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Abstract 

PURPOSE 

To identify predictors for discontinuation of adjuvant hormone therapy in breast cancer 

patients. 

PATIENTS AND METHODS 

We conducted a record-linkage study based on data from Stockholm-Gotland Breast Cancer 

Register, Swedish Prescribed Drug Register, and self-reported questionnaire. Women 

diagnosed with breast cancer between 2005 and 2008 in Stockholm, Sweden, were 

prospectively followed for five years until 2013, starting from their first prescription of 

tamoxifen or aromatase inhibitors (N=3 395).  

RESULTS 

Family history of ovarian cancer (HR, 1.55; 95% CI: 1.19-2.02), younger (<40 years; HR, 

1.39; 95% CI: 1.08-1.78) and older (≥65 years; HR, 1.15; 95% CI: 1.03-1.28) age, higher 

Charlson comorbidity index (≥2 vs 0; HR, 1.35; 95% CI: 1.03-1.76), use of analgesics (HR, 

1.33; 95% CI: 1.16-1.52), hypnotics/sedatives (HR, 1.24; 95% CI: 1.07-1.43), gastrointestinal 

drugs (HR, 1.25; 95% CI: 1.08-1.43), and hormone replacement therapy (HR, 1.27; 95% CI: 

1.08-1.49), were identified as baseline predictors for hormonal treatment discontinuation. Use 

of analgesics (HR, 1.22; 95% CI: 1.08-1.37), hypnotics/sedatives (HR, 1.21; 95% CI: 1.07-

1.37), antidepressants (HR, 1.22; 95% CI: 1.06-1.40), or gastrointestinal drugs (HR, 1.27; 95% 

CI: 1.13-1.43), and switching therapy between tamoxifen and aromatase inhibitors (HR, 1.50; 

95% CI: 1.23-1.83), during the first year of hormonal treatment were associated with 

increased risk of discontinuation during the following four years.  
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CONCLUSION 

Predictors identified in our study can be used in developing targeted intervention to prevent 

adjuvant hormone therapy discontinuation and subsequently to improve breast cancer 

outcomes. 
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INTRODUCTION 

Adjuvant hormone therapy, such as tamoxifen and aromatase inhibitors (AIs), lowers the 

risk of breast cancer recurrence by 41% and cancer-specific mortality by 31%.
1
 However, 

despite the survival benefit of adjuvant hormone therapy,
2
 a substantial proportion of breast 

cancer patients – ranging from 31 to 73% – discontinue their treatment
3-6

 and therefore 

diminished therapeutic effects.
4,7-10

 

Treatment-related side effects, including pain, depression, sleep disorders, and 

gastrointestinal reaction such as nausea and vomiting, are known as the major reason for 

discontinuing adjuvant hormone therapy.
6,11,12

 Clinicians do their best to support patients by 

prescribing symptom-relieving drugs. However, whether a prescription of a symptom-

relieving drug is still associated with future discontinuation remains unknown.  

Apart from treatment-related side effects, several factors have been suggested to be 

associated with discontinuation of adjuvant hormone therapy, including younger and older 

age, higher prescription co-payment, higher Charlson comorbidity index, and switching 

therapy between tamoxifen and AIs.
3,6,13,14

 However, previous studies usually suffer from 

small sample size, short follow-up time, and selected study population (such as using hospital 

based samples or including only low income women); and contradictory results for some 

predictors have also been reported.
5,12-21

 

By linking data from several Swedish registers and a large population-based cohort, the 

present study was conducted to identify predictors for discontinuation of adjuvant hormone 

therapy in breast cancer patients. Our first aim was to identify baseline predictors for 

discontinuation, including use of hormone replacement therapy (HRT), use of symptom-

relieving drugs prior to diagnosis, lifestyle factors, reproductive factors, socio-economic 

status, family history of breast or ovarian cancer, comorbidities and tumor characteristics. Our 

second aim was to identify early-treatment-stage predictors for long-term discontinuation by 
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investigating whether use of symptom-relieving drugs and switching therapy between 

tamoxifen and AIs, within the first year of treatment could be used to predict the 

discontinuation of adjuvant hormone therapy in the following four years. 
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PATIENTS AND METHODS 

Data sources and patients 

Swedish Registers 

The Stockholm-Gotland Breast Cancer Register contains detailed information on all 

patients diagnosed with breast cancer in Stockholm-Gotland region of Sweden since 1976, 

including data on pre-surgical diagnostics, tumor characteristics, therapy of the breast cancer, 

and post-treatment follow-up.
22

 

The Swedish Prescribed Drug Register contains information on all prescribed medicines 

dispensed by Swedish pharmacies since July 1, 2005, including dates of prescription and 

dispense, number of defined daily dose, and classification of drugs according to the 

Anatomical Therapeutic Chemical (ATC) Classification System. This register is reported to 

be nationwide complete, with <0.3% of data entries with missing Personal Identification 

Numbers.
23

 

Using the individually unique Personal Identification Numbers,
24

 we linked the 

Stockholm-Gotland Breast Cancer Register to the Swedish Prescribed Drug Register. 

Through this linkage, we identified 3 470 patients diagnosed with breast cancer between 2005 

and 2008 in Stockholm, Sweden, who initiated adjuvant hormone therapy with at least one 

prescription of tamoxifen (ATC codes L02BA01) or AIs (ATC codes L02BG). Furthermore, 

we excluded 45 patients with distant metastasis at diagnosis and 30 patients with ER-negative 

breast cancer, leaving a total of 3 395 breast cancer patients for the final analysis. (Figure 1) 

Self-reported Questionnaire Survey 

During 2009-2010, 1 997 (59 %) of the 3 395 breast cancer patients answered a 

structured questionnaire in order to identify prognostic factors for breast cancer.
25,26

 All 

subjects participated in the questionnaire survey provided written informed consent.  
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Discontinuation of adjuvant hormone therapy 

Information on prescription and dispense of tamoxifen and AIs was obtained from the 

Swedish Prescribed Drug Register. We defined discontinuation of adjuvant hormone therapy 

as having any interval between two consecutive dispenses exceeding 180 days during the 

follow-up. Since a maximum of 3-month supply of prescription drugs can be dispensed in 

Sweden, a gap of 180 days indicates that at least two dispenses have been missed, thus 

resulting in a shortage of the drug.
27

 

Patients were followed from the first prescription of tamoxifen or AIs, until treatment 

discontinuation, death, local recurrence, distant metastasis, contralateral cancer, endometrial 

cancer, venous thromboembolism, end of study period (31 August 2013), or completion of 

five-year treatment, whichever occurred first (Appendix Table A1, online only). Time to 

discontinuation was defined as the time interval between the first and last prescriptions plus 

the days of supply from the last prescription. Information on death, local recurrence, distant 

metastasis, and contralateral cancer was retrieved from the Stockholm-Gotland Breast Cancer 

Register. Information on endometrial cancer (ICD-10: C541) were retrieved from Swedish 

Cancer Register
28

 and information on venous thromboembolism (ICD-10: I260, I269, I801-3, 

I808-9, I822-3, I828-9) was retrieved from the Swedish Inpatient Register.
29

 

Baseline predictors of discontinuation  

Information on baseline use of symptom relieving drugs and HRT was retrieved from the 

Swedish Prescribed Drug Register. Baseline use of symptom-relieving drugs, including 

analgesics (ATC codes N02), hypnotics/sedatives (ATC codes N05C), antidepressants (ATC 

codes N06A), and gastrointestinal drugs (ATC codes A02, A03, A04, A06, A07), was defined 

as filling at least one prescription of corresponding drugs one year before diagnosis of breast 

cancer (Appendix Table A2, online only). Pre-diagnosis HRT was defined as filling at least 

one prescription of estrogen/progesterone (ATC codes G03C, G03D, G03F) for systematic 
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use one year before breast cancer diagnosis, excluding local use such as patch and vaginal 

cream.  

Information on age at diagnosis, menopausal status at diagnosis, primary tumor size, 

lymph node metastases, progesterone receptor status, radiotherapy, and chemotherapy was 

retrieved from the Stockholm-Gotland Breast Cancer Register. 

Information on comorbidities used to calculate the Charlson Comorbidity Index was 

retrieved from Swedish Inpatient Register, including all main diagnoses for hospital 

admissions since 1987 but before breast cancer diagnosis.
30

  

Information on education, cigarette smoking, self-reported HRT at diagnosis, body mass 

index (BMI), and family history of breast or ovarian cancer was retrieved from the self-

reported questionnaire. 

Early-treatment-stage predictors of discontinuation 

Early-treatment-stage use of symptom-relieving drugs was defined as filling at least one 

prescription of the symptom-relieving drugs during the first year of adjuvant hormone therapy. 

Switching therapy was defined as switching from tamoxifen to AIs or vice versa during the 

first year of adjuvant hormone therapy. 

Data analysis 

Cox regression analysis was used to identify baseline predictors for discontinuation of 

adjuvant hormone therapy. The Schoenfeld residual test was used to check the proportionality 

assumption of the Cox regression. A violation of the assumption was suggested for pre-

diagnosis HRT. The time-dependent hazard ratios (HRs) for pre-diagnosis HRT were 

therefore estimated using flexible parametric survival models.
31

 

To identify early-treatment-stage predictors for long-term discontinuation, we used Cox 

regressions analysis to investigate whether use of analgesics, hypnotics/sedatives, 

antidepressants, and gastrointestinal drugs, as well as switching therapy between tamoxifen 
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and AIs, within the first year of treatment could be used to predict the discontinuation of 

adjuvant hormone therapy in the coming four years. Patients discontinued or censored already 

during the first year of follow-up were excluded in these analyses. Specifically, we used 

Kaplan-Meier failure time plot to illustrate the cumulative probability of treatment 

discontinuation during the following four years according to the number (0, 1-2, 3-4) of early-

treatment-stage symptom-relieving drugs.  

Sensitivity analyses were conducted to assess the robustness of our findings: we restricted 

our analyses to women without any prescription of symptom-relieving drugs during the year 

prior to breast cancer diagnosis; we redefined the use of symptom-relieving drugs as filling at 

least two corresponding drugs; we re-analyzed our data using competing risk regression;
32

 and 

we stratified our analysis by type of adjuvant hormone therapy. 

All analyses were conducted using SAS software (version 9.4; SAS Institute Inc, Cary, 

NC, USA) or Stata software (version 13.0; Stata corporation, college station, TX), at a two-

tailed alpha level of 0.05. The study was approved by the Regional Ethical Review Board in 

Stockholm, Sweden.  
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RESULTS 

Subject characteristics 

Table 1 presents baseline characteristics of breast cancer patients. Most patients were 

aged 40-64 years at the time of diagnosis, with 35% aged ≥65 years, and only 4% aged <40 

years. 

Discontinuation of adjuvant hormone therapy 

Discontinuation of adjuvant hormone therapy increased in a linear fashion during the 

follow-up: by the end of year one, 14% of the patients discontinued the treatment; by the end 

of year three, 36%; by the end of year five, which was the recommended duration of adjuvant 

hormone therapy at the time of the study, the rate of discontinuation approached 54%.  

Baseline predictors for discontinuation 

Use of analgesics, hypnotics/sedatives, antidepressants, or gastrointestinal drugs one year 

before breast cancer diagnosis was all associated with higher discontinuation of adjuvant 

hormone therapy in the univariable models. In the multivariable model, use of analgesics (HR, 

1.33; 95% CI, 1.16 to 1.52), hypnotics/sedatives (HR, 1.24; 95% CI, 1.07 to 1.43), and 

gastrointestinal drugs (HR, 1.25; 95% CI, 1.08 to 1.43) remained statistically significant 

(Table 1).  

Use of HRT one year before diagnosis of breast cancer was associated with higher 

discontinuation of adjuvant hormone therapy during the first year but not afterwards (Figure 

2). Similar associations were also observed for self-reported HRT, with significantly higher 

HRs for the first year of follow-up (current users: HR=1.78 [95% CI, 1.14 to 2.76]; past users: 

HR=1.31 [95% CI, 0.95 to 1.82]) but not afterwards. 
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Other baseline predictors for discontinuation of adjuvant hormone therapy included 

younger and older age at cancer diagnosis, higher Charlson comorbidity index, and family 

history of ovarian cancer (Table 1).  

Early-treatment-stage (first-year) predictors for long-term discontinuation 

Use of symptom-relieving drugs within the first year of follow-up was associated with 

higher discontinuation of adjuvant hormone therapy in the following four years (Table 2). 

Furthermore, the rate of discontinuation of adjuvant hormone therapy in the following four 

years increased significantly with the increasing number of symptom-relieving drugs used 

during the first year of treatment. The discontinuation rate was 37%, 50%, and 62% for 

patients who used 0, 1-2, and 3-4 drugs, respectively (Figure 3). Patients who switched 

therapy from tamoxifen to AIs or vice versa during the first year of follow-up were also at 

increased risk of discontinuation in the following four years (HR, 1.50; 95% CI, 1.23 to 1.83). 

Sensitivity analyses 

Restricting the analysis to women without any prescription of symptom-relieving drugs 

during the year before breast cancer diagnosis (Appendix Table A3, online only), redefining 

the use of symptom-relieving drugs as filling at least two corresponding drugs (Appendix 

Table A4 and Table A5, online only), and re-analyzing our data using competing risk 

regression (Appendix Table A6 and Table A7, online only) provided similar results as in the 

main analysis. Stratified analyses by type of adjuvant hormone therapy also yielded 

comparable results, with higher HRs for pre-diagnosis HRT during the first year of follow-up 

(Tamoxifen alone: HR=2.10 [95% CI, 1.40 to 3.14]; AIs alone: HR=1.96 [95% CI, 1.14 to 

3.37] ) but not the following years. Higher HRs were also found for symptom-relieving drugs 

in the stratified analyses (Appendix Table A8, online only).  
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DISCUSSION 

In this population-based cohort of 3 395 breast cancer patients, over half of the patients 

discontinued adjuvant hormone therapy during the 5-year follow-up. Use of medications for 

pain, sleep disorders, depression, and gastrointestinal disorders both before diagnosis and 

during the first year of treatment was identified as predictors for discontinuation of adjuvant 

hormone therapy. Pre-diagnosis HRT was found to be associated with discontinuation of 

adjuvant hormone therapy in the first year of treatment, but not afterwards. Other predictors 

for discontinuation included younger and older age at cancer diagnosis, positive family 

history of ovarian cancer, higher comorbidities, and switching therapy between tamoxifen and 

AIs during the first year of treatment. 

Women on adjuvant hormone therapy for breast cancer are generally expected to be 

highly motivated since they are facing a life-threating disease, the adjuvant therapy is 

effective, easy to use, and generally well tolerated. However, in our unselected population, 

over half of the breast cancer patients discontinued their treatment during a 5-year period. 

This rate corroborates with previous studies that have reported a 5-year discontinuation rate of 

31 to 73%.
3
 Discontinuation of adjuvant hormone therapy is likely to result in significantly 

worse outcomes for breast cancer patients,
4
 thus represents an important issue that needs to be 

addressed. 

A further problem is that women who experienced treatment-related side effects may be 

the ones that benefit adjuvant therapy since side effects could be a proxy for therapy 

response.
33

 Although still somewhat controversial,
34

 patients who experiencing more 

pronounced treatment-related symptoms have been shown to have a lower rate of breast 

cancer recurrence than those not reporting symptoms.
33,35

 Unfortunately, higher 

discontinuation was found among users of symptom-relieving drugs in our study, suggesting 
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that patients who were potentially more likely to benefit from the treatment were more often 

discontinuing the adjuvant hormone therapy.  

Of the patients discontinuing their therapy, most women (74%) stopped taking the drug 

after the first year of treatment. This gives the responsible clinician an opportunity to identify 

patients at higher risk of stop taking the prescribed medication. Consequently, the first year of 

treatment may serve as a good opportunity for potential interventions. Furthermore, it seems 

for instance obvious that the symptom-relieving drugs used in the current population did not 

stop the majority of patients from discontinuation, indicating that a therapy shift or a dose 

adjustment of the symptom–relieving drugs is warranted.  

In addition to post-diagnosis drugs, pre-diagnosis symptom-relieving drugs were also 

found to be associated with early discontinuation of adjuvant hormone therapy in our study. 

This result is expected given that psychological problems have been cited as an important 

determinant for treatment compliance in oncology patients.
36

 Another study by Barron et al. 

reported a significant association between pre-diagnosis antidepressants and discontinuation 

of tamoxifen treatment, but not Benzodiazepine and antipsychotic drugs.
19

 That study, 

however, over-sampled the elderly and the socioeconomically disadvantaged groups, and used 

only data from a pharmacy register. 

Pre-diagnosis HRT was associated with early discontinuation of adjuvant hormone 

therapy, which may be due to the intolerable menopause-like symptoms caused by both 

stopping HRT and initiation of adjuvant hormone therapy. Importantly, the impact of HRT 

appears to be specific for early discontinuation as the hazard ratios declined clearly over time, 

suggesting that early and late discontinuation of adjuvant hormone therapy may have different 

underlying causes. Therefore, different strategy should be considered to prevent early and late 

discontinuation of adjuvant hormone therapy. 
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In line with previous studies, discontinuation rates were higher among the younger (<40 

years) and older (≥65 years) patients.
37

 That younger patients are particularly likely to stop 

taking their medications is of concern as younger women have a worse prognosis,
38

 

particularly so if they discontinue treatment.
39

 Furthermore, consistent with previous 

studies,
27

  higher discontinuation of adjuvant hormone therapy was found among patients who 

switched therapy during the first year of treatment, potentially as an indicator of greater side 

effects associated with the original therapy.
40

  

Our results on family history of ovarian cancer may be due to chance alone, although it is 

possible that having experienced another lethal cancer (e.g., ovarian cancer) in the family 

might have made the breast cancer patients less confident in cancer treatment in general. 

The major strength of our study is that we pooled individual data from several different 

sources, namely the Stockholm-Gotland Breast Cancer Register, the Swedish Prescribed Drug 

Register, and the self-reported questionnaire data. In contrast, previous studies were either 

purely register-based
13,18,27

 or questionnaire-based.
12,17

 The similar findings of HRT, either 

with data obtained from the Prescribed Drug Register or from self-reported questionnaire, 

further stress the robustness of the different sources of information used in the present study. 

Furthermore, the Prescribed Drug Register provides accurate and objective estimates of 

medication use in the entire population of Sweden since July 2005 and has been widely used 

to measure medication compliance in other studies.
27

 Other strengths of the present study 

include the population-based design and large sample size.  

A few limitations should be addressed. First, prescription refill does not necessarily 

guarantee a patient actually consumes the prescribed medication. Hence, our study might have 

underestimated the prevalence of treatment discontinuation. Second, because only dispensed 

medications are recorded in the Prescribed Drug Register,
23

 our study lack information on 

patients who were prescribed with tamoxifen or AIs but never withdraw them from the 
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pharmacies. Third, potential misclassification of the use of analgesics and gastrointestinal 

drugs is possible because the Swedish Prescribed Drug Register does not contain information 

on purchases of over-the-counter drugs.
23

 However, given the fact that majority of the studied 

symptom-relieving drugs are prescribed medications, and small dose, long term use of 

analgesics is also prescribed, we believe this misclassification is likely to be small. Fourth, 

only 59% of the study participants responded to the questionnaire survey, which might have 

led to some uncertainty in the representativeness of the questionnaire-based information (e.g. 

family history of ovarian cancer). Fifth, given that we tested multiple predictors in the present 

study, false positive finding due to multiple testing to some extent remains possible. Finally, 

in addition to adjuvant hormone therapy, the use of symptom-relieving drugs may also be due 

to reasons other than the side effect of hormonal treatment, including for example severe 

psychological distress experienced after receiving breast cancer diagnosis. However, 

regardless of the underlying reasons for the use of these drugs, our conclusion that the use of 

symptom-relieving drugs in the first year can be used to predict the discontinuation of 

adjuvant hormone therapy in the following four years still holds. 

In summary, during the first five years following treatment initiation more than 50% of 

the breast cancer patients discontinued their adjuvant hormone therapy in this population-

based Swedish cohort. Predictors of discontinuation included family history of ovarian cancer, 

age at diagnosis, higher comorbidities, switching therapy between tamoxifen and aromatase 

inhibitors, use of analgesics, hypnotics/sedatives, antidepressants, and gastrointestinal drugs. 

Interestingly, pre-diagnosis HRT is associated with early discontinuation, but not later 

discontinuation of adjuvant hormone therapy. It thus seems possible for the treating physician 

to identify factors that indicates which patients will stop using adjuvant therapy. Future 

interventions, including side effect management, patient education, and frequent monitoring 
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of symptom-relieving drugs, may help to improve treatment continuation and subsequently 

improve breast cancer outcomes.  



18 

 

ACKNOWLEDGEMENTS 

 

  



19 

 

REFERENCES 

 1. Early Breast Cancer Trialists' Collaborative G: Effects of chemotherapy and 

hormonal therapy for early breast cancer on recurrence and 15-year survival: an overview of 

the randomised trials. Lancet 365:1687-717, 2005 

 2. Davies C, Pan H, Godwin J, 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, a randomised trial. Lancet 381:805-16, 2013 

 3. Murphy CC, Bartholomew LK, Carpentier MY, et al: Adherence to adjuvant 

hormonal therapy among breast cancer survivors in clinical practice: a systematic review. 

Breast Cancer Res Treat 134:459-78, 2012 

 4. Hershman DL, Shao T, Kushi LH, 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 126:529-37, 2011 

 5. van Herk-Sukel MP, van de Poll-Franse LV, Voogd AC, et al: Half of breast cancer 

patients discontinue tamoxifen and any endocrine treatment before the end of the 

recommended treatment period of 5 years: a population-based analysis. Breast Cancer Res 

Treat 122:843-51, 2010 

 6. Owusu C, Buist DS, Field TS, et al: Predictors of tamoxifen discontinuation among 

older women with estrogen receptor-positive breast cancer. J Clin Oncol 26:549-55, 2008 

 7. McCowan C, Shearer J, Donnan PT, et al: Cohort study examining tamoxifen 

adherence and its relationship to mortality in women with breast cancer. Br J Cancer 99:1763-

8, 2008 

 8. Dezentje VO, van Blijderveen NJ, Gelderblom H, et al: Effect of concomitant 

CYP2D6 inhibitor use and tamoxifen adherence on breast cancer recurrence in early-stage 

breast cancer. J Clin Oncol 28:2423-9, 2010 



20 

 

 9. Tamoxifen for early breast cancer: an overview of the randomised trials. Early Breast 

Cancer Trialists' Collaborative Group. Lancet 351:1451-67, 1998 

 10. McCowan C, Wang S, Thompson AM, et al: The value of high adherence to 

tamoxifen in women with breast cancer: a community-based cohort study. Br J Cancer 

109:1172-80, 2013 

 11. Burstein HJ, Prestrud AA, Seidenfeld J, et al: American Society of Clinical Oncology 

clinical practice guideline: update on adjuvant endocrine therapy for women with hormone 

receptor-positive breast cancer. J Clin Oncol 28:3784-96, 2010 

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

effects, and discontinuation in older women. J Clin Oncol 19:322-8, 2001 

 13. Hershman DL, Kushi LH, Shao T, et al: Early discontinuation and nonadherence to 

adjuvant hormonal therapy in a cohort of 8,769 early-stage breast cancer patients. J Clin 

Oncol 28:4120-8, 2010 

 14. Neugut AI, Subar M, Wilde ET, et al: Association between prescription co-payment 

amount and compliance with adjuvant hormonal therapy in women with early-stage breast 

cancer. J Clin Oncol 29:2534-42, 2011 

 15. Sedjo RL, Devine S: Predictors of non-adherence to aromatase inhibitors among 

commercially insured women with breast cancer. Breast Cancer Res Treat 125:191-200, 2011 

 16. Fink AK, Gurwitz J, Rakowski W, et al: Patient beliefs and tamoxifen discontinuance 

in older women with estrogen receptor--positive breast cancer. J Clin Oncol 22:3309-15, 2004 

 17. Henry NL, Azzouz F, Desta Z, et al: Predictors of aromatase inhibitor 

discontinuation as a result of treatment-emergent symptoms in early-stage breast cancer. J 

Clin Oncol 30:936-42, 2012 

 18. Kimmick G, Anderson R, Camacho F, et al: Adjuvant hormonal therapy use among 

insured, low-income women with breast cancer. J Clin Oncol 27:3445-51, 2009 



21 

 

 19. Barron TI, Connolly R, Bennett K, et al: Early discontinuation of tamoxifen: a lesson 

for oncologists. Cancer 109:832-9, 2007 

 20. Hadji P, Ziller V, Kyvernitakis J, et al: Persistence in patients with breast cancer 

treated with tamoxifen or aromatase inhibitors: a retrospective database analysis. Breast 

Cancer Res Treat 138:185-91, 2013 

 21. Lin JH, Zhang SM, Manson JE: Predicting adherence to tamoxifen for breast cancer 

adjuvant therapy and prevention. Cancer Prev Res (Phila) 4:1360-5, 2011 

 22. Lindstrom LS, Karlsson E, Wilking UM, et al: Clinically used breast cancer markers 

such as estrogen receptor, progesterone receptor, and human epidermal growth factor receptor 

2 are unstable throughout tumor progression. J Clin Oncol 30:2601-8, 2012 

 23. Wettermark B, Hammar N, Fored CM, et al: The new Swedish Prescribed Drug 

Register--opportunities for pharmacoepidemiological research and experience from the first 

six months. Pharmacoepidemiol Drug Saf 16:726-35, 2007 

 24. Ludvigsson JF, Otterblad-Olausson P, Pettersson BU, et al: The Swedish personal 

identity number: possibilities and pitfalls in healthcare and medical research. Eur J Epidemiol 

24:659-67, 2009 

 25. Cheddad A, Czene K, Shepherd JA, et al: Enhancement of mammographic density 

measures in breast cancer risk prediction. Cancer Epidemiol Biomarkers Prev 23:1314-23, 

2014 

 26. Li J, Foo JN, Schoof N, et al: Large-scale genotyping identifies a new locus at 

22q13.2 associated with female breast size. J Med Genet 50:666-73, 2013 

 27. Wigertz A, Ahlgren J, Holmqvist M, et al: Adherence and discontinuation of 

adjuvant hormonal therapy in breast cancer patients: a population-based study. Breast Cancer 

Res Treat 133:367-73, 2012 



22 

 

 28. Barlow L, Westergren K, Holmberg L, et al: The completeness of the Swedish 

Cancer Register: a sample survey for year 1998. Acta Oncol 48:27-33, 2009 

 29. Ludvigsson JF, Andersson E, Ekbom A, et al: External review and validation of the 

Swedish national inpatient register. BMC Public Health 11:450, 2011 

 30. Sundararajan V, Henderson T, Perry C, et al: New ICD-10 version of the Charlson 

comorbidity index predicted in-hospital mortality. J Clin Epidemiol 57:1288-94, 2004 

 31. Lambert P, Royston J: Further development of flexible parametric models for 

survival analysis. The Stata Journal 9:265-290, 2009 

 32. Fine JP, Gray RJ: A proportional hazards model for the subdistribution of a 

competing risk. Journal of the American statistical association 94:496-509, 1999 

 33. Cuzick J, Sestak I, Cella D, et al: Treatment-emergent endocrine symptoms and the 

risk of breast cancer recurrence: a retrospective analysis of the ATAC trial. Lancet Oncol 

9:1143-8, 2008 

 34. Stearns V, Chapman JA, Ma CX, et al: Treatment-Associated Musculoskeletal and 

Vasomotor Symptoms and Relapse-Free Survival in the NCIC CTG MA.27 Adjuvant Breast 

Cancer Aromatase Inhibitor Trial. J Clin Oncol 33:265-71, 2015 

 35. Mortimer JE, Flatt SW, Parker BA, et al: Tamoxifen, hot flashes and recurrence in 

breast cancer. Breast Cancer Res Treat 108:421-6, 2008 

 36. Hoagland AC, Morrow GR, Bennett JM, et al: Oncologists' views of cancer patient 

noncompliance. Am J Clin Oncol 6:239-44, 1983 

 37. Partridge AH, Wang PS, Winer EP, et al: Nonadherence to adjuvant tamoxifen 

therapy in women with primary breast cancer. J Clin Oncol 21:602-6, 2003 

 38. Anders CK, Hsu DS, Broadwater G, et al: Young age at diagnosis correlates with 

worse prognosis and defines a subset of breast cancers with shared patterns of gene 

expression. J Clin Oncol 26:3324-30, 2008 



23 

 

 39. Hsieh KP, Chen LC, Cheung KL, et al: Interruption and non-adherence to long-term 

adjuvant hormone therapy is associated with adverse survival outcome of breast cancer 

women--an Asian population-based study. PLoS One 9:e87027, 2014 

 40. Guth U, Myrick ME, Schotzau A, et al: Drug switch because of treatment-related 

adverse side effects in endocrine adjuvant breast cancer therapy: how often and how often 

does it work? Breast Cancer Res Treat 129:799-807, 2011 

 

  



24 

 

Figure legend 

Fig 1. Flow chart of study participants. 

 

Fig 2. Time-dependent hazard ratios (HRs) for discontinuation of adjuvant hormone therapy. 

HRs estimated from flexible parametric survival models, adjusting for age at diagnosis, 

family history of ovarian cancer, Charlson comorbidity index, pre-diagnosis use of analgesics, 

hypnotics/sedatives, and gastrointestinal drugs. Curves cut off at 90 days from initiation of 

adjuvant hormone therapy because of sparse data. Pre-diagnosis hormone replacement therapy 

is defined as filling at least one prescription of estrogen/progesterone for systematic use one 

year before diagnosis of breast cancer. Premenopausal women (N=863) and women 

diagnosed before July 2006 (N=725) were excluded from this analysis.  

 

Fig 3. Discontinuation of adjuvant hormone therapy according to number of post-diagnosis 

symptom-relieving drugs used in the first year of follow-up. 
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Tables 

Table 1.  Baseline characteristics and their relation with discontinuation of adjuvant hormone 

therapy among 3 395 breast cancer patients in Stockholm, Sweden, 2005-2013. 

 

Characteristics 

No. of patients  Time to 25% 

Discontinuation, 

years (95%CI)
 *
 

 Hazard ratios (95% CI) 

 

Total 

Disconti- 

nuers(%) 

 

Univariable 

 

Multivariable
†
 

Register data        

Age at diagnosis, yrs        

        <40  129 76(58.9)  1.6(1.4-2.2)  1.30(1.03-1.64) 1.39(1.08-1.78) 

        40-64  2083 1029(49.4)  2.1(1.9-2.2)  1.00(reference) 1.00(reference) 

        ≥65 1183 638(53.9)  1.5(1.4-1.8)  1.21(1.10-1.34) 1.15(1.03-1.28) 

Menopausal status        

        Pre-menopause 863 426(49.4)  2.0(1.6-2.2)  1.00(reference) 1.00 

        Post-menopause 2378 1250(52.6)  1.8(1.6-1.9)  1.12(1.00-1.25) 1.05(0.86-1.30) 

        Unknown 154 67(43.5)  3.1(2.1-3.8)  ─ ─ 

Charlson comorbidity index        

        0 3096 1589(51.3)  1.9(1.8-2.1)  1.00(reference) 1.00(reference) 

        1 195 96(49.2)  1.7(1.1-2.2)  1.03(0.84-1.27) 0.89(0.72-1.10) 

        ≥2 104 58(55.8)  0.9(0.5-1.5)  1.47(1.13-1.91) 1.35(1.03-1.76) 

Primary tumor        
        Not palpable tumor 730 376(51.5)  1.7(1.5-2.0)  1.01(0.89-1.14) ─ 

        Tumor<20 mm 1498 793(52.9)  2.1(1.9-2.2)  1.00(reference) ─ 

        Tumor 21-50 mm 958 469(49.0)  1.8(1.5-2.1)  0.97(0.87-1.09) ─ 

        Tumor>50 mm 195 99(50.8)  1.3(1.1-1.9)  1.14(0.92-1.40) ─ 

        Unknown 14 6(42.9)  1.7(0.6-.)  ─ ─ 

Lymph node metastases        

        No 2961 1523(51.4)  1.9(1.7-2.0)  1.00(reference) ─ 

        Yes 422 214(50.7)  1.7(1.5-2.1)  1.08(0.93-1.24) ─ 

        Unknown 12 6(50.0)  1.0(0.3-2.7)  ─ ─ 

Progesterone receptor status        

        Positive 2592 1323(51.0)  1.9(1.8-2.1)  1.00(reference) ─ 

        Negative 707 367(51.9)  1.9(1.7-2.1)  1.05(0.94-1.18) ─ 

        Unknown 96 53(55.2)  0.9(0.5-1.1)  ─ ─ 

Radiotherapy        

        No 667 333(49.9)  2.0(1.7-2.2)  1.00(reference) ─ 

        Yes 2653 1367(51.5)  1.9(1.7-2.1)  1.02(0.91-1.15) ─ 

        Unknown 75 43(57.3)  0.7(0.5-1.3)  ─ ─ 

Chemotherapy        

        No 2346 1223(52.1)  1.8(1.6-2.0)  1.00(reference) ─ 

        Yes 957 469(49.0)  2.0(1.8-2.3)  0.92(0.83-1.02) ─ 

        Unknown 92 51(55.4)  1.1(0.5-1.5)  ─ ─ 

Pre-diagnosis  

symptom-relieving drugs
‡
 

       

        Analgesics        

                No 1914 908(47.4)  2.1(2.0-2.3)  1.00(reference) 1.00(reference) 

                Yes 519 312(60.1)  1.5(1.3-1.6)  1.51(1.33-1.72) 1.33(1.16-1.52) 

                Unknown 962 523(54.4)  1.7(1.4-2.0)  ─ ─ 
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Characteristics 

No. of patients  Time to 25% 

Discontinuation, 

years (95%CI)
 *
 

 Hazard ratios (95% CI) 

 

Total 

Disconti- 

nuers(%) 

 

Univariable 

 

Multivariable
†
 

        Hypnotics and sedatives        

                No 1966 942(47.9)  2.1(1.9-2.2)  1.00(reference) 1.00(reference) 

                Yes 467 278(59.5)  1.4(1.1-1.6)  1.44(1.26-1.65) 1.24(1.07-1.43) 

                Unknown 962 523(54.4)  1.7(1.4-2.0)  ─ ─ 

        Antidepressants        

                No 2112 1034(49.0)  2.0(1.8-2.1)  1.00(reference) 1.00(reference) 

                Yes 321 186(57.9)  1.7(1.4-2.1)  1.29(1.11-1.51) 1.09(0.92-1.28) 

                Unknown 962 523(54.4)  1.7(1.4-2.0)  ─ ─ 

        Gastrointestinal drugs        

                 No 1930 920(47.7)  2.1(1.9-2.2)  1.00(reference) 1.00(reference) 

                 Yes 503 300(59.6)  1.6(1.3-1.8)  1.43(1.26-1.63) 1.25(1.08-1.43) 

                 Unknown 962 523(54.4)  1.7(1.4-2.0)  ─ ─ 

Pre-diagnosis  HRT
‡
        

        No 1479 729(49.3)  2.0(1.8-2.2)  1.00(reference) 1.00(reference) 

        Yes 328 192(58.5)  1.4(1.0-1.7)  1.27(1.09-1.49) 1.27(1.08-1.49) 

        Unknown 1588 822(51.8)  1.9(1.6-2.1)  ─ ─ 

Questionnaire data        

Education, years        

        >12 818 385(47.1)  2.3(2.0-2.7)  1.00(reference) ─ 

        9-12 443 212(47.9)  2.1(1.8-2.4)  1.04(0.88-1.23) ─ 

        ≤9 266 141(53.0)  2.1(1.6-2.6)  1.17(0.96-1.41) ─ 

        Other 376 206(54.8)  1.9(1.5-2.2)  1.23(1.04-1.46) ─ 

        Unknown 1492 799(53.6)  1.6(1.4-1.7)  ─ ─ 

Cigarette smoking        

        Never 815 388(47.6)  2.2(2.1-2.5)  1.00(reference) ─ 

        Ever 1099 557(50.7)  2.0(1.8-2.2)  1.08(0.95-1.23) ─ 

        Unknown 1481 798(53.9)  1.5(1.4-1.7)  ─ ─ 

Body mass index (BMI)        

        BMI<25 kg/m
2
 986 483(49.0)  2.1(1.9-2.3)  1.00(reference) ─ 

        25≤BMI<30 kg/m
2
 691 346(50.1)  2.0(1.7-2.3)  1.02(0.89-1.18) ─ 

        BMI≥30 kg/m
2
 286 142(49.7)  2.2(1.7-2.7)  1.00(0.83-1.21) ─ 

        Unknown 1432 772(53.9)  1.5(1.4-1.7)  ─ ─ 

Self-reported HRT        

        Never user 692 329(47.5)  2.2(1.9-2.7)  1.00(reference) ─ 

        Past user 670 353(52.7)  2.0(1.7-2.2)  1.17(1.01-1.36) ─ 

        Current user 179 91(50.8)  1.8(1.3-2.4)  1.09(0.86-1.37) ─ 

        Unknown 1854 970(52.3)  1.7(1.5-1.9)  ─ ─ 

Family history of ovarian cancer         

        No 1112 557(50.1)  2.1(1.8-2.2)  1.00(reference) 1.00(reference) 

        Yes 94 62(66.0)  1.3(1.0-1.7)  1.56(1.20-2.02) 1.55(1.19-2.02) 

        Unknown 2189 1124(51.3)  1.8(1.6-2.0)  ─ ─ 

Family history of breast cancer        

        No 1551 766(49.4)  2.1(1.9-2.3)  1.00(reference) ─ 

        Yes 382 187(49.0)  2.1(1.8-2.5)  0.99(0.84-1.16) ─ 

        Unknown 1462 790(54.0)  1.5(1.4-1.7)  ─ ─ 

 

Abbreviation: BMI, body mass index; HRT, hormone replacement therapy. 

* Time to 25% discontinuation is the time at which 25% of the women discontinued their 

adjuvant hormone therapy. 
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†  
Variables were not included in the multivariable model if they were not significantly 

associated with discontinuation of adjuvant hormone therapy in the univariable models. 

‡ 
Pre-diagnosis symptom-relieving drugs and hormone replacement therapy were defined as 

filling at least one prescription of corresponding drugs one year before diagnosis of breast 

cancer.   
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Table 2. Early-treatment-stage (first-year) predictors for discontinuation of adjuvant hormone 

therapy in the following four years among 2 865 breast cancer patients. 

  Univariable   Multivariable 

 HR 95% CI P  HR 95% CI P 

Therapy type        

         Tamoxifen only 1.00 Reference   1.00 Reference  

        Aromatase inhibitor only 1.18 1.05 to 1.33 0.005  1.12 0.99 to 1.26 0.066
*
 

        Switching therapy 1.62 1.33 to 1.98 <.001  1.50 1.23 to 1.83 <.001
*
 

Symptom-relieving drugs        

    Analgesics        

            No 1.00 Reference   1.00 Reference  

            Yes 1.42 1.27 to 1.58 <.001  1.22 1.08 to 1.37 0.001
*
 

    Hypnotics and sedatives        

            No 1.00 Reference   1.00 Reference  

            Yes 1.43 1.27 to 1.61 <.001  1.21 1.07 to 1.37 0.003
*
 

    Antidepressant        

            No 1.00 Reference   1.00 Reference  

            Yes 1.42 1.24 to 1.62 <.001  1.22 1.06 to 1.40 0.007
*
 

    Gastrointestinal drugs        

            No 1.00 Reference   1.00 Reference  

            Yes 1.44 1.29 to 1.62 <.001  1.27 1.13 to 1.43 <.001
*
 

Number of symptom- 

relieving drugs 

       

            0 1.00 Reference   1.00 Reference  

            1 1.44 1.25 to 1.66 <.001  1.41 1.22 to 1.62 <.001
†
 

            2 1.57 1.34 to 1.83 <.001  1.54 1.31 to 1.80 <.001
†
 

            3 1.99 1.66 to 2.39 <.001  1.89 1.57 to 2.27 <.001
†
 

            4 2.55 1.96 to 3.31 <.001  2.41 1.85 to 3.14 <.001
†
 

 

Note: Patients discontinued or censored already during the first year of follow-up were 

excluded in these analyses. 

* 
Adjusting for age at diagnoses, Charlson comorbidity index, family history of ovarian cancer, 

and all variables listed in this table except for number of symptom-relieving drugs. 

† 
Adjusting for age at diagnoses, Charlson comorbidity index, family history of ovarian cancer, 

and therapy type. 
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Fig 1. 

 

  

Stockholm-Gotland Breast Cancer 

Register, 2001-2008 
 

Swedish Prescribed Drug Register 

July 1, 2005-August 31, 2013 
 

3 470 patients diagnosed with breast cancer between 2005 and 2008 in 

Stockholm, Sweden, who subsequently initiated adjuvant hormone therapy 

who initiated adjuvant hormone therapy  

1 652 patients: 

censored adjuvant therapy 

 during the follow-up 

 1 743 patients: 

discontinued adjuvant therapy 

during follow-up 

3 395 breast cancer patients for final analyses,  

after excluding 45 distant metastasis and 30 ER-negative breast cancer 
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Fig 2 
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Fig 3 

 


