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a b s t r a c t

Purpose: Despite the benefits of adjuvant endocrine therapy for hormone receptor positive breast cancer,
many women are non-adherent or discontinue endocrine treatment early. We studied differences in
adherence to adjuvant endocrine therapy by ethnicity in a cohort of New Zealand women with breast
cancer and its impact on breast cancer outcomes.
Methods: We analysed data on women (n ¼ 1149) with newly diagnosed hormone receptor positive,
non-metastatic, invasive breast cancer who were treated with adjuvant endocrine therapy in the Wai-
kato during 2005e2011. Linked data from the Waikato Breast Cancer Registry and National Pharma-
ceutical Database were examined to identify differences by ethnicity in adherence to adjuvant endocrine
therapy and the effect of sub-optimal adherence on cancer recurrence and mortality.
Results: Overall, a high level of adherence of �80% was observed among 70.4% of women, which declined
from 76.8% to 59.3% from the first to fifth year of treatment. M�aori women were significantly more likely
to be sub-optimally adherent (<80%) compared with Europeanwomen (crude rate 37% vs. 28%, p ¼ 0.005,
adjusted OR ¼ 1.51, 95% CI 1.04e2.17). Sub-optimal adherence was associated with a significantly higher
risk of breast cancer mortality (HR ¼ 1.77, 95% CI 1.05e2.99) and recurrence (HR ¼ 2.14, 95% CI 1.46
e3.14).
Conclusions: Sub-optimal adherence to adjuvant endocrine therapy was a likely contributor for breast
cancer mortality inequity between M�aori and European women, and highlights the need for future
research to identify effective ways to increase adherence in M�aori women.

© 2014 Elsevier Ltd. All rights reserved.

Introduction

Breast cancer is the most common cancer and the second most
common cause of cancer deaths for New Zealandwomen [1]. M�aori,
the Indigenous population in New Zealand are known to have one
of the highest incidences of breast cancer among all populations in
the world [2]. Age standardized rates of incidence and mortality

from breast cancer are 28% and 60% higher for M�aori compared to
non-M�aori women, who are predominantly of European origin [3].
Breast cancer mortality inequity between M�aori and non-M�aori
women is greater than breast cancer mortality inequities between
Indigenous and non-Indigenous populations in Australia, Canada
and the USA [4]. While there has been an improvement in breast
cancer survival both for M�aori and non-M�aori women over last two
decades, a significant gap in survival persists [5]. An advanced
cancer stage at diagnosis in M�aori women has the greatest impact
on breast cancer mortality inequity [3], while differences in treat-
ment are also believed to make a substantial contribution [6].

Adjuvant endocrine therapy forms an integral part in breast
cancer treatment and has shown to reducemortality fromhormone
receptor positive breast cancer by about 30% [7,8]. Traditionally,
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endocrine therapy [tamoxifen or an aromatase inhibitor (AI) as
single agent or in sequence] was prescribed for 5 years, although
recent studies have shown additional improvement of breast can-
cer specific survival by continuing tamoxifen beyond 5 years [9].
Despite proven benefits, many women either do not take their
medication daily as prescribed (i.e. low adherence) or do not
complete the full duration of treatment (i.e. discontinuation) for the
minimum of 5 years [10,11]. Based on previous studies, up to 22% of
women discontinue endocrine therapy before the end of first year
of therapy and only about 50% complete the full 5-years, while
maintaining an optimum level of adherence [12e14]. These studies
have also shown higher risks of breast cancer recurrence and
mortality in women who are sub-optimally adherent or who dis-
continue their treatment [11,15].

We conducted this study to estimate the degree of adherence to
adjuvant endocrine therapy and to investigate ethnic, socio-
demographic, tumour and treatment related factors associated
with poor adherence among women with hormone receptor posi-
tive breast cancer in New Zealand. We also investigated the asso-
ciation between sub-optimal adherence and breast cancer
outcomes to determine the impact of adherence on ethnic in-
equities in breast cancer outcomes.

Patients and methods

Study population

Eligible women for this study were identified from the Waikato
Breast Cancer Registry (WBCR). TheWBCR is a prospective database
that records breast cancers of women who were residents of the
Waikato District Health Board area at the time of diagnosis since
1999. The WBCR includes more than 98% of the cancers diagnosed
over the study period and validity of its data has been reported
previously [16]. The Waikato District Health Board covers a popu-
lation of approximately 380,000 out of a total New Zealand popu-
lation of 4.5 million [17]. All New Zealand citizens have access to
free hospital care and, pharmaceutical and primary health care are
heavily subsidized through a well-resourced public health service.

All women newly diagnosed with invasive breast cancer from
01/01/2005 to 31/12/2011 were identified from the WBCR
(n ¼ 1558). Of this, 1207 women with hormone receptor positive,
non-metastatic (stage I to III), first primary breast cancer, who
received adjuvant endocrine therapy were identified from the na-
tional pharmaceutical database. All women with at least one pre-
scription for endocrine therapy after the date of primary surgery
were deemed to have started endocrine therapy. Of this group, a
further 57 women who were started on endocrine therapy not as
adjuvant treatment, but as treatment following development of
local or metastatic recurrence, or first endocrine therapy pre-
scription issued later than a year after the date of diagnosis were
excluded. The remaining 1149 womenwere analysed for treatment
adherence and outcomes.

Study covariates

Self-identified ethnicity collected as part of the WBCR consent
process according to the Ministry of Health ethnicity data protocols
[18] was identified from the WBCR, and was categorized in to
Indigenous M�aori, Pacific (including Samoan, Cook Island M�aori,
Tongan, Niuean, Tokelauan, Fijian and other Pacific Island), NZ Eu-
ropean and Other. Comorbidity at the time of diagnosis was
calculated using the Charlson Comorbidity Index (CCI) [19] and the
CCI score was categorized to 0, 1�2 and 3þ. Social deprivation was
calculated using the New Zealand Deprivation Index 2006
(NZDep2006) [20]. The NZDep06 measures deprivation level based

on place of residence at the time of cancer diagnosis. NZDep2006
uses nine socioeconomic variables measured during the population
census in 2006 to allocate small areas of residence in a geographical
map (mesh-blocks covering a population of approximately 100), a
deprivation scale from 1 to 10; decile 1- least deprived, decile 10-
most deprived. The residential status of each womanwas classified
as urban, semi-urban, or rural, based on the Statistics New Zealand
urban/rural classification system [21]. Cancer stage at diagnosis was
defined according to the Tumour, Node, and Metastasis (TNM)
staging system [22].

Follow-up duration was calculated from the first dispensing
date of adjuvant endocrine treatment to date of death or to date of
last follow upwhen the patient was known to be alive (censored on
31/12/2013).

Treatment adherence

Prescription records for tamoxifen and AIs (i.e. anastrozole,
letrozole and exemestane) for each eligible woman for the period
from 01/01/2005 to 31/12/2013 were obtained from the National
Pharmaceutical database. Prescription records were linked through
the National Health Index number, which is a unique identifier that
is used to identify individuals within the New Zealand health sys-
tem. Dispensing date, drug type and number of days covered by
each prescription were recorded. An adherence index/medication
possession ratio (MPR) for each woman was calculated by dividing
the number of days covered by prescriptions, by the total number of
days for the follow up period, until death, or up to 5 years. Any gaps
in treatment for more than 180 days were considered as discon-
tinuation of therapy [15] andwere censored at the last date covered
by final prescription prior to discontinuation. An adherence index
(MPR) of �80% was considered as a high/optimal level of adher-
ence, which is a figure widely used in previous literature [14,15].
Adherence indices were calculated separately for each year of
follow up and for the total follow up, to a maximum of 5 years.

Outcome variables

Causes of death for all deceased women (censored on 31/12/
2013) were identified from the WBCR and from the National Mor-
tality Collection. The date of first cancer recurrence (local or met-
astatic) was identified from the WBCR records.

Statistical analysis

Statistical analysis was performed in SPSS (Version 22). Cate-
gorical measures were summarized as numbers observed with
percentages and mean/median with standard deviation/inter
quartile range for continuous variables. Chi squared (c2) tests for
trend was used to test for univariate differences in distribution of
treatment adherence and outcomes among groups of interest.
Factors associated with adherence were explored in a multivariable
logistic regression model. Multivariable Cox proportional hazard
models were used to calculate hazard ratios with 95% confidence
intervals to identify the association of adherence with breast cancer
specific mortality, all-cause mortality and cancer recurrence.
KaplaneMeier survival curves were used to calculate 5-year crude
breast cancer specific and disease free survival rates associated
with high and sub-optimal adherence.

Results

Median age of the cohort (n¼ 1149) was 60 years (range 24e99).
Median ages of NZ European and M�aori were 62 (range 24e99) and
57 (range 28e89) years, respectively. Median follow-up duration
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was 51 months (inter-quartile range 32.1e73.0) months. There
were a total of 131 (11.4%) cancer recurrences and 164 (14.3%)
deaths, out of which 77 (47%) were due to breast cancer. Overall,
51% of women were followed up for at least 5 years or until death.

A total of 509 (42.2%) women were started on tamoxifen and
698 (57.8%) were started on an AI. Tamoxifen was the only endo-
crine therapy received by 269 (23.4%), while 521(45.3%) women
received AIs alone. Sequential therapy with tamoxifen and AIs was
received by 359 (31.2%) women.

Overall, a high level of adherence (MPR �80%) was observed in
809 (70.4%) of women over the total duration of therapy. Highest
adherence was seen during the first year of therapy where 76.8%
maintained a high level of adherence. This figure gradually declined
to 73.5%, 71.4%, 66.3% and 59.3% over the second to fifth years of
treatment, respectively. M�aori women were observed to have a
significantly lower adherence comparedwith NZ Europeanwomen,
overall (62.1% vs. 72.5%, p ¼ 0.004) and over each year of treatment
(Fig. 1). Rates of sub-optimal adherence were significantly higher
(p < 0.05) for M�aori and Pacific women compared with NZ Euro-
pean women, in both univariate and multivariable models.

A significant trend (p < 0.001) was observed between age and
sub-optimal adherence with the lowest rate observed in women
over the age of 80 years (OR ¼ 0.37, 95% CI 0.17e0.83) and the
highest rate in women younger than 40 years (OR ¼ 2.22, 95% CI
1.16e4.27) (Table 1). There was a trend for higher rates of subop-
timal adherence among women of higher deprivation categories,
especially in the unadjusted model, which however was not sta-
tistically significant. Thirty-four (10%) and 43 (5.3%) breast cancer
deaths were observed among women with sub-optimal (n ¼ 340)
and high adherence (n ¼ 809), respectively. In both unadjusted and
adjusted Cox regression models, sub-optimal adherence was
associatedwith a significantly higher risk of breast cancer mortality
(Hazard Ratio ¼ 1.62 and 1.77 respectively) and breast cancer
recurrence (HR ¼ 1.90 and 2.14 respectively) (Tables 2e3). Adjust-
ing only for adherence reduced the hazard ratio for breast cancer
mortality for Maori from 1.44 (95% CI 0.82e2.55) to 1.36 (95% CI
0.77e2.42). Hazard ratios for overall mortality were also higher
among sub-optimally adherent women (unadjusted HR¼ 1.02, 95%
CI 0.74e1.41, p ¼ 0.968, adjusted HR ¼ 1.17, 95% CI 0.81e1.69,
p ¼ 0.401), although these were statistically non-significant.

Fig. 2 shows KaplaneMeier survival curves demonstrating crude
5-year breast cancer specific survival rates of 93.3% and 89.5% for
women with high and sub-optimal adherence, respectively
(p¼ 0.032). Five year disease free survival rates were 86.8% for high
and 77.2% for sub-optimally adherent women (p ¼ 0.001).

Discussion

From this population-based cohort study we report that Indig-
enous M�aori and Pacific women do have significantly higher rates
of sub-optimal adherence to adjuvant endocrine therapy compared
with NZ European women. This is important especially in light of
our finding that risk of death and recurrence from breast cancer
were significantly higher among women with sub-optimal adher-
ence. This suggests that sub-optimal adherence to endocrine
therapy may be a contributing factor to breast cancer mortality
inequity between M�aori and NZ European women, although this
study was not able to prove it due to limitation of numbers. To our
knowledge this is the first New Zealand study to investigate the
impact of sub-optimal adherence to adjuvant endocrine therapy as
a contributor for ethnic inequities in breast cancer survival.

Overall, the rate of optimum level of adherence to endocrine
therapy seen in our study was comparable to other retrospective
registry based studies [11,14,23], although much higher adherence
rates are observed in endocrine therapy clinical trials [24]. The rate
of sub-optimal adherence was significantly higher among M�aori
women and included more than one third of M�aori women. Even
after adjusting for covariates, the odds of sub-optimal adherence
for Maori women was more than 50% higher compared to NZ Eu-
ropean women. Failure of these adjustments to adequately explain
the observed lower adherence among M�aori is most likely due to
the impact of confounders such as barriers to accessing healthcare
and health literacy [25], which were unmeasured in the present
study.

Inferior quality of cancer care in M�aori is known to be a signif-
icant contributor for poor survival frommany cancers. For example
for bowel cancer, Maori were less likely to be referred and to receive
chemotherapy andweremore likely to experience longer delays for
chemotherapy compared to non-M�aori patients [26]. Similarly, for
non-metastatic lung cancer, Maori were four times less likely to
receive curative treatment even after adjusting for socio-
demographic and tumour related factors [27]. Furthermore, we
have previously reported on the significantly longer delays expe-
rienced byMaori women for surgical treatment of breast cancer [6].
The present study adds to this growing knowledge base of in-
equities in cancer treatment experienced byM�aori patients that is a
significant contributor towards poorer survival rates.

Majority of women on endocrine therapy depend on general
practitioners for follow up and regular endocrine therapy pre-
scriptions, in between annual follow ups provided by specialist
breast care clinics. M�aori are known to experience more barriers
and hence less access to primary health care providers compared
with NZ European patients [25]. This is an important issue since
barriers that interfere with primary care may prevent general
practitioner visits, which impact on continuation of endocrine
therapy. In addition, although endocrine medications are fully
funded by the government, women are required to pay a consul-
tation or prescription fee of NZ $15 to 50 which comes on top of
travel costs, time off work and cost of care for dependents [28].
Although was not statistically significant, higher rates of subopti-
mal adherence were seen among women of higher deprivation
groups, and this further supports the association between cost
affordability and adherence. M�aori are more likely to be socioeco-
nomically deprived and live in rural areas with less access to
transport compared with NZ Europeans [29]. As a result, M�aori
women are more likely to skip general practitioner visits which are
a likely major contributor for sub-optimal adherence to endocrine
therapy [30].

Good communication, regular advice and a good physician-
patient relationship improve patient understanding and help
maintain an optimum adherence with many medications including

Fig. 1. Annual rates of high level of adherence (MPR�80%) with adjuvant endocrine
therapy for hormone receptor positive invasive breast cancer for NZ European and
Maori women in Waikato, New Zealand 2005e2011.
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Table 1
Factors associated with adherence to adjuvant endocrine therapy for hormone receptor positive invasive breast cancer unadjusted and adjusted multivariable models.

Adherence �80% Adherence <80% Unadjusted Adjusted

N ¼ 809 N ¼ 340 Or 95% C.I. p Or 95% C.I. p

n (%) n (%)

Ethnicity
NZ European 665 (82.2) 252 (74.1) 1.00 1.00
M�aori 113 (14.0) 69 (20.3) 1.61 1.16e2.25 0.005 1.51 1.04e2.17 0.028
Other 21 (2.6) 5 (1.5) 0.63 0.23e1.68 0.356 0.55 0.20e1.54 0.256
Pacific 10 (1.2) 14 (4.1) 3.69 1.62e8.42 0.002 3.16 1.29e7.75 0.012
Age group (years)
<40 23 (2.8) 30 (8.8) 2.17 1.18e4.01 2.22 1.16e4.27
40e49 130 (16.1) 78 (22.9) 1.00 <0.001 1.00 0.015
50e59 203 (25.1 95 (27.9) 0.78 0.54e1.13 0.85 0.51e1.40
60e69 232 (28.7) 79 (23.2) 0.57 0.39e0.83 0.62 0.33e1.15
70e79 121 (15.0) 34 (10.0) 0.47 0.29e0.75 0.52 0.26e1.06
80þ 100 (12.4) 24 (7.1) 0.40 0.24e0.68 0.37 0.17e0.83
Deprivation
1e2 99 (12.2) 34 (10.0) 1.00 0.422 1.00 0.814
3e4 81 (10.0) 31 (9.1) 1.11 0.63e1.97 0.88 0.48e1.62
5e6 191 (23.6) 84 (24.7) 1.28 0.80e2.04 1.13 0.69e1.85
7e8 249 (30.8) 96 (28.2) 1.12 0.71e1.77 1.02 0.62e1.67
9e10 189 (23.4) 95 (27.9) 1.46 0.92e2.32 1.18 0.71e1.94
Residence profile
Urban 425 (52.5) 167 (49.1) 1.00 0.559 1.00 0.655
Semi-urban 318 (39.3) 142 (41.8) 1.14 0.87e1.48 1.15 0.86e1.54
Rural 66 (8.2) 31 (9.1) 1.20 0.75e1.90 1.05 0.63e1.73
Charlson score
0 682 (84.3) 294 (86.5) 1.00 0.107 1.00 0.171
1e2 116 (14.3) 37 (10.9) 0.74 0.50e1.10 0.90 0.58e1.39
3þ 11 (1.4) 9 (2.6) 1.90 0.78e4.63 2.49 0.90e6.87
Tumour stage
T1 444 (54.9) 187 (55.0) 1.00 0.342 1.00 0.198
T2 303 (37.5) 116 (34.1) 0.91 0.69e1.20 1.02 0.73e1.42
T3 31 (3.8) 18 (5.3) 1.38 0.75e2.53 1.76 0.90e3.43
T4 28 (3.5) 19 (5.6) 1.61 0.88e2.96 2.02 0.98e4.15
Unknown 3 (0.4) 0
Lymph node stage
N0 478 (59.1) 203 (59.7) 1.00 0.597 1.00 0.685
N1 227 (28.1) 85 (25.0) 0.88 0.65e1.19 0.85 0.60e1.19
N2 100 (12.4) 50 (14.7) 1.18 0.81e1.72 1.00 0.62e1.61
Unknown 4 (0.5) 2 (0.6)
Grade
I 205 (25.3) 110 (32.4) 1.00 0.082 1.00 0.038
II 441 (54.5) 175 (51.5) 0.74 0.55e0.99 0.71 0.52e0.98
III 134 (16.6) 46 (13.5) 0.64 0.43e0.96 0.55 0.34e0.89
Unknown 29 (3.6) 9 (2.6)
Therapeutic Surgery
No 36 (4.4) 14 (4.1) 1.00 0.801 1.00 0.516
Yes 773 (95.6) 326 (95.9) 1.08 0.58e2.04 0.73 0.28e1.91
Chemotherapy
No 569 (70.3) 228 (67.1) 1.00 0.272 1.00 0.317
Yes 240 (29.7) 112 (32.9) 1.16 0.89e1.53 0.81 0.53e1.23
Radiotherapy
No 246 (30.4) 95 (27.9) 1.00 0.404 1.00 0.873
Yes 563 (69.6) 245 (72.1) 1.13 0.85e1.49 0.97 0.70e1.35

Table 2
Adherence to adjuvant endocrine therapy and breast cancer mortality unadjusted
and adjusted for age, comorbidity, deprivation, tumour factors (size, lymph node
status, grade) and other treatment modalities (surgery, radiotherapy and
chemotherapy).

Unadjusted Adjusted

HR 95% C.I. p HR 95% C.I. p

Adherence
�80% 1.00 0.036 1.00 0.033
<80% 1.62 1.03e2.54 1.77 1.05e2.99
Ethnicity
NZ European 1.00 1.00
M�aori 1.44 0.82e2.55 0.207 1.25 0.65e2.38 0.506
Other 0.66 0.09e4.79 0.684 0.60 0.08e4.53 0.620
Pacific 1.29 0.32e5.29 0.721 0.48 0.11e2.20 0.347

Table 3
Adherence to adjuvant endocrine therapy and breast cancer recurrence unadjusted
and adjusted for age, comorbidity, deprivation, tumour factors (size, lymph node
status, grade) and other treatment modalities (surgery, radiotherapy and
chemotherapy).

Unadjusted Adjusted

HR 95% C.I. p HR 95% C.I. p

Adherence
�80% 1.00 <0.001 1.00 <0.001
<80% 1.90 1.34e2.68 2.14 1.46e3.14
Ethnicity
NZ European 1.00 1.00
M�aori 1.27 0.80e1.99 0.309 0.99 0.61e1.63 0.979
Other 0.79 0.19e3.19 0.738 0.86 0.20e3.61 0.835
Pacific 1.15 0.36e3.61 0.817 0.42 0.12e1.40 0.158
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endocrine therapy [31]. A good health literacy enables a patient to
process and understand health information and promote better
health decision making [32]. Three out of four Maori females have
poor health literacy skills, which is approximately 50% higher than
NZ Europeanwomen [33]. Improving health literacy amongwomen
with breast cancer has the potential to improve adherence to
endocrine therapy as well as to increase uptake and adherencewith
other adjuvant therapies, including chemotherapy and radio-
therapy [34]. Whilst low health literacy is a greater issue for Maori
women and hence Maori are more likely to benefit from any
initiative aimed at improving health literacy, substantial pro-
portions of women of other ethnicities may also benefit due to the
widespread nature of both low adherence and low health literacy.

The main strengths of this study are that it encompassed a
highly complete, population-based, regional cohort of women and
was analysed using a prospectively collected comprehensive
database. Therefore, our results are likely to be relevant and
applicable nationally. A limitation of our study design was the
assumption that all prescribed medications were actually
consumed by the patient. Despite that, this design has been shown
to provide better estimates of adherence compared to other designs
such as patient surveys or direct patient observation and has been
validated by several previous studies [11,14,23]. Although we
managed to identify several associated factors for lower adherence,
we were unable to identify specific underlying causes for lower
adherence, as reasons for sub-optimal adherence were not avail-
able from our database. Moreover, the relatively short follow up of
our study may have underestimated the actual survival benefit of
good adherence, as the benefits of endocrine therapy are known to
extend well beyond 10 years [8].

In conclusion, this study demonstrates that poor adherence to
endocrine therapy is a significant factor for higher breast cancer
mortality and recurrence, and may be a contributing factor towards
breast cancer mortality inequity between Indigenous M�aori and
European women in New Zealand. Improving patient understand-
ing of benefits of adjuvant endocrine therapy through better health
literacy together with removal of existing barriers to access health
care, especially for M�aori women, need to be considered as possible
avenues to improve adherence. These measures have the potential
to improve adherence to care, not only for IndigenousM�aori, but for
all women with breast cancer in New Zealand.
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