 (1.9) 
4 (7.7) 

Grade 3 
0 
0 
2 (3.8) 
2 (3.8) 
1 (1.9) 
0 
1 (1.9) 

Grade 4 
0 
0 
0 
0 
0 
0 
2 (3.8) 

Total 
31 (59.6) 
25 (48.1) a 

25 (48.1) 
18 (34.6) 
16 (30.8) 
10 (19.2) 
7 (13.5) 

Data are presented as number of patients, with the percentage in parentheses. 
a The grade of diarrhea for one patient (1.9%) was unknown. 
PPE, palmar鄄  plantar erythrodysesthesia. 
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AE during the study. The most common toxicities (i.e., 
an incidence rate greater than 10%) were palmar­plantar 
erythrodysesthesia (PPE, 59.6%), diarrhea (48.1%), rash 
(48.1%), hyperbilirubinemia (34.6%), and fatigue (30.8%) 
(Table 5). The maximum grades of these AEs were 
mainly grade 1 or 2. The only grade 3 or 4 AEs were 
rash (3.8% grade 3), hyperbilirubinemia (3.8% grade 3), 
fatigue (1.9% grade 3), and neutropenia (1.9% grade 3, 
3.8% grade 4). Notably, there were no instances of 
interstitial pneumonitis or LVEF decrease. A total of 3 
(5.8% ) patients experienced severe AEs. One patient 
experienced severe hemoptysis and was subsequently 
found to have multiple lung metastases on chest X­ray. 
A second patient experienced grade 4 neutropenia that 
resolved subsequent to treatment discontinuation, though 
this patient was ultimately withdrawn from the study due 
to progressive disease. A third patient developed grade 4 
thrombocytopenia 14 days after beginning treatment. 
This event resolved subsequent to a transfusion, but 20 

days after beginning treatment, the same patient 
developed grade 4 nonfebrile leucopenia and 
neutropenia. Although both events resolved with 
treatment, the patient subsequently died with multiple 
organ failure. The events were considered related to 
treatment. A total of 18 patients (34.6%) experienced 
hyperbilirubinemia, including 2 patients who had 
pre­existing liver metastases and developed grade 3 
events. In both instances, hyperbilirubinemia was 
transient and subsequently returned to within normal 
range. These events were considered to be possibly 
related to lapatinib. 

Dose delays and reductions were permitted. A 
total of 4 (7.7%) and 10 (19.2%) patients required dose 
reductions in lapatinib and capecitabine, respectively. 
Eighteen patients (34.6% ) required a dose delay for 
lapatinib. A total of 14 (26.9%) patients were 100% 
compliant, and the remaining 38 (73.1%) patients were 
90% compliant with their lapatinib therapy. 
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Summary 

• Asians tolerate less well the Caucasian dose of 
docetaxel

• Asians may fare better with tamoxifen 
• Asians may have a lower EVE + EXE efficacy 

and slightly different toxicity profiles than 
Caucasians

• Efficacy of lapatinib + capecitabine may have 
higher CBR and and toxicities than Caucasians
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