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Abstract

Background: Antihormonal treatment for hormone receptor (HR) positive breast cancer has highly beneficial effects
on both recurrence rates and survival. We investigate adherence and persistence in this group of patients.

Methods: The study population comprised 1192 patients with HR-positive breast cancer who were prescribed adju-
vant antihormonal treatment from 2004 to 2013. Adherence was defined as a medical possession ratio (MPR) of >80.
Results: Of the 1192 included patients, 903 (75.8%) were adherent and 289 (24.2%) were non-adherent. Primary
non-adherence was seen in 101 (8.5%) patients. The extremes of age (<40 and > 80years) were associated with poor
adherence. Patients with metastasis to axillary lymph nodes and those who received radiotherapy and/or chemother-
apy were more likely to be adherent. Better adherence was also shown for those who switched medication at 2 years

the first part of the treatment period.

adherence

after diagnosis. Primary non-adherence seems to be associated with cancers with a good prognosis.

Conclusion: Adherence to antihormonal therapy for breast cancer is suboptimal. Primary non-adherence occurs
among patients with a relatively good prognosis. Non-adherent patients tend to terminate their antihormonal
therapy in the initial part of the treatment period. Targeted interventions to improve adherence should be focused on
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Background

Antihormonal treatment is one of the main treatment
modalities in the adjuvant treatment of hormone recep-
tor (HR) positive breast cancer. With increasing knowl-
edge, their use has greatly expanded; from initially being
used only in the palliative setting [1], tamoxifen is now
prescribed for up to 10years in the curative setting [2].
The efficacy of both tamoxifen [3-5] and aromatase
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inhibitors (AI’s) [6—8] has been well documented. Despite
this, many patients terminate their treatment prema-
turely or never initiate the treatment at all.

The World Health Organization emphasizes that adher-
ence presumes the active participation and collaboration
of the patient in the treatment process [9]. Adherence
may be defined as the extent to which the patient takes
a medication as prescribed [10]. Primary non-adherence
(PNA) is defined as failure of the patient to fill the first
and subsequent prescriptions at the pharmacy. Second-
ary non-adherence (SNA) refers to failure to take the
prescribed medication as directed after the first prescrip-
tion has been collected [11-13]. Persistence describes
the time from initiation of therapy to discontinuation or,
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in more general terms, whether the patient stays on the
treatment as prescribed [14, 15].

Awareness of the importance of adherence to medical
treatment has increased in recent decades. However, it
has been reported that close to 50% of all patients do not
adhere to prescribed medical treatment irrespective of
diagnosis [16—18]. Poor adherence prevents medications
from exerting their full beneficial effect thereby result-
ing in unnecessary morbidity and mortality [9-11, 14,
18, 19]. In addition to its effect on the individual patient,
it also has a vast effect on health economy leading to
increased health care expenditures [19-22].

While there is no doubt that antihormonal treatment
in breast cancer is highly beneficial, non-adherence con-
tinues to be a challenge. Varying rates of non-adherence
to antihormonal treatment have been reported, rang-
ing from 10.8% [23] to 55% [24]. Different definitions of
adherence and varying methodological approaches to
measuring adherence account for this wide range [14, 25,
26]. Poor adherence to antihormonal treatment has been
shown to negatively affect recurrence rates and mortal-
ity, and also leads to increased medical costs and reduced
quality of life [4, 8, 20, 27, 28].

Side effects of antihormonal treatment is one of the
strongest predictors of poor adherence to antihormonal
treatment [24, 27, 29-31]. Therefore, identifying patients
at risk of poor adherence prior to the onset of the treat-
ment provides an opportunity for early intervention. Pre-
dictors of adherence including patient characteristics,
tumour characteristics, type of antihormonal treatment
and other adjuvant treatment modalities, have previously
been studied, however, the results are not entirely con-
cordant. Age seems to be an important factor affecting
adherence. A number of studies have shown associations
between poor adherence and old age [27, 32], younger
age [20, 33], and both [29, 34, 35]. In general, adherence
seems to improve with increasing severity of disease [27,
36]. While anastrozole has been shown to be associated
with better adherence than tamoxifen by some [6], oth-
ers have failed to demonstrate a similar association [35].
While acknowledging previous research on adherence to
antihormonal treatment, further knowledge on how to
best identify patients at risk of poor adherence is needed.

The aim of this study was to examine adherence, and
specifically PNA, in a series of Norwegian patients with
breast cancer. All patients were diagnosed pre-opera-
tively with HR-positive breast cancer and subsequently
underwent surgery at St Olav’s Hospital, Trondheim
University Hospital, Trondheim, Norway. All patients
were prescribed adjuvant tamoxifen or an Al, either as
monotherapy or as a switch regimen. Associations with
age, tumour characteristics, nodal status, radiation ther-
apy and chemotherapy were studied as putative factors
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affecting adherence. Non-adherent patients were sub-
classified into primary non-adherent or secondary non-
adherent. Furthermore, persistence was calculated for
these patients.

Materials and methods

Study population

The study population comprised all patients with HR-
positive breast cancer who underwent surgery at St
Olav’s University Hospital in the period 01.01.2004 to
31.12.2013 and subsequently were prescribed antihormo-
nal treatment as part of their adjuvant therapy. Patients
with histological grade 1 tumours less than 20mm in
diameter (T1) were excluded from the material. These
patients were not prescribed antihormonal treatment
according to national guidelines in the study period. A
total of six patients diagnosed before 2011 had tumours
showing oestrogen receptor positivity >1<10% and were
therefore excluded from the study as guidelines prior to
2011 stated that oestrogen positivity <10% did not war-
rant antihormonal treatment (Fig. 1). All patients in this
study were recommended 5 years of antihormonal treat-
ment according to national guidelines operative at the
time of diagnosis.

Data regarding tumour characteristics and treatment
were retrieved from the hospital medical records. These
data were linked to the Norwegian Prescription Database
(NorPD) where pharmaceutical records were collected
for all patients. After the data were linked, patient iden-
tity was replaced by a serial number. The NorPD includes
information regarding each dispensed medication, the
month and year it was dispensed, the total number of
tablets dispensed each time, gender, year of birth, and
month and year of death. Data in NorPD covered the
time period from 01.01.2004 through 31.12.2019. The
long follow-up time ensured at least 5 years of follow-
up for all patients. All patients had a one-year follow-up
appointment at the surgical out-patient clinic. Thereaf-
ter, yearly follow-up by their general practitioner for 10
years. Patients with metastasis at time of primary diagno-
sis were followed more closely by an oncologist.

Outcomes

Adherence was determined by the medical possession
ratio (MPR). MPR is a recognized and commonly used
method to estimate adherence [21, 26]. It is determined
by the number of days a medication is at hand within a
given time interval [10, 11, 37]. We used the total amount
of tablets dispensed as the nominator, this equals the
number of days of treatment as the tablets, regardless of
type of antihormonal treatment, are taken once daily. The
denominator was 5 years for all patients except for those
who died during the five-year treatment period. The
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Fig. 1 Overview of included and excluded patients

MPR for patients who died during their five-year course
of antihormonal treatment was also included. MPR for
these patients were calculated based on the length of time
they were alive after commencing the treatment. Patients
were considered adherent to the given treatment if MPR
reached 80% or more. This cut-off is widely used for dif-
ferentiating between adherence and non-adherence [37-
39]. Adherence was correlated to tumour characteristics
(tumour stage, histopathological type and grade, nodal
status) and treatment modalities (neoadjuvant treatment,
type of antihormonal treatment, radiation therapy, chem-
otherapy). Persistence was calculated from the date of the
first prescription to the date when the supply of the last
prescription ended. Pauses in antihormonal treatment of
greater than 180days were regarded as discontinuation
of the treatment. Primary non-adherence was defined as
failure of the patient to fill the first and subsequent pre-
scriptions of antihormonal treatment.

Statistical analysis

The differences between subgroups were calculated using
logistic regression. Odds ratios (OR) with 95% confidence
intervals (95% CI) were calculated. In the univariate anal-
ysis we included all clinicopathological data. Predictors
of adherence were age, tumour stage, histopathological
type, histological grade, axillary lymph node metastasis,
neoadjuvant treatment, type of antihormonal treatment,
switch of antihormonal treatment at 2 years, radiation

therapy and chemotherapy. Furthermore, adherence was
predicted as a function of age by including a second-
degree polynomial age term in the logistic regression.
This term was also used when adjusting for the effect of
age. Statistical analyses were performed using SPSS ver-
sion 28 and Stata version 17.0.

Results

A total of 1386 patients with HR-positive breast cancer
underwent surgery during the study period (Fig. 1). Of
these, 22 were diagnosed with breast cancer twice within
the study period. In these cases, the first cancer was cho-
sen. Patients with T1, histological grade 1 tumours were
excluded (n=167 patients). Six patients diagnosed before
2011 had tumours with oestrogen receptor positivity
of >1<10% and were excluded. Twenty-one patients
opted not to participate in the study and were therefore
excluded. This leaves a total study population of 1192
patients (1182 females and 10 males).

During the five-year follow-up, a total of 903 patients
(75.8%) were adherent (MPR > 80%) to the antihormonal
treatment they were prescribed (Table 1). Two hundred
and eighty-nine (24.2%) patients were classified as non-
adherent. Of these, 101 patients never initiated the treat-
ment and were classified as PNA. A total of 659 (55.3%)
had a MPR rate of >100% indicating that they remained
on antihormonal treatment for longer than 5 years.
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Table 1 Patient characteristics and estimated probability of adherence

Characteristics Adherent/total Adherent % Non-adherent/total Non-adherent %
(95% CI) (95% CI)
903/1192 75.8(73.2-78.1) 289/1192 24.2 (21.8-26.8)
Age at diagnosis
<40 36/59 61.0 (47.4-73.5) 23/59 39.0 (26.5-52.6)
40-49 164/195 84.1(78.2-88.9) 31/195 159(11.1-21.8)
50-59 282/350 80.6 (76.0-84.6) 68/350 194 (15.4-24.0)
60-69 269/350 76.9(72.1-81.2) 81/350 23.1(18.8-27.9)
70-79 104/138 754 (67.3-82.3) 34/138 24.6(17.7-32.7)
>80 48/100 48.0(37.9-58.2) 52/100 52.0(42.8-63.1)
Tumour stage
T 508/686 74.1(70.6-77.3) 178/686 25.9(22.8-29.6)
T2 275/356 77.2(72.5-81.5) 81/356 22.8(18.5-27.5)
T3-T4 28/32 87.5(71.0-96.5) 4/32 12.5(3.5-29.0)
Unknown? 92/118 78.0 (69.4-85.1) 26/118 22.0(14.9-30.6)
Histopathological type
Ductal 712/943 755 (72.5-78.1) 231/943 24.5(21.8-27.3)
Lobular 122/153 79.7 (72.5-85.8) 31/153 203 (14.2-27.5)
Other 64/89 71.9 (61.4-80.9) 25/89 28.1(19.1-38.6)
Unknown 5/7 714 (29.0-96.3) 2/7 286(37 71.0)
Histological grade
Grade 1 76/104 73.1(63.5-81.3) 28/104 26.9(18.7-36.5)
Grade 2 507/686 73.9(70.4-77.0) 179/686 26.1(23.0-29.7)
Grade 3 229/285 804 (75.3-84.8) 56/285 19.6 (15.2-24.7)
Unknown 91/117 77.8 (69.2-84.9) 26/117 22.2(15.1-30.8)
Axillary lymph node metastasis
0 473/665 71.1 (67.4-74.4) 192/665 289 (25.6-32.6)
1-3 280/334 83.8(79.4-87.6) 54/334 16.2 (12.4-20.6)
>4 119/143 83.2(76.1-88.9) 24/143 16.8 (11.1-23.9)
Unknown 31/50 62.0 (47.2-75.3) 19/50 38.0(24.7-52.8)
Neoadjuvant treatment
No 764/1017 75.1(72.3-77.7) 253/1017 24.9(22.2-27.7)
Yes 139/175 794 (72.7-85.2) 36/175 20.6 (14.8-27.3)
Type of antihormonal treatment
Tamoxifen only 169/231 73.2(67.0-78.8) 62/231 26.8(21.2-33.0)
Tamoxifen => Al 298/343 86.9 (82.8-.90.3) 45/343 1(9.7-17.2)
Al only 284/336 84.5(80.2-88.2) 52/336 155(11.8-19.8)
Al => Tamoxifen 93/111 83.8 (75.6-90.1) 18/111 16.2 (9.9-24.4)
More than one switch 59/70 843 (73.6-91.9) 11/70 15.7 (8.1-26.4)
No antihormonal treatment registered 0/101 0(0-3.6) 101/101 100 (96.4-100)
Switch at two years
NoP 208/253 82.2 (76.9-86.7) 45/253 17.8(13.3-23.1)
Yes 245/276 88.8 (84.4-92.2) 31/276 11.2(7.8-15.5)
Monotherapy 450/562 80.1 (76.5-83.3) 112/562 19.9 (16.7-23.5)
No antihormonal treatment registered 0/101 0(0-3.6) 101/101 100 (96.4-100)
Radiation therapy
No 234/345 67.8 (62.6-72.7) 111/345 32.2(27.2-374)
Yes 669/847 79.0 (76.1-81.7) 178/847 21.0(18.3-23.9)
Chemotherapy
No 379/576 65.8 (61.8-69.7) 197/576 34.2 (30.5-384)
Yes 524/616 85.1(82.0-87.8) 92/616 14.9 (12.2-18.0)

2108/118 received neoadjuvant therapy. Hormone status was determined on core needle biopsySwitch at other time point than 2years (+/— 6 months)
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The extremes of age (<40years and>80years)
showed significantly lower adherence (OR=0.4,
[95%CL: 0.2-0.7]; p=0.001) and (OR=0.2, [95%CI:
0.1-0.4]; p=<0.001) respectively compared to patients
aged 50-59years (Table 2). Adherence predicted by
a second-degree polynomial age term gives similar
results also when grouped by chemotherapy (Fig. 2).
Patients with metastasis to axillary lymph nodes as
determined by sentinel lymph node biopsy and/or
axillary clearance were more likely to be adherent to
antihormonal treatment than those without axillary
lymph node metastasis, (OR=2.1, [95%CI: 1.5-3.0];
p=<0.001) for those with 1-3 affected axillary lymph
nodes and (OR=2.0, [95%CI: 1.3-3.2]; p=0.004) for
those with >4 axillary lymph node metastasis). Simi-
lar results were seen when adjusting for age. Patients
who switched to an AI (OR=2.4, [95%CI: 1.6-3.7];
p<0.001) those who received an Al only (OR=2.0,
[95%CI: 1.3-3.0]; p=0.001), and the patients who
started their treatment with an AI (OR=1.9, [95%CI:
1.1-3.4]; p=0.031) were all more likely to be adher-
ent than those who received tamoxifen monotherapy.
Those who switched type of antihormonal treatment
(tamoxifen to Al or Al to tamoxifen) after 2 years were
more likely to be adherent (OR=1.7, [95%CI: 1.0-2.8];
p=0.033) than patients on monotherapy. Patients
who received chemotherapy showed better adherence
(OR=3.0, [95%CI: 2.2-3.9]; p<0.001) than those who
did not. This effect was observed for all ages (Fig. 2).
Patients who received radiation therapy were also
more likely to be adherent (OR=1.8, [95%CI: 1.3-
2.4]; p<0.001). When adjusting for age, increasing
tumour-stage was associated with a greater likelihood
of adherence (OR=1.5, [95%CI: 1.1-2.1]; p=0.011) for
T2-tumors and (OR=3.7, [95%CI, 1.2-11.2]; p =0.023)
for T3- and T4-tumors. Furthermore, we found that
after adjusting for age, those who received chemother-
apy showed better adherence (OR=3.8, [95%CI: 2.6-
5.5]; p <0.001).

In the primary non-adherent group, 82.2% had T1
tumours compared to 56.3% in the adherent group
(Table 3). Those without axillary lymph node metastasis
comprised 89.1% of the PNA-group as opposed to 52.4%
of the adherent group. Among patients who did not
receive chemotherapy, 95.0% were PNA as opposed to
42.0% in the adherent group (p <0.001).

For the non-adherent patients, persistence was meas-
ured as the period from initiation to termination of
therapy (Fig. 3). Patients who never initiated the recom-
mended treatment (PNA) account for 34.9% of the non-
adherent patients. Furthermore, 21.5% of the patients
discontinued treatment during the first year. Thereafter,
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15.6, 16.6, 9.7 and 1.7% discontinued treatment during
year two, three, four and five respectively.

Discussion

In this study we found that close to a quarter of the
patients (24.2%) did not adhere to prescribed treatment.
Our main findings show that adherence varies with age,
nodal status, type of treatment regimen and whether
radiotherapy and/or chemotherapy were administered.
Patients with primary non-adherence appears to have a
less serious cancer-diagnosis compared to the rest of the
study-population.

Poor adherence is a major challenge negatively affect-
ing patient outcomes. It prevents medications from
exerting their full beneficial effect [9-11, 14, 22]. With
the use of oral medications taken at home, patients are
increasingly rendered to themselves to tackle obstacles
that might prevent good adherence. As antihormonal
therapy in the setting of breast cancer treatment has
proven to reduce the risk of recurrence and improve sur-
vival [3, 4, 8, 20, 27, 28, 40], there is no doubt that their
effect is highly beneficial. This is further emphasized by
the fact that current guidelines have extended the dura-
tion of treatment from five to 10 years.

A total of 659 patients (55.3%) were registered as hav-
ing a MPR>100%. These patients stayed on the antihor-
monal treatment beyond the recommended five-year
treatment period. Some may have used antihormonal
treatment for only a short period of time beyond the
specified five-year recommendation. However, this find-
ing may reflect emerging evidence at that time of the
beneficial effects of antihormonal treatment given for
more than five years [41-43].

The present study shows that patients aged <40years
and > 80years are more likely to be non-adherent to
antihormonal treatment. Pre-menopausal women
treated with tamoxifen often develop troublesome side
effects that could explain the low adherence rates in this
group. Also, some of these women may have had a wish
to become pregnant during the treatment period and
therefore discontinued their treatment. This would be
of increasing relevance with the current ten-year treat-
ment recommendations. Patients above the age of 80
are more likely to be non-adherent due to comorbidities.
These illnesses often entail complex treatment regimens.
Some elderly patients suffer from varying degrees of both
functional and/or cognitive impairment which further
increases the risk of poor adherence [9, 44].

Our study shows that patients with metastasis to axil-
lary lymph nodes are significantly more likely to be
adherent compared to those without metastasis. This
is also true when adjusting for age. Patients receiving
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Table 2 Predictors of adherence
Characteristics OR (95% ClI) P-value OR (95% Cl) P-value
Unadjusted Adjusted for age

Age at diagnosis

<40 0.4 (0.2-0.7) 0.001

40-49 1.3(0.8-2.0) 0.306

50-59 Ref

60-69 0.8 (0.6-1.2) 0.230

70-79 0.7 (0.5-1.2) 0.203

>80 0.2 (0.1-0.4) <0.001
Tumour stage

T Ref Ref

T2 1.2(0.9-1.6) 0.258 1.5(1.1-2.1) 0.011

T3-T4 2.5(08-7.1) 0.098 37(1.2-11.2) 0.023

Unknown 1.2(0.8-2.0) 0.368 1.3(0.8-2.1) 0.286
Histopathological type

Ductal Ref Ref

Lobular 1.3(0.8-2.0) 0.256 1.3(09-2.1) 0.188

Other 0.8 (0.5-1.4) 0454 1.0 (0.6-1.6) 0915

Unknown 0.8 (0.2-4.2) 0.803 1.0 (0.2-5.8) 0.964
Histological grade

Grade 1 Ref Ref

Grade 2 1.0(0.7-1.7) 0.858 1.0 (0.6-1.6) 0.992

Grade 3 1.5(0.9-2.5) 0.124 1.6 (0.9-2.7) 0.108

Unknown 1.3(0.7-24) 0417 1.2(0.6-2.3) 0.550
Axillary lymph node metastasis

0 Ref Ref

1-3 2.1(1.5-3.0) <0.001 2.2(1.6-3.1) <0.001

>4 20(1.3-32) 0.004 2.1(1.3-34) 0.002

Unknown 0.7 (04-1.2) 0.175 1.3(0.7-2.6) 0415
Neoadjuvant treatment

No Ref Ref

Yes 1.3(0.9-1.9) 0.220 14(09-2.1) 0.098
Type of antihormonal treatment

Tamoxifen only Ref Ref

Tamoxifen => Al 24(1.6-3.7) <0.001 1.6 (1.0-2.6) 0.034

Al only 2.0(1.3-3.0) 0.001 1.5(0.9-24) 0.099

Al => Tamoxifen 1.9(1.1-34) 0.031 1.3(0.7-2.4) 0484

More than one switch 2.0(1.0-4.0) 0.060 1.3(0.6-2.8) 0437

No antihormonal treatment registered 0.996 0 0.995
Switch at two years

No* Ref Ref

Yes 1.7 (1.0-2.8) 0.033 1.5(0.9-24) 0.141

Monotherapy 0.9(0.6-1.3) 0473 1.0(0.7-1.5) 0.988

No antihormonal treatment registered 0 0.995 0 0.995
Radiation therapy

No Ref Ref

Yes 1.8(1.3-24) <0.001 1.2(09-1.7) 0.209
Chemotherapy

No Ref Ref

Yes 3.0(2.2-3.9) <0.001 3.8(2.6-5.5) <0.001

2 Switch at some other point in time (+/— 6 months)
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Fig. 2 Predicted adherence as a function of age and chemotherapy

Table 3 Characteristics of patients related to adherence

Primary Secondary  Adherent P-value
non- non- (%) (x2
adherent adherent Pearson’s)
(%) (%)
Tumor stage
T1 83(82.2) 95 (50.5) 508 (56.3) <0.001
T2 14 (13.9) 67 (35.6) 275 (30.5)
13-T4 2(2.0) 2(1.1) 28 (3.1)
Unknown 2 (2.0) 24(12.8) 92 (10.2)
Histological grade
Grade 1 3(3.0) 25(133) 76 (84) <0.001
Grade 2 87 (86.1) 92 (48.9) 507 (56.1)
Grade 3 10(9.9) 46 (24.5) 229 (254)
Unknown 1 (1.0) 25(13.3) 91 (10.1)
Axillary lymph node metastasis
0 90 (89.1) 102 (54.3) 473 (524) <0.001
1-3 7(6.9) 47 (25.0) 280(31.0)
>4 1(1.0) 23(12.2) 119( 32)
Unknown 3 (3.0) 16 (8.5) 31(34)
Radiation
No 39 (38.6) 72(383) 234(25.9) <0.001
Yes 62 (61.4) 116 (61.7) 669 (74.1)
Chemotherapy
No 96 (95.0) 101 (53.7) 379 (42.0) <0.001
Yes 5(5.0) 87 (46.3) 524 (58.0)
Neoadjuvant treatment
No 99 (98.0) 154 (81.9) 764 (84.6) <0.001
Yes 2(20) 34(18.1) 139 (15.4)

adjuvant radiotherapy and/or chemotherapy are also
significantly more likely to be adherent to antihor-
monal treatment than those who did not receive this
treatment. These findings may reflect that more severe
disease motivates patients to maintain adherence
throughout the scheduled treatment period. However,
most young patients receive chemotherapy and most
elderly do not. In our material 96.6% of those <40 years
and 91.8% in the 40-49 year age group received chem-
otherapy compared to 1% > 80years and 22.5% within
the 70-79year age group. Paradoxically, despite the
fact that young patients receive chemotherapy, they
are more likely to non-adherent compared to older
patients.

Most patients, with the exception of those with dis-
tant metastasis at the time of diagnosis, had a one-year
follow-up appointment at the surgical out-patients clinic,
thereafter yearly follow-up by their general practitioner
for 10 years. Close follow-up has been linked to improved
adherence [10, 17]. However, several studies have shown
greater adherence among patients followed by an oncolo-
gist as compared to those followed by their general prac-
titioner [23, 25, 29, 30]. As this factor is modifiable, it will
be important when strategies for improving adherence
are considered.

The type of treatment regimen has an impact on adher-
ence. Some patients were recommended monotherapy
and others were recommended to switch endocrine treat-
ment (tamoxifen to Al or Al to tamoxifen) at 2 years. Our
material shows significantly better adherence for those
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who switched at 2 years compared to those who received
tamoxifen only. Some of the switches at 2 years may have
been the result of side effects at the time. Although side
effects are most intense in the first year of treatment,
many of these patients may have continued the pre-
scribed treatment for 2 years in the hope of fewer side
effects after the planned switch at 2 years. We believe
these are highly motivated patients who wish to continue
the treatment despite troublesome side effects. We also
observed that those who received Al as monotherapy
had better adherence than those who were treated with
tamoxifen monotherapy. This is in keeping with previous
research [6], but is more difficult to explain but suggests
that age may be a contributory factor as most women
receiving Als are postmenopausal and mainly in the age
groups 60-79 years.

Of the non-adherent patients, 35.3%, or 8.5% of the
total population, never initiated the treatment they were
recommended. This is particularly worrisome as these
patients stand to gain no benefit from the treatment. Pre-
vious research has shown that taking tamoxifen for only
one to two years significantly reduces recurrence rates
and breast cancer death rates [5, 45]. Motivating patients
to initiate and continue their recommended treat-
ment would therefore be advantageous in an attempt to
improve adherence rates.

Of those initiating treatment, most patients with poor
adherence discontinue within the first year of treatment.
Thereafter, the numbers gradually decrease during the
five-year treatment period. This may partly be explained
by the occurrence of side effects. Research has shown
that women treated with tamoxifen report fewer and less
severe side effects after the first year of treatment [46].

Once the prescription is handed over to the patient, it is
the patient’s responsibility to follow the recommended
treatment regimen. Information about why the treat-
ment is given, expected benefit and possible side effects
are important factors to communicate to the patient in a
comprehensible manner [10, 18]. Close follow-up, espe-
cially during the first year of treatment, might prevent
patients from becoming non-adherent. This is exempli-
fied by the fact that adherence often will be at its best just
before and after a consultation [10, 11]. The five patients
who discontinued treatment during the fifth year may
have been deemed satisfactorily treated and advised to
terminate their treatment as they were close to the five-
year mark.

Degree of adherence may be related to certain patient
characteristics. Patients with cancers with a good prog-
nosis not warranting chemotherapy, are more frequent
in the PNA-group. We failed to find a clear distinction
between secondary non-adherent patients and adher-
ent patients. The influence of other factors such as side
effects and co-morbidities may have contributed to
patients discontinuing their treatment earlier than rec-
ommended. However, the study of these factors was
beyond the scope of this study. Our findings suggest that
patients who never initiate recommended treatment have
less serious cancers. A possible explanation could be that
these patients fail to see the need for antihormonal treat-
ment given their favourable diagnosis. Several factors
may contribute to this misconception. Often little time is
spent on explaining the importance of good adherence.
In a busy clinical working day, there is often limited time
available to give the patient in-depth information regard-
ing the treatment and the prescription may be handed
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over to the patient with little further explanation. Impor-
tant issues such as why the treatment is given, possible
side effects and duration of treatment are often not ade-
quately addressed. Clinicians may “oversell” the favour-
able diagnosis and prognosis to such an extent that the
treatment is deemed unnecessary by the patient. Some
patients may have negative expectations to antihormo-
nal treatment [47], and this combined with a “non-seri-
ous” cancer, may increase the likelihood of not initiating
the treatment. Cost of the medication is unlikely to be a
contributing factor as these costs are reimbursed to the
patients and do not impose a large expense. However, in
some study populations, socioeconomic status may exert
influence on patient adherence behaviour [48].

Our study shows that 75.8% of the patients are adher-
ent to antihormonal treatment. This is consistent with
several other studies [20, 36, 49]. We have shown that
the extremes of age and less severe disease characteris-
tics increases the risk of non-adherence. Although these
are non-modifiable factors, they are important in order
to identify patients at risk of poor adherence. PNA or
“lack of “initiation” to antihormonal treatment has been
described in previous research [23, 50, 51]. However,
more in-depth knowledge about this particular group is
important. In this paper we show that the PNA-patients
tend to have a better prognosis and postulate that their
non-initiation might be linked to how clinicians com-
municate. If this is the case, greater awareness among
clinicians on how we communicate the need for anti-
hormonal treatment, regardless of a good prognosis,
may be a way of improving adherence rates among PNA-
patients. This study has also shown that most non-adher-
ent patients discontinue the treatment in the initial part
of the treatment period, this is in keeping with previous
research [38]. This finding is of value as targeted inter-
ventions for improving adherence could benefit from
focusing their efforts in the initial part of the treatment
period. Increased awareness of non-adherence, both
among clinician and patients, will ultimately lead to bet-
ter outcomes for these patients.

The present study does not investigate subjective
factors affecting adherence. Side effects are one of the
major factors determining adherence to antihormo-
nal treatment [24, 27, 29-31]. One study showed that
almost half the participants reported side effects as
the reason for non-adherence to tamoxifen [52]. It is
important to ask patients about their experience of
side effects to detect poor adherence. Prescribing ame-
liorative treatments for troublesome side effects will
often be very beneficial [24, 29], and may prevent poor
adherence. Patients’ expectations to antihormonal ther-
apy before initiating the treatment have been proven
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to affect both side effects and quality of life. After 2
years of antihormonal treatment the relative risk of
side effects was higher in those with negative expecta-
tions at baseline than those with low negative expecta-
tions (RR=1.833, [95%CI: 1.0-3.3]) [47]. Patients who
have been treated with chemotherapy have already
been exposed to low oestrogen levels [53], this may be
a contributary factor as to why these women show bet-
ter adherence compared to those who did not receive
chemotherapy.

Assessing adherence is challenging and complex. Sev-
eral methods of measurement exist. Using prescription
refill registers has been shown to be an objective and reli-
able way of assessing adherence. This is especially true
for medications intended for long-term therapy [10, 15].
However, relying on register data, we cannot be sure that
the patients consumed the medications dispensed at the
pharmacy. However, we consider it unlikely that patients
have repeatedly refilled their prescriptions without actu-
ally taking them. Research supports this assumption as it
has been shown that the rate at which patients refill their
prescriptions is consistent with the rate at which they
consume their medications [54]. Furthermore, it has been
shown that there is concordance between serum tamoxifen
levels and rates of discontinuation [55]. Although widely
used, the 80% cut-off for “good” and “poor” adherence is
an arbitrary value that is poorly documented in relation to
specific diseases and classes of medications [14, 56].

There are some limitations to this study. Reasons for
poor adherence were not recorded. Non-adherence
may be a patient choice and therefore represent inten-
tional non-adherence. However, the decision to stop
a medication may also be made by the clinician based
on intercurrent illness or other factors. The unavail-
ability of reasons for non-adherence in this study is
therefore a weakness. Another drawback is the fact that
data regarding antihormonal treatment prescribed to
patients admitted to hospital or residing in a nursing
home is not included in the data from the NorPD. The
numbers in the younger and elderly subgroups are rela-
tively small, therefore, one should be cautious in draw-
ing firm conclusions. While some studies have shown
similar adherence-rates in relation to age [29, 35], oth-
ers have shown this association only for the younger age
group [20, 24, 25]. A potential limitation of this study
is whether the results are transferable to other patient
populations. Study population profiles vary with regard
to demographics, access to treatment and public health
systems. However, we believe that our results contrib-
ute to our understanding of patient adherence.

Strengths of this study include its population-based
design including all women that underwent surgery at
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St Olav’s Hospital during the study period. We have col-
lected prescription data from the NorPD rather than rely-
ing on self-reported data from the patients. Data from
prescription databases have been shown to be superior
to self-reported adherence data [54] and are particularly
advantageous for the evaluation of medications intended
for long-term therapy [15]. Compared to many other
studies with shorter periods of follow-up [28, 34, 38, 57—
60], we have evaluated adherence for the full length of the
recommended five-year treatment period. Furthermore,
we have differentiated between treatment with tamoxifen
and Als.

Conclusion

We conclude that adherence to antihormonal therapy
for breast cancer is suboptimal. Special attention should
be paid to the young and elderly as these subgroups
show poorer adherence than the other age groups. The
relatively large group of patients with primary non-
adherence is of particular interest. It appears that these
patients have cancers with a relatively good prognosis.
This is a somewhat surprising finding, and we hope future
research will focus more on this group of patients. Non-
adherent patients tend to terminate their antihormonal
therapy in the initial part of the treatment period. This
means that targeted interventions to improve adherence
should be focused on the initial part of the treatment
period. Better adherence will improve patient outcomes
and reduce health care expenditures.

Abbreviations

HR: Hormone receptor; MPR: Medical Possession ratio; Al: Aromatase inhibi-
tor; NorPD: Norwegian Prescription database; OR: Odds ratio; Cl: Confidence
interval.

Acknowledgements
Not applicable.

Authors’ contributions

ID: Data collection. Analysis and interpretation of the data, drafting the

article, final approval. AMB: Interpretation of the data, drafting the article, final
approval. HS: Drafting the article, final approval. GT: Statistical analysis, drafting
the article, final approval. MJE: Conceptualization, analysis and interpreta-

tion of the data, drafting the article, final approval. All authors have read and
approved the final manuscript.

Funding

Open access funding provided by Norwegian University of Science and Tech-
nology The Dam Foundation (FO236264). Central Norway Regional Health
Authority (9051880).

Availability of data and materials

The datasets generated during and/or analysed during the current study are
not publicly available due to reasons of sensitivity and limitations imposed in
the conditions for approval by the Ethics Committee but are available from
the corresponding author on reasonable request.

Page 10 of 12

Declarations

Ethics approval and consent to participate

The study, including an outline of the statistical methods used, was approved
by the Regional Committee for Medical and Health Research Ethics, South East
Norway (# 2017/1356) and the Regional Data Protection Office according to
the Declaration of Helsinki. Informed consent was obtained from all partici-
pants in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

1Departmem‘[ of Clinical and Molecular Medicine, Faculty of Medicine

and Health Sciences, Norwegian University of Science and Technology (NTNU),
Trondheim, Norway. 2Departmen‘[ of Breast and Endocrine Surgery, St Olav's
Hospital, Trondheim University Hospital, Trondheim, Norway. *Department

of Research, Stavanger University Hospital, Stavanger, Norway. 4Depart—

ment of Clinical Science, University of Bergen, Bergen, Norway. °Department
of Mathematical Sciences, Faculty of Information Technology and Electri-

cal Engineering, Norwegian University of Science and Technology (NTNU),
Trondheim, Norway.

Received: 23 May 2022 Accepted: 23 November 2022
Published online: 02 December 2022

References

1. Quirke VM. Tamoxifen from Failed Contraceptive Pill to Best-Selling Breast
Cancer Medicine: A Case-Study in Pharmaceutical Innovation. Front
Pharmacol. 2017;8:620.

2. Bartlett JMS, Sgroi DC, Treuner K, Zhang Y, Ahmed |, Piper T, et al. Breast
Cancer Index and prediction of benefit from extended endocrine therapy
in breast cancer patients treated in the Adjuvant Tamoxifen-To Offer
More? (aTTom) trial. Ann Oncol. 2019;30(11):1776-83.

3. McCowan C, Shearer J, Donnan PT, Dewar JA, Crilly M, Thompson
AM, et al. Cohort study examining tamoxifen adherence and its
relationship to mortality in women with breast cancer. Br J Cancer.
2008;99(11):1763-8.

4. (EBCTCG) EBCTCG, Davies C, Godwin J, Gray R, Clarke M, Cutter D, et al.
Relevance of breast cancer hormone receptors and other factors to the
efficacy of adjuvant tamoxifen: patient-level meta-analysis of randomised
trials. Lancet. 2011;378(9793):771-84.

5. (EBCTCG) EBCTCG. Effects of chemotherapy and hormonal therapy for
early breast cancer on recurrence and 15-year survival: an overview of the
randomised trials. Lancet. 2005;365(9472):1687-717.

6. Baum M, Budzar AU, Cuzick J, Forbes J, Houghton JH, Klijn JG, et al.
Anastrozole alone or in combination with tamoxifen versus tamox-
ifen alone for adjuvant treatment of postmenopausal women with
early breast cancer: first results of the ATAC randomised trial. Lancet.
2002;359(9324):2131-9.

7. Thirlimann B, Keshaviah A, Coates AS, Mouridsen H, Mauriac L, Forbes
JF, et al. A comparison of letrozole and tamoxifen in postmenopausal
women with early breast cancer. N Engl J Med. 2005;353(26):2747-57.

8. (EBCTCG) EBCTCG. Aromatase inhibitors versus tamoxifen in early breast
cancer: patient-level meta-analysis of the randomised trials. Lancet.
2015;386(10001):1341-52.

9. E.S.Adherence to long-term therapies. Evidence for action http://apps.
who.int/iris/bitstream/handle/10665/42682/9241545992.pdf;jsessionid=
DC1B2556421A14BODAE20702E10FEOE5?sequence=12003 [198].

10. Osterberg L, Blaschke T. Adherence to medication. N Engl J Med.
2005;353(5):487-97.

11. Lam WY, Fresco P. Medication Adherence Measures: An Overview. Biomed
Res Int. 2015;2015:217047.


http://apps.who.int/iris/bitstream/handle/10665/42682/9241545992.pdf;jsessionid=DC1B2556421A14B0DAE20702E10FE0E5?sequence=12003
http://apps.who.int/iris/bitstream/handle/10665/42682/9241545992.pdf;jsessionid=DC1B2556421A14B0DAE20702E10FE0E5?sequence=12003
http://apps.who.int/iris/bitstream/handle/10665/42682/9241545992.pdf;jsessionid=DC1B2556421A14B0DAE20702E10FE0E5?sequence=12003

Dragvoll et al. BMC Cancer

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34

(2022) 22:1247

Cheen MHH, Tan YZ, Oh LF, Wee HL, Thumboo J. Prevalence of and factors
associated with primary medication non-adherence in chronic disease: A
systematic review and meta-analysis. Int J Clin Pract. 2019;73(6):e13350.
Adams AJ, Stolpe SF. Defining and Measuring Primary Medication Nonad-
herence: Development of a Quality Measure. J Manag Care Spec Pharm.
2016;22(5):516-23.

Cramer JA, Roy A, Burrell A, Fairchild CJ, Fuldeore MJ, Ollendorf DA, et al.
Medication compliance and persistence: terminology and definitions.
Value Health. 2008;11(1):44-7.

Andrade SE, Kahler KH, Frech F, Chan KA. Methods for evaluation of
medication adherence and persistence using automated databases.
Pharmacoepidemiol Drug Saf. 2006;15(8):565-74 discussion 75-7.
Haynes RB, McDonald H, Garg AX, Montague P. Interventions for helping
patients to follow prescriptions for medications. Cochrane Database Syst
Rev. 2002;(2):Cd000011.

Brown MT, Bussell J, Dutta S, Davis K, Strong S, Mathew S. Medication
Adherence: Truth and Consequences. Am J Med Sci. 2016;351(4):387-99.
DiMatteo MR, Giordani PJ, Lepper HS, Croghan TW. Patient adher-

ence and medical treatment outcomes: a meta-analysis. Med Care.
2002;40(9):794-811.

Giannetti VJ, Kamal KM. Adherence With Therapeutic Regimens:
Behavioral and Pharmacoeconomic Perspectives. J Pharm Pract.
2016;29(2):138-43.

McCowan C, Wang S, Thompson AM, Makubate B, Petrie DJ. The value of
high adherence to tamoxifen in women with breast cancer: a commu-
nity-based cohort study. Br J Cancer. 2013;109(5):1172-80.

Cutler RL, Fernandez-Llimos F, Frommer M, Benrimoj C, Garcia-Cardenas
V. Economic impact of medication non-adherence by disease groups: a
systematic review. BMJ Open. 2018;8(1):e016982.

Mantovani L, Hughes D. ESC CardioMed. Health and economic impact of
non-adherence to preventative cardiovascular medicines: Oxford Univer-
sity Press; 2018.

Guth U, Huang DJ, Schotzau A, Zanetti-Déllenbach R, Holzgreve W, Bitzer
J, et al. Target and reality of adjuvant endocrine therapy in postmenopau-
sal patients with invasive breast cancer. Br J Cancer. 2008;99(3):428-33.
Atkins L, Fallowfield L. Intentional and non-intentional non-adher-

ence to medication amongst breast cancer patients. Eur J Cancer.
2006;42(14):2271-6.

Guth U, Myrick ME, Kilic N, Eppenberger-Castori S, Schmid SM. Compli-
ance and persistence of endocrine adjuvant breast cancer therapy. Breast
Cancer Res Treat. 2012;131(2):491-9.

Sattler EL, Lee JS, Perri M 3rd. Medication (re) fill adherence measures
derived from pharmacy claims data in older Americans: a review of the
literature. Drugs Aging. 2013;30(6):383-99.

Chirgwin JH, Giobbie-Hurder A, Coates AS, Price KN, Ejlertsen B, Debled
M, et al. Treatment Adherence and Its Impact on Disease-Free Survival

in the Breast International Group 1-98 Trial of Tamoxifen and Letrozole,
Alone and in Sequence. J Clin Oncol. 2016,34(21):2452-9.

BarronTl, Cahir C, Sharp L, Bennett K. A nested case-control study of
adjuvant hormonal therapy persistence and compliance, and early breast
cancer recurrence in women with stage I-lll breast cancer. Br J Cancer.
2013;109(6):1513-21.

Murphy CC, Bartholomew LK, Carpentier MY, Bluethmann SM, Vernon
SW. Adherence to adjuvant hormonal therapy among breast cancer
survivors in clinical practice: a systematic review. Breast Cancer Res Treat.
2012;134(2):459-78.

Puts MTE, Tu HA, Tourangeau A, Howell D, Fitch M, Springall E, et al.
Factors influencing adherence to cancer treatment in older adults with
cancer: a systematic review. Ann Oncol. 2014,25(3):564-77.

Wells KJ, Pan TM, Vézquez-Otero C, Ung D, Ustjanauskas AE, Mufioz D,

et al. Barriers and facilitators to endocrine therapy adherence among
underserved hormone-receptor-positive breast cancer survivors: a quali-
tative study. Support Care Cancer. 2016;24(10):4123-30.

Owusu C, Buist DS, Field TS, Lash TL, Thwin SS, Geiger AM, et al. Predic-
tors of tamoxifen discontinuation among older women with estrogen
receptor-positive breast cancer. J Clin Oncol. 2008;26(4):549-55.

Sedjo RL, Devine S. Predictors of non-adherence to aromatase inhibitors
among commercially insured women with breast cancer. Breast Cancer
Res Treat. 2011;125(1):191-200.

Barron T, Connolly R, Bennett K, Feely J, Kennedy MJ. Early discontinua-
tion of tamoxifen: a lesson for oncologists. Cancer. 2007;109(5):832-9.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

Page 11 of 12

. Hershman DL, Kushi LH, Shao T, Buono D, Kershenbaum A, Tsai WY, et al.

Early discontinuation and nonadherence to adjuvant hormonal therapy
in a cohort of 8,769 early-stage breast cancer patients. J Clin Oncol.
2010;,28(27):4120-8.

Waulaningsih W, Garmo H, Ahlgren J, Holmberg L, Folkvaljon Y, Wigertz A,
et al. Determinants of non-adherence to adjuvant endocrine treatment
in women with breast cancer: the role of comorbidity. Breast Cancer Res
Treat. 2018;172(1):167-77.

Sperber CM, Samarasinghe SR, Lomax GP. An upper and lower

bound of the Medication Possession Ratio. Patient Prefer Adherence.
2017;11:1469-78.

Partridge AH, LaFountain A, Mayer E, Taylor BS, Winer E, Asnis-Alibozek A.
Adherence to initial adjuvant anastrozole therapy among women with
early-stage breast cancer. J Clin Oncol. 2008;26(4):556-62.

Karve S, Cleves MA, Helm M, Hudson TJ, West DS, Martin BC. Good and
poor adherence: optimal cut-point for adherence measures using admin-
istrative claims data. Curr Med Res Opin. 2009;25(9):2303-10.

Hershman DL, Shao T, Kushi LH, Buono D, Tsai WY, Fehrenbacher L, et al.
Early discontinuation and non-adherence to adjuvant hormonal therapy
are associated with increased mortality in women with breast cancer.
Breast Cancer Res Treat. 2011;126(2):529-37.

Goss PE. Letrozole in the extended adjuvant setting: MA.17. Breast Cancer
Res Treat. 2007;105 Suppl 1(Suppl 1):45-53.

Gray RG, Rea D, Handley K, Bowden SJ, Perry P, Earl HM, et al. aTTom:
Long-term effects of continuing adjuvant tamoxifen to 10 years versus
stopping at 5 years in 6,953 women with early breast cancer. J Clin Oncol.
2013;31(18_suppl):5.

Davies C, Pan H, Godwin J, Gray R, Arriagada R, Raina V, et al. Long-term
effects of continuing adjuvant tamoxifen to 10 years versus stopping at 5
years after diagnosis of oestrogen receptor-positive breast cancer: ATLAS,
arandomised trial. Lancet. 2013;381(9869):805-16.

Smaje A, Weston-Clark M, Raj R, Orlu M, Davis D, Rawle M. Factors associ-
ated with medication adherence in older patients: A systematic review.
Aging Med (Milton). 2018;1(3):254-66.

Ekholm M, Bendahl PO, Ferné M, Nordenskjold B, Stal O, Rydén L. Two
Years of Adjuvant Tamoxifen Provides a Survival Benefit Compared With
No Systemic Treatment in Premenopausal Patients With Primary Breast
Cancer: Long-Term Follow-Up (> 25 years) of the Phase Ill SBIl:2pre Trial. J
Clin Oncol. 2016;34(19):2232-8.

Lorizio W, Wu AH, Beattie MS, Rugo H, Tchu S, Kerlikowske K, et al. Clinical
and biomarker predictors of side effects from tamoxifen. Breast Cancer
Res Treat. 2012;132(3):1107-18.

Nestoriuc Y, von Blanckenburg P, Schuricht F, Barsky AJ, Hadji P, Albert

US, et al. Is it best to expect the worst? Influence of patients’side-effect
expectations on endocrine treatment outcome in a 2-year prospective
clinical cohort study. Ann Oncol. 2016;27(10):1909-15.

Ma S, Shepard DS, Ritter GA, Martell RE, Thomas CP. The impact of the
introduction of generic aromatase inhibitors on adherence to hormonal
therapy over the full course of 5-year treatment for breast cancer. Cancer.
2020;126(15):3417-25.

Font R, Espinas JA, Barnadas A, Izquierdo A, Galceran J, Saladie F, et al.
Influence of adherence to adjuvant endocrine therapy on disease-free
and overall survival: a population-based study in Catalonia. Spain Breast
Cancer Res Treat. 2019;175(3):733-40.

Tchuente V, Stern D, Prchal J, Martin J, Tamblyn R, Meguerditchian AN.
Primary non-adherence to adjuvant endocrine therapy in older women
with breast cancer. J Clin Oncol. 2019;37(27_suppl):285.

Emerson MA, Achacoso NS, Benefield HC, Troester MA, Habel LA.
Initiation and adherence to adjuvant endocrine therapy among urban,
insured American Indian/Alaska Native breast cancer survivors. Cancer.
2021;127(11):1847-56.

Grunfeld EA, Hunter MS, Sikka P, Mittal S. Adherence beliefs among breast
cancer patients taking tamoxifen. Patient Educ Couns. 2005;59(1):97-102.
Mauri D, Gazouli |, Zarkavelis G, Papadaki A, Mavroeidis L, Gkoura S, et al.
Chemotherapy Associated Ovarian Failure. Front Endocrinol (Lausanne).
2020;11:572388.

Grymonpre R, Cheang M, Fraser M, Metge C, Sitar DS. Validity of a
prescription claims database to estimate medication adherence in older
persons. Med Care. 2006;44(5):471-7.

Helland T, Hagen KB, Haugstayl ME, Kvalgy JT, Lunde S, Lode K, et al.
Drug monitoring of tamoxifen metabolites predicts vaginal dryness



Dragvoll et al. BMC Cancer

56.

57.

58.

59.

60.

(2022) 22:1247

and verifies a low discontinuation rate from the Norwegian Prescription
Database. Breast Cancer Res Treat. 2019;177(1):185-95.

Baumgartner PC, Haynes RB, Hersberger KE, Arnet I. A Systematic Review
of Medication Adherence Thresholds Dependent of Clinical Outcomes.
Front Pharmacol. 2018;9:1290.

Calip GS, Xing S, Jun DH, Lee WJ, Hoskins KF, Ko NY. Polypharmacy and
Adherence to Adjuvant Endocrine Therapy for Breast Cancer. J Oncol
Pract. 2017;13(5):e451-e62.

Demissie S, Silliman RA, Lash TL. Adjuvant tamoxifen: predictors of

use, side effects, and discontinuation in older women. J Clin Oncol.
2001;19(2):322-8.

Moon Z, Moss-Morris R, Hunter MS, Norton S, Hughes LD. Nonadherence
to tamoxifen in breast cancer survivors: A 12 month longitudinal analysis.
Health Psychol. 2019;38(10):888-99.

Wigertz A, Ahlgren J, Holmqvist M, Fornander T, Adolfsson J, Lindman H,
et al. Adherence and discontinuation of adjuvant hormonal therapy in

breast cancer patients: a population-based study. Breast Cancer Res Treat.

2012;133(1):367-73.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Predictors of adherence and the role of primary non-adherence in antihormonal treatment of breast cancer
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Study population
	Outcomes
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


