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Abstract

Purpose This study aims to look at the distribution of dif-
ferent subtypes of stage I-III breast cancer in Maori and
Pacific versus non-Maori/Pacific women, and to examine
cancer outcomes by ethnicity within these different subtypes.
Method This study included 9,015 women diagnosed with
stage I-1II breast cancer between June 2000 and May 2013,
recorded in the combined Waikato and Auckland Breast
Cancer Registers, who had complete data on ER, PR and
HER?2 status. Five ER/PR/HER?2 subtypes were defined.
Kaplan—Meier method and Cox proportional hazards model
were used to examine ethnic disparities in breast cancer-
specific survival.
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Results  Of the 9,015 women, 891 were Maori, 548 were
Pacific and 7,576 others. Both Maori and Pacific women
were less likely to have triple negative breast cancer com-
pared to others (8.6, 8.9 vs. 13.0%). Pacific women were
more than twice as likely to have ER—, PR— and HER2+
cancer than Maori and others (14.2 vs. 6.0%, 6.7%). After
adjustment for age, year of diagnosis, stage, grade and treat-
ment, the hazard ratios of breast cancer-specific mortality for
Maori and Pacific women with ER+, PR+ and HER2— were
1.52 (95% CI 1.06-2.18) and 1.55 (95% CI 1.04-2.31) com-
pared to others, respectively. Maori women with HER2+
cancer were twice more likely to die of their cancer than
others.
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Conclusions Outcomes for Maori and Pacific women could
be improved by better treatment regimens especially for
those with HER2+ breast cancer and for women with ER+,
PR+ and HER2— breast cancer.

Keywords Breast cancer - Subtypes - Ethnic disparities -
Estrogen receptor - Progesterone receptor - Human
epidermal growth factor receptor 2

Introduction

Biomarkers, including oestrogen receptor (ER), proges-
terone receptor (PR) and human epidermal growth factor
receptor 2 (HER2), are important prognostic and predictive
indicators for breast cancer. In New Zealand, ER and PR
status have been routinely measured for the last 25 years.
The measurement of HER2 status became increasingly com-
mon from the first part of this century and has been routine
since 2006. Women with breast cancers that are both ER
and PR positive (+) have a better prognosis than those with
ER and PR negative (—) disease, while women with HER2+
cancers have a worse prognosis than those with HER2— dis-
ease [1]. A US study showed that women with ER+, PR+
and HER2- breast cancer were half as likely to die of breast
cancer as those with ER—, PR— and HER2+ cancers [2].
This large study also demonstrated that women with triple
negative (ER—, PR— and HER2-) breast cancer had the
worst prognosis after adjustment for cancer stage [2]. This
is consistent with the results in other studies [3-5].

Patients can receive personalised treatments based on the
results of these biomarkers [6—8]. Women with hormone
receptor-positive (ER+ and/or PR+) breast cancers are rec-
ommended to receive endocrine therapy and women with
HER2+ breast cancer may benefit from chemotherapy and
trastuzumab [9-12]. Trastuzumab was first funded in New
Zealand for use in early stage HER2+ breast cancer in July
2007 [10].

There are great variations in the prevalence of breast can-
cer subtypes by ethnicity [12]. African American, Hispanic
Whites, and Asian/Pacific Islanders were shown to be more
likely to have HER2+ breast cancer than Non-Hispanic
Whites in the US [12, 13]. African Americans were twice as
likely to have triple negative breast cancer as Non-Hispanic
Whites [12]. Within the same breast cancer subtype, there
are ethnic disparities in survival. Asian/Pacific Islanders had
a better breast cancer-specific survival in most subtypes than
non-Hispanic Whites, except in the ER+, PR— and HER2+
subtype [13].

New Zealand has a population of 4.7 million, with 15%
Maori and 7% Pacific people [14]. Maori is the indigenous
population in New Zealand [15], while Pacific people [16]
are a heterogeneous group with a long history of migration
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to NZ from an array of island nations, including but not
limited to Fiji, Samoa, Tonga and Cook islands. In a previ-
ous study, Maori and Pacific women were shown to be more
likely to be diagnosed with HER2+ breast cancer than oth-
ers (22%, 27 vs. 16%, p value <0.05) [17]. Maori women
were significantly more likely to have hormone receptor-
positive cancers than others, but Pacific women were less
likely [17]. There have been limited studies investigating the
ethnic differences in subtypes in New Zealand [18, 19]. It
is well recognised that there are differences in the treatment
of Maori and Pacific women with breast cancer and that
they have poorer survival [17-22]. This study aims to look
at the distribution of different subtypes of stage I-III breast
cancer in Maori and Pacific versus non-Maori/Pacific, and
to examine the treatment and outcomes by ethnicity within
different subtypes.

Methods
Data sources

This study included 9,015 women diagnosed with stage I-III
breast cancer between June 2000 and May 2013, recorded
in the combined Waikato and Auckland Breast Cancer Reg-
isters, who had complete data on their ER, PR and HER2
status [23]. 2,783 stage I-11II breast cancer cases with incom-
plete information on ER, PR, and HER?2 were excluded. The
registers’ data includes patient characteristics (age and eth-
nicity), tumour information (diagnosis date, cancer stage
and grade) and information on treatment (surgery, endocrine
therapy, chemotherapy, trastuzumab and radiation therapy).
Information on comorbidities was obtained by reviewing
linked data from the National Minimum dataset (NMDS)
and characterising patients as having no comorbidities
(CO0), one comorbidity (C1) or 2 or more (C2+) using the
C3 comorbidity index [24, 25].

The three biomarkers ER, PR and HER2 were designated
as being either positive or negative. In this study, HER2+
was defined as FISH amplified or IHC 3+. There are eight
possible groups defined by ER, PR and HER?2 status. There
is a small group (1%, 112) of women with breast cancer
that is ER— but PR+. These women are usually treated with
hormone therapy that is the same as women with ER+, PR+
cancer. We categorised women into five groups based on the
clinical advice and practice in our region. The grouping is
similar to published literature [26-30].

e Group 1(ER+, PR+, and HER2-): 5,331 women
e Group 2 (Mixed ER/PR, HER2-):

ER+, PR—, and HER2—: 1,037 women

ER—, PR+, and HER2—: 88 women
e Group 3 (HER2+ not overexpressing):
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ER+, PR+, and HER2+: 573 women
ER+, PR—, and HER2+: 261 women
ER—, PR+, and HER2+: 24 women

e Group 4 (HER2+ overexpressing):
ER—, PR—, and HER2+: 589 women

e Group 5 (Triple negative):
ER—, PR—, and HER2—: 1,112 women

Statistical analyses

Cancer characteristics and treatments by ethnicity within the
five subtypes were explored, and differences were examined
by Chi-Square tests. Logistic regression models were used
to estimate the odds ratios of receiving endocrine therapy,
chemotherapy and trastuzumab by ethnicity within the five
subtypes after adjustment for age, year of diagnosis, cancer
stage, grade and C3 score [24, 25].

Mortality data for this study was derived from the
National Mortality Collection and linked via the National
Health Index (NHI) number to the register data. The NHI
number is a unique identifier for people who use health and
disability services in New Zealand. For cancer-specific sur-
vival analyses, patients who died from other causes were
censored on their date of death, and patients without mortal-
ity information were considered to be censored on the last
updated date for Mortality Collection which was 31 Decem-
ber 2014. The Kaplan Meier method was used to examine
ethnic disparities in breast cancer-specific survival within
the five subtypes. Cox proportional hazard models were used
to estimate the hazard ratio of dying of breast cancer for
Maori and Pacific women compared to others in the five
subtypes after adjustment for age, year of diagnosis, stage,
grade and treatments. All data analyses were performed in
IBM SPSS statistics 23 (New York, United States).

Ethical approval for the study was granted through the
Northern A Health and Disability Ethics Committee (refer-
ence: 12/NTA/42/AMO1).

Results

Of the 9,015 women, 891 were Maori, 548 were Pacific, and
7576 were others including European and Asian (Table 1).
Both Maori and Pacific women were less likely to have triple
negative breast cancer compared to others (8.6% and 8.9 vs.
13.0%). Pacific women were more than twice as likely to
have HER2+ overexpressing (Group 4) cancer than Maori
and other women (14.2 vs. 6.7% and 6.0%), but were less
than half as likely to have mixed ER/PR, HER2 (Group
2) breast cancer than Maori and others (5.5 vs. 11.2% and
13.1%). Maori and Pacific women were more likely to have
stage III breast cancer than others in the five subtypes, except

for Maori women with mixed ER/PR, HER2— cancer (Group
2). Among women with ER+, PR+ and HER2— breast can-
cer, Pacific women were significantly more likely to have
grade 3 disease than others (21.5 vs. 12.4%). However, only
67.4% of Pacific women with triple negative breast cancer
(Group 5) had grade 3 cancer compared to 80.6% of others.

For women with ER+, PR+ and HER2— (Group 1) breast
cancer, Maori and Pacific women received more endocrine
therapy and chemotherapy (Table 2). After adjustment for
age, year of diagnosis, cancer stage, grade and C3 score
(Table 3), there was no difference in treatment between
Maori and others, but Pacific women were less likely to
receive chemotherapy (odds ratio 0.51, 95% CI 0.35-0.75)
than others. Among women with triple negative or HER2+
disease, Pacific women were again less likely to be treated
with chemotherapy (Table 3). After adjustment for other
factors (age, year of diagnosis, cancer stage, grade and C3
score), Maori women with HER2+ breast cancer were half
as likely to receive trastuzumab than others, and Pacific
women with HER2+ breast cancer were only 20% as likely
to receive chemotherapy and trastuzumab than others.

Kaplan—Meier method showed small but significant dif-
ferences in breast cancer-specific survival for women with
ER+, PR+, and HER2- cancer (Group 1) and women with
HER2+ overexpressing cancer (Group 4) by ethnic group
(Fig. 1). The respective 5-year breast cancer-specific sur-
vival for Maori, Pacific and others with ER+, PR+, and
HER2- cancer was 94.2, 93.1 and 96.5% (p value for
Log-rank test <0.001). In women with HER2+4 overex-
pressing breast cancer (Group 4), the 5-year breast cancer-
specific survival (Fig. 2) was worst for Maori (57.8%), fol-
lowed by Pacific (66.4%) compared with others (78.5%) (p
value <0.001). No significant ethnic differences in breast
cancer-specific survival were found in women with mixed
ER/PR, HER2— (Group 2), HER2+ not overexpressing
(Group 3) or triple negative cancer (Group 5).

After adjustment for age, year of diagnosis, stage, grade
and treatment (specified in Table 4), hazard ratios of breast
cancer-specific mortality for Maori and Pacific women with
ER+, PR+ and HER2- cancer (Group 1) were 1.52 (95% CI
1.06-2.18) and 1.55 (95% CI 1.04-2.31) compared to oth-
ers. Survival differences between Pacific women and others
with HER2+ breast cancer were not significant after adjust-
ment for other factors. However, Maori women with HER2+
breast cancer (Group 3 and 4) were twice more likely to die
of their cancer than others.

Discussion
Breast cancer survival inequities between ethnic groups of

women in New Zealand are large and of great concern. There
is an increasing understanding that cancer survival inequities
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Table 1 Characteristics by

O Characteristics Maori Pacific Others Total  Chi square
ethnicity in the five subtypes test (p
N % N % N % N value)
Subtype <0.001
Group 1 (ER+, PR+, and HER2-) 555 623 327 59.7 4,449 587 5,331
Group 2 (Mixed ER/PR, HER2-) 100 112 30 5.5 995 13.1 1,125
Group 3 (HER2+, not overexpressing) 99 11.1 64 11.7 695 9.2 858
Group 4 (HER2+ overexpressing) 60 6.7 78 142 451 6.0 589
Group 5 (Triple negative) 77 86 49 89 986 13.0 1112
Group 1 (ER+, PR+, and HER2-)
Cancer stage <0.001
Stage 1 248 447 122 373 2318 52.1 2,688
Stage 11 228 41.1 129 394 1,570 353 1,927
Stage 111 79 142 76 232 561 126 716
Cancer grade <0.001
Grade 1 170 31.1 91 279 1,536 351 1,797
Grade 2 311 569 165 50.6 2300 525 2,776
Grade 3 66 12.1 70 215 542 124 678
Unknown 8 1 71 80
Age (years) <0.001
<50 186 33,5 131 40.1 1,240 279 1,557
50-69 307 553 166 50.8 2293 51.5 2,766
70+ 62 112 30 9.2 916 20.6 1,008
C3 score <0.001
0 3890 70.1 251 76.8 3,623 814 4263
1 48 86 19 58 348 7.8 415
2+ 118 213 57 174 478 10.7 653
Year of diagnosis 0.055
2000-2003 28 50 16 49 366 82 410
2004-2006 115 20.7 67 205 948 21.3 1130
2007-2009 173 31.2 104 31.8 1,370 30.8 1,647
2010-2013 239 43.1 140 428 1,765 39.7 2,144
Group 2 (mixed ER/PR, HER2-)
Cancer stage 0.004
Stage I 41 41.0 9 300 418 420 468
Stage 11 45 45.0 8 26.7 408 410 461
Stage III 14 140 13 433 169 17.0 196
Cancer grade 0.071
Grade 1 16 16.7 4 138 213 220 233
Grade 2 52 542 10 345 476  49.1 538
Grade 3 28 292 15 51.7 281 290 324
Unknown 4 1 25 30
Age (years) <0.001
<50 23 230 14 467 200 20.1 237
50-69 66 66.0 13 433 545 548 624
70+ 11 11.0 3 10.0 250 25.1 264
C3 score 0.076
0 69 69.0 21 70.0 783 787 873
1 9 9.0 2 6.7 82 82 93
2+ 22 220 7 233 130 13.1 159
Year of diagnosis 0.065
2000-2003 7 70 0.0 117 11.8 124
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Table 1 (continued)

Characteristics Maori Pacific Others Total ~ Chi square
test (p
N % N % N % N value)
2004-2006 18 180 11 36.7 239 240 268
2007-2009 32 320 11 367 284 285 327
2010-2013 43 43.0 8 267 355 357 406
Group 3 (HER2+, not overexpressing)
Cancer stage 0.052
Stage 1 29 293 15 234 247 355 291
Stage 11 42 424 24 375 284 409 350
Stage 111 28 283 25 39.1 164 236 217
Cancer grade 0.963
Grade 1 5 52 2 32 37 54 44
Grade 2 46 474 31 50.0 325 47.8 402
Grade 3 46 474 29 468 318 46.8 393
Unknown 2 2 15 19
Age (years) 0.002
<50 43 434 37 578 266 38.3 346
50-69 52 525 24 375 334 48.1 410
70+ 4 40 3 47 95 137 102
C3 score 0.197
0 80 80.8 50 78.1 578 832 708
1 13 13.1 6 94 50 72 69
2+ 6 6.1 8 125 67 9.6 81
Year of diagnosis 0.513
2000-2003 11 111 7 109 115 165 133
2004-2006 22 222 11 172 155 223 188
2007-2009 31 313 20 313 179 258 230
2010-2013 35 354 26 406 246 354 307
Group 4 (HER2+ overexpressing)
Cancer stage <0.001
Stage I 9 150 13 167 146 324 168
Stage I 18 30.0 36 462 167 37.0 221
Stage III 33 550 29 372 138 306 200
Cancer grade 0.801
Grade 1 0 0.0 0 0.0 5 1.1 5
Grade 2 11 190 16 21.1 86 19.8 113
Grade 3 47 81.0 60 789 344 79.1 451
Unknown 2 2 16 20
Age (years) <0.001
<50 33 550 41 526 141 313 215
50-69 26 433 27 346 260 576 313
70+ 1 1.7 10 128 50 11.1 61
C3 score 0.047
0 43 717 61 782 366 812 470
1 5 83 4 5.1 43 95 52
2+ 12 200 13 167 42 93 67
Year of diagnosis 0.674
2000-2003 11 183 10 128 70 155 91
2004-2006 16 267 20 256 121 268 157
2007-2009 20 333 25 321 118 262 163
2010-2013 13 217 23 295 142 315 178
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Table 1 (continued)

Characteristics Maori Pacific Others Total ~ Chi square
test (p
N % N % N % N value)
Group 5 (triple negative)
Cancer stage 0.035
Stage [ 20 260 9 18.4 347 352 376
Stage 11 36 46.8 28 57.1 459 46.6 523
Stage 111 21 273 12 245 180 18.3 213
Cancer grade 0.037
Grade 1 1 14 1 22 21 22 23
Grade 2 21 284 14 304 167 17.3 202
Grade 3 52 703 31 674 780 80.6 863
Unknown 3 3 18 24
Age (years) 0.065
<50 28 364 17 347 335 340 380
50-69 44 571 24 490 456 46.2 524
70+ 5 65 8 16.3 195 19.8 208
C3 score <0.001
0 51 662 32 653 814 82.6 897
1 11 143 8 16.3 69 70 88
2+ 15 195 9 184 103 104 127
Year of diagnosis 0.631
2000-2003 14 182 10 204 151 15.3 175
2004-2006 16 208 11 224 261 26.5 288
2007-2009 20 260 14 28.6 304 30.8 338
2010-2013 27 351 14 286 270 274 311
Total 891 548 7,576 9,015

result from multiple, often small, but cumulative inequities
which occur along the cancer treatment pathway [31]. Pre-
vious New Zealand studies have looked at the impact of
commonly measured biomarkers (ER/PR and HER?2) indi-
vidually instead of different biomarker combinations [18, 19,
32]. This study has highlighted the differences in recognised
biomarker combinations in Maori and Pacific women.
Pacific women were less likely to be diagnosed with triple
negative breast cancer (Group 5) but were more likely to be
diagnosed with HER2+ overexpressing cancer (Group 4)
compared to others (8.9 vs. 13.0%, and 14.2 vs. 6.0%). A US
study demonstrated consistent results but with a smaller dif-
ference: 10.6% of Pacific Islanders and 11.3% of Whites hav-
ing triple negative breast cancer, 10.6% of Pacific Islanders
and 5.6% of Whites having ER—, PR— and HER2+ breast
cancer [33]. Maori were as likely to have triple negative
breast cancer as Pacific women, and were as likely to have
ER—, PR— and HER2+ breast cancer as others.
Differences in subtype distribution by ethnic group may
be related to the genetic factors, environment, diet, obesity
and hormone exposure including oral contraceptive use
and hormone replacement therapy [34-38]. Triple nega-
tive subtype breast cancer is associated with specific DNA
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methylation profile [37], which may explain the ethnic
difference in having triple negative subtype breast cancer.
Another reason may be the difference in number of pregnan-
cies a woman has had. Maori and Pacific women in New
Zealand tend to have more pregnancies than others [39]. A
Norway study indicated that increasing parity was inversely
associated with triple negative cancer (Group 5), though the
result was not significant (OR 0.70, 95% CI1 0.41-1.21) [34].
The risk of having HER2+ overexpressing cancer (Group
4) was found to increase with increasing waist size before
menopause, and increased in association with metabolic syn-
drome in postmenopausal women [35]. The 2015/16 New
Zealand Health Survey shown that 47% of Maori adults and
67% of Pacific adults were obese,[40] which may have con-
tributed to the higher risk of having HER2+ overexpressing
cancer (Group 4).

Our previous study showed that the probability of
receiving trastuzumab decreased with age and comorbidi-
ties score, and increased with cancer stage and grade [41].
In this analysis, we found the discrepancy by ethnicity
after adjustment for these variables (Table 3). It is worry-
ing that the adjusted HR for Maori women with HER2+
disease is double that of others. The disparity in the use
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Table 2 Treatment by ethnicity
in the five subtypes

Table 3 Odds ratios of
receiving endocrine therapy,
chemotherapy and trastuzumab
after adjustment for age, year of
diagnosis, cancer stage, cancer
grade and C3 score

Subtype group Maori Pacific Others Chi-square
test (p
N % N % N % value)

Group 1 (ER+, PR+, and HER2-)

Endocrine therapy 439 79.1 253 77.4 3,246 73.0 0.003

Chemotherapy 149 26.8 107 32.7 1,034 23.2 <0.001

Trastuzumab - - - - - - -
Group 2 (mixed ER/PR, HER2-)

Endocrine therapy 76 76.0 21 70.0 753 75.7 0.771

Chemotherapy 36 36.0 16 53.3 311 31.3 0.027

Trastuzumab - - - - - - -

Group 3 (HER2+, not overexpressing)

Endocrine therapy 93 93.9 57 89.1 603 86.8 0.119
Chemotherapy 71 71.7 43 67.2 449 64.6 0.364
Trastuzumab 52 52.5 34 53.1 378 54.4 0.929

Group 4 (HER2+ overexpressing)
Endocrine therapy - - - - -
Chemotherapy 50 83.3 47 60.3 349 77.4 0.002
Trastuzumab 35 58.3 35 44.9 284 63.0 0.010

Group 5 (triple negative)

Endocrine therapy - - - - - - _
Chemotherapy 59 76.6 28 57.1 672 68.2 0.071
Trastuzumab - - - - - — _

Endocrine therapy is usually provided to patients with hormone receptor-positive cancers, and trastuzumab
is provided to patients with HER?2 positive cancers

Subtype group Maori vs. others (ref) Pacific vs. others (ref)
QOdds ratio (95% CI) p value Odds ratio (95% CI) p value
Group 1 (ER+, PR+, and HER2-)
Endocrine therapy 1.21 (0.94-1.56) 0.147 0.81 (0.59-1.12) 0.211
Chemotherapy 0.80 (0.59-1.08) 0.150 0.51 (0.35-0.75) <0.001
Trastuzumab - - - -
Group 2 (Mixed ER/PR, HER2-)
Endocrine therapy 1.15 (0.65-2.05) 0.635 0.47 (0.18-1.19) 0.111
Chemotherapy 0.86 (0.45-1.64) 0.646 0.65 (0.20-2.13) 0.480
Trastuzumab - - - -

Group 3 (HER2+, not overexpressing)

Endocrine therapy 2.44 (0.95-6.28) 0.064 1.31 (0.53-3.25) 0.559
Chemotherapy 0.80 (0.45-1.42) 0.443 0.31 (0.14-0.69) 0.004
Trastuzumab 0.48 (0.27-0.84) 0.011 0.24 (0.11-0.51) <0.001

Group 4 (HER2+ overexpressing)
Endocrine therapy - - - -
Chemotherapy 0.77 (0.32-1.85) 0.555 0.19 (0.10-0.37) <0.001
Trastuzumab 0.48 (0.23-1.00) 0.048 0.19 (0.10-0.36) <0.001

Group 5 (triple negative)

Endocrine therapy - - - -
Chemotherapy 1.33 (0.65-2.72) 0.440 0.40 (0.18-0.89) 0.024

Trastuzumab - - - -

Endocrine therapy is usually provided to patients with hormone receptor-positive cancers, and trastuzumab
is provided to patients with HER?2 positive cancers
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Group 4 (HER2+ overexpressing)

1425
Table 4 Hazard ratio in breast cancer-specific mortality after adjustment for age, year of diagnosis, stage, grade and treatment

Unadjusted hazard ratio (95% CI) Adjusted hazard ratio (95% CI) Adjusted

treat-
Maori vs. others (ref) Pacific vs. others (ref) Maori vs. others (ref) Pacific vs. others (ref) nrneee:lts
1.61 (1.13-2.28) 2.19 (1.49-3.24) 1.52 (1.06-2.18) 1.55 (1.04-2.31) E,C
0.88 (0.47-1.62) 1.44 (0.63-3.26) 0.98 (0.51-1.88) 1.11 (0.48-2.58) E,C
1.59 (0.96-2.64) 1.47 (0.78-2.75) 2.10 (1.22-3.61) 1.51 (0.74-3.09) E,C, T
2.26 (1.46-3.52) 1.58 (1.02-2.45) 2.06 (1.29-3.29) 1.21 (0.74-1.99) CT
0.81 (0.46-1.41) 0.95 (0.50-1.78) 0.76 (0.43-1.34) 0.86 (0.45-1.64) C

Group 5 (Triple negative)

E endocrine therapy, C chemotherapy, T trastuzumab

of an effective and expensive treatment in Maori women
with HER2+ disease linked to evidence of substantially
poor outcomes is of concern and requires further research.

In women with ER+, PR+ and HER2— (Group 1) breast
cancer, Maori and Pacific women had worse breast cancer-
specific survival than others, although in the three ethnic
groups overall breast cancer-specific survival is very good.
Women with ER+, PR+ and HER2— breast cancer are
mainly treated with endocrine therapy. While in this study
Maori and Pacific women with ER+ breast cancer are just
as likely to receive endocrine therapy, in a previous study
we noted poorer adherence to endocrine therapy in Maori
women compared to others, and this was shown to be asso-
ciated with worse breast cancer outcome [9].

The strengths of this study include that this study is
based on the Waikato and Auckland population-based
Breast Cancer Registers that collect good quality data on
all breast cancer patients [23]. We have comprehensive
data on patient characteristics, patient treatment as well
as outcomes. One weakness is that in earlier years not all
women had their biomarkers tested, especially HER2 sta-
tus. Consequently, there may be differences in the distribu-
tion of subtypes (e.g. by age and stage) in earlier years in
this study. Also there may be some differences in treatment
over time with increasing use of trastuzumab and changes
of the regimens of chemotherapy. However, in the Cox
proportional hazard models we have adjusted age, year of
diagnosis, stage, grade and treatment.

Conclusion

This study does give us some indications that out-
comes for Maori and Pacific women could be improved
by better uptake of treatment, especially for those with
HER2+ breast cancer. There are also differences in out-
comes for Maori and Pacific women with ER+, PR+ and
HER2- cancer. When treatment is increasingly targeted
to patient characteristics including hormonal status, it is

important to ensure treatment is equally delivered to high
need Maori and Pacific women.
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