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The purpose of this study was to investigate the relationship between patient out-

of-pocket costs and adherence and persistence to hormonal therapy (HT) used in 

treatment of breast cancer. A retrospective analysis of medical and prescription drug 

claims for patients with breast cancer (N=6,504) was conducted to estimate the 

medication possession ratio; adherence; days of persistence; persistence; HT out-of-

pocket costs, and total out-of-pocket costs, over 12 months after index HT and over the 

study period. The multivariate linear regression, logistic regression, and the Cox 

proportional hazard regression were employed to evaluate the association. 

The mean (SD) MPR over the 12 months and the study period was 85.6 (23.5) 

and 89.3 (16.1) percent, respectively. The MPR was positively related to HT out-of-

pocket costs and not related to total out-of-pocket costs. Of the study sample, 75.1 
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percent of the patients were adherent (MPR≥80 percent) to HT over the 12 months period 

and 82.0 percent were adherent over the study period. The adherence to HT was 

positively related to HT out-of-pocket costs but not related to total out-of-pocket costs. 

The mean (SD) days of persistence over the 12 months and the study period were 313.3 

(97.8) and 826.8 (583.7) days, respectively. HT out-of-pocket costs and total out-of-

pocket costs were inversely related to risk of discontinuation over the 12 months period. 

The HT out-of-pocket costs and risk of discontinuation were inversely related over the 

study period. No relationship was observed between total-out-of-pocket costs and risk of 

discontinuation over the study period. A total of 68.2 percent of the patients were 

persistent to their therapy for the 12 months and 30.9 percent were persistent (gap of 60 

days or less in continuous therapy) for the study period. A positive relationship was 

observed between HT out-of-pocket and total out-of-pocket costs and persistence during 

the 12 months period. The study period analyses showed positive relationship between 

HT out-of-pocket costs and persistence and no relationship between total out-of-pocket 

costs and persistence.  

 The results show that patient HT adherence and persistence is poor; however, 

patient HT and total out-of-pocket costs do not have an adverse effect on adherence and 

persistence.  
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CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW 

 

Cancer is a term used for a group of diseases that involve unregulated cell growth in an 

organ and may result in formation of malignant tumors. Cancer, if uncontrolled, can spread to 

other parts of the body and cause significant morbidity and mortality. Breast cancer is the most 

common cancer found in women. 

The cost of cancer care accounts for a substantial portion of healthcare costs in the U.S.1 

With the widespread adoption of co-payment tiers for oncology medications in the past decade, it 

is important to understand the impact of patient co-payment requirements on access to and 

utilization of these therapies. Several studies have shown that patients are sensitive to out-of-

pocket costs of drugs used for chronic conditions as well as to out-of-pocket costs for therapies 

used for grievous illnesses such as cancer. Several changes have been introduced in benefit 

designs in the past decade, such as the use of multiple co-payment tiers and coverage of self-

administered drugs under prescription benefit plans. Such changes may have increased the out-

of-pocket cost burden for patients. The purpose of this study is to evaluate the out-of-pocket cost 

implications on adherence to and persistence with oral hormonal therapies in patients diagnosed 

with breast cancer and to determine if other factors (e.g., age, treatment duration, co-morbid 

conditions, type of hormonal therapies (tamoxifen vs AIs)) influence adherence and persistence 

to hormonal therapies.  

Chapter 1 is divided into three sections. The first section covers background information 

on cancer with a specific focus on breast cancer. The second section focuses on treatment of 

                                                 
1 S.R. de Bruin, "Impact of Disease Management Programs on Healthcare Expenditures for Patients with Diabetes, 
Depression, Heart Failure or Chronic Obstructive Pulmornay Disease: A Systematic Review of the Literature," 
Health Policy 101, no. 2 (2011). 
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breast cancer employing hormone therapies, while the third section discusses patient adherence 

and persistence with hormonal therapies. Chapter 2 covers the literature on healthcare costs with 

a focus on patient costs in the treatment of breast cancer with hormonal therapies. In addition, the 

study rationale, objectives, and hypotheses are presented.  
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SECTION I: CANCER BACKGROUND 

1.1 Cancer 
 

Cancer is caused when cells in the body become cancerous due to damage to the cell’s 

deoxyribonucleic acid (DNA). These damaged cells continue to grow and multiply, resulting in 

the development and spread of cancer in the body.2 Cancer is considered to be metastatic when 

cancer cells spread from the primary cancer site to other locations by breaking away from the 

original tumor and enter either the blood stream or lymph system. These cells get transported to 

other parts of the body where they grow and thrive into new tumors while resisting the body’s 

immune system. This results in the formation of new tumors at a different site(s). Site of 

metastasis varies by the type of cancer; however, the bones, lungs, and liver are the most 

common sites of metastases for various cancers.3 The goal of treatment at this stage becomes 

controlling the spread of the cancer and preserving patients’ health-related quality of life.4 

 

1.1.1 Incidence and Prevalence 
 

The International Agency for Research on Cancer (IARC) estimated 12.7 million new 

cases of cancer worldwide in 2008. Of these, 5.6 million cases (44.1 percent) occurred in 

developed countries.5 Approximately 1.7 million new cases of cancer were expected to be 

                                                 
2 "American Cancer Society. Breast Cancer,"  http://www.cancer.org/acs/groups/cid/documents/webcontent/003090-
pdf.pdf. Accessed on 8/10/2011. 
3 "American Cancer Society. Bone Metastasis,"  
http://www.cancer.org/acs/groups/cid/documents/webcontent/003087-pdf.pdf. Accessed on 10/11/11. 
4 "American Cancer Society. Advanced Cancer,"  
http://www.cancer.org/acs/groups/cid/documents/webcontent/003082-pdf.pdf. Accessed on 12/20/2011. 
5 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 
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diagnosed in the U.S. in 2013.6 Overall, cancer incidence has decreased in the U.S. in the past 

few decades.7 In addition, overall survival in patients with cancer has improved substantially, 

which may be attributed to earlier screening for cancer and the advancements in treatments. 

Given the aging U.S. population, the number of elderly patients requiring cancer care is expected 

to grow from 42.5 million in 2005 to approximately 70 million by 2030.8 

 

1.1.2 Survival and Mortality 

 
The IARC estimated that approximately 7.8 million deaths worldwide in 2008 were due 

to cancer. Of these, 2.8 million deaths (35.9 percent) were from developed countries.9 Worldwide 

cancer-related mortality has decreased by approximately 14 percent between years 1991 to 2004, 

with a significant decrease in mortality for breast cancer.10 Death rates in the U.S. due to cancer 

are estimated to have decreased by 22 percent in men and 14 percent in women since the early 

1990s.11 Despite this, cancer is considered the second leading cause of death in the United 

States.12,13 It was expected that 580,350 patients would die of cancer in the U.S. in 2013.14 The 

relative survival rate in cancer patients was estimated to be 49 percent in years 1975 to 1977, and 

                                                 
6 "American Cancer Society Cancer Facts and Figures 2013,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-036845.pdf. 
7 A. Jemal et al., "Cancer Statistics, 2010," CA Cancer J Clin 60 (2010). 
8 "Adherence to Initial Adjuvant Anastrozole Therapy among Women with Early-Stage Breast Cancer," Journal of 

Clinical Oncology 26, no. 4. 
9 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 
10 E. Ward et al., "Association of Insurance with Cancer Care Utilization and Outcomes," CA Cancer J Clin 58, no. 
1 (2008): Pg. 9. 
11 "American Cancer Society. Cancer Facts & Figures 2011,"  
http://www.cancer.org/Research/CancerFactsFigures/CancerFactsFigures/cancer-facts-figures-2011. Accessed on 
12/22/2011. 
12 L.E. Schnipper, N.J. Meropol, and D.W. Brock, "Value and Cancer Care: Toward an Equitable Future," Clic 

Cancer Res 16 (2010): Pg. 6004. 
13 "Applying Value-Based Insurance Design to High-Cost Health Services," Health Affairs 29, no. 11 (2010). 
14 "American Cancer Society Cancer Facts and Figures 2013,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-036845.pdf. 
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67 percent in years 2001 to 2007.15 Although overall survival rates in patients diagnosed with 

cancer have improved in the past two decades, they have remained constant in minority 

populations and in patients with lower socioeconomic status.16 Figures 1.1 and 1.2 depict the age-

adjusted cancer death rates in males and females, respectively in years 1930 to 2009 in the U.S. 

 
Figure 1.1: Age-adjusted Cancer Death Rates,*Males by Cancer Site, U.S., 1930-2009 

 
 
 
 

 
  

                                                 
15 "American Cancer Society. Cancer Facts and Figures 2012,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-031941.pdf. 
Accessed on 1/22/2012. 
16 "American Cancer Society. Cancer Facts & Figures 2011,"  
http://www.cancer.org/Research/CancerFactsFigures/CancerFactsFigures/cancer-facts-figures-2011. Accessed on 
12/22/2011. 
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Figure 1.2: Age-adjusted Cancer Death Rates,* Females by Cancer Site, U.S., 1930-2009 
 

 
 

1.1.3 Risk Factors 

 
Multiple risk factors for cancer have been identified. Cancer can result from either 

external factors, such as exposure to chemicals, radiation, tobacco, and infections, or from 

internal factors, such as hormones, immune system, genes, and mutations.17 Many cancers may 

be prevented by eliminating exposure to carcinogenic agents, such as tobacco. Cancer also can 

be prevented if certain malignancies are diagnosed before the cells become cancerous. It has 

been estimated that approximately 33 percent of the total 577,190 cancer-related deaths in 2012 

were linked to preventable causes such as poor nutrition, physical inactivity, and obesity.18  

                                                 
17 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 
18 "American Cancer Society. Cancer Facts and Figures 2012,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-031941.pdf. 
Accessed on 1/22/2012. 
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Age is an important risk factor for developing cancer. It has been estimated that 78 and 

58 percent of incident cancer cases in developed and developing countries, respectively, occur in 

individuals age 55 or older. Some individuals may also be genetically predisposed to cancer; 

however, most genes that lead to cancer are a result of mutations that occur during a person’s 

lifetime.19 Lifetime risk of developing cancer in the U.S. is less than one-in-two for men and 

slightly more than one-in-three for women.20  

Geographic variation in incidence and prevalence of cancer has been observed and may 

be attributed to variations in the presence of risk factors, availability of medical services for 

preventative care, availability and access to cancer treatment, and demographics.21 According to 

estimates from the American Cancer Society, approximately 50 percent of cancer cases and 

related deaths can be prevented by means of lifestyle changes, interventions such as vaccines, 

education, preventative measures, and by early detection and removal of pre-cancerous lesions.22 

Figure 1.3 highlights some of the major risk factors for development of cancer in developed and 

developing countries. 

 

  

                                                 
19 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 
20 "American Cancer Society. Cancer Facts and Figures 2012,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-031941.pdf. 
Accessed on 1/22/2012. 
21 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 
22 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 
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Figure 1.3: Major Risk Factors for Cancer in Developed and Developing Countries 

 

1.1.4 Cancer Staging 
 
Staging is a process that determines the severity of cancer at diagnosis. Stage is 

determined based on nature of cancer (invasive or non-invasive), tumor size, number of lymph 

nodes involved, and metastasis or spread. Cancer is considered to be in situ if it is only present in 

the initial layer of cells and has not penetrated to the basement membrane. If the cancer has 

spread to the basement membrane, it is categorized as invasive.23 

The American Joint Commission on Cancer (AJCC) TNM system is most commonly 

used to describe stages of cancer. TNM staging system is based on size and extent of the primary 

tumor (T), the amount of spread to nearby lymph nodes (N), and the presence of metastasis (M). 

Letter T is followed by a number (0 to 4) which describes the size and extent of spread of the 

cancer. Letter N also is followed by a number (0 to 3) which describes how many lymph nodes 

                                                 
23 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 

 
 

Adapted from: American Cancer Society. Global Cancer Facts & Figures 2nd 
Edition,"http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
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the cancer has spread to. Letter M is followed by number 0 or 1 and indicates if the cancer has 

metastasized or spread to distant organs.24,25  

In addition to the TNM staging system, the Surveillance, Epidemiology, and End Results 

(SEER) Summary Stage System is also used by cancer registries and includes the following 

stages: Stage I: Local tumors; Stage II: Regional tumors; Stage III: Distant cancer; Stage IV: 

Metastasis to other organs and parts of the body.26 Stage I and II cancers are considered to be in 

the local stage. This implies that the cancer has not spread outside the original organ. Cancers 

that spread to areas around the organ are stage III and IV cancers. Cancers are known as distant 

or Stage IV cancers if they spread or metastasize to bone, distant lymph nodes, or to other 

organs.27,28 

 

1.1.5 Treatment and Prevention 
 
Cancer prevention and treatment includes four main approaches: primary prevention, 

secondary prevention, diagnosis and treatment, and palliative care. Primary prevention involves 

avoiding or minimizing exposure to cancer causing agents and lifestyle changes to reduce cancer 

risk. Secondary prevention involves detection via screening and treatment while cancer is still in 

early stages. Cancer diagnosis and treatment involves determining cancer stage, prognosis, and 

                                                 
24 "American Cancer Society. Breast Cancer,"  
http://www.cancer.org/acs/groups/cid/documents/webcontent/003090-pdf.pdf. Accessed on 8/10/2011. 
25 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 
26 "American Cancer Society. Breast Cancer Facts and Figures 2011-2012,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-030975.pdf. 
Accessed on 1/25/2012. 
27 "American Cancer Society. Breast Cancer,"  
http://www.cancer.org/acs/groups/cid/documents/webcontent/003090-pdf.pdf. Accessed on 8/10/2011. 
28 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 
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appropriate treatment which may include surgery, radiation, hormones, chemotherapy, and 

immunotherapy.29,30  

Treatments, such as radiation or surgery, treat the cancer at its primary location and are 

known as local therapies. Surgery is commonly used if the goal is to cure the cancer by 

surgically removing the tumor or to provide symptomatic relief. Radiation therapy involves use 

of high energy radiation waves that can be used to kill the cancer cells. Radiation is often used 

when the cancer is local or regional and may help in reducing the size of the tumor when the 

cancer is at an advanced stage.  

Systemic therapies reach the cancer cells via the blood stream and include oral or 

intravenous drugs, chemotherapy, and hormone therapies. Chemotherapy can be used if the 

cancer spreads outside of the original tumor site. It involves administration of oral or intravenous 

anti-cancer drugs. As these drugs are circulated via blood, they may be useful for metastatic 

cancers that have spread to several parts of the body. Hormonal therapy is frequently used as an 

adjuvant therapy to help reduce risk of spread of cancer to other parts of the body or risk of 

cancer recurrence. Adjuvant therapies are given to prevent spread of cancers to other sites in the 

body. 

 Risk of spread of cancer cells is higher if the primary cancer had grown large or if the 

cancer had spread to lymph nodes. Palliative care and pain relief is important for patients 

diagnosed with advanced cancer.31 

 

                                                 
29 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 
30 "American Cancer Society. Breast Cancer,"  
http://www.cancer.org/acs/groups/cid/documents/webcontent/003090-pdf.pdf. Accessed on 8/10/2011. 
31 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 
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1.2 Breast Cancer 
 

Breast cancer is a malignant tumor that develops in breast cells, often spreads to the 

lymph nodes, and may spread to other parts of the body via the lymph system. Breast cancer that 

reappears after treatment is known as recurrent breast cancer. The recurrence can either be local, 

i.e., in the same breast, or distant in organs such as bones, lungs, brain etc.  

 

1.2.1 Incidence and Prevalence 
 
Breast cancer is the most common cancer diagnosed in women worldwide and the most 

common cause for cancer related death in women aged 20 to 60 years.32 It affects more than one 

million women annually and approximately 12 percent of all women are likely to develop breast 

cancer in their lifetime.33 The incidence of breast cancer is found to be highest in North America, 

Western and Northern Europe, Australia, and New Zealand; the incidence is moderately high in 

South America, Caribbean, and Northern Africa; and is the lowest in sub-Saharan Africa, and 

Asia.34 Breast cancer incidence has been found to be highest in white women, followed by 

African American women in the U.S.; however, breast cancer related mortality is highest in 

African American women.35 The American Cancer Society estimates 232,340 new cases of 

female breast cancer will be diagnosed in the U.S. in 2013.36  This accounts for 30 percent of all 

cancers in women. Additionally, 2,240 new cases of breast cancer are expected in men in 2013. 

In addition to invasive breast cancer, 64,640 new cases of in-situ breast cancer are expected in 

                                                 
32 A. Jemal et al., "Global Cancer Statistics," CA A Cancer Journal for Clinicians, no. Online issue (2011). 
33 "American Cancer Society. Breast Cancer,"  
http://www.cancer.org/acs/groups/cid/documents/webcontent/003090-pdf.pdf. Accessed on 8/10/2011. 
34 ———, "Global Cancer Statistics," CA A Cancer Journal for Clinicians, no. Online issue (2011). 
35 ———, "Global Cancer Statistics," CA A Cancer Journal for Clinicians, no. Online issue (2011). 
36 "American Cancer Society Cancer Facts and Figures 2013,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-036845.pdf. 
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2013 in the U.S.37 Breast cancer is estimated to result in approximately 40,030 deaths in the U.S. 

in 2013.38  Figure 1.4 shows the trend in incidence of breast cancer in the U.S. between years 

1975 and 2008.  

 
 

Figure 1.4: Incidence Rates of Malignant Female Breast Cancer by Age in the U.S., 1975-
2008 

 

 

 

It has been estimated that 95 percent of incident cases and 97 percent of breast cancer-

related deaths occur in women over age 40.39 Table 1.1 shows incidence of breast cancer in the 

U.S. by age. 

 

                                                 
37 "American Cancer Society Cancer Facts and Figures 2013,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-036845.pdf. 
38 "American Cancer Society Cancer Facts and Figures 2013,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-036845.pdf. 
39 "American Cancer Society. Breast Cancer Facts and Figures 2011-2012,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-030975.pdf. 
Accessed on 1/25/2012. 
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Table 1.1: Incidence of Breast Cancer in the U.S. in 2011 by Age 
 

Age In Situ Cases Invasive Cases Deaths 

<40 1,780 11,330 1,160 

<50 14,240 50,430 5,240 

50-64 23,360 81,970 11,620 

65+ 20,050 98,080 22,660 

All ages 57,650 230,480 39,520 
Total estimated cases are based on 1995-2007 incidence rates from 46 states as reported by the North 
American Association for Central Cancer Registries. Total estimated deaths are based on data from U.S. 
Mortality Data, 1969-2007, National Center for Health Statistics, Centers for Disease Control and Prevention. 

Adapted from. American Cancer Society. Breast Cancer Facts and Figures 2011-2012, 
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-030975.pdf. 

 
 

Breast cancer incidence is found to be high worldwide. It is estimated that female breast 

cancer accounted for approximately 45 percent of all cancers in women over a period of five 

years in France.40 In Italy, breast cancer is estimated to account for approximately 50 percent of 

all cancers in women.41 In addition, breast cancer patients also were found to have the longest 

survival with 39 percent of the patients alive 10 years after diagnosis.42 In Canada, breast cancer 

is estimated to account for approximately 40 percent of all cancers in women. The two year 

prevalence estimate for breast cancer in Canada in 2005 was found to be 37,085 and 

approximately 228.5 women were expected to have breast cancer per 100,000 of the population 

in Canada in 2005.43 Figure 1.5 provides estimates for breast cancer incidence and mortality in 

various world regions in 2008.  

 

 

 

                                                 
40 M. Colonna et al., "Cancer Prevalence in France: Time Trend, Situation in 2002 and Extrapolaton to 2012," 
European Journal of Cancer 44 (2008). 
41 R.D. Angelis et al., "Cancer Prevalence Estimates in Italy from 1970 to 2010," Tumor 93 (2007). 
42 ———, "Cancer Prevalence Estimates in Italy from 1970 to 2010," Tumori 93 (2007). 
43 L.F. Ellison and K. Wilkins, "Cancer Prevalence in the Canadian Population," Health Reports 20, no. 1 (2009). 
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Figure 1.5: World Age-Standardized Incidence and Mortality Rates per 100,000 Population 

for Female Breast Cancer in 2008 

 

 
 

1.2.2 Survival Rates 
 
With improvement in available treatments and early detection of cancer, the five-year 

survival rate for women with breast cancer in the U.S. increased from 63 percent in 1960s to 

over 90 percent in 2011 in the U.S.44 In addition, for women with localized breast cancer, 

survival rate is even higher at 98 percent.45 The five-year survival rates are estimated to be 85 

                                                 
44 "American Cancer Society. Cancer Facts & Figures 2011,"  
http://www.cancer.org/Research/CancerFactsFigures/CancerFactsFigures/cancer-facts-figures-2011. Accessed on 
12/22/2011. 
45 "American Cancer Society. Cancer Facts & Figures 2011,"  
http://www.cancer.org/Research/CancerFactsFigures/CancerFactsFigures/cancer-facts-figures-2011. Accessed on 
12/22/2011. 

0 10 20 30 40 50 60 70 80 90 100

Western Europe

Northern Europe

Southern Europe

South America

World

Northern Africa

Western Africa

Central America

South-Central Asia

Eastern Africa

Rate per 100,000 Population

W
o

rl
d

 R
e

g
io

n

Mortality Rate Incidence Rate

Adapted from: Breast Cancer (C50: 2008 Estimates); Cancer Research, UK. http://www.cancerresearchuk.org/cancer-info/cancerstats/world/breast-
cancer-world/ 



15 
 

percent for regional breast cancer and 23 percent for advanced cancer.46,47 Table 1.2 provides 

estimates of survival probability over five years in patients who have been diagnosed with breast 

cancer for zero, one, or three years. 

 

Table 1.2: Probability of Surviving Next 5 Years in Cohorts Who Have 
Survived 0, 1, or 3 Years by Stage at Diagnosis of Breast Cancer 

Adapted from 5-Year SEER conditional relative survival and 95% confidence interval. Source: SEER 17 areas1998-2007.   
 

1.2.3 Risk Factors 
 
Various risk factors for breast cancer have been identified. Women are estimated to be 

100 times more likely to develop breast cancer than men. Risk is also higher for women with 

genetic mutations to breast cancer susceptibility genes BRCA1 and BRCA2. Family history, high 

                                                 
46 "American Cancer Society. Cancer Facts & Figures 2011,"  
http://www.cancer.org/Research/CancerFactsFigures/CancerFactsFigures/cancer-facts-figures-2011. Accessed on 
12/22/2011. 
47 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 

Stage at Diagnosis Survival Time Since Diagnosis 

% Surviving Next 5 Years 

% 
Confidence Interval 

Low High 

Local 
 

0 year (at diagnosis) 98.6 98.4 98.7 

1 year 97.6 97.4 97.8 

3 year 97.3 97.0 97.5 

Regional 

0 year (at diagnosis) 83.4 83.2 83.7 

1 year 82.3 81.9 82.5 

3 year 84.2 83.8 84.6 

Distant 

0 year (at diagnosis) 23.0 22.3 23.8 

1 year 29.9 28.8 31.1 

3 year 38.3 36.2 40.5 

Unstaged 

0 year (at diagnosis) 55.4 54.0 56.7 

1 year 63.7 62.0 65.3 

3 year 70.3 68.0 72.4 
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breast tissue density, hyperplasia of breast tissue, or exposure of chest-area to high dose radiation 

are all found to contribute to higher risk for breast cancer.48 Relative risk of developing breast 

cancer is twice as high in women who have a first-degree relative with a history of breast 

cancer.49 In addition, Caucasian women have a higher risk of developing breast cancer compared 

to other races whereas African American women are more likely to die due to breast cancer 

compared to other races.50,51 Also, long menstrual history, never having children, and use of oral 

contraceptives are found to be associated with higher risk for developing breast cancer.52 Breast 

cancer incidence and related mortality typically increases with age. 

 

1.2.4 Detection and Treatment 
 
Breast cancer is usually detected by physical exams, imaging, mammograms, breast MRI, 

and breast ultrasound.53 Prognosis and treatment of breast cancer are determined based on cancer 

stage. Treatment can include lumpectomy which involves surgical removal of the tumor, or 

mastectomy which involves surgical removal of the breast as well as removal of axillary lymph 

nodes to ascertain the stage and spread of the cancer. Other treatment options include radiation 

                                                 
48 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 
49 "American Cancer Society. Cancer Facts and Figures 2012,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-031941.pdf. 
Accessed on 1/22/2012. 
50 A. Jemal et al., "Cancer Statistics, 2008," CA A Cancer Journal for Clinicians 58, no. 2 (2008). 
51 "American Cancer Society. Breast Cancer,"  
http://www.cancer.org/acs/groups/cid/documents/webcontent/003090-pdf.pdf. Accessed on 8/10/2011. 
52 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 
53 "American Cancer Society. Breast Cancer,"  
http://www.cancer.org/acs/groups/cid/documents/webcontent/003090-pdf.pdf. Accessed on 8/10/2011. 
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therapy, chemotherapy, hormonal therapy, or biologic therapy.54 The various treatments are 

presented in the following sections. 

 

Surgery 

Surgery is typically used to assess the stage of the disease and to remove the tumor. 

Lumpectomy, a type of surgery, involves removal of the cancerous tissue and rim of normal 

tissue. A more invasive form of surgery is known as modified radical mastectomy where the 

entire breast as well under-arm lymph nodes are removed. Radical mastectomy involves removal 

of the underlying chest wall muscle in addition to the breast and the lymph nodes.55 A 

lumpectomy followed by radiation therapy is considered to be effective and improves overall 

survival; however, risk of local cancer recurrence is higher compared to mastectomy.56 Removal 

of lymph nodes helps in ascertaining if the cancer has spread beyond the breast. Sentinel lymph 

node biopsy involves removal and testing of a few selected lymph nodes before other lymph 

nodes are removed. If there is no evidence of lymph node involvement, this may prevent the 

need for a full axillary lymph node removal.57 

 

 

 

                                                 
54 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 
55 "American Cancer Society. Breast Cancer Facts and Figures 2011-2012,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-030975.pdf. 
Accessed on 1/25/2012. 
56 "American Cancer Society. Breast Cancer Facts and Figures 2011-2012,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-030975.pdf. 
Accessed on 1/25/2012. 
57 "American Cancer Society. Breast Cancer Facts and Figures 2011-2012,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-030975.pdf. 
Accessed on 1/25/2012. 
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Radiation Therapy 

Radiation therapy is commonly used after breast surgery to kill any remaining cancer 

cells. External beam radiation is administered over a five- to six-week period and uses a machine 

to focus the radiation on the affected breast and may include radiation to chest wall and 

underarm depending on the spread of the cancer. Internal radiation therapy or brachytherapy 

involves use of radioactive substance that is placed near or on the cancer by means of needles, 

wires, or catheters. Choice of appropriate radiation therapy depends on the stage, size, and 

location of the tumor.58  

 

Systemic therapy 

Systemic therapy includes targeted therapy, chemotherapy, or hormonal therapy and 

involves use of oral or injected anti-neoplastic (or anti-cancer) drugs that are circulated in the 

body via the blood stream. Targeted therapy attacks specific cancer cells, chemotherapy attack 

cancer cells in general, and hormonal therapies block natural hormones in the body that may be 

assisting cancer cell proliferation.59 Systemic therapy is often given after surgery to destroy 

cancer cells that may still be present and is known as adjuvant systemic therapy. Systemic 

therapy is also commonly used when the cancer has metastasized and surgery may no longer be 

an option.60  

                                                 
58 "American Cancer Society. Breast Cancer Facts and Figures 2011-2012,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-030975.pdf. 
Accessed on 1/25/2012. 
59 "American Cancer Society. Breast Cancer Facts and Figures 2011-2012,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-030975.pdf. 
Accessed on 1/25/2012. 
60 "American Cancer Society. Breast Cancer Facts and Figures 2011-2012,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-030975.pdf. 
Accessed on 1/25/2012. 
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Some of the common targeted therapies include use of tratuzumab (Herceptin®) for breast 

cancers with over-expression of HER2 (Human Epidermal Growth Factor Receptor 2), which is 

a growth-promoting protein. Breast cancers with over expression of HER2 are usually more 

aggressive and have a higher probability of recurring. Use of tratuzumab has shown to improve 

survival in women with this aggressive form of cancer. Another targeted therapy, lapatinib 

(Tykerb®) is used for cancers with over expression of HER2 after the cancer has become 

resistant to tratuzumab.61 

Chemotherapeutic agents are commonly used for treatment of breast cancer. It has been 

found that combination of chemotherapy drugs are often more effective for treatment of breast 

cancer as opposed to a single drug. Adjuvant chemotherapy is typically administered for three to 

six months. Common chemotherapy drugs for non HER2-positive breast cancer are 

cyclophosphamide, methotrexate, flurorouracil, doxorubicin (Adriamycin®), epirubicin, 

paclitaxel (Taxol®), and docetaxol (Taxotere®).62  

Since estrogen and progesterone may promote cancer growth, surgical removal of the 

ovaries or ovarian ablation may be warranted. Ovarian ablation can also be done by using 

lutenizing hormone-releasing hormone (LHRH) which stops the production of estrogen in pre-

menopausal women. LHRH drugs include goserelin (Zoladex®), and leuprolide (Lupron®).63  

Hormonal therapy is another kind of systemic therapy that is used commonly in patients 

with breast cancer who have tested positive for hormone receptors. Treatments using hormonal 

                                                 
61 "American Cancer Society. Breast Cancer Facts and Figures 2011-2012,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-030975.pdf. 
Accessed on 1/25/2012. 
62 "American Cancer Society. Breast Cancer Facts and Figures 2011-2012,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-030975.pdf. 
Accessed on 1/25/2012. 
63 "American Cancer Society. Breast Cancer Facts and Figures 2011-2012,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-030975.pdf. 
Accessed on 1/25/2012. 



20 
 

therapies and various factors that influence patient’s adherence and persistence to these drugs 

have been outlined in detail in the next section.  
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SECTION II: HORMONAL THERAPY FOR PATIENTS DIAGNOSED WITH 
BREAST CANCER 

 

1.3 Use of Hormonal Therapy in Breast Cancer Treatment 
 

Hormonal therapy is commonly used for the treatment for hormone receptor positive 

breast cancer. It has been estimated that approximately 75 to 80 percent of women with breast 

cancer have hormone receptor positive breast cancer.64 Estrogen is the primary female sex 

hormone produced in the ovaries. The production of estrogen in the ovaries decreases after 

menopause. Estrogen is known to support growth of two of the three types of breast cancers: ER-

positive cancers and PR-positive cancers. ER-positive breast cancers contain receptors for 

estrogen and PR-positive breast cancers contain receptors for progesterone. Since these cancers 

are hormone receptor positive, they can be treated by either lowering the hormone levels or 

blocking the effects of hormones on the body.65 Treatment guidelines from the American Society 

of Clinical Oncology, National Comprehensive Cancer Network, and St. Galen recommend the 

use of adjuvant hormonal therapy in women with hormone receptor-positive breast cancer for a 

five year period following breast cancer diagnosis.66 Hormonal therapy is a type of systemic 

therapy that is commonly used as an add-on treatment adjuvant to primary cancer treatment and 

sometimes before any other treatment (neoadjuvant therapy) to minimize cancer recurrence.  

 

 

                                                 
64 G.A. Colditz et al., "Risk Factors for Breast Cancer According to Estrogen and Progesterone Receptor Status," J 

Natl Cancer Inst 96 (2004). 
65 "American Cancer Society. Breast Cancer,"  
http://www.cancer.org/acs/groups/cid/documents/webcontent/003090-pdf.pdf. Accessed on 8/10/2011. 
66 C. Jackisch and S. Verma, "Comparing Guidelines for Adjuvant Endocrine Therapy in Postmenopausal Women 
with Breast Cancer: A Coming of Age," Expert review of anticancer therapy 11, no. 2 (2011). 
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1.3.1 Types of Hormonal Therapy 
 

Tamoxifen 

 

Tamoxifen is an oral anti-estrogen drug that belongs to the class of drugs known as 

Selective Estrogen-Receptor Modulators (SERM). SERMs block the estrogen receptors on the 

breast cancer cells which prevents the estrogen from binding to these receptors.67 Tamoxifen is 

used for preventative care in women who are at a high risk of developing breast cancer and is 

also used for treatment of metastatic breast cancer as well as pre- and peri-menopausal breast 

cancer.68,69 The major side effects associated with use of tamoxifen are increased risk of uterine 

cancer and thromboembolic events. The recommended dose of tamoxifen is 20-40 mg once or 

twice a day.70 It is currently available in 10 mg and 20 mg doses in the form of oral tablets and 

oral solution.71  

Tamoxifen use after breast cancer surgery for at least five years has been shown to reduce 

the risk of cancer recurrence by approximately 50 percent throughout the first 15 years after 

diagnosis.72 Past research suggested that tamoxifen may lose efficacy after five or more years of 

use;73 however, in a recent clinical trial, continued use of tamoxifen for 10 years resulted in 

further reduction in cancer recurrence and mortality compared to stopping tamoxifen use at five 

years.74  

                                                 
67 A.M. Kaunitz, "Aromatase Inhibitors as Adjuvant Therapy for Breast Cancer," Journal Watch Women's Health  
(2011). 
68 "American Cancer Society. Breast Cancer,"  
http://www.cancer.org/acs/groups/cid/documents/webcontent/003090-pdf.pdf. Accessed on 8/10/2011. 
69 ———, "Aromatase Inhibitors as Adjuvant Therapy for Breast Cancer," Journal Watch Women's Health  (2011). 
70 "American Cancer Society Tamoxifen,"  
http://www.cancer.org/treatment/treatmentsandsideeffects/guidetocancerdrugs/tamoxifen. Accessed on 4/11/2013. 
71 "U.S. Food and Drug Adminstration Tamoxifen,"  
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails. 
72 ———, "Aromatase Inhibitors as Adjuvant Therapy for Breast Cancer," Journal Watch Women's Health  (2011). 
73 D.E. Lyon, G. Roux, and S. Voll, "Hormonal Breast Cancer Agents: Implications for the Primary Care Provider," 
Journal of American Academy of Nurse Practitioners 18, no. 518-523 (2006): Pg. 519. 
74 C. Davies 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 Early Online 
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Aromatase Inhibitors 

 

Aromatase Inhibitors (AIs) are oral medications that are recommended as adjuvant 

therapy in women with early and advanced stage hormone receptor-positive breast cancer. AIs 

stop production of non-ovary produced estrogen by blocking the enzyme aromatase which is 

responsible for production of estrogen in post-menopausal women, but do not inhibit estrogen 

production by the ovaries.75 Since AIs cannot inhibit estrogen production by the ovaries, AIs are 

effective only in post-menopausal women and are not recommended for use in pre-menopausal 

or peri-menopausal women with breast cancer.76   

Three types of AIs are currently available: letrozole, anastrozole, and exemestane. 

Depending on the way these inhibitors bind with the aromatase protein, they can be further 

divided into two sub-categories: steroidal or reversible inhibitors (i.e., exemestane), and non-

steroidal or irreversible inhibitors (i.e., letrozole and anastrozole). The three AIs are considered 

to have similar clinical efficacy; however, research suggests that steroidal AIs may provide 

additional clinical benefit.77 Letrozole is available in 2.5 mg oral tablet, anastrozole in 1.0 mg 

oral tablet, and exemestane in 25.0 mg oral tablet.78,79,80 All three AIs are recommended to be 

taken once daily.  

                                                                                                                                                             
Publication (2012): Pg. 8. http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(12)61963-
1/fulltext#article_upsell. 
75 A.M. Kaunitz, "Aromatase Inhibitors as Adjuvant Therapy for Breast Cancer," Journal Watch Women's Health  
(2011). 
76 ———, "Aromatase Inhibitors as Adjuvant Therapy for Breast Cancer," Journal Watch Women's Health  (2011). 
77 W.R. Miller et al., "Aromatase Inhibitors: Are There Differences between Steroidal and Nonsteroidal Aromatase 
Inhibitors and Do They Matter?," Oncologist 13, no. 8 (2008). 
78 "U.S. Food and Drug Administration Letrozole,"  
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Label_ApprovalHistory#labeli
nfo. 
79 "Armidex Highlights of Prescribing Information,"  
http://www.accessdata.fda.gov/drugsatfda_docs/label/2011/020541s026lbl.pdf. 
80 "U.S. Food and Drug Administration Exemastane,"  
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Label_ApprovalHistory#labeli
nfo. Accessed on 4/11/2013. 
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AIs are associated with the side effects of muscle pain and joint stiffness. Plus the use of 

AIs may also result in bone thinning which may cause osteoporosis.81,82 Recent research has 

indicated that AIs are more efficacious than tamoxifen in reducing distant metastasis and 

contralateral breast cancers by 61 percent and 80 percent, respectively. AIs are widely used as 

first-line therapy for post-menopausal women with hormone receptor-positive breast cancer and 

as a second-line therapy for women who are resistant to tamoxifen. AIs are used as first-line 

therapy for metastatic disease.83 The first generation of AIs was approved for use in 1990s. 

Exemestane, anastrozole, and letrozole are third-generation AIs and are currently used.84 

Exemestane is approved for use only in post-menopausal women with early-stage breast cancer 

who have previously used tamoxifen.85  

 

1.3.2 Efficacy and Treatment Practice Patterns 
 

Adjuvant hormonal therapy is commonly used in patients with breast cancer as patients 

transition from active cancer treatment (which may include chemotherapy and surgery) to long-

term survivorship care. Long-term use of adjuvant hormonal therapy has been shown to 

significantly improve health outcomes in patients with breast cancer. The Early Breast Cancer 

Trialists’ Collaborative Group conducted a meta-analysis of all tamoxifen randomized controlled 

trials and demonstrated that tamoxifen use in early breast cancer resulted in significant 15-year 

                                                 
81 "American Cancer Society. Breast Cancer,"  
http://www.cancer.org/acs/groups/cid/documents/webcontent/003090-pdf.pdf. Accessed on 8/10/2011. 
82 L.E Pezzin, M.B. O'Niel, and A.B. Nattinger, "The Economic Consequences of Breast Cancer Adjuvant 
Hormonal Treatments," J Gen Intern Med 24 (Suppl 2) (2009): Pg. 446. 
83 J. Geisler, "Differences between the Non-Steroidal Aromatase Inhibitors Anastrozole and Letrozole- of Clinical 
Importance?," Br J Cancer 104, no. 7 (2011). 
84 G.F. Riley et al., "Endocrine Therapy Use among Elderly Hormone Receptor-Positive Breast Cancer Patients 
Enrolled in Medicare Part D," Medicare & Medicaid Research Review 1, no. 4 (2011): Pg. E2. 
85 "National Cancer Institute Fact Sheet: Hormone Therapy for Breast Cancer,"  
http://www.cancer.gov/cancertopics/factsheet/Therapy/hormone-therapy-breast. 
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risk reduction in cancer recurrence and mortality.86 Results from the Armidex, Tamoxifen, Alone 

or in Combination (ATAC) Trialisit’s group analysis at 100 months found that use of AIs 

provide additional reduction in breast cancer recurrence and mortality over tamoxifen.87 

A study conducted to assess treatment patterns with hormonal therapy over a period of 

five years found that 58 percent of the women initiated treatment with hormonal therapy within 

12 months of diagnosis of breast cancer. Of these women, approximately 56 percent of the 

women used tamoxifen, 25 percent used AIs, and 20 percent switched from tamoxifen to AIs.88 

Anastrozole was the most commonly used AI as a first-line treatment, followed by letrozole. 

Exemestane was prescribed least frequently. Approximately 20 percent of the patients initiating 

first-line treatment with AIs either discontinued therapy or switched to a different drug during 

the first year of therapy. Patients using tamoxifen switched therapies after approximately 33-

months on average. Distant disease-free survival was found to be 87 percent in patients who used 

tamoxifen as prescribed and 76 percent in patients who did not initiate or discontinued. 

Similarly, local disease free survival was found to be higher for tamoxifen users compared to 

non-users (97 percent vs. 87 percent).89 

 

 

 

                                                 
86 "Early Breast Cancer Trialists' Collaborative Group: Relevance of Breast Cancer Hormone Receptors and Other 
Factors to the Efficacy of Adjuvant Tamoxifen: Patient-Level Meta-Analysis of Randomised Trials. ," Lancet 378 
(2011). 
87 "The Armidex, Tamoxifen, Alone or in Combination  (ATAC) Trialists' Group: Effect of Anastrozole and 
Tamoxifen as Adjuvant Treatment for Early-Stage Breast Cancer: 100 Month Analysis of ATAC Trial," Lancet 

Oncol 9 (2008). 
88 L. Nekhlyudov et al., "Five-Year Patterns of Adjuvant Hormonal Therapy Use, Persistence, and Adherence 
among Insured Women with Early-Stage Breast Cancer.," Breast Cancer Res Treat 130 (2011): Pg. 683. 
89 A.M. Thu Ma et al., "Noncompliance with Adjuvant Radiation, Chemotherapy, or Hormonal Therapy in Breast 
Cancer Patients," The American Journal of Breast Surgeons 196 (2008): Pg. 502. 
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1.3.3 U.S. Clinical Treatment Guidelines 
 

U.S. Clinical Treatment Guidelines from the American Society of Cancer Oncologists 

(ASCO) and National Comprehensive Cancer Network (NCCN) recommend use of tamoxifen 

(20 mg) for duration of five years in women with ER-positive breast cancer. In post-menopausal 

women, use of exemestane (25 mg) for five years have been recommended.90,91 For post-

menopausal women with hormone receptor-positive breast cancer, the clinical guidelines 

recommend initiation or switch to AI therapy from tamoxifen. No recommendations are made for 

duration of AI treatment.92  

Given the increase in the number of self-administered oncology drugs in recent years, it 

is important to study the factors associated with adherence and persistence to self-administered 

drugs in patients with cancer. Since hormone therapies are used widely and have been available 

for many years, they can be used as case studies to assess factors associated with adherence and 

persistence to oral therapies in oncology setting. The next section outlines the methodological 

aspects of measuring adherence and persistence followed by literature review of past research 

that evaluated patient’s adherence and persistence to hormonal therapies in breast cancer 

treatment.  

 

 

 

 

                                                 
90 "NCCN Guidelines,"  http://www.nccn.org/professionals/physician_gls/f_guidelines.asp. Accessed on 
11/15/2013. 
91 K. Visvanathan, P. Hurley, and E. Bantug, "Use of Pharmacologic Interventions for Breast Cancer Risk 
Reduction: American Society of Clinical Oncology Clinical Practice Guidelines,"  
http://jco.ascopubs.org/content/early/2013/07/03/JCO.2013.49.3122.full.pdf+html. Accessed on 11/30/2013. 
92 ———, "Use of Pharmacologic Interventions for Breast Cancer Risk Reduction: American Society of Clinical 
Oncology Clinical Practice Guidelines,"  
http://jco.ascopubs.org/content/early/2013/07/03/JCO.2013.49.3122.full.pdf+html. Accessed on 11/30/2013. 
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SECTION III: ADHERENCE AND PERSISTENCE WITH HORMONAL 
THERAPIES 
 

Adherence and persistence to therapy are important issues that can have an impact on 

clinical benefit, long-term outcomes, morbidity, and mortality. Availability of new technology 

and patients’ preference for oral therapies over intravenous therapies is driving increased 

development and use of oral therapies in oncology.93,94,95 Since the responsibility of ensuring 

optimal adherence with oral therapies resides primarily with the patient as opposed to the 

healthcare professional, it is important to evaluate factors that may influence patient behavior.96 

It is generally believed that patients with cancer are highly motivated and tend to have optimal 

adherence to drugs; however, literature suggests that adherence to oral therapies is an obstacle 

for many patients with cancer, therefore, more attention needs to be paid to adherence and 

persistence to oral therapies among patients with cancer.97,98  

 This section will review the methodological aspects of measuring adherence and 

persistence and report on current trends in patient adherence and persistence with hormonal 

therapies as well as factors influencing adherence and persistence to these therapies.  

 

 

                                                 
93 S. Moore, "Nonadherence in Patients with Breast Cancer Receiving Oral Therapies," Clinical Journal of 

Oncology Nursing 14, no. 1 (2010): Pg. 41. 
94 K. Ruddy, E. Mayer, and A. Patridge, "Patient Adherence and Persistence with Oral Anticancer Treatment," CA 

Cancer J Clin 59 (2009). 
95 A.H. Partridge et al., "Adherence to Therapy with Oral Antineoplastic Agents," Journal of National Cancer 

Insttute 94, no. 1 (2002). 
96 S. Moore, "Nonadherence in Patients with Breast Cancer Receiving Oral Therapies," Clinical Journal of 

Oncology Nursing 14, no. 1 (2010): Pg. 41. 
97 ———, "Nonadherence in Patients with Breast Cancer Receiving Oral Therapies," Clinical Journal of Oncology 

Nursing 14, no. 1 (2010). 
98 A.H. Partridge et al., "Adherence to Therapy with Oral Antineoplastic Agents," Journal of National Cancer 

Insttute 94, no. 1 (2002). 
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1.4 Adherence 
 

 The International Society for Pharmacoeconomics and Outcomes Research (ISPOR) 

defines adherence as “the degree or extent of conformity to the recommendations about day-to-

day treatment by the provider with respect to timing, dosage, and frequency.”99 A patient is 

considered adherent to the medication if the doses are not missed, not consumed in wrong 

quantities, or not at the wrong time.100,101  

Many different terms, such as compliance, adherence, concordance, therapeutic alliance 

have been used interchangeably in the literature to describe how well patients have followed the 

prescriber’s medication direction; however, the use of term adherence has been preferred in 

recent years.102,103  

 

1.4.1 Methods to Measure Patient Medication Utilization 
 

 Direct or indirect methods can be used to measure patient utilization of medications. 

Direct methods may include direct observation of the patient taking the medication or serum and 

metabolite tests to assess concentration of the drug in the body. Direct methods are objective and 

less likely to be biased, but they are expensive, time consuming, and may be inconvenient to the 

patients.  

                                                 
99 J.A. Cramer and R.A. Burrell, "Medication Compliance and Persistence: Terminology and Definitions," Value 

Health 11 (2008). 
100 K. Ruddy, E. Mayer, and A. Patridge, "Patient Adherence and Persistence with Oral Anticancer Treatment," CA 

Cancer J Clin 59 (2009). 
101 V. Ziller et al., "Adherence to Adjuvant Endocrine Therapy in Postmenopausal Women with Breast Cancer," 
Annals of Oncology 20 (2009). 
102 K. Ruddy, E. Mayer, and A. Patridge, "Patient Adherence and Persistence with Oral Anticancer Treatment," CA 

Cancer J Clin 59 (2009). 
103 S.E. Andrade et al., "Methods for Evaluation of Medication Adherence and Persistence Using Automated 
Databases," Pharmacoepidemiology and drug safety 15 (2006). 
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Indirect methods to assess utilization include patient self-reports, patient diaries, pill 

counts, use of microelectronic monitoring systems, and analysis of prescription drug claims 

examining prescription refill patterns.  Patient self-report involves requiring patients to recall and 

record how accurately the therapeutic regimen was followed. Important limitations of this 

method are response biases, and forgetfulness resulting in over or under reporting of adherence 

to medications. Another threat to self-reports is known as the “Hawthorne effect.” This is where 

patients’ knowledge that their adherence is being observed may influence the behavior.104,105 

Patient diaries also have been used where patients record each dose as they take it. This method 

may be less susceptible to recall bias; however, response bias may still exist.106 Pill counts where 

patients return the unused pills may result in overestimation of adherence since patients may 

throw away some of the missed doses. Microelectronic monitoring systems include a microchip 

that electronically records each time the pill bottle is opened.107 This system may be less 

susceptible to manipulation by the patient; however, it cannot be determined that a pill was taken 

each time the bottle was opened. In addition, this system is expensive and may not be feasible to 

be used in large settings.  

Large prescription claim databases are commonly used as an indirect method to assess 

adherence, prescription refill rates and drug use patterns. Prescription claims databases are 

administrative databases that are used for prescription claim adjudication. Since these databases 

typically follow patients for as long as the patient is enrolled with a third-party plan, they often 

                                                 
104 S. Jasti, A.M. Siega-Riz, and M.E. Cogswell, "Correction for Errors in Measuring Adherence to Prenatal 
Multivitamin/ Mineral Supplement Use among Low-Income Women," J Nutr 136 (2006). 
105 A.H. Partridge et al., "Adherence to Therapy with Oral Antineoplastic Agents," Journal of National Cancer 

Insttute 94, no. 1 (2002): Pg. 654. 
106 K. Ruddy, E. Mayer, and A. Patridge, "Patient Adherence and Persistence with Oral Anticancer Treatment," CA 

Cancer J Clin 59 (2009): Pg. 57. 
107 ———, "Patient Adherence and Persistence with Oral Anticancer Treatment," CA Cancer J Clin 59 (2009): Pg. 
57. 
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include long-term data for a large number of patients, thereby facilitating longitudinal studies 

with a large sample size.108  

This study will employ a large prescription claims database to measure adherence and 

persistence to hormonal therapy. Techniques that are commonly employed to evaluate patient 

adherence and persistence when using a large claims database are described below.  

 

1.4.2 Medication Possession Ratio  
 
The medication possession ratio (MPR) is commonly used when assessing adherence 

using a prescription claims.109,110,111 MPR is calculated as the “estimate of proportion (or 

percentage) of days’ supply obtained during a specified time period or over a period of refill 

intervals.”112,113 

The MPR value can be estimated using different methods depending on the way the 

denominator of the ratio is defined. Some studies calculate MPR by dividing the total days’ 

supply obtained by a specified observation period (e.g., one year), whereas other studies estimate 

MPR by dividing the total days’ supply by the number of days between the first and the last 

prescription. Another method involves calculation using the days between the first and last 

prescription plus the medication dispensed in the last prescription as the denominator. An MPR 

value equal to 100 percent implies that the patient possessed enough medication to be adherent to 

                                                 
108 K. Fairman and B. Motheral, "Evaluating Medication Adherence: Which Measure Is Right for Your Program?," 
Journal of Managed Care Pharmacy 6 (2000). 
109 K. Ruddy, E. Mayer, and A. Patridge, "Patient Adherence and Persistence with Oral Anticancer Treatment," CA 

Cancer J Clin 59 (2009). 
110 A.H. Partridge et al., "Adherence to Therapy with Oral Antineoplastic Agents," Journal of National Cancer 

Insttute 94, no. 1 (2002). 
111 M. Banning, "Adherence to Adjuvant Therapy in Post-Menopausal Breast Cancer Patients: A Review," European 

Journal of Cancer Care 21 (2012): Pg. 14. 
112 K. Fairman and B. Motheral, "Evaluating Medication Adherence: Which Measure Is Right for Your Program?," 
Journal of Managed Care Pharmacy 6 (2000): Pg. 502. 
113 M.A. Raebel et al., "Standardizing Terminology and Definitions of Medication Adherence and Persistence in 
Research Employing Electronic Databases," Medical Care 51, no. 8 (2013): Pg. S15. 
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the drug for the study duration or the entire length of therapy. An MPR of less than 100 percent 

implies that the patient did not possess enough medication to be able to stay completely adherent 

to their therapy, whereas an MPR value of greater than 100 implies that the patient possessed 

more than enough medication to stay adherent during the entire observation period. MPR is most 

commonly reported as a dichotomous variable where patients with an MPR of an 80 percent or 

higher are considered adequately adherent to their therapy, whereas patients with MPR of less 

than 80 are considered non-adherent.114,115,116  

Calculation of an MPR is a commonly used method to estimate adherence to oral 

medications; however, it has some limitations. When using MPR methodology to assess 

adherence, sporadic variations in medication possession can lead to over or underestimation of 

patient adherence. For example, over accumulation of a drug during a later time point may offset 

under possession during a previous time period and may result in overestimation of adherence. 

Similarly, the MPR methodology does not allow for determining adherence patterns since 

adherence is calculated as a single number which is used for dichotomizing patients as either 

adherent or non-adherent. Also, patients with shorter follow-up periods in the database have 

fewer opportunities to be non-adherent to their medications which can bias the results.117 

 

 

 

                                                 
114 M. Banning, "Adherence to Adjuvant Therapy in Post-Menopausal Breast Cancer Patients: A Review," European 

Journal of Cancer Care 21 (2012): Pg. 14. 
115 V. Ziller et al., "Adherence to Adjuvant Endocrine Therapy in Postmenopausal Women with Breast Cancer," 
Annals of Oncology 20 (2009). 
116 K. Ruddy, E. Mayer, and A. Patridge, "Patient Adherence and Persistence with Oral Anticancer Treatment," CA 

Cancer J Clin 59 (2009). 
117 E.S. Johnson and E. Mozaffari, "Measuring Patient Persistency with Drug Therapy Using Methods for the Design 
and Analysis of Natural History Studies," The American Journal of Managed Care 8, no. 10 (2002). 



32 
 

1.4.3 Persistence 
 
ISPOR defines persistence as “the duration of time from the initiation to discontinuation 

of therapy.”118 A patient is considered to be non-persistent to therapy if the patient does not refill 

a prescription before a pre-specified allowed gap time or period.119,120  Non-persistence or 

discontinuation of therapy is typically defined by the gaps between the subsequent dispensing of 

medications. Discontinuation of therapy can be estimated by using a specified multiple of the 

days’ supply dispensed, or by allowing a pre-specified time period after each dispensing of the 

drug. The most commonly used method for estimating discontinuation calculates the number of 

days supply dispensed plus a gap period in days. The length of the allowed gap period varies 

widely in the literature, ranging from 7 to 180 days.121  

Persistence is often considered to be a more robust measure of medication utilization 

since sporadic variations do not bias the results. For example, in the present study, a patient who 

had a gap of 60 days or more was considered to be non-persistent. If this patient accumulates 

extra medication at a later time, it will not offset the time without medication during a previous 

time period (as in the case of adherence measurement). Therefore, persistence measures are 

considered to be less biased; however, persistence measures also overlook subsequent persistent 

behaviors after initial non-persistence. For analyses over a long period, it is possible that a 

patient may have discontinued therapy during the initial months but re-initiated and remained 

persistent for the remaining time period. Persistence calculations do not account for this 

subsequent persistence after initial non-persistence.  

                                                 
118 J.A. Cramer and R.A. Burrell, "Medication Compliance and Persistence: Terminology and Definitions," Value 

Health 11 (2008). 
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120 L. Nekhlyudov et al., "Five-Year Patterns of Adjuvant Hormonal Therapy Use, Persistence, and Adherence 
among Insured Women with Early-Stage Breast Cancer.," Breast Cancer Res Treat 130 (2011). 
121 S.E. Andrade et al., "Methods for Evaluation of Medication Adherence and Persistence Using Automated 
Databases," Pharmacoepidemiology and drug safety 15 (2006). 
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1.5 Adherence to Hormonal Therapy 
 
 As discussed previously, optimal adherence to hormonal therapies over a long period of 

time can significantly improve health outcomes for patients with breast cancer. Multiple studies 

have evaluated patients’ adherence with hormonal therapies. Ziller et al. assessed patient 

adherence to hormonal therapy using an MPR of 80 percent or greater. 122 This study concluded 

that 80 percent of the patients using tamoxifen and 69 percent of the patients using AIs had a 

MPR of at least 80 percent and were considered adherent to their therapies.123  

Partridge et al. assessed adherence to tamoxifen and concluded that 77 percent of the 

women were at least 80 percent adherent to their hormonal therapy during the first year. Patients 

younger than 45 or older than 85, and non-white patients were found to be less adherent to 

tamoxifen therapy. In addition, patients who had seen an oncologist in the year before the first 

tamoxifen prescription were found to have better adherence.124  

Prescription drug claims were used to assess adherence to anastrozole in another study by 

Partridge. This study found that 72 to 81 percent of the patients had MPR values greater than 80 

percent in first year of hormonal therapy. For patients who were still enrolled with the plan after 

36 months, the overall MPR value declined each year.125 A study conducted by Nekhlyudov et 

al. estimated that approximately 78 percent of the women using hormonal therapy had at least 80 

                                                 
122 V. Ziller et al., "Adherence to Adjuvant Endocrine Therapy in Postmenopausal Women with Breast Cancer," 
Annals of Oncology 20 (2009): Pg. 432. 
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percent of the days covered (PDC) in the first year of therapy and the PDC decreased to 61 

percent by year five.126  

Sedjo et al. used the MarketScan® Commercial database to evaluate adherence to AIs 

(MPR≥ 80 percent) and found that 77 percent of the patients to be adherent to their AI therapy 

during the one-year period. 127 Hershman et al. evaluated adherence to brand-name and generic 

AIs in women older than 50 years between 2007 and 2012. Patients were considered to be 

adherent to therapy if MPR≥ 80 percent was achieved for the initial two years of therapy. In this 

study, 75.2 percent of the patients were adherent to therapy.128 In another study, Hershman et al. 

used the data from Kaiser Permanente of Northern California to evaluate the relationship 

between hormonal therapy non-adherence and mortality in women with breast cancer. Adherence 

was defined as MPR≥80 percent. In this study, 72.0 percent of the patients were adherent to their 

hormonal therapy medications.129 Weaver et al. evaluated adherence to hormonal therapy in low-

income women with a follow-up up to five years. Adherence was highest in year one with 63 

percent of the patients adherent. By year five, only 46 percent of the patients were adherent to 

therapy. Mean MPR was also reported; 77 percent in year-one to 58 percent in year-five.130 

Kimmick also evaluated adherence in low-income women by means of MPR calculation. 

Patients with MPR >80 percent were considered adherent to therapy. During the first year of 
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Adherence for Early-Stage Breast Cancer," J Natl Cancer Inst 106, no. 11 (2014). 
129 D.L. Hershman et al., "Early Discontinuation and Nonadherence to Adjuvant Hormonal Therapy in a Cohort of 
8,769 Early-Stage Breast Cancer Patients," J Clin Oncol 25 (2010). 
130 K.E. Weaver et al., "Adherence to Adjuvant Hormonal Therapy and Its Relationship to Breast Cancer Recurrence 
and Survival among Low-Income Women," American Journal of Clinical Oncology 36, no. 2 (2013). 
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therapy, 75.0 percent of the patients were adherent to their hormonal therapy.131Table 1.3 lists 

results from the studies in the U.S. that estimated patient adherence to hormonal therapies.  

 

Table 1.3: Summary of Adherence Results from U.S. Studies  

Country/Population 
Proportion of 
Patients adherent 
(MPR≥80%) 

Data Source/ 
Time Period 

References 

U.S./ Post-menopausal 
women with breast cancer 

Tamoxifen: 80% 
patients adherent 
AIs: 69% patients 
adherent 

Survey and 
retrospective 
database 
analysis; 2004-
2005 

V. Ziller et al., "Adherence 

to Adjuvant Endocrine 

Therapy in Postmenopausal 

Women with Breast 

Cancer," Annals of 

Oncology 20 (2009) 

U.S./ Women with primary 
breast cancer 

Tamoxifen: 77% 
patients adherent 

Database 
analysis (New 
Jersey Medicaid 
or 
Pharmaceutical 
Assitance to 
Aged or disabled 
program); 1990-
1996 

A.H. Partridge et al., 

"Nonadherence to 

Adjuvant Tamoxifen 

Therapy in Women with 

Primary Breast Cancer," 

Journal of Clinical 

Oncology 21, no. 4 (2003) 

U.S./ Women with early-
stage breast cancer 

Anastrozole: 72-81% 
patients adherent in first 
year of therapy 

Large 
commercial 
health plan 
database 

A.H. Patridge et al., 

"Adherence to Initial 

Adjuvant Anastrozole 

Therapy among Women 

with Early-Stage Breast 

Cancer," Journal of 

Clinical Oncology 26, no. 

4 (2008) 

U.S./ Women with early-
stage breast cancer 

78% patients adherent to 
hormonal therapy 

New England 
Health Plan 
database; 2000-
2006 

L. Nekhlyudov et al., 

"Five-Year Patterns of 

Adjuvant Hormonal 

Therapy Use, Persistence, 

and Adherence among 

Insured Women with 

Early-Stage Breast 

Cancer.," Breast Cancer 

Res Treat 130 (2011) 

U.S./ Women with breast 
cancer 

77 percent of the 
patients to be adherent 
to their AI therapy 

MarketScan® 
Commerc ial 
Database 2005-

R.L. Sedjo et al., 

“Predictors of Non-

adherence to Aromatase 

                                                 
131 G. Kimmick et al., "Adjuvant Hormonal Therapy Use among Insured, Low-Income Women with Breast Cancer," 
Journal of Clinical Oncology 27, no. 21 (2009). 
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during the one-year 
period 

2007 Inhibitors among 

Commercially Insured 

Women with Breast 

Cancer.,” Breast Cancer 

Res Treat 125 (2011) 

U.S./ Women with early-
stage breast cancer 

75.2 percent of the 
patients were adherent 
to therapy 

OptumInsight 
2007-2012 

D.L. Hershman., “The 

change from Brand-Name 

to Generic Aromatase 

Inhibitors and Hormone 

Therapy Adherence for 

Early-Stage Breast 

Cancer,” JNCI 106 (2014) 

U.S./ Women with breast 
cancer 

72.0 percent of the 
patients were adherent 

Kaiser 
Permanente of 
Northern 
California 

D.L. Hershman., "Early 

Discontinuation and 

Nonadherence to Adjuvant 

Hormonal Therapy in a 

Cohort of 8,769 Early-

Stage Breast Cancer 

Patients," J Clin Oncol 25 

(2010) 

U.S./ Low-Income women 
with Breast Cancer 

75.0 percent of the 
patients were adherent 

North Carolina 
Cancer Registry- 
Medicaid linked 
1998-2002 

G Kimmick., “Adjuvant 

Hormonal Therapy Use 

Among Insured, Low-

Income Women with 

Breast Cancer 

U.S./ Low-Income women 
with Breast Cancer 

63 percent of the 
patients adherent in 
year-one and 46 
percent of the patients 
adherent in year-five 

North Carolina 
Cancer Registry- 
Medicaid linked 
1998-2002 

K.E. Weaver., “Adherence 

to Adjuvant Hormonal 

Therapy and its 

Relationship to Breast 

Cancer Recurrence and 

Survival Among Low-

Income Women 

 

Similar rates of adherence to hormonal therapy have been observed worldwide. A study 

in Netherland included women with early-stage breast cancer found that only about a half of all 

patients were still using tamoxifen after five years of treatment.132 A Swedish study estimating 

adherence to hormonal therapies among women concluded that only 69 percent of the women 

were adherent (MPR ≥ 80 percent) to their hormonal medications. In general, adherence was 

higher in younger women and in women who did not switch therapy between hormonal 

                                                 
132 M.P.P  MHerk-Sukel 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, no. 843-851 (2010): Pg. 846. 

Table 1.3: Summary of Adherence Results from U.S. Studies continued.  
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treatments.133 A similar study using The General Practice Research Database (GPRD) in the 

United Kingdom found the non-adherence rates in women on AI therapy to be 18.9 percent and 

31 percent in women using tamoxifen. In the group receiving tamoxifen, non-adherence was 

found to be 23.6 percent in the first year and increased to 51.8 percent by year five.134 A survey 

in the U.K. published in the Annals of Oncology assessed patient preferences for administration 

of oral vs. injected endocrine therapies. This study found that approximately 50 percent of the 

women were sometimes not adherent with their oral hormonal medications.135 A Canadian study 

estimated that 22 percent of the women discontinued therapy within two years. In patients who 

remained on therapy beyond two years, 93 percent were adherent to therapy (defined as MPR of 

80 percent or greater). Patients were found to be more likely to be non-adherent to therapy if they 

did not undergo chemotherapy and had less than a year of follow-up with the hospital.136  

A recent study in Scotland included women with incident breast cancer between 1993 

and 2000 who were subsequently prescribed tamoxifen. Approximately 62 percent of the patients 

were found to be adherent to tamoxifen (i.e., MPR ≥ 80 percent).137 Makubute et al. conducted a 

cohort study in Scotland between 1993 and 2008 to assess adherence to tamoxifen and endocrine 

therapy and survival analysis to evaluate the impact of patient adherence on all-cause mortality, 

breast cancer recurrence or death. This study concluded that hormonal therapy adherence of less 

than 80 percent was significantly associated with poorer survival. It was also concluded that 

                                                 
133 A. Wigertz et al., "Adherence and Discontinuation of Adjuvant Hormonal Therapy in Breast Cancer Patients: A 
Population-Based Study," Breast Cancer Res Treat 133 (2012): Pg. 369. 
134 L. Huiart, S.D. Aniello, and S. Suissa, "Use of Tamoxifen and Aromatase Inhibitors in a Large Population-Based 
Cohort of Women with Breast Cancer," British Journal of Cancer 104, no. 1558-1563 (2011): Pg. 104. 
135 L. Fallowfield et al., "Patients' Preference for Administration of Endocrine Treatments by Injection or Tablets: 
Results from a Study of Women with Breast Cancer," Annals of Oncology 17, no. 2 (2006). 
136 M. Danilak and C.R. Chambers, "Adherence to Adjuvant Endocrine Therapy in Women with Breast Cancer," 
Journal of Oncology Pharmacy Practice 19, no. 2 (2012): Pg. 107. 
137 C. McCowan et al., "The Value of High Adherence to Tamoxifen in Women with Breast Cancer: A Community 
Based Cohort Study," British Journal of Cancer 109 (2013): Pg. 1175. 
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patients with high adherence for at least five years had better overall outcomes compared to 

patients who were adherent for three years or less.138 

 

1.6 Persistence with Hormonal Therapy 
 

A few studies have evaluated patients’ persistence to hormonal therapies. A study 

published in the Journal of Clinical Oncology estimated tamoxifen discontinuation in older 

women and concluded that of all the patients who initiated tamoxifen, 49.0 percent discontinued 

therapy for at least 60 days during the five years after the initial tamoxifen prescription. In this 

study, predictors of discontinuation included age, lymph node involvement, receptor status, and 

primary therapy.139  

Nekhlyudov et al. estimated that 79 percent of the women were persistent (i.e., absence of 

a gap in therapy which lasted 60 or more days) to their hormonal therapy at the end of the first 

year. Persistence was found to steadily decrease each year with only 27 percent of the women 

persistent at year five.140 Younger women were found to have higher persistence whereas women 

residing in low-income neighborhoods had lower persistence.141 Database from Kaiser 

Permanente of Northern California was used by Hershman et al. to evaluate persistence to 

hormonal therapy in women diagnosed with stage I-III hormone receptor-positive breast cancer 

between 1996 and 2007 and with at least one hormonal therapy prescription within one-year of 

diagnosis. Patients were considered non-persistent to therapy if 180 days elapsed from the prior 

                                                 
138 B. Makubate et al., "Cohort Study of Adherence to Adjuvant Endocrine Therapy, Breast Cancer Recurrence and 
Mortality," British Journal of Cancer 108 (2013). 
139 C. Owusu et al., "Predictors of Tamoxifen Discontinuation among Older Women with Estrogen Receptor-
Positive Breast Cancer," Journal of Clinical Oncology 26, no. 4 (2008): Pg. 551. 
140 L. Nekhlyudov et al., "Five-Year Patterns of Adjuvant Hormonal Therapy Use, Persistence, and Adherence 
among Insured Women with Early-Stage Breast Cancer.," Breast Cancer Res Treat 130 (2011): Pg. 684. 
141 ———, "Five-Year Patterns of Adjuvant Hormonal Therapy Use, Persistence, and Adherence among Insured 
Women with Early-Stage Breast Cancer.," Breast Cancer Res Treat 130 (2011). 
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prescription without a subsequent refill. Patients were followed for a period of 4.5years from 

index therapy.  Among the 8,769 women who initiated therapy, only 49 percent of the women 

with breast cancer stayed persistent to their therapy 4.5 years after initiation.142 

Neuget et al. evaluated persistence in women over age 50 who received two or more 

hormonal therapy mail-order prescriptions between January 1, 2007 and December 31, 2008. 

Non-persistence to therapy was defined as a gap of more than 45 days before the end of study 

period after including any surplus from the previous supply. In this study, 78.9 percent of the 

women under age 65 were persistent over the study period. Persistence was lower among women 

over age 65 with 75.3 percent persistent over the study period.143 Hershman et al. defined non-

persistence as 45-day gap in AI therapy between 2007 and 2012. In this study, 72.1 percent of 

the patients remained persistent to their AI therapy. Persistence was found to be higher in 

patients using generic AIs compared to patients using branded AIs.144 

Predictors of use and discontinuation of adjuvant tamoxifen therapy in women age 55 or 

greater were evaluated in a study by Demissie et al. Data were collected from surgical records 

and computer assisted phone interviews at months 5, 21, and 33. Discontinuation of tamoxifen 

therapy was evaluated at the second phone interview. Of all the patients on tamoxifen therapy, 

15 percent discontinued therapy by the second interview. Women between age 65 and 74 years, 

with stage II disease, who had more physician visits and better perceptions about their ability to 

                                                 
142 D.L. Hershman et al., "Early Discontinuation and Nonadherence to Adjuvant Hormonal Therapy in a Cohort of 
8,769 Early-Stage Breast Cancer Patients," J Clin Oncol 25 (2010). 
143 A.I. Neuget et al., "Association between Prescription Co-Payment Amount and Compliance with Adjuvant 
Hormonal Therapy in Women with Early-Stage Breast Cancer," Journal of Clinical Oncology 29, no. 18 (2011). 
144 D.L. Hershman et al., "The Change from Brand-Name to Generic Aromatase Inhibitors and Hormone Therapy 
Adherence for Early-Stage Breast Cancer," J Natl Cancer Inst 106, no. 11 (2014). 
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discuss treatments with their doctors, were found to have greater odds of staying persistent to 

their therapies compared to women 55 to 65 years of age.145  

Weaver et al. evaluated persistence to hormonal therapy in low-income women during 

the first year of therapy. Patients were considered to have discontinued therapy if a gap of more 

than 90 days was observed between medication refill dates. During the first year of therapy, 82 

percent of the patients were persistent to their hormonal therapy.146 Kimmick et al. also evaluated 

persistence to hormonal therapy in low-income women using same methodology as Weaver. 

After one-year of therapy, 80 percent of the women were persistent to therapy.  

Fink et al. looked at patient beliefs and discontinuation of tamoxifen in a cohort of 

women over the age of 65. This study concluded that approximately 20 percent of the women 

who had initiated tamoxifen therapy discontinued within two years of initiating therapy. Age, 

other concomitant medications, and side effects due to tamoxifen were not found to be 

significantly associated with discontinuation; however, patient beliefs about value of tamoxifen 

(positive, neutral, or negative beliefs) and cancer stage were found to be significantly associated 

with patient persistence to therapy.147  

Thu et al. assessed compliance to tamoxifen therapies and concluded that 37 percent of 

the patients who were prescribed tamoxifen either did not initiate treatment or discontinued 

within the first year. Younger age, pathology, treatment of breast cancer using mastectomy, 

                                                 
145 S. Demissie, R.A. Silliman, and T.L. Lash, "Adjuvant Tamoxifen: Predictors of Use, Side Effects, and 
Discontinuation in Older Women," Journal of Clinical Oncology 19, no. 2 (2001): Pg. 324. 
146 K.E. Weaver et al., "Adherence to Adjuvant Hormonal Therapy and Its Relationship to Breast Cancer Recurrence 
and Survival among Low-Income Women," American Journal of Clinical Oncology 36, no. 2 (2013). 
147 A.K. Fink et al., "Patient Beliefs and Tamoxifen Discontinuance in Older Women with Estrogen Receptor-
Postive Breast Cancer," Journal of Clinical Oncology 22, no. 16 (2004): Pg. 3314. 
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larger tumor size, and non-Caucasian ethnicity were all significantly correlated to patient 

noncompliance.148  

A study conducted in France to assess persistence to tamoxifen in women under age 40 

found that 6.1 percent of the women did not initiate treatment, and approximately 30 percent and 

40 percent of the women discontinued therapy after two years and three years, respectively.149 

Table 1.4 summarizes results from the U.S. database studies that estimated patient persistence to 

hormonal therapies. 

 

Table 1.4: Summary of Persistence Results from U.S. Studies 

Country/Population  Persistence 
Data Source/ 
Study 
Duration 

Reference 

U.S./ Older women with 
estrogen receptor-positive 
breast cancer 

Tamoxifen: 49% 
patients discontinued 
therapy during 5 years 
after therapy initiation 

Six health care 
delivery 
systems/Breast 
cancer diagnosis 
between 1990 
and 1994 

C. Owusu et al., 

"Predictors of Tamoxifen 

Discontinuation among 

Older Women with 

Estrogen Receptor-

Positive Breast Cancer," 

Journal of Clinical 

Oncology 26, no. 4 (2008) 

U.S./ Women with early-
stage breast cancer 

Hormonal therapy: 79% 
patients were persistent 
to therapy in the first 
year.  
27% patients persistent 
at year five. 

New England 
Health Plan 
database; 2000-
2006 

L. Nekhlyudov et al., 

"Five-Year Patterns of 

Adjuvant Hormonal 

Therapy Use, Persistence, 

and Adherence among 

Insured Women with 

Early-Stage Breast 

Cancer.," Breast Cancer 

Res Treat 130 (2011) 

U.S./  Women with early-
stage breast cancer 

49% patients took 
hormonal therapy for 
4.5 years at optimal 
schedule. 

Kaiser 
Permanente of 
Northern 
California Health 
System database/ 
Breast cancer 

D.L. Hershman et al., 

"Early Discontinuation 

and Nonadherence to 

Adjuvant Hormonal 

Therapy in a Cohort of 

8,769 Early-Stage Breast 

                                                 
148 A.M. Thu Ma et al., "Noncompliance with Adjuvant Radiation, Chemotherapy, or Hormonal Therapy in Breast 
Cancer Patients," The American Journal of Breast Surgeons 196 (2008): Pg. 502. 
149 L. Huiart et al., "Early Discontinuation of Tamoxifen Intake in Younger Women with Breast Cancer: Is It Time 
to Rethink the Way It Is Prescribed?," European Journal of Cancer 48 (2012): Pg. 1941. 
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diagnosis 
between 1996 
and 2007 

Cancer Patients," J Clin 

Oncol 25 (2010) 

U.S./ Women with early-
stage breast cancer 

78.9 percent of the 
women under age 65 
were persistent over 
the study period. 75.3 
percent of the women 
over age 65 were 
persistent over the 
study period 

Medco Health 
Solutions 
Database 2007-
2008 

A.I. Neuget 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 

(2011) 

U.S./ Women with early-
stage breast cancer 

72.1 percent of the 
patients remained 
persistent (gap of less 
than 45 days) to their 
AI therapy 

OptumInsight 
database, 2007-
2012 

D.L. Hershman et al., 

“The Change from Brand-

Name to Generic 

Aromatase Inhibitors and 

Hormone Therapy 

Adherence forEarly-Stage 

Breast Cancer,” JNCI 

106 (2014) 

U.S./ Low-Income women 
with Breast Cancer 

80 percent of the 
women were 
persistent (less than 
90 days gap) to 
therapy after one year 
of therapy  

North Carolina 
Cancer Registry- 
Medicaid linked 
1998-2002 

G Kimmick., “Adjuvant 

Hormonal Therapy Use 

Among Insured, Low-

Income Women with 

Breast Cancer 

U.S./ Low-Income women 
with Breast Cancer 

82 percent of the 
patients were 
persistent (less than 
90 days gap) to their 
hormonal therapy 
after one year of 
therapy 

North Carolina 
Cancer Registry- 
Medicaid linked 
1998-2002 

K.E. Weaver., 

“Adherence to Adjuvant 

Hormonal Therapy and its 

Relationship to Breast 

Cancer Recurrence and 

Survival Among Low-

Income Women 

 

1.7 Factors Influencing Patient Adherence to and Persistence with Hormonal Therapies 
 

Use of hormonal therapies over a long period of time for cancer treatment creates some 

of the similar issues related to adherence and persistence as observed in treatment of chronic 

conditions.150 Extensive research has been conducted to understand various factors that influence 

patient adherence and persistence to chronic therapies; however, studies evaluating factors that 

                                                 
150 M.C. Kirk and C. Hudis, "Insight into Barriers against Optimal Adherence to Oral Hormonal Therapy in Women 
with Breast Cancer," Clinical Breast Cancer  (2008): Pg. 155. 
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influence patients’ adherence or persistence to hormonal therapies are still sparse and primarily 

employ surveys to understand patient perceptions regarding factors influencing their utilization 

of hormonal therapies.   

Kirk et al. conducted a survey of 328 breast cancer patients to identify barriers that 

influence patients’ adherence to hormonal therapies and concluded that improved patient-

physician communication about importance of oral hormonal medications and the relationship 

between adherence and outcomes would improve patient adherence to therapies. 151 

A survey of 921 low-income women with breast cancer was conducted to evaluate factors 

associated with adherence to adjuvant hormonal therapy. This study concluded that improved 

communication with the physician and existence of at least one comorbid condition significantly 

increased odds of adherence to hormonal therapy. Lack of health insurance and treatment-related 

side-effects were found to negatively impact patient adherence to therapy. Patient age, marital 

status, cancer stage, and other treatments received were not found to be significantly correlated 

to adherence to hormonal therapy.152 

Wouters et al. conducted an Adaptive Conjoint Analysis (ACA) for 241 women to assess 

the trade-offs that patients make between efficacy, side effects, and treatment duration for 

hormonal therapies and to evaluate if these trade-offs can predict patients’ adherence to 

hormonal therapy. The ACA concluded that approximately 1 in 6 women did not think that 

efficacy of hormonal therapy outweighs the drawback associated with side effects. Therefore, 

knowledge of patients’ preferences can help predict non-adherence to therapies.153 

                                                 
151 ———, "Insight into Barriers against Optimal Adherence to Oral Hormonal Therapy in Women with Breast 
Cancer," Clinical Breast Cancer  (2008). 
152 Y. Liu et al., "Adherence to Adjuvant Hormone Therapy in Low-Income Women with Breast Cancer: The Role 
of Provider-Patient Communication," Breast Cancer Res Treat 137, no. 3 (2013). 
153 H Wouters et al., "Trade-Off Preferences Regarding Adjuvant Endocrine Therapy among Women with Estrogen 
Receptor-Positive Breast Cancer," Annals of Oncology  (2013): Pg. 4. 
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Cluze et al. conducted a prospective study to determine the factors that may influence 

interruptions in use of hormonal therapy in women with breast cancer aged ≤40 years. 

Interruptions to therapy were defined as failure to refill the prescription for two or more months 

consecutively and were evaluated separately from the time of breast cancer diagnosis to month 

16 and from month 16 to month 28. This study reported that 42 percent of all women who 

initiated tamoxifen interrupted their therapy within the first two years. The primary reasons 

reported for interruption of therapy were lack of social support and insufficient information 

about endocrine treatment. During the second set of period, interruptions with therapy were 

found to be associated with treatment side effects, lack of social support, no longer fearing 

relapse, lack of opportunity to ask questions at the time of diagnosis, and fewer treatment 

modalities.154  

A recent study by Zafar et al. assessed out-of-pocket costs in cancer patients with 

healthcare insurance and the impact of these costs on the treatment. A baseline and follow-up 

survey was conducted for 254 patients, the majority of whom (75 percent) had applied for drug 

copayment assistance. Of all the survey respondents, 62 percent reported cutting back on leisure 

activities, 46 percent reported spending less of food and clothing, 46 percent used savings to pay 

out-of-pocket costs, and 42 percent reported significant or catastrophic subjective financial 

burden. Most notably, the survey found that the patients altered their treatment to defray the high 

out-of-pocket costs. Approximately 20 percent of the patients reported that they took less than 

the prescribed amount of medication, 19 percent reported that they only partially fill their 

medications, and 24 percent reported not filling their prescriptions at all in order to save money. 

The trend was even stronger in patients who had applied for copayment assistance with 98 

                                                 
154 C. Cluze et al., "Adjuvant Endocrine Therapy with Tamoxifen in Young Women with Breast Cancer: 
Determinants of Interruptions Vary over Time," Annals of Oncology 23 (2012): Pg. 886. 
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percent of the patients reporting one of the aforementioned methods to avoid or minimize out-of-

pocket costs.155 This study also found that median proportion of income spent on out-of-pocket 

expense was not significantly different between patients who applied for co-payment assistance 

vs. those who did not. This suggests that there are other factors besides income that may play a 

role in determining patients’ financial burden and its subsequent influence on treatment 

choices.156 

Partridge et al. concluded that extremes of age, i.e., patients under 45 years or over 85 

years of age as well as non-white patients were found to have poorer adherence to tamoxifen.157 

Similarly, Hershman et al. concluded that age under 45 and over 75 years as well as African 

American ethnicity was associated with poor adherence to hormonal therapies.158 Side effects 

associated with hormonal therapies have been found to negatively impact patient adherence to 

therapies as well.159,160 Additionally, factors that have been found to be associated with 

adherence to hormonal therapies are patients’ perceptions of breast cancer risk, and 

medications.161,162 Other factors such as cost, patient-physician communication, and depression 

have also been found to impact patient adherence to hormonal therapies.163 Hershman et al. 

                                                 
155 S.Y. Zafar et al., "The Financial Toxicity of Cancer Treatment: A Pilot Study Assessing out-of-Pocket Expenses 
and the Insured Cancer Patient's Experience," The Oncologist 18 (2013): Pg. 383. 
156 ———, "The Financial Toxicity of Cancer Treatment: A Pilot Study Assessing out-of-Pocket Expenses and the 
Insured Cancer Patient's Experience," The Oncologist 18 (2013): Pg. 385. 
157 A.H. Partridge et al., "Nonadherence to Adjuvant Tamoxifen Therapy in Women with Primary Breast Cancer," 
Journal of Clinical Oncology 21, no. 4 (2003). 
158 D.L. Hershman et al., "Early Discontinuation and Nonadherence to Adjuvant Hormonal Therapy in a Cohort of 
8,769 Early-Stage Breast Cancer Patients," J Clin Oncol 25 (2010). 
159 E.A. Perez, "Safety Profiles of Tamoxifen and the Aromatase Inhibitors in Adjuvant Therapy of Hormone-
Responsive Early Breast Cancer," Annals of Oncology 18, no. 8 (2007). 
160 J. Garreau et al., "Side Effects of Aromatase Inhibitors Versus Tamoxifen: The Patients Perspective," American 

Journal of Surgery 192, no. 4 (2006). 
161 I. Pellegrini et al., "Women's Perceptions and Experience of Adjuvant Tamoxifen Therapy Account for Their 
Adherence: Breast Cancer Patients' Point of View," Psycho-Oncology 19 (2010). 
162 S.L. Bober et al., "Decision-Making About Tamoxifen in Women at High Risk for Breast Cancer: Clinical and 
Psychological Factors," J Clin Oncol 22 (2004). 
163 R.T. Chlebowski and M.L. Geller, "Adherence to Endocrine Therapy for Breast Cancer," Oncology 71 (2006). 
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suggested that longer pill refill intervals are associated with improved patient adherence.164 A 

study by Kimmick et al. found that single women were more likely to be adherent to therapy 

compared to married women. Race, age, cancer stage, and other cancer treatments were found to 

have no impact on patient adherence to hormonal therapy.165 In addition, studies have also found 

that smokers tend to have poorer adherence to their hormonal medications.166 Table 1.5 lists the 

various factors that have been found to impact patient adherence to hormonal therapies.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
164 D.L. Hershman et al., "Early Discontinuation and Nonadherence to Adjuvant Hormonal Therapy in a Cohort of 
8,769 Early-Stage Breast Cancer Patients," J Clin Oncol 25 (2010). 
165 G. Kimmick et al., "Adjuvant Hormonal Therapy Use among Insured Low-Income Women with Breast Cancer," 
J Clin Oncol 27 (2009). 
166 J.H. Lin, S.M. Zhang, and J.E. Manson, "Predicting Adherence to Tamoxifen for Breast Cancer Adjuvant 
Therapy and Prevention," Cancer Prev Res 4, no. 9 (2011). 
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Table 1.5: Factors Influencing Patient Adherence to Hormonal Therapies 

Factors Impact on 
Adherence/Persistence 

Data Source References 

Age Extremes of age (<45 
and > 75 years) to be 
negatively correlated to 
adherence.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Women between 50 
and 59 years had lower 
likelihood of non-
persistence compared to 
women under 50 years.  
 
 
 
 
 
 
 
Older patients were 
more adherent to 
hormonal therapies 
compared to younger 
patients 

Database analysis 
(New Jersey 
Medicaid/ 
Pharmaceutical 
Assitance to Aged or 
disabled program) 
 
 
 
 
Kaiser Permanente of 
Northern California 
Health System 
database 
 
 
 
Harvard Pilgrim 
Healthcare Database 
 
 
 
 
 
 
 
 
MarketScan® 

Commercial Database 
 
 
 
 
 
Medco Health 
Solutions Database 

A.H. Partridge et al., 

"Nonadherence to Adjuvant 

Tamoxifen Therapy in Women with 

Primary Breast Cancer," Journal 

of Clinical Oncology 21, no. 4 

(2003) 

 

 

 

D.L. Hershman et al., "Early 

Discontinuation and Nonadherence 

to Adjuvant Hormonal Therapy in a 

Cohort of 8,769 Early-Stage Breast 

Cancer Patients," J Clin Oncol 25 

(2010) 

 

L. Nekhlyudov et al., "Five-Year 

Patterns of Adjuvant Hormonal 

Therapy Use, Persistence, and 

Adherence among Insured Women 

with Early-Stage Breast Cancer.," 

Breast Cancer Res Treat 130 

(2011) 

 
 

R.L. Sedjo and S. Devine, 

"Predictors of Non-Adherence to 

Aromatase Inhibitors among 

Commercially Insured Women with 

Breast Cancer," Breast Cancer Res 

Treat 125 (2011) 
 

A.I. Neuget et al., "Association 

between Prescription Co-Payment 

Amount and Compliance with 

Adjuvant Hormonal Therapy in 

Women with Early-Stage Breast 

Cancer," Journal of Clinical 

Oncology 29, no. 18 (2011) 

Earlier year of 
breast cancer 
diagnosis 

Earlier year at breast 
cancer diagnosis was 
associated with 
improved persistence 

Kaiser Permanente of 
Northern California 
Health System 
database 

D.L. Hershman et al., "Early 

Discontinuation and Nonadherence 

to Adjuvant Hormonal Therapy in a 

Cohort of 8,769 Early-Stage Breast 

Cancer Patients," J Clin Oncol 25 

(2010) 

Comorbid Existence of at least 1 Survey  Y. Liu et al., "Adhernce to Adjuvant 
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conditions comorbid condition 
improved adherence to 
hormonal therapy 

Hormonal therapy in Low-Income 

Women with Breast Cancer: The 

Role of Provider-Patient 

Communication," Breast Cancer 

Res Treat 137 

 

Patient-
physician 
communication 

Improved patient 
physician 
communication 
improved patient 
adherence to therapies. 

Survey  
 
 
Survey  
 
 
 
Prospective cohort 
selection and 
database analysis 

M.C. Kirk and C. Hudis, "Insight 

into Barriers against Optimal 

Adherence to Oral Hormonal 

Therapy in Women with Breast 

Cancer," Clinical Breast Cancer  

(2008) 

 

Y. Liu et al., "Adhernce to Adjuvant 

Hormonal therapy in Low-Income 

Women with Breast Cancer: The 

Role of Provider-

PatientCommunication," Breast 

Cancer Res Treat 137 

 

C. Cluze et al., "Adjuvant 

Endocrine Therapy with Tamoxifen 

in Young Women with Breast 

Cancer: Determinants of 

Interruptions Vary over Time," 

Annals of Oncology 23 (2012) 

 

Race African  Americans and 
minorities were found 
to have poor adherence 

Database analysis 
(New Jersey 
Medicaid/ 
Pharmaceutical 
Assitance to Aged or 
disabled program) 
 
Kaiser Permanente of 
Northern California 
Health System 
database 

A.H. Partridge et al., 

"Nonadherence to Adjuvant 

Tamoxifen Therapy in Women with 

Primary Breast Cancer," Journal 

of Clinical Oncology 21, no. 

4(2003) 

 

 

 

D.L. Hershman et al., "Early 

Discontinuation and Nonadherence 

to Adjuvant Hormonal Therapy in a 

Cohort of 8,769 Early-Stage Breast 

Cancer Patients," J Clin Oncol 25 

(2010) 

Marital status Single women were 
found to have better 
adherence to hormonal 
therapies 

North Carolina 
Cancer Registry-
Medicaid linked 
database 

G. Kimmick et al., "Adjuvant 

Hormonal Therapy Use among 

Insured Low-Income Women with 

Breast Cancer," J Clin Oncol 27 

(2009) 

Smoking  Patients who smoked 
had poorer adherence to 
hormonal therapies 

North Carolina 
Cancer Registry-
Medicaid linked 

G. Kimmick et al., "Adjuvant 

Hormonal Therapy Use among 

Insured Low-Income Women with 

Table 1.5: Factors Influencing Patient Adherence to Hormonal Therapies continued. 
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database Breast Cancer," J Clin Oncol 27 

(2009 

Side effects Patients who 
experienced side effects 
had poorer adherence 

Survey research 
 
 
Adaptive conjoint 
analysis 
 
 
 
Prospective cohort 
selection and 
database analysis 
 
 
Questionnaire and 
cancer registry 

Y. Liu et al., "Adhernce to Adjuvant 

Hormonal therapy in Low-Income 

Women with Breast Cancer: The 

Role of Provider-Patient 

Communication," Breast Cancer 

Res Treat 137 

 

H Wouters et al., "Trade-Off 

Preferences Regarding Adjuvant 

Endocrine Therapy among Women 

with Estrogen Receptor-Positive 

Breast Cancer," Annals of 

Oncology  (2013) 

 

C. Cluze et al., "Adjuvant 

Endocrine Therapy with Tamoxifen 

in Young Women with Breast 

Cancer: Determinants of 

Interruptions Vary over Time," 

Annals of Oncology 23 (2012) 

 

J. Garreau et al., "Side Effects of 

AIs Versus Tamoxifen: The Patients 

Perspective," American Journal of 

Surgery 192, no. 4 (2006) 

Time between 
refills 

Fewer number of refills 
(longer gap between 
refills) improved 
adherence 

Kaiser Permanente of 
Northern California 
Health System 
database 

D.L. Hershman et al., "Early 

Discontinuation and Nonadherence 

to Adjuvant Hormonal Therapy in a 

Cohort of 8,769 Early-Stage Breast 

Cancer Patients," J Clin Oncol 25 

(2010) 

Out-of-pocket 
cost 

High out-of-pocket 
costs decreased patient 
adherence  

Survey  S.Y. Zafar et al., "The Financial 

Toxicity of Cancer Treatment: A 

Pilot Study Assessing out-of-Pocket 

Expenses and the Insured Cancer 

Patient's Experience," The 

Oncologist 18 (2013) 

 

Insurance Lack of insurance 
decreased adherence 

Survey 
 
 

Y. Liu et al., "Adhernce to Adjuvant 

Hormonal therapy in Low-Income 

Women with Breast Cancer: The 

Role of Provider-Patient 

Communication," Breast Cancer 

Res Treat 137 

 

Table 1.5: Factors Influencing Patient Adherence to Hormonal Therapies continued. 
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CHAPTER 2: HEALTHCARE COSTS 
 

The United States is estimated to have spent $2.6 trillion on healthcare in 2010.167 

Healthcare costs accounted for five percent of the U.S. gross domestic product (GDP) in 1965, 

and is projected to account for 20 percent of the GDP by 2014.168 Health insurance premiums 

have increased approximately 300 percent in the past three decades after adjusting for 

inflation.169 This substantial increase in healthcare costs can be attributed to increase in volume, 

intensity, and cost of healthcare services.170 The higher pace of increase in healthcare spending 

compared to income is making it increasingly difficult for patients to afford healthcare. Figures 

2.1 and 2.2 show the increase in the U.S. healthcare spending as a share of GDP and the increase 

in healthcare spending, respectively.171 

 

 

 

 

 

 

 

 

                                                 
167 "U.S. Health Care Costs,"  http://www.kaiseredu.org/Issue-Modules/US-Health-Care-Costs/Background-
Brief.aspx. Accessed on 2/20/2012. 
168 N.J. Meropol and K.A. Schulman, "Cost of Cancer Care: Issues and Implications," Journal of clinical oncology 
25, no. 2 (2007): Pg. 180. 
169 V.R. Fuchs, "Three "Inconvenient Truths" About Health Care," The New England Journal of Medicine 359, no. 
17 (2008): Pg. 1750. 
170 N.J. Meropol and K.A. Schulman, "Cost of Cancer Care: Issues and Implications," Journal of clinical oncology 
25, no. 2 (2007): Pg. 180. 
171 "Kaiser Family Foundation Health Care Spending in the United States and Selected OECD Countries April 
2011,"  http://www.kff.org/insurance/snapshot/oecd042111.cfm. Accessed on 2/20/2012. 
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Figure 2.1: Total Healthcare Expenditures in the U.S. as a Share of GDP, 1970-2008 

 

 

 

Figure 2.2: Total per Capita Healthcare Expenditures in U.S. Dollars, 1970- 2008 

 

  

 

The cost of healthcare can have a significant impact on patient financial burden and 

subsequently, treatment decisions. This financial impact of healthcare can be even more 

substantial for patients who are uninsured or underinsured. According to recent census estimates, 
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49.9 million Americans were without health insurance in 2010.172 These high rates of uninsured 

in the country may be partly due to rising cost of healthcare and health insurance, and/or rising 

unemployment. A survey found that the high costs of healthcare coupled with poor health 

insurance coverage are largely responsible for high rates of uninsured.173 Research has shown 

that one percent increase in health insurance premiums results in 164,000 beneficiaries losing 

their employer-sponsored health insurance.174 This suggests that increase in health insurance 

premiums are strongly correlated with insurance rates.175  

The healthcare cost as a proportion of the GDP remained constant in 2010 over 2009 due 

to a decrease in healthcare consumption. This may have resulted from loss of private insurance 

coverage due to loss of employment and lower payments to private Medicare Advantage plans in 

2010.176 Growth in out-of-pocket costs also slowed due to limited use of healthcare services 

during the recession.177 In spite of the slower rate of growth in healthcare spending in the past 

few years, it has been predicted that national spending on healthcare will increase at a faster pace 

between years 2011 and 2013. This is expected to be due to increase in private insurance 

spending and faster growth in out-of-pocket spending triggered by economic recovery in the next 

few years. It has been estimated that by 2020, the federal government’s share of health spending 

                                                 
172 C. DeNavas-Walt, B.D. Proctor, and J.C. Smith, "Income, Poverty, and Health Insurance Coverage in the United 
States: 2010," United States Census Bureau, http://www.census.gov/prod/2011pubs/p60-239.pdf. Accessed on 
12/5/2011. 
173 D.U. Himmelstein et al., "Marketwatch: Illness and Injury as Contributors to Bankruptcy," Health Affairs, no. 
Web Exclusive (2005): Pg. W5-71. 
174 M. Chernew, D.M. Cutler, and P.S. Keenan, "Increasing Health Insurance Costs and the Decline in Insurance 
Coverage," Health Services Research 40, no. 4 (2005): Pg. 1034. 
175 N.J. Meropol et al., "American Society of Clinical Oncology Guidance Statement: The Cost of Cancer Care," 
Journal of clinical oncology 27, no. 23 (2009). 
176 S.P. Keehan et al., "National Health Spending Projections through 2020: Economic Recovery and Reform Drive 
Faster Spending Growth," Health Affairs 30, no. 8 (2011): Pg. 2. 
177 ———, "National Health Spending Projections through 2020: Economic Recovery and Reform Drive Faster 
Spending Growth," Health Affairs 30, no. 8 (2011): Pg. 2. 
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will increase to 31 percent from 27 percent in 2009.178 The government’s share of total 

healthcare spending (federal, local, and state combined) is expected to be approximately 50 

percent by 2020.179 This is primarily due to an increase in utilization of healthcare and a decrease 

in the number of uninsured in the country due to the Affordable Care Act of 2010.180,181 

 

2.1 Direct and Indirect Costs 
 

Healthcare-related costs can be categorized into direct costs and indirect costs. Direct 

costs include costs incurred due to use of resources to obtain medical care. These may include 

hospital bills, physician fees, cost of medications, as well as non-medical direct costs such as 

transportation to and from hospital, childcare services, special diet, and parking.182 For patients 

with insurance, direct medical costs are typically paid by insurance companies and by patients as 

out-of-pocket costs.183 Indirect costs related to the illness are usually borne entirely by patients 

and their families.184 These costs are due to time away from work or lost income due to 

decreased productivity or unemployment; they can further add to financial burden and may 

impact access to treatment.185 Figure 2.3 shows the distribution of healthcare expenditures in the 

U.S. 

 

                                                 
178 ———, "National Health Spending Projections through 2020: Economic Recovery and Reform Drive Faster 
Spending Growth," Health Affairs 30, no. 8 (2011): Pg. 1. 
179 ———, "National Health Spending Projections through 2020: Economic Recovery and Reform Drive Faster 
Spending Growth," Health Affairs 30, no. 8 (2011): Pg. 1. 
180 ———, "National Health Spending Projections through 2020: Economic Recovery and Reform Drive Faster 
Spending Growth," Health Affairs 30, no. 8 (2011). 
181 "Key Features of the Affordable Care Act, by Year,"  http://www.healthcare.gov/law/timeline/full.html. Accessed 
on 7/27/2012. 
182 M. Pisu et al., "The out of Pocket Cost of Breast Cancer Survivors: A Review," J Cancer Surviv 4 (2010): Pg. 
203. 
183 ———, "The out of Pocket Cost of Breast Cancer Survivors: A Review," J Cancer Surviv 4 (2010): Pg. 203. 
184 ———, "The out of Pocket Cost of Breast Cancer Survivors: A Review," J Cancer Surviv 4 (2010): Pg. 203. 
185 R. Jaysdevappa et al., "The Burden of Out-of-pocket and Indirect Costs of Prostate Cancer," Prostate 70, no. 11 
(2010). 
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Figure 2.3: Distribution of U.S. National Health Expenditures in 2010 

 

 

 

In 2006, approximately 62 percent of Americans under age 65 years received health 

insurance either through their employer or the employer of a family member.186 Health insurance 

premiums for employer-sponsored/private insurance have increased at a much faster pace 

compared to increase in wages and inflation. A study found that between 2001 and 2011, 

workers’ wages increased 34 percent and inflation increased by 27 percent; however, family 

                                                 
186 E. Ward et al., "Association of Insurance with Cancer Care Utilization and Outcomes," CA Cancer J Clin 58, no. 
1 (2008): Pg. 11. 

Adapted from Kaiser Family Foundation, Health Costs and Budgets. National Health Expenditures, 2010 
http://www.kaiseredu.org/issue-modules/us-health-care-costs/background-brief.aspx 
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premiums for private health insurance increased by 113 percent.187 Annual premiums for private 

health insurance increased approximately 11 percent to $15,073 in 2011 compared to 2010.188 

This increase has been attributed to the Affordable Care Act of 2010 which extended employer-

sponsored insurance to include young adults under age 26 years.189 In addition to premiums, 

annual deductibles have also increased. It was estimated that in 2011, 12 percent of beneficiaries 

had an annual deductible of at least $2,000 and 31 percent of beneficiaries had an annual 

deductible of at least $1,000.190  

 

2.2 Cost of Cancer 
 

Cancer has been shown to have the most devastating economic impact compared to any 

other cause of mortality.191 Cancer-related healthcare costs have increased at twice the rate 

compared to other conditions.192,193 Cancer results in substantial direct and indirect costs to 

society. Direct costs include cost of treatment, and cost related to care and recovery.194  In 

                                                 
187 C. Palosky and R. Singh, "Average Annual Premiums for Family Health Benefits Top $15,000 in 2011, up 9 
Percent, Substantially More Than the Growth in Worker's Wages, Benchmark Employer Survey Finds,"  
http://www.kff.org/insurance/092311nr.cfm. Accessed on 10/26/2011. 
188 ———, "Average Annual Premiums for Family Health Benefits Top $15,000 in 2011, up 9 Percent, 
Substantially More Than the Growth in Worker's Wages, Benchmark Employer Survey Finds,"  
http://www.kff.org/insurance/092311nr.cfm. Accessed on 10/26/2011. 
189 ———, "Average Annual Premiums for Family Health Benefits Top $15,000 in 2011, up 9 Percent, 
Substantially More Than the Growth in Worker's Wages, Benchmark Employer Survey Finds,"  
http://www.kff.org/insurance/092311nr.cfm. Accessed on 10/26/2011. 
190 ———, "Average Annual Premiums for Family Health Benefits Top $15,000 in 2011, up 9 Percent, 
Substantially More Than the Growth in Worker's Wages, Benchmark Employer Survey Finds,"  
http://www.kff.org/insurance/092311nr.cfm. Accessed on 10/26/2011. 
191 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 
192 M. Jacobson et al., "Does Reimbursement Influence Chemotherapy Treatment for Cancer Patients?," Health 

Affairs 25, no. 2 (2006). 
193 P.B. Bach, "Limits on Medicare's Ability to Control Rising Spending on Cancer Drugs," The New England 

Journal of Medicine 360, no. 6 (2009). 
194 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 
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addition, cancer results in high indirect costs due to loss of economic output or productivity 

because of cancer-related morbidity and mortality. In addition, costs related to non-medical 

expenses, such as transportation, child care, elderly care, further increases the overall societal 

cost of cancer.195 Total cancer-related costs were estimated to be $226.8 billion in 2007. Of 

these, direct medical costs accounted for $103.80 billion and indirect mortality costs accounted 

for $123 billion.196 According to recent estimates from the National Cancer Institute, cancer-

related medical expenditures in the U.S. are expected to increase by 27 percent and amount to 

approximately $158 billion by year 2020.197 Typically, the cost of cancer treatment is highest in 

the first year after diagnosis and in the last year before death. In addition, costs are usually higher 

for patients who are diagnosed with distant cancers compared to those with local cancers.198 

In 1987, the cost of cancer treatment was estimated to be $24.7 billion and the majority of 

the cost was borne by private payers (42 percent), followed by Medicare (33 percent), patients 

(17 percent), public payers (7 percent), and Medicaid (1 percent).199 In years 2001-2005, the cost 

of treatment shifted with the private insurance share increasing to 50 percent and the patient 

share decreasing to eight percent.200 Also, Medicare accounted for 34 percent and Medicaid for 

                                                 
195 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 
196 "American Cancer Society. Cancer Facts and Figures 2012,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-031941.pdf. 
Accessed on 1/22/2012. 
197 "National Uniform Billing Committee,"  http://www.nubc.org/history.html. Accessed on 8/9/2012. 
198 K.R. Yabroff et al., "Cost of Care for Elderly Cancer Patients in the United States," JNCI 100, no. 9 (2008). 
199 F.K. Tangka et al., "Cancer Treatment Cost in the United States: Has the Burden Shifted over Time?," Cancer 
July 15 (2010): Pg. 3479. 
200 ———, "Cancer Treatment Cost in the United States: Has the Burden Shifted over Time?," Cancer July 15 
(2010): Pg. 3481. 
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three percent of cancer costs in years 2001-2005.201 The primary reason for the increase in costs 

for Medicaid and private insurance may be attributed to an increase in cancer prevalence.202 

In spite of the absolute increase in cost between 1987 and 2001-2005, cost of cancer care 

as a proportion of total medical costs has remained relatively constant.203 In addition, changes in 

cancer treatment practices have also been observed and may have had an impact on distribution 

of treatment costs. For example, inpatient care accounted for 64.4 percent of the total cancer-

related costs in 1987 but only 27.5 percent of the total costs in 2001 to 2005.204 On the other 

hand, spending on prescription drugs as a proportion of total cost of cancer care increased from 

1.8 percent in 1987 to 6.1 percent in 2001-2005 for all payers.205  

Some studies have suggested a positive correlation between higher healthcare 

expenditures in the U.S. and health outcomes. A recent study found that median survival in 

cancer patients was longer in the U.S. compared to Europe and estimated that the survival gains 

post cancer were more valuable monetarily compared to the average cost of cancer treatment in 

the U.S. The study estimated that every $100 per capita increase in cancer care spending between 

years 1983 and 1999 in the U.S. resulted in a 1 additional year of life expectancy for a cancer 

patient.206  
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2.2.1 Breast Cancer Costs 
 

Lifetime total costs of breast cancer in the U.S. are estimated to be $20,000 to $100,000 

per patient.207 A study conducted to evaluate trends in Medicare costs for cancer care found that 

the mean Medicare payments for breast cancer treatment increased from $4,189 to approximately 

$20,964 per patient between 1991 and 2002.208 During the same period, the proportion of 

patients with breast cancer receiving chemotherapy increased from 11 percent to 24 percent and 

those receiving radiation increased from 26 percent to 51 percent. The study found that average 

cost of chemotherapy increased by approximately $549 per year over the study duration of 10 

years.209 Overall, hospital expenses, chemotherapy, and radiation therapy accounted for 69 

percent of all costs for breast cancer patients.210  

 

2.2.2 Patient Costs and its Impact 
 

Cancer-related patient out-of-pocket costs can be substantial and can result in non-

adherence, delay in treatment, exhaustion of savings, as well as bankruptcy.211 A recent study 

found that the number of medical bankruptcies increased 20-fold between 1981 and 2001.212 Of 

all the people surveyed, one-third identified illness or injury as a specific reason for filing for 

bankruptcy,213 and of all the patients who declared bankruptcy due to medical reasons, cancer 

                                                 
207 J.D. Campbell and S.D. Ramsey, "The Cost of Treating Breast Cancer in the US," Pharmacoeconomics 27, no. 3 
(2009): Pg. 199. 
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was the highest cost diagnosis.214 The average out-of-pocket costs in the year before bankruptcy 

was filed was $3,686 for all patients,215 and the study also reported that out-of-pocket medical 

spending since cancer onset was $35,878.216  

Most studies that estimated the cost of cancer care focused on direct medical cost. Few 

cancer studies have quantified the patient burden or patient out-of-pocket costs.217,218 A literature 

review published in 2006 identified studies that estimated patient out-of-pocket costs related to 

breast cancer care in the U.S. This review found only three studies that reported patient out-of-

pocket costs with the most recent study published in 2004.219  

Cancer patients and survivors are in substantial need for medical services; however, 

financial hardship or loss of employment due to cancer may limit their access to healthcare. A 

study estimated that of the 10-12 million cancer survivors in the U.S. in 2003-2004, 

approximately two million did not receive one or more needed medical service(s) due to cost.220 

This study also concluded that more people who have had cancer go without medical care 

compared to general population.221 In addition to direct medical expenses, cancer patients also 

bear the indirect costs associated with cancer treatment. A study estimated time-related cost of 
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cancer for patients with early phase disease to be approximately $2.3 billion.222 Many patients 

may be facing even higher barriers to access to cancer care due to lack of insurance or due to 

high out-of-pocket costs as more insurance companies are now expecting cancer patients to bear 

a bigger portion of their treatment costs. 223,224,225 Increased out-of-pocket direct costs in addition 

to significant amounts of indirect costs (such as lost time from work, lost productivity, 

caregivers’ time, etc.) may create substantial financial burden for cancer patients and may lead 

patients to forgo necessary medical treatment for cancer.226,227 

Goldman et al. showed that over 10 percent of cancer patients had out-of-pocket costs 

greater than $18,585 per year, whereas five percent had out-of-pocket costs greater than $35,660 

per year.228 A survey was conducted to assess out-of-pocket burden of cancer care in non-elderly 

adults in the U.S. from 2001 to 2008. This study found that patients with cancer were more likely 

to have higher out-of-pocket costs compared to patients with other conditions. This study also 

found that overall expenditures were higher for cancer survivors who were not receiving 

treatment at the time of the study when compared with similar individuals who never had 

cancer.229 According to this study, 36 percent of total patient out-of-pocket costs were accounted 

for by prescription drugs, 36 percent accounted for by ambulatory care services, 10 percent by 
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61 
 

hospitalizations, and 19 percent by other services.230A study by Langa et al. which included 

patients over 70 years of age found similar results. Patients with a prior history of cancer were 

found to have higher out-of-pocket expenses compared to subjects with no prior cancer history 

and patients currently receiving cancer treatment were found to have higher out-of-pocket 

expenses compared to subjects with prior cancer history or no cancer history.231 Higher out-of-

pocket costs for current cancer patients were due to cancer-related acute complications requiring 

hospitalizations and inpatient cancer treatments. 

A national telephone survey of households affected by cancer found that 33 percent of the 

families had problems paying for cancer care and 25 percent of survey respondents indicated that 

they used the majority or all of their savings for cancer treatment costs. Among individuals who 

were uninsured, 27 percent of respondents reported that they or a family member either delayed 

cancer treatment or did not receive any treatment due to high costs.232 A national survey of 

cancer patients and families found that 22 percent of the patients reported lower income due to 

cancer diagnosis and 19 percent reported a need to change jobs or work fewer hours.233  

In a survey published in 2010, cancer patients reported that total out-of-pocket expenses 

ranged from $10,000 to greater than $100,000.234 The study also reported that 39 percent of the 

families with annual incomes of $40,000 or less had distress due to cancer treatment costs. In 
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addition, 25 percent of the patients with family incomes less than $40,000 reported that the cost 

of treatment prohibited them from receiving the recommended treatment.235  

Another patient survey study reported that 41 percent of the breast cancer patients had 

out-of-pocket costs greater than $5,000.236 A patient survey conducted to estimate financial 

burden due to breast cancer estimated the mean patient out-of-pocket cost and lost income cost 

due to breast cancer to be approximately $1,455 per month.237 Approximately 33 percent of all 

patients surveyed reported spending $1,000 to $5,000 per month for their cancer-related care. For 

these patients, lost income accounted for 50 percent, non-reimbursed direct medical costs 

accounted for 41 percent, and direct non-medical costs accounted for nine percent of the total 

monthly costs.238 Medications were reported as the most common out-of-pocket expense 

followed by transportation, physician visits, and meals.239 Loss in job-related income was 

reported by 45 percent of the patients surveyed. Of all the employed patients, 62 percent reported 

working fewer hours per week after diagnosis of breast cancer.240 In addition to other costs, 

younger patients reported high indirect costs due to need for childcare services.241   

Given the increasing cost of healthcare in the U.S., the proportion of costs borne by the 

patients is expected to increase.242 An increase in patient out of-pocket costs in the form of 
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deductibles, premiums, and copayments will most likely create added barriers for patients which 

may inhibit patient access to cancer prevention, screening, or treatment and may impact their 

long-term health outcomes.243  

 

2.3 Patient and Physician Perspective on Cost of Cancer 
 

As discussed above, cancer-related expenses have risen at a faster pace than any other 

healthcare expenses. In addition to increasing overall healthcare expenses, this has also resulted 

in increasing the cost burden on patients. A guidance statement on cost of cancer from the 

American Society of Clinical Oncology (ASCO) advocated physician-patient dialogue as an 

integral component to ensure high quality and affordable care. The statement recommends that 

physicians should help patients understand cost of treatment and guide them to choose from 

various available options.244 As both patients and physicians are primary healthcare decision 

makers, it is important to understand their views on burden of healthcare costs.  

A study conducted to assess physician and patient perspectives on out-of-pocket costs 

found that 85 percent of the patients reported never discussing out-of-pocket costs with their 

physician; however, 90 percent of the physicians believed that patient out-of-pocket costs should 

be considered before making clinical treatment decisions.245 Of all the patients surveyed 

(N=484), only 16 percent thought that their physician knew of the burden of their out-of-pocket 

costs.246 A survey done in Australia to understand patients’ perspective about communicating 

with physicians about high cost of cancer therapy found that 96 percent of the patients preferred 
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to be informed about the best treatment available irrespective of physicians’ beliefs about 

whether or not they can afford it.247 In a survey conducted to understand oncologists’ views 

about communicating with patients about chemotherapy costs, majority of oncologists agreed 

that discussions on patients’ financial well-being are important; however, very few oncologists 

reported discussing costs with their patients.248  

A national survey conducted to understand the impact of cancer treatment costs on 

oncologists’ treatment practices concluded that high costs influence treatment choices made by 

oncologists. Of all the oncologists surveyed (N=1,379), 67 percent supported access to best 

treatment options for all patients; however, 56 percent of oncologists reported that their decisions 

for optimal treatment for their patients are influenced by costs. In addition, 84 percent of the 

oncologists reported that patients’ out-of-pocket costs impact their recommendations for 

treatment; however, few oncologists reported discussing their concerns about costs with 

patients.249 Another study conducted to assess oncologists’ views about cost of cancer therapy 

found that 78 percent of oncologists believe that cost of therapy should not inhibit access to 

effective treatments. Majority of oncologists stated that overall cost is not a factor when making 

treatment choices for patients; however, 81 percent of the oncologists stated that they consider 

patient’s out-of-pocket costs when making final treatment recommendations.250 Another survey 

conducted to understand physician perspectives on prescription drug costs, 91 percent of the 

surveyed physicians (N=475) believed that managing patient out-of-pocket costs was 
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necessary251 and 59 percent believed that managing patients’ costs was more important than 

managing overall drug costs. However, of all the physicians surveyed, only 15 percent reported 

discussing out-of-pocket costs with patients.252  

A study conducted to understand barriers to patient and physician communication about 

costs found that discomfort around discussing costs, lack of sufficient time, physicians inability 

to help, and patients’ concerns about how cost discussions would impact quality of care as the 

main barriers preventing patients and physicians from discussing costs of treatment.253 

Discussions around costs were found to be even more challenging for patients with life-

threatening illnesses such as cancer and were found to pose an ethical dilemma for the 

physicians.254  

Patient out-of-pocket costs are a cause of concern for both patients and physicians. Cost 

issues may not just impact patient adherence, but may also alter treatment practices. As many 

insurance providers use patient out-of-pocket costs such as coinsurance, deductibles, and tiered 

co-payments as means to control costs, it is important to assess impact of these cost containment 

strategies on patient and physician behavior. 

 

2.4 Benefit Designs 
 

Many payers typically manage high prices of brand-name medications by utilizing 

generic drugs instead of the brand-name product, creating formularies, instituting prior 
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authorization requirements, using rebates from manufacturers, restricting quantities, and 

employing patient co-payment tiers and coinsurance requirements.255 Benefit designs with tiered 

systems that have multiple levels of patient out-of-pocket co-payments have been adopted by 

many payers to control spiraling drug costs. Although some managed care firms have as many as 

four or five tiers, the tier that the drug is placed in usually depends on the use and classification 

of the drug, the price of the drug, and the availability of other alternatives.256 For example, tier 1 

usually includes generic drugs and has the lowest co-payment amount. Tier 2 may include 

moderately priced brand-name drugs and tier 3 may include expensive brand-name drugs. More 

recently, a fourth tier has been introduced by some payers for very expensive drugs.257 Tier 4 

drugs typically include a coinsurance which requires patients to pay a fixed percentage of the 

total drug price as an out-of-pocket expense.258  Many lifestyle drugs, such as those for erectile 

dysfunction and weight loss are placed in tier 5 which has a high out-of-pocket cost. For 

beneficiaries in three- and four-tier plans, average copayments are approximately $10 for generic 

drugs, $29 for preferred brand-name drugs, and $49 for non-preferred brand-name drugs. Figure 

2.4 shows the average co-payments in years 2000 to 2009 for beneficiaries with multiple tier 

prescription drug benefit design.259 
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Figure 2.4: Average Copayments in Years 2000 to 2009 for Beneficiaries with Three or 
More Tier Prescription Benefit Plans 

 

 

 

A study conducted using commercial pharmacy claims data to determine the relationship 

between tiered prescription benefit plans and spending on drugs concluded that drug cost and 

utilization were lower in benefit plans with a 3-tier formulary when compared to benefit plans 

with a single-tier formulary.260 Increase in patient copayment was found to be associated with 

decreased utilization, resulting in consistent out-of-pocket spending by beneficiaries.261 

Beneficiaries enrolled in coinsurance plans and in plans with three tiers had the highest out-of-

pocket costs.262 Doubling of patient co-payments for drugs resulted in up to 33 percent savings 

for the plans.263 The addition of the third tier to a 2-tier plan for non-preferred drugs decreased 
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overall spending by four percent for the plan.264 A study conducted to understand the effect of 

transitioning beneficiaries from a 2-tier plan to a 3-tier plan on drug utilization concluded that 

the switch to a 3-tier plan resulted in shifting of costs from payers to beneficiaries and also 

decreased prescription drug utilization.265 Another study on the impact of change in prescription 

benefit design from a single tier to multiple tiers concluded that patient co-payments increased 2-

to 4-fold for non-preferred brand drugs.266 

 Research suggests that an increase in patient out-of-pocket costs usually results in 

decrease in drug utilization, and price sensitivity to various drugs differ by therapeutic class.267 

Price sensitivity may be helpful from a societal perspective as it may minimize over-utilization 

and/or wastage. However, it has been shown that decreased prescription drug utilization often 

results in increased overall healthcare utilization. A study found that doubling of patient co-

payments for anti-diabetic, anti-asthmatic, and antiulcer agents were associated with a 17 percent 

increase in emergency department visits and 10 percent increase in the number of annual hospital 

stays.268  Another study found that drug utilization decreased when the beneficiaries were 

switched from a 2-tier to a 3-tier benefit design.269 The study also concluded that patients’ 

sensitivity to price varies by the therapeutic class and availability of alternatives.270  
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Adoption of coinsurance and reference pricing are the most important recent 

developments in value based benefit designs.271 Coinsurance requires the patient to pay a fixed 

percent amount of the total drug cost.  Therefore, for high cost drugs and services, coinsurance 

amounts can be substantially higher than the fixed co-payment amounts.272 Under reference 

pricing, the insurer pays a pre-specified amount for a type of service and the remaining is to be 

paid by the beneficiary as opposed to benefit designs that requires a deductible where the patient 

pays a fixed amount and the remainder is paid by the insurance provider. 273  

A drawback to use of coinsurance and reference pricing is that they focus on high cost 

therapies and services instead of high-value therapies and services. Creating short-term financial 

disincentives for high-value, high-cost drugs may result in higher long-term healthcare costs. 

Instead of a standard coinsurance and reference price for all services, it may help to have 

differential thresholds for high value vs. low value therapies and services.274 

Out-of-pocket costs in the form of premiums, deductibles, co-payment, and coinsurance 

are used in benefit designs to control rising healthcare costs by minimizing overuse and wastage. 

However, high out-of-pocket costs can also cause patients to forgo necessary healthcare which 

may result in poor health outcomes and high long-term costs.275 Therefore, it is necessary that 
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benefit plans incorporate value-based designs where patient costs are low for high-value 

interventions and are high for low-value interventions.276,277 

A study conducted to evaluate patient access to cancer drugs under Medicare Part D in 

2006 found that approximately 75 percent of all cancer drugs were covered by prescription drug 

providers (PDPs). The study also found that more generic drugs compared to brand-name drugs 

were covered and that prior authorization and higher copayment tiers were used more frequently 

for brand-name drugs.278 In addition, most PDPs used copayments instead of coinsurance as a 

cost-containment measure. Copayments charged by PDPs in 2006 were found to range from $5 

to $49 for a one month supply. For the five most expensive cancer drugs, the study concluded 

that the copayment requirement represented less than 10 percent of the total negotiated price of 

the drug.279 At the time of Part D inception, most prescription drug plans (PDPs) included the 

majority of cancer drugs on the formulary. However, according to a study published in 2011, 

many PDPs now place oral cancer medications on higher formulary tiers requiring higher patient 

out-of-pocket costs.280 

 

2.5 Cost of Hormonal Therapy 
 

Hormonal therapies in the treatment of cancer have been in use for many years. 

Tamoxifen was introduced over three decades ago and is now available as a generic drug 
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product. AIs were introduced in the 1990s and are mostly available as branded drugs. A study 

published in 2009 estimated that AIs are approximately 8 to 10 times more expensive than 

tamoxifen. Total annual costs for AI therapy ranges from $2,700 to $3,500 compared to only 

$240 to $360 per year for tamoxifen.281 

As mentioned earlier, tamoxifen and AIs are orally administered and are typically 

dispensed in outpatient pharmacies. As a result, these drugs are normally covered by prescription 

drug benefit plans. 

 Patient financial burden due to breast cancer has been researched extensively; but, the 

financial implications of prescription hormonal therapy on patients and their families has not 

been studied much.282 Since out-of-pocket cost can have a significant impact on patient behavior, 

especially the utilization of therapies, it is critical to evaluate the financial burden of a therapy 

from a patient’s perspective.  

 

2.6 Cost Factors Influencing Hormonal Therapy Adherence and Persistence  
 

Past studies have indicated an association between patient costs and 

adherence/persistence to hormonal therapies. Yen et al. found that women were more likely to 

receive AI therapy if their prescription drugs were covered by an insurance carrier.283 In a survey 

of 3,038 women with breast cancer, 31 percent of the women using tamoxifen, 34.5 percent of 

the women who switched from tamoxifen to AIs, and 37.1 percent of the women using AIs 
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experienced financial difficulty due to their hormonal therapy.284 Additionally, it was also found 

that 20 percent of the women with full prescription drug coverage had financial difficulty, 

whereas, in women with partial or no prescription drug coverage, the probabilities of 

experiencing financial difficulty were 45 percent and 51 percent, respectively. Prescription drug 

coverage was also found to be the main factor influencing the decision to switch hormonal 

therapies. In patients without prescription drug coverage, only 14 percent of the women switched 

therapies from tamoxifen to AIs, even though AIs have been shown to have superior efficacy.285 

The influence of patient out-of-pocket cost on Medicare patient adherence to hormonal 

therapy was estimated in a study by Riley et al. Patient adherence was defined as MPR values 

greater than 0.8. This study concluded that an increase in out-of-pocket costs from $5 to $15 for 

a 30-day supply of AIs resulted in a 10 to 22 percent decrease in adherence for Medicare 

beneficiaries without low-income subsidies. Among beneficiaries using tamoxifen or AIs, raising 

the monthly out-of-pocket cost from $5 to $15 resulted in a higher likelihood of being non-

adherent (OR = 3.31 for tamoxifen and 4.52 for AIs).286 This study also found that the coverage 

gap in Medicare Part D had an adverse effect on adherence to hormonal therapy.287  

Sedjo and Devine assessed predictors of non-adherence in commercially insured women 

with breast cancer. This study concluded that patients using AIs with out-of-pocket costs greater 

than $30 were more likely to be non-adherent to therapy compared to patients whose out-of-
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pocket costs were less than $10. Also, patients who switched between various hormonal 

therapies (from tamoxifen to AIs or vice versa) had higher rates of non-adherence.288  

Neuget et al. conducted a study to assess the relationship between copayment and patient 

persistence to adjuvant hormonal therapy. This study concluded that a patient co-payment of $90 

or more for a 90-day supply of medication was significantly associated with decreased 

persistence compared to co-payments of less than $30. Older age and number of prescription 

drugs taken also were found to negatively impact patient persistence to medications which was 

defined as a gap in therapy of 45 days or more.289 Drug persistence for women over the age of 65 

was found to be impacted if copayments were over $30; however, women younger than 65 were 

impacted only when copayments were over $90. This study found no relationship between 

patient’s income and persistence to therapy; however, it was found that women taking 10 or 

more concurrent prescription medications had significantly reduced compliance to their 

hormonal therapy medications.290  
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2.7 Study Rationale, Objectives, and Hypotheses 

2.7.1 Study Rationale 
 

Use of oral therapies in cancer treatment is infrequent with the exception of oral 

hormonal therapies which have been the standard of care to prevent cancer recurrence and 

cancer-related mortality for many years. With additional oral cancer drugs now available and 

multiple other self-administered oncology drugs expected to enter the market, cancer treatment 

and management is expected to undergo a substantial change with the focus on patient 

administered therapies.  

Increased use of oral therapies for treatment of cancer is expected to introduce changes in 

benefit designs and reimbursement structures and alter the way cancer in treated and managed. 

Given these changes, it is important to assess the impact of this shift in cancer treatment on 

patient-related aspects of care. Past research suggests that patients prefer self-administered drugs 

over clinician administered drugs; however, use of self-administered drugs over a long period of 

time may create issues related to patient adherence, persistence, and management of side effects. 

Therefore, it is important to evaluate various challenges associated with long-term use of self-

administered drugs, specifically in oncology patients where this phenomenon has not been 

studied extensively. Not many self-administered oncology drugs have been available or used in a 

broad population for a long time; however, use of self-administered hormonal therapy in women 

with breast cancer has been a standard of care for over two decades. This makes oral hormonal 

therapy drugs an ideal choice to evaluate patient behavior when using self-administered drugs in 

the oncology setting.  

Hormonal therapies have shown remarkable efficacy in preventing cancer recurrence and 

mortality. Previous studies have shown that long-term use of hormonal therapies is associated 

with improved survival. In a study conducted to assess the relationship between non-adherence 
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and mortality over a 10-year period, the 10-year survival was 82.7 percent of women who 

continued therapy, whereas the 10-year survival was 73.6 percent in women who discontinued 

therapy.291 In those who continued therapy, survival was found to be higher in women who were 

adherent to their therapies compared to those who were not.292 Moreover, clinical treatment 

guidelines in the U.S. from ASCO and NCCN recommend the use of tamoxifen in women with 

hormone receptor-positive breast cancer for a period of five years and the use of AIs or 

raloxifene in post-menopausal women with breast cancer.293,294,295  

In spite of demonstrated efficacy, multiple studies have found sub-optimal patient 

adherence and persistence to hormonal therapies. Past research has indicated that 1 in 5 patients 

do not have optimal adherence (i.e., MPR of 80 percent) to tamoxifen in the first year of 

treatment, and approximately 7 to 10 percent of the patients discontinue therapy per year after 

the first year of treatment.296 After 4 to 5 years of treatment, only half of the patients stay 

adequately adherent to their medications.297,298 Persistence to hormonal therapy is also poor with 

only 20 to 30 percent of the patients staying persistent in the first two years after initiating 

therapy and of those, only 49 percent are persistent at year 5.299   
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297 D.L. Hershman et al., "Early Discontinuation and Nonadherence to Adjuvant Hormonal Therapy in a Cohort of 
8,769 Early-Stage Breast Cancer Patients," J Clin Oncol 25 (2010). 
298 A.H. Partridge et al., "Nonadherence to Adjuvant Tamoxifen Therapy in Women with Primary Breast Cancer," 
Journal of Clinical Oncology 21, no. 4 (2003). 
299 A.K. Fink et al., "Patient Beliefs and Tamoxifen Discontinuance in Older Women with Estrogen Receptor-
Postive Breast Cancer," Journal of Clinical Oncology 22, no. 16 (2004). 
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Suboptimal adherence to hormonal therapy is well established; however, factors that may 

affect adherence are not well documented.300 The first purpose of this study was to examine 

factors that may influence patient adherence and persistence to hormonal therapies. To this end, 

this study evaluated the impact of patient out-of-pocket cost on patient adherence (measured as 

medication possession ratio) and persistence over 12 months after therapy initiation while 

controlling for age, treatment duration, treatment type, and comorbidity. In addition, the impact 

of patient out-of-pocket cost on adherence and persistence was also measured over the entire 

study period while controlling for age, treatment duration, treatment type, comorbidity, and 

length of observation period. 

In addition to out-of-pocket costs for hormonal therapies, patient adherence may also be 

impacted by the overall financial burden of healthcare (including costs incurred due to all 

inpatient, outpatient and prescriptions related to cancer and non-cancer related healthcare costs) 

and not just hormonal therapy copayments. A recent survey by Zafar et al. assessed out-of-

pocket costs in cancer patients with healthcare insurance and the impact of these costs on the 

treatment. The survey found that the patients altered their treatment to defray the high medical 

out-of-pocket costs. Of the study sample, 20 percent of the patients reported that they took less 

than the prescribed amount of medication, 19 percent reported that they only partially fill their 

medications, and 24 percent reported not filling their prescriptions at all in order to save 

money.301 This suggests that the overall burden of healthcare costs may impact patient behavior 

and utilization of medications. When a patient is faced with aggressive treatment and high out-

of-pocket costs, trade-offs may be made to defray some of the costs. Since the onus of 

                                                 
300 J.H. Lin, S.M. Zhang, and J.E. Manson, "Predicting Adherence to Tamoxifen for Breast Cancer Adjuvant 
Therapy and Prevention," Cancer Prev Res 4, no. 9 (2011): Pg. 1361. 
301 S.Y. Zafar et al., "The Financial Toxicity of Cancer Treatment: A Pilot Study Assessing out-of-Pocket Expenses 
and the Insured Cancer Patient's Experience," The Oncologist 18 (2013): Pg. 383. 
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responsibility for ensuring optimal adherence to prescription medication lies primarily with the 

patient, it is important to assess if a patient’s utilization of prescription medication is altered 

based on overall out-of-pocket expenses due to medical care. Previous surveys have captured 

patients’ perceptions that high out-of-pocket costs have a negative impact on their drug 

utilization,302,303 but, to my knowledge, the relationship between overall out-of-pocket financial 

burden and adherence to hormonal therapy medication has not been studied. This relationship is 

even more important in oncology patients where the treatment is aggressive and overall out-of-

pocket healthcare costs can be very high. Therefore, the second purpose of this study was to 

evaluate patients’ total medical expenditures and determine if total medical costs have an impact 

on adherence to oral hormonal therapies. To this end, total out-of-pocket costs were estimated for 

all medical care (inpatient and outpatient care for cancer and non-cancer related healthcare) and 

prescription medications and their relationship with patient adherence and persistence to 

hormonal therapies was evaluated. In addition, this study also reported out-of-pocket costs 

associated with inpatient care, outpatient care, and prescription medications in patients newly 

diagnosed with breast cancer.  

 

2.7.2 Specific Objectives and Hypotheses 
 
Objective 1: To describe patient adherence (MPR) and persistence to hormonal therapy, 

hormonal therapy out-of-pocket costs, and total out-of-pocket costs over a period of 12 months 

after therapy initiation and over the entire study period and to describe the proportions of 

                                                 
302 S.Y. Zafar and A.P. Abernethy, "Financial Toxicity, Part Ii: How Can We Help with the Burden of Treatment-
Related Costs?," Oncology 27, no. 4 (2013). 
303 S.Y. Zafar et al., "The Financial Toxicity of Cancer Treatment: A Pilot Study Assessing out-of-Pocket Expenses 
and the Insured Cancer Patient's Experience," The Oncologist 18 (2013). 
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patients adherent (MPR ≥ 80 percent) and persistent to hormonal therapies over 12 months and 

over the study period. 

H:  (no hypothesis testing) 

 

Objective 2: To determine time to initiation of hormonal therapy after breast cancer diagnosis.  

H:  (no hypothesis testing) 

 

Objective 3: To determine the association between hormonal therapy out-of-pocket costs and 

adherence (MPR) to hormonal therapy in patients diagnosed with breast cancer while 

controlling for age, days since breast cancer diagnosis, treatment type, and CCI score over 12 

months after the index prescription. 

 

H (3a):  The patient medication possession ratio is inversely related to patient hormonal 

therapy out-of-pocket costs while controlling for age, days since breast cancer diagnosis, 

treatment type, and CCI score over the 12 months after the index hormonal therapy prescription. 

H (3b):  As patient hormonal therapy out-of-pocket cost increases, the likelihood of 

adherence to hormonal therapy decreases over the 12 months after the index hormonal therapy 

while controlling for age, days since breast cancer diagnosis, treatment type, and CCI score. 

 

Objective 4: To determine the association between hormonal therapy out-of-pocket costs and 

discontinuation of hormonal therapy in patients while controlling for patient age, days since 

breast cancer diagnosis, treatment type, and CCI score over the 12 months after the index 

hormonal therapy prescription. 
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H (4):   The risk of discontinuation of hormonal therapy is positively related to patient 

hormonal therapy out-of-pocket costs while controlling for age, days since breast cancer 

diagnosis, treatment type, and CCI score during 12 months after the index hormonal therapy 

prescription. 

 

Objective 5: To determine the association between total out-of-pocket costs (deductibles, 

coinsurance, and copayments) for all medical services (cancer and non-cancer related) 

delivered and patient adherence (MPR) to hormonal therapy while controlling for age, days 

since breast cancer diagnosis, treatment type, and CCI score over the 12 months after the index 

hormonal therapy prescription. 

 

H (5a):  The patient medication possession ratio is inversely related to total out-of-pocket 

costs while controlling for age, days since breast cancer diagnosis, treatment type, and CCI score 

over the 12 months after the index hormonal therapy prescription. 

H (5b): As patient total out-of-pocket cost increases, the likelihood of adherence to 

hormonal therapy decreases over the 12 months after the index hormonal therapy while 

controlling for age, days since breast cancer diagnosis, treatment type, length of observation 

period, and CCI score. 

 

Objective 6:  To evaluate if the total out-of-pocket costs (deductibles, coinsurance, and 

copayments) for all medical services are associated with discontinuation of hormonal therapies 

while controlling for age, days since breast cancer diagnosis, treatment type, and CCI score 

during 12 months after the index hormonal therapy prescription. 
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H (6):  The risk of discontinuation of hormonal therapy is positively related to patient total out-

of-pocket cost for hormonal therapy while controlling for age, days since breast cancer 

diagnosis, treatment type, and CCI score over the 12 months after the index hormonal therapy 

prescription. 

 

Objective 7: To determine if persistence to hormonal therapy is associated with patient 

hormonal therapy out-of-pocket costs while controlling for age, days since breast cancer 

diagnosis, treatment type, and CCI score over the 12 months after the index hormonal therapy 

prescription. 

 

H (7):  Persistence to hormonal therapy is inversely related to patient hormonal therapy out-of-

pocket costs while controlling for age, days since breast cancer diagnosis, treatment type, and 

CCI score over the 12 months after the index date. 

 

Objective 8: To determine if persistence to hormonal therapy is associated with total out-of-

pocket costs (deductibles, coinsurance, and copayments) for all medical services (cancer and 

non-cancer related) while controlling for age, days since breast cancer diagnosis, treatment 

type, and CCI score over the 12 months after the index hormonal therapy prescription. 

 

H (8):  Persistence to hormonal therapy is inversely related to patient total out-of-pocket costs 

while controlling for age, days since breast cancer diagnosis, treatment type, and CCI score over 

the 12 months after the index hormonal therapy prescription. 
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Objective 9: To determine the association between hormonal therapy out-of-pocket costs and 

adherence (MPR) to hormonal therapy while controlling for age, days since breast cancer 

diagnosis, treatment type, length of observation period and CCI score during the study period. 

 

H (9a):  The patient medication possession ratio is inversely related to hormonal therapy 

out-of-pocket costs while controlling for age, days since breast cancer diagnosis, treatment type, 

length of observation period, and CCI score during the study period. 

H (9b): As patient hormonal therapy out-of-pocket cost increases, the likelihood of 

adherence to hormonal therapy decreases while controlling for age, days since breast cancer 

diagnosis, treatment type, length of observation period, and CCI score during the study period. 

 

Objective 10: To determine the association between hormonal therapy out-of-pocket costs and 

discontinuation of hormonal therapy while controlling for patient age, days since breast cancer 

diagnosis, treatment type, length of observation period, and CCI score during the study period.  

 

H (10):   The risk of discontinuation of hormonal therapy is positively related to patient 

hormonal therapy out-of-pocket costs while controlling for age, days since breast cancer 

diagnosis, treatment type, length of observation period, and CCI score during the study period. 

 

Objective 11: To evaluate the relationship between total out-of-pocket costs (deductibles, 

coinsurance, and copayments) for all medical services (cancer and non-cancer-related) 
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delivered and adherence (MPR) while controlling for patient age, days since breast cancer 

diagnosis, treatment type, length of observation period, and CCI score during the study period. 

 

H (11a):   The patient medication possession ratio is inversely related to total out-of-pocket 

costs while controlling for age, days since breast cancer diagnosis, treatment type, length of 

observation period, and CCI score during the study period. 

H (11b): As patient total out-of-pocket cost increases, likelihood of adherence to hormonal 

therapy decreases while controlling for age, days since breast cancer diagnosis, treatment type, 

length of observation period, and CCI score during the study period. 

 

Objective 12: To evaluate if total out-of-pocket costs (deductibles, coinsurance, and 

copayments) for all medical services are associated with discontinuation of hormonal therapies 

while controlling for age, days since breast cancer diagnosis, treatment type, length of 

observation period and CCI score during the study period. 

H (12):   The risk of discontinuation of hormonal therapy is positively related to patient 

total out-of-pocket cost while controlling for age, days since breast cancer diagnosis, treatment 

type, length of observation period, and CCI score during the study period. 

 

Objective 13: To determine if persistence to hormonal therapy is associated with hormonal 

therapy out-of-pocket cost while controlling for age, days since breast cancer diagnosis, 

treatment type, length of observation period and CCI score during the study period. 
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H (13):   Persistence is inversely related to patient hormonal therapy out-of-pocket costs 

while controlling for age, days since breast cancer diagnosis, treatment type, length of 

observation period, and CCI score during the study period. 

Objective 14: To determine if persistence to hormonal therapy is associated with patient total 

out-of-pocket costs (deductibles, coinsurance, and copayments) for all medical services (cancer 

and non-cancer related)while controlling for age, days since breast cancer diagnosis, treatment 

type, length of observation period and CCI score during the study period. 

 

H (14):  Persistence is inversely related to total out-of-pocket costs while controlling for 

age, days since breast cancer diagnosis, treatment type, length of observation period, and CCI 

score during the study period.  
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CHAPTER 3: METHODOLOGY 
 
 

3.1 Chapter Overview 
 
 This chapter provides a description of the study methodology used to evaluate the 

relationship between patient out-of-pocket costs and adherence and persistence to hormonal 

therapy while controlling for age, days since breast cancer diagnosis, treatment type, and CCI 

over a period of 12 months. The analyses to assess the relationship between out-of-pocket costs 

and adherence/persistence over the entire study period or until patient disenrollment were also 

conducted while controlling for length of observation period in addition to other variables listed 

above. Descriptions of the study design, data source, time frame, population, inclusion/exclusion 

criteria, and data analysis plan are also provided. In addition, this chapter includes operational 

definitions for all the variables and details on analyses that were employed to evaluate the 

relationship between out-of-pocket costs and hormonal therapy adherence/persistence.  

 

3.2 The University of Texas Institutional Review Board Approval 
 
 This study used a de-identified secondary database and is classified as non-human 

subjects research. Non-human subject studies do not require approval from the Institutional 

Review Board (IRB) of The University of Texas at Austin. An official notice of IRB 

determination of the study as non-human subjects research was obtained. 

 

3.3 Study Design  
 

This study was a retrospective analysis using medical and prescription claims data for 

adults 18 years to 62 years old who were diagnosed with breast cancer between January 1, 2004 
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and December 31, 2005 and received the index hormonal therapy (aromatase inhibitor or 

tamoxifen) prescription between January 1, 2004 and June 30, 2009 (study identification period). 

The first date of a breast cancer diagnosis between January 1, 2004 and December 31, 2005 was 

identified. Patients who had claims associated with a breast cancer diagnosis during the12-month 

period prior to this date (baseline period) were excluded. For the purposes of this research, all 

patients with breast cancer claims between January 1, 2004 and December 31, 2005 and no such 

claims during the baseline period were assumed to be newly diagnosed with breast cancer, 

though some cases of recurrent breast cancer could be present.  Among these patients, index use 

of hormonal therapy (tamoxifen or AIs) after breast cancer diagnosis and between January 1, 

2004 and June 30, 2009 was identified. Patients initiating hormonal therapy treatment after 

breast cancer diagnosis were required to have at least 12 months of continuous enrollment from 

the date of first prescription and were followed until June 30, 2010 or end of continuous 

enrollment (see Figure 3.1). This study explored the association between patient out-of-pocket 

costs (hormonal therapy costs and total costs related to cancer and non-cancer related healthcare) 

and adherence and persistence to hormonal therapy over the 12-month period after therapy 

initiation as well as over the entire study period or end of enrollment. In addition, discontinuation 

of hormonal therapy was also assessed.  

 

3.3.1 Data Source 
 
 The data for this study were obtained from Thomson Reuters Inc.304 This study employed 

healthcare claims from privately insured patients extracted from Thomson Reuters MarketScan® 

Commercial Claims and Encounters Database. MarketScan® databases are compliant with the 

                                                 
304 "Marketscan Research Data. Thomson Reuters,"  http://marketscan.thomsonreuters.com/marketscanportal/. 
Accessed on 4/2/2012. 
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Health Insurance Portability and Accountability Act (HIPAA) and include only de-identified 

data.305 The MarketScan® databases cannot be linked to any external data and age of all 

beneficiaries is capped at 90 years.  

The MarketScan® Commercial Claims and Encounters Database (Commercial Database) 

includes person-specific details on healthcare utilization, expenditures, and enrollment details for 

insured employees and their dependents from various employers (large employers, health plans, 

and government and public organizations). This database includes non-Medicare eligible active 

employees, early retirees, COBRA eligible beneficiaries, and dependents with employer-

sponsored health insurance. Healthcare coverage for individuals included in this database is 

provided under fee-for-service (FFS) plans, fully capitated, and partially capitated health plans, 

including preferred and exclusive provider organizations (PPOs and EPOs), point of service 

plans, indemnity plans, health maintenance organizations (HMOs), and consumer-directed health 

plans. The database includes approximately17 million enrollees per year from more than 100 

employers.  

The MarketScan® databases include person-level identifiers across all years of data and 

across all tables. This allows for longitudinal tracking of all patients. A unique enrollee ID 

(ENROLID) is assigned to each beneficiary. Diagnosis codes in the database are based on the 

International Classification of Disease, 9th Division, Clinical Modifications (ICD-9-CM) 

classification system. Procedure codes are obtained from the Current Procedural Terminology, 

4th Edition (CPT-4) coding system. The database also contains the Red Book306 table which can 

be used to identify NDC codes for prescription drugs. Additional details on the structure of the 

database and data elements are provided in Appendix A. 

                                                 
305 "Summary of the HIPAA Privacy Rule,"  
http://www.hhs.gov/ocr/privacy/hipaa/understanding/summary/index.html. Accessed on 8/26/2012. 
306 "Redbook Truven Health Analytics,"  http://redbook.com/redbook/index.html. Accessed on Feb 13, 2014. 
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3.3.2 International Classification of Diseases (ICD) 
 

The International Classification of Diseases is the official U.S. system of assigning codes 

to various hospital procedures and diagnosis.307 The ICD-9 codes listed in Table 3.1 were used to 

identify patients with a diagnosis of breast cancer.  

 

Table 3.1: ICD-9 Codes to Identify Patients with Breast Cancer 

ICD-9 Code Diagnosis 

174.0 Malignant neoplasm of nipple and areola of female breast 

174.1 Malignant neoplasm of central portion of female breast 

174.2 Malignant neoplasm of upper-inner quadrant of female breast 

174.3 Malignant neoplasm of lower-inner quadrant of female breast 

174.4 Malignant neoplasm of upper-outer quadrant of female breast 

174.5 Malignant neoplasm of lower-outer quadrant of female breast 

174.6 Malignant neoplasm of axillary tail of female breast 

174.8 Malignant neoplasm of other specified sites of female breast 

174.9 Malignant neoplasm of breast (female), unspecified site 

 

3.4 Study Time Frame 
 

The study timeframe extended from January 1, 2003 to June 30, 2010 and was referred to 

as the ‘Observation Period.’ This research identified patients newly diagnosed with breast cancer 

between January 1, 2004 and December 31, 2005. This period was referred to as the ‘Study 

Identification Period.’  The 12-month period prior to diagnosis of breast cancer (one year before 

                                                 
307 "Healthcare Costs in Postmenopausal Women with Hormone-Positive Metastatic Breast Cancer," Journal of 

Medical Economics 13, no. 4. 
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the first claim for breast cancer during the study identification period) was searched for breast 

cancer diagnosis codes to ensure new diagnosis of breast cancer (no claims related to breast 

cancer in the prior 12 months). This period was referred to as the ‘Baseline Period.’ Only 

patients with at least one year of baseline data were included in this study. First use of hormone 

therapies (AIs and tamoxifen) between January 1, 2004 and June 30, 2009 for beneficiaries and 

dependents enrolled in the MarketScan® Commercial Claims and Encounters database 

(commercial database) was identified. This period was referred to as the ‘Index Hormonal 

Therapy Period.’ The first use of hormonal therapy after diagnosis of breast cancer was referred 

to as the ‘Index Date.’ Patient claims data from the index date until June 30, 2010 or end or 

enrollment were used for the analyses. This period was referred to as the ‘Study Period.’ 

Graphical representation of the study timelines is shown in Figure 3.1 

 

 

 

 

 

 

             

             

             

         

 

 

Study Identification Period 

January 1, 2003 January 1, 2004 June 30, 
 2010 

December 31, 
2005 

Observation Period 

Baseline Period  

Study Period 

June 30,  
2009 

Index Hormonal Therapy Period  

Figure 3.1: Study Timeline 
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3.4.1 Study Inclusion Criteria  
 
 Patients met the following criteria in order to be included in the study sample: 

1. Age 18 years to 62 years: Only adults between the ages of 18 and 62 years on the 

date of breast cancer diagnosis were included. This ensured consistency with the 

population included in the breast cancer clinical treatment guidelines and ensured 

that only commercially insured (non-Medicare) patients were included in the 

study. Additionally, this also ensured that at least one year of data was available 

before patients turned 65 and became Medicare eligible.  

2. Female gender (males with breast cancer were excluded): Breast cancer is 

primarily found in women, and the risk is much lower in men.308 In addition, 

tamoxifen and AIs are indicated for use only in women with breast cancer. 

Therefore, only women with breast cancer were included in this study. 

3. Two or more medical claims with a diagnosis of breast cancer on different days 

no more than six months apart between January 1, 2004 and December 31, 2005: 

To ensure confirmed diagnosis of breast cancer, at least two claims with breast 

cancer diagnosis on different days but less than six months apart were required. 

4. At least two claims for AI or tamoxifen prescriptions between January 1, 2004 

and June 30, 2010 on or after breast cancer diagnosis with the index claim on or 

before June 30, 2009: Two claims were required to assess patient adherence and 

persistence to therapy. 

5. Continuous enrollment for at least 12 months (365 days) before the diagnosis of 

breast cancer. Twelve months of continuous enrollment before the breast cancer 

                                                 
308 "American Cancer Society. Global Cancer Facts & Figures 2nd Edition,"  
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-027766.pdf. 
Accessed on 1/20/2012. 
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diagnosis date ensured that patients did not have breast cancer-related claims 

during the baseline period.  

6. Continuous enrollment between breast cancer diagnosis date and index hormonal 

therapy prescription. 

7. Continuous enrollment for at least 12 months after the index hormonal therapy 

prescription: Twelve months of continuous enrollment after the index hormonal 

therapy prescription ensured an equal follow-up period for all patients for 

adherence and persistence assessment at 12 months. 

 

 Claims from primary beneficiaries as well as secondary beneficiaries were included in 

the analyses. Beneficiaries with missing demographic and missing enrollment information were 

excluded.  

 

3.5 Study Endpoints 
 

The first outcome for this study was patient adherence to hormonal therapy. Patient 

adherence was measured by calculating the medication possession ratio (MPR). The second 

outcome for this study was persistence. Patient days of persistence (defined as continuous use of 

hormonal therapy without a gap of 60 days or more) were assessed from the index date until the 

end of 12 months as well as until the end of the study period. Additional details on measurement 

of adherence and persistence are presented in subsequent sections. 
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3.6 Data Analytics 
 

This study was conducted in three steps. In the first step, patient demographics and 

clinical variables were described. In the second step, patient financial variables (hormone therapy 

and total out-of-pocket costs) and outcomes (MPR and persistence) over the 12-month period 

after the index date were described. All analyses using the 12-month variables were conducted 

next. In the third step, patient financial variables (hormone therapy and total out-of-pocket costs) 

and outcomes (MPR and persistence) over the study period or until end of enrollment were 

described. This was followed by all the analyses over the study period.  

 

3.7 Study Variables 
 
 This section includes description of the dependent and independent variables used in this 

study.  

 

3.7.1 Dependent Variables  
 

The primary objective of this study was to evaluate the relationship between patient out-

of-pocket costs and adherence and persistence to index hormonal drugs. Patient adherence was 

measured as the medication possession ratio and patient persistence was defined as days on 

therapy until a gap of 60 days or more. Patients switching between hormonal therapies were 

censored on the date of switching (i.e., only data for the index therapy was utilized). Patient 

adherence and persistence to therapy was assessed over the period of 12 months after the index 

date as well as over the study period.  
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Medication Adherence 

 

Patient adherence to hormonal therapy was assessed by calculating patient medication 

possession ratios for tamoxifen and AIs. MPR was calculated over the 12-month period and over 

the entire study period.  

 

12-Month Analyses 

For the 12-month analyses, MPR is defined as the total days’ supply dispensed during the 

observation period, divided by the observation period. For example, consider a 12-month study 

from January 1, 2008 to December 31, 2008. A patient who obtained a 30-day prescription on 

January 1, 2008 and two refill prescriptions on February 1 and April 1, the numerator will consist 

of the supply dispensed on January 1, February 1, and April 1 and the denominator will be the 

complete study follow-up period (from January 1, 2008 to December 31, 2008). Since all 

patients were followed for 365 days in the 12-month analysis, the denominator used is 365 

days.309  

 

12-month analyses: 

���% =
��� 
� ��� ������ ���������

���
X 100 

 

Study Period Analyses 

For the study period analyses, MPR is defined as the total days’ supply dispensed during 

the observation period except the last prescription, divided by the days between the first and last 

                                                 
309 R.L. Sedjo and S. Devine, "Predictors of Non-Adherence to Aromatase Inhibitors among Commercially Insured 
Women with Breast Cancer," Breast Cancer Res Treat 125 (2011). 
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prescription. The denominator used for the study period analyses was variable due to variable 

follow-up periods.  

 

Study period analyses: 

���% =
��� 
� ��� ������ ��������� ������� ��� ��� ����������
��

��� 
� ��� ��� ��� ��� ����� �� ��� ����������
� ���� ���
X 100 

 

Patients with an MPR greater than or equal to 80 percent were considered adherent to 

their therapies. In addition, sensitivity analyses with MPR greater than or equal to 70 percent and 

90 percent were also reported.  

 

 

Medication Persistence 

 

Persistence measures the duration for which the patient has been on drug therapy and is 

defined as the total number of days from the date the first prescription was filled until the 

termination of therapy. Patients are considered to have terminated therapy if they fail to refill the 

prescription before the end of a pre-determined allowed gap in therapy. In this study, a patient 

was considered to have discontinued therapy if there was a gap in therapy of 60 days or more. 

Sensitivity analyses with a 30-day and 90-day gaps in therapy were also conducted.  Days of 

persistence (continuous) as well as proportion of patients persistent to therapy were assessed at 

12 months after the index date as well as over the study period.  

For example, consider a patient who obtained his/her first prescription on January 1, 2007 

for a 30-day supply. The prescription was refilled on March 1, 2007 and then again on April 1, 

2007 with a 30-day supply at both refills. The last prescription refill was obtained on July 17, 

2007. Per the definition of persistence in this study (less than 60-day gap in continuous therapy), 
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this patient will be considered persistent for 120 days (90 days between January 1 and April 1 

plus the 30-day supply obtained on April 1). For patients who had an oversupply of medications 

(refilled prescriptions before completely utilizing previously obtained medication), the extra 

medication was added to the next month’s supply. For example, consider a patient who got the 

first prescription filled on August 1, 2007 for a 30-day supply. This patient then obtained another 

30-day supply on August 15, 2007 and the last 30-day refill on November 1, 2006. Even though 

there were more than 60 days between the second and the third refill, the patient had possession 

of enough mediation to be persistent for most of the period (30-day supply obtained on August 

15 and 15-day supply left over from August 1 fill). Therefore, this patient will be considered 

persistent for 122 days (92 days between August 1 and November 1 plus 30-day supply obtained 

on November 1). In addition to days of persistence calculation using less than 60-day gap period, 

sensitivity analyses with gaps in therapy equal to or greater than 30 days and 90 days were 

conducted.   

 

3.7.2 Independent Variables 
 

Various factors have been identified to influence patient adherence and persistence to 

hormonal therapies and have been listed in Table 1.2. Variables that may influence patient 

adherence and persistence to therapy and are available in the database were either included as 

independent variables or were controlled for. These include primary financial variables (e.g., 

hormonal therapy out-of-pocket costs), demographic covariate variables (e.g., age, length of 

observation period), and clinical variables (e.g., days since breast cancer diagnosis, treatment 

type, Charlson’s Comorbidity Index). Table 3.2 lists the factors that have been found to influence 

patients’ adherence/persistence in past studies and were controlled for in the present study. 
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Table 3.2: Factors Influencing Patient Adherence to Hormonal Therapies 

Factors 
Influence on 
Adherence/Persistence 

Data Source References 

Age 

Extremes (<45 and >75 
years) of age is 
negatively correlated to 
adherence.  

Database analysis (New 
Jersey Medicaid/ 
Pharmaceutical 
Assitance to Aged or 
disabled program) 
 
Kaiser Permanente of 
Northern California 
Health System database 

A.H. Partridge et al., "Nonadherence 

to Adjuvant Tamoxifen Therapy in 

Women with Primary Breast Cancer," 

Journal of Clinical Oncology 21, no. 

4 (2003) 

 

 

 

D.L. Hershman et al., "Early 

Discontinuation and Nonadherence to 

Adjuvant Hormonal Therapy in a 

Cohort of 8,769 Early-Stage Breast 

Cancer Patients," J Clin Oncol 25 

(2010) 

Days 
since 
breast 
cancer 
diagnosis 

Earlier year at breast 
cancer diagnosis was 
associated with 
improved persistence 

Kaiser Permanente of 
Northern California 
Health System database 

D.L. Hershman et al., "Early 

Discontinuation and Nonadherence to 

Adjuvant Hormonal Therapy in a 

Cohort of 8,769 Early-Stage Breast 

Cancer Patients," J Clin Oncol 25 

(2010) 

Comorbid 
conditions 

Existence of at least 1 
comorbid condition 
improved adherence to 
hormonal therapy 

Survey 

Y. Liu et al., "Adhernce to Adjuvant 

Hormonal therapy in Low-Income 

Women with Breast Cancer: The Role 

of Provider-Patient Communication," 

Breast Cancer Res Treat 137 

Out-of-
pocket 
cost 

High out-of-pocket 
costs decrease patient 
adherence  

Survey 

S.Y. Zafar et al., "The Financial 

Toxicity of Cancer Treatment: A Pilot 

Study Assessing out-of-Pocket 

Expenses and the Insured Cancer 

Patient's Experience," The Oncologist 

18 (2013) 

 

Additionally, total out-of-pocket costs and type of hormonal therapy (tamoxifen or 

aromatase inhibitors) were also included in the regression models.  
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3.7.2.1 Financial Variables 

Hormonal therapy out-of-pocket costs 

 

Hormonal therapy out-of-pocket costs in the 12 months after the index date were 

estimated for each patient by adding out-of-pocket costs for hormonal therapy prescriptions 

found in pharmacy claims over the 12-month period. Hormonal therapy out-of-pocket costs were 

also estimated over the entire study period (or until disenrollment) by adding out-of-pocket costs 

incurred due to all hormonal therapy prescriptions obtained over the study period. Hormonal 

therapy out-of-pocket costs over 12 months and over the study period were operationalized as 

continuous variables.  

 

Total out-of-pocket costs 

 

In addition to hormonal therapy out-of-pocket costs, adherence/persistence to treatment 

may be influenced by overall medical costs (i.e., all out-of-pocket costs incurred during the study 

period) for cancer and non-cancer related healthcare. Therefore, total out-of-pocket costs for 

each patient were calculated by adding all out-of-pocket costs (including deductibles, 

copayments, and coinsurance) found in the medical and pharmacy claims. The total out-of-

pocket costs were calculated starting from the index date until the end of 12 months after the 

index date as well as until the end of the study period or disenrollment. This variable was 

operationalized as a continuous variable. 

3.7.2.2 Demographic Variables 

Age 

  Patient age was controlled for and recorded at breast cancer diagnosis date. This variable 

was operationalized as a continuous variable. 
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3.7.2.3 Clinical Variables 

Days since Breast Cancer Diagnosis 

The variable ‘Days since breast cancer diagnosis’ was defined as the total number of days 

between the breast cancer diagnosis date and the date of the index hormonal therapy prescription. 

This variable was operationalized as a continuous variable. 

 

Treatment Type 

 

Since this study included two types of hormone therapies (AIs and tamoxifen), this 

variable was used to control for the type of hormonal therapy being used. Patients who switched 

between drugs during the study period were censored at the time of switch.  

 

Charlson’s Comorbidity Index 

 

Co-morbid conditions can be important factors when evaluating patients’ adherence and 

persistence to therapies. Chronic co-morbid conditions may influence a patient’s behavior since 

these conditions may add additional clinical and economic burdens for the patient. Therefore, 

controlling for comorbidities will help in minimizing bias when evaluating factors influencing 

patients’ therapy utilization patterns. Co-morbidities were evaluated in the 12 months prior to the 

breast cancer diagnosis date.  

The Charlson Comorbidity Index (CCI) is a diagnosis-based score that is commonly used 

to estimate comorbidity burden. The original CCI was adapted by Deyo et al. for use with ICD-9 

CM diagnosis and procedure codes.310 When using the CCI, a patient’s composite comorbidity 

score is obtained by adding the weights for the individual co-morbid condition the patient has. A 

                                                 
310 R.A. Deyo, D.C. Cherkin, and M.A. Ciol, "Adapting a Clinical Comorbidity Index for Use with Icd-9-Cm 
Administrative Databases," J Clin Epidemiol 45, no. 6 (1992): Pg. 614. 
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high composite score indicates a high probability of mortality after the index year and a low 

score indicates a low probability of mortality after the index year.311 Since Deyo’s adaptation of 

the CCI for use with ICD-9 codes is the most widely used index and has been used previously in 

other oncology studies, this adaptation was used in the study. The scoring rules and the codes 

used in Deyo’s adaptation312 of the CCI313 are summarized in Table 3.3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
311 M.E. Charlson et al., "A New Method of Classifying Prognostic Comorbidity in Longitudinal Studies: 
Development and Validation," J Chron Dis 40, no. 5 (1987): Pg. 378. 
312 R.A. Deyo, D.C. Cherkin, and M.A. Ciol, "Adapting a Clinical Comorbidity Index for Use with Icd-9-Cm 
Administrative Databases," J Clin Epidemiol 45, no. 6 (1992). 
313 M.E. Charlson et al., "A New Method of Classifying Prognostic Comorbidity in Longitudinal Studies: 
Development and Validation," J Chron Dis 40, no. 5 (1987). 
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Table 3.3: Charlson Comorbidity Score - Weights and Diagnoses for Deyo ICD-9 
Codes 

Weight Diagnosis Deyo Codes 

1 Myocardial infarction 410.xx, 412 

1 Congestive heart failure 428.x 

1 Peripheral vascular disease 441.x, 443.9, 785.4, V43.4, 38.38 (P) 

1 Cerebrovascular disease 430.x- 438.x 

1 Dementia 290.x 

1  Chronic pulmonary disease 490.x-505.x, 506.4 

1 Rheumatic disease 710.0, 710.1, 710.4, 714.0-714.2, 714.81, 
725.x 

1 Peptic ulcer disease 531.4x-531.7x, 
532.4x-532.7x, 
533.4x-533.7x, 
534.4x-534.7x, 
531.0x-531.3x, 
532.0x-532.3x, 
533.0x-533.0x, 
534.0x-534.3x, 
531.9, 532.9, 
533.9, 534.9 

1 Mild liver disease 571.2, 571.4, 571.5, 571.6 

1 Diabetes 250.0x-250.3x, 250.7x 

2 Hemiplegia 342.x, 344.1 

2 Moderate or severe renal disease 582.x, 583.0- 583.7, 585, 586, 588.x 

2 Diabetes with end organ damage 250.4x-250.6x 

2 Any tumor 140.x-172.x 

2 Leukemia 174.x-195.x, 

2 Lymphoma 200.x-208.x 

3 Moderate or severe liver disease 572.2-572.8 

6 Metastatic cancer 196.x-199.x 

6 AIDS 042.x-044.x 
Source: Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use with ICD-9 CM administrative 
databases. J Clin Epidmiol. 1992; 45: 613-9. 
 

Table 3.4 provides a list of all variables that will be used in this study and Table 3.5 

provides a summary of variables with the operational definitions.  
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Table 3.4: List of Dependent and Independent Variables 

Dependent Variables 
 

Independent Variables 
 

 
Medication possession ratio over 12 months 
Medication possession ratio during study 
period 
Adherence (dichotomous) over 12 months 
Adherence (dichotomous) during study period 
Days persistent over 12 months 
Days persistent during study period 
Persistence (dichotomous) over 12 months 
Persistence (dichotomous) during study period 
 

Financial Variables 

Hormonal therapy out-of-pocket costs 
Total out-of-pocket costs 
 
Demographic covariates 

Age 
Length of observation period 
 
Clinical covariates 
Days since breast cancer diagnosis 
Treatment type 
Charlson’s Comorbidity Index 
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Table 3.5: Summary of Operational Definitions of Study Variables 

Variable Name Operational Definition 

Dependent Variables 

MPR over 12 months  
 

Medication possession ratio over 12 months after 
the index date 
 
Continuous variable 

MPR over study period 

Medication possession ratio from the index date to 
end of study period or end of enrollment 
 
Continuous variable 

Adherence over 12 months 

MPR over 12 months ≥80% implies adherence; 
MPR over 12 months < 80% implies non-
adherence 
 
Dichotomous variable 

Adherence over study period 

MPR over study period ≥80% implies adherence; 
MPR over study period< 80% implies non-
adherence 
 
Dichotomous variable 

Days persistent over 12 months 

Number of days on therapy before a gap of 60 days 
or more in continuous therapy during the first 12 
months after the index date. 
 
Continuous variable.  

Days persistent over study period 

Number of days on therapy before a gap of 60 days 
or more in continuous therapy during the study 
period or end of enrollment. 
 
Continuous variable.  

Persistence over 12 months 

Patients persistent to hormonal therapy (without a 
gap of 60 days or more) over 12 months after the 
index date. 
 
Dichotomous variable 

Persistence over study period 

Patients persistent to hormonal therapy (without a 
gap of 60 days or more) over the study period. 
 
Dichotomous variable 

Independent Variable 

Hormonal therapy out-of-pocket costs (over 12 
months) 

Patient out-of-pocket costs associated with study 
drugs (tamoxifen, anastrozole, letrozole, and 
exemestane) over 12 months after the index date. 
 
Continuous variable 
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Hormonal therapy out-of-pocket costs (over 
study period) 

Patient out-of-pocket costs associated with study 
drugs (tamoxifen, anastrozole, letrozole, and 
exemestane) over study period or until end of 
enrollment. 
 
Continuous variable 

Total out-of-pocket costs (over 12 months) 

Sum of deductibles, coinsurance and copayments 
for all therapies and services used during the 12 
months after the index date. 
 
Continuous variable. 

Total out-of-pocket costs (over study period) 

Sum of deductibles, coinsurance and copayments 
for all therapies and services used during the study 
period or until end of enrollment. 
 
Continuous variable. 

Age 
Patient age on date of breast cancer diagnosis.  
Continuous variable. 

Length of observation period 
Total length of observation period during the study 
period 
Continuous variable 

Days since breast cancer diagnosis 
Number of days between breast cancer diagnosis 
and the index date. 
Continuous variable 

Type of Treatment  
Tamoxifen=1 
AIs=0 

Charlson’s Comorbidity Index 
Comorbidity score based on Deyo’s adaptation of 
CCI 
Continuous variable 

 

3.8 Statistical Analysis 
 

All data analyses and data manipulations were conducted using SAS314 version 9.1 and 

SPSS version 21. A significance level of 0.05 was used for all statistical tests and all tests were 

two-tailed, unless otherwise specified. Data were examined to identify abnormalities and 

normality by using frequencies and histograms.  

Logistic regression, multivariate linear regression, and Cox proportional hazards 

regression were used. Independent variables used in the regression models were checked for 

multicollinearity by estimating tolerance and correlation coefficients. The section below 

                                                 
314 "SAS,"  http://www.sas.com/software/sas9/. Accessed on 6/6/2012. 

Table 3.5: Summary of Operational Definitions of Study Variables continued. 
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describes the survival analysis. The subsequent sections describe methodology for each of the 

objectives.  

 

3.8.1 Survival Analysis 
 

Survival analysis is a technique used for measuring time from the index date to the 

occurrence of an event. This technique can be used to estimate survival functions using survival 

curves and regression models. Standard statistical techniques cannot be used when estimating 

survival times since the events may not be normally distributed and the data may be censored if 

the event of interest has not occurred during the study period.315 Survival analysis is a useful 

technique when the covariates are time-dependent and when data have to be censored.316 Kaplan-

Meier (KM) estimator and Cox proportional hazards regression are commonly used in survival 

data analysis. Since the KM method is not useful for quantifying the influence of variables on the 

overall survival time, this study employed Cox proportional hazards regression for survival 

analysis.  

 

3.8.1.1 Cox Proportional Hazards Regression 

 The Cox proportional hazards model is used when the relationship between survival and 

one or more covariates or predictor variables is to be examined. Cox proportional hazards 

regression includes the following basic concepts and notations: 

• Survival Function, S(t): probability of an individual surviving beyond a given time.  

S(t)= Pr(T>t)= 1-P(t). 

                                                 
315 V. Bewick, L. Cheek, and J. Ball, "Statistics Review 12: Survival Analysis," Crit Care 8, no. 5 (2004). 
316 P.D. Allison. "Survival Analysis Using SAS: A Practical Guide. ." (Place Published: SAS Institute, 1995. 
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In the equation above, S(t) is the probability that an individual will have a survival time T 

greater than t.  

• Hazard Function, h(t): assesses the instantaneous risk of death at time t, assuming that the 

individual survived to start time t. 

 

 

In the equation above, h(t) is the hazard function, t is the time when the event 

occurs, T is the individual survival time after time t, and ∆t is the time after t.317  

Survival analysis is typically used for estimating survival curves relative to the covariates. The 

Cox model does not specify the baseline hazard function. Therefore, this model will be semi-

parametric because the baseline hazard is unspecified; however, the covariates enter the model in 

a linear fashion. For example, for two observations i and i1 with the following linear predictors: 

 

These linear predictors can then be used to estimate the hazard function as follows: 

 

In this study, a Cox proportional hazards model was used to assess whether there was a 

relationship between independent predictors and treatment discontinuation. The Cox proportional 

hazards assumption was checked by examining the log-minus-log plot for the covariates.  

                                                 
317 J. Fox, "Cox Proportional-Hazards Regression for Survival Data,"  http://cran.r-project.org/doc/contrib/Fox-
Companion/appendix-cox-regression.pdf. Accessed on 12/28/2012. 



105 
 

3.8.2 Data Analysis for Objective 1 
 

Mean and median patient MPR and persistence over the 12 months after the index date as 

well as over the study duration or end of enrollment were reported. The proportions of patients 

who remained adherent and were persistent to their hormonal therapies over the 12-month period 

and over the study period were also reported. In addition, descriptive statistics for hormonal 

therapy out-of-pocket costs as well as total out-of-pocket costs over 12 months after the index 

date and over the entire study duration or end of enrollment were reported. 

 

3.8.3 Data Analysis for Objective 2 
 
 Time to initiation of hormonal therapy was estimated and was presented as the number of 

days from diagnosis of breast cancer to date of first hormonal therapy prescription.  

 

3.8.4 Data Analysis for Objectives 3 and 9 

 
Patients with MPR ≥ 80 percent were categorized as adherent to their therapies and 

patients with MPR < 80 percent were categorized as non-adherent. MPR has been 

operationalized as a continuous variable and adherence has been operationalized as a categorical 

variable.   

Multivariate linear regression models were used to assess the relationship between patient 

MPR for hormonal therapies and out-of-pocket costs while controlling for age, days since breast 

cancer diagnosis, treatment type, and CCI score over 12 months after the index date. MPR was 

used as a continuous variable in this regression analysis.  
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Logistic regression analysis was used to determine if patient adherence (adherent if MPR 

≥80 percent) is related to hormonal therapy out-of-pocket costs while controlling for age, days 

since breast cancer diagnosis, treatment type, and CCI score over 12 months after the index date.  

The multivariate linear regression and logistic regression analyses were repeated over the 

entire study period. ‘Total length of observation period’ was added as a covariate for the study 

period analyses.  

 

3.8.5 Data Analysis for Objectives 4 and 10 
 

Days of persistence to hormonal therapy was assessed over the 12 months and the study 

period and was operationalized as continuous variable. A Cox proportional hazards model was 

used to assess the relationship between discontinuation of hormonal therapies and hormonal 

therapy out-of-pocket costs while controlling for age, days since breast cancer diagnosis, 

treatment type, and CCI score over the 12 months after the index date.  

A Cox proportional hazards model was also used during the entire study period. ‘Total 

length of observation period’ was added as a covariate for the study period analyses.  

 

3.8.6 Data Analysis for Objectives 5 and 11 
 

Patient medication possession ratio (MPR) was assessed over the 12-month period and 

over the study period. Patients with MPR ≥ 80 percent were categorized as adherent to their 

therapies and patients with MPR < 80 percent were categorized as non-adherent. MPR was 

operationalized as continuous variable and adherence was operationalized as a categorical 

variable.   
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Multivariate linear regression models were used to assess the relationship between patient 

MPR for hormonal therapies and total out-of-pocket costs (deductibles, coinsurance, and 

copayments) for all medical services (cancer and non-cancer related) while controlling for age, 

days since breast cancer diagnosis, treatment type, and CCI score over 12 months after the index 

date.  

Logistic regression analysis was used to determine if patient adherence (adherent if MPR 

≥80 percent) is related to total out-of-pocket costs (deductibles, coinsurance, and copayments) 

for all medical services (cancer and non-cancer related) while controlling for age, days since 

breast cancer diagnosis, treatment type, and CCI score over 12 months after the index date.   

The multivariate linear regression and logistic regression analyses were repeated over the 

entire study period. ‘Total length of observation period’ was added as a covariate for the study 

period analyses.  

 

3.8.7 Data Analysis for Objectives 6 and 12 
 

Days persistent was assessed from the index date to 12 months as well as over the study 

period and was operationalized as continuous variable. 

A Cox proportional hazards model was used to assess the relationship between 

discontinuation of hormonal therapies and total out-of-pocket costs (deductibles, coinsurance, 

and copayments) for all medical services (cancer and non-cancer related) while controlling for 

age, days since breast cancer diagnosis, treatment type, and CCI score over 12 months after the 

index date.  

A Cox proportional hazards model was also developed using the entire study period. 

‘Total length of observation period’ was added as a covariate for the study period analyses.  
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3.8.8 Data Analysis for Objectives 7 and 13 
 

Persistence was operationalized as a dichotomous variable. A logistic regression model 

was used to evaluate the relationship between hormonal therapy out-of-pocket costs and 

persistence in patients using hormonal therapies while controlling for age, days since breast 

cancer diagnosis, treatment type, and CCI score over 12 months after the index date.  

A logistic regression model was also developed using the entire study period. ‘Total 

length of observation period’ was added as a covariate for the study period analyses.  

 

3.8.9 Data Analysis for Objectives 8 and 14 
 

Persistence was operationalized as a dichotomous variable. A logistic regression model 

was used to evaluate the relationship between total out-of-pocket costs (deductibles, coinsurance, 

and copayments) for all medical services (cancer and non-cancer related) and persistence in 

patients using hormonal therapies while controlling for age, days since breast cancer diagnosis, 

treatment type, and CCI score over 12 months after the index date.  

A logistic regression model was also developed using the entire study period. ‘Total 

length of observation period’ was added as a covariate for the study period analyses. Table 3.6 

lists the study objectives, hypotheses, and the analyses.
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Table 3.6: Study Objectives, Hypotheses, and Associated Statistical Analyses 

Hypothesis DV 
Measurement 

Level 
IV 

Measurement 
Level 

Test 

Objective 1: To describe patient 

adherence (MPR) and 

persistence to hormonal 

therapy, hormonal therapy out-

of-pocket costs, and total out-of-

pocket costs over a period of 12 

months after therapy initiation 

and over the entire study period 

and to describe the proportions 

of patients adherent (MPR ≥ 80 

percent) and persistent to 

hormonal therapies over 12 

months and over the study 

period. 

 

     

Objective 2: To determine time 

to initiation of hormonal therapy 

after breast cancer diagnosis. 

     

Objective 3: To determine the 

association between hormonal 

therapy out-of-pocket costs and 

adherence (MPR) to hormonal 

therapy in patients diagnosed 

with breast cancer while 

controlling for age, days since 

breast cancer diagnosis, 

treatment type, and CCI score 

over 12 months after the index 

prescription. 

 

     

H (3a): The patient medication 
possession ratio is inversely 
related to patient hormonal 
therapy out-of-pocket costs 
while controlling for age, days 
since breast cancer diagnosis, 
treatment type, and CCI score 
over the 12 months after the 
index prescription. 
 

MPR Continuous 

Hormonal 
therapy 
out-of-
pocket 
costs 

Continuous 

Multivariate 
Linear 

Regression 
Analysis 

H (3b):  As patient hormonal 
therapy out-of-pocket costs 
increases, the likelihood of 
adherence to hormonal therapy 
decreases over the 12 months 
after the index hormonal therapy 
while controlling for age, days 
since breast cancer diagnosis, 
treatment type, and CCI score.  
 

Adherence Dichotomous 

Hormonal 
therapy 
out-of-
pocket 
costs 

Continuous 
Logistic 

Regression 

 
Objective 4: To determine the 

association between hormonal 

therapy out-of-pocket costs and 
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days of persistence with of 

hormonal therapy while 

controlling for patient age, days 

since breast cancer diagnosis, 

treatment type, and CCI score 

during 12 months after the index 

hormonal therapy prescription.  

 

H (4):  The risk of 
discontinuation of hormonal 
therapy is positively related to 
patient hormonal therapy out-of-
pocket costs while controlling 
for age, days since breast cancer 
diagnosis, treatment type, and 
CCI score during 12 months 
after the index hormonal therapy 
prescription. 
 

Days 
Persistent 

Continuous 

Hormonal 
therapy 
out-of-
pocket 
costs 

Continuous 

Cox 
proportional 

hazards 
model 

Objective 5: To determine the 

association between total out-of-

pocket costs (deductibles, 

coinsurance, and copayments) 

for all medical services (cancer 

and non-cancer related) 

delivered and patient adherence 

(MPR) to hormonal therapy 

while controlling for age, days 

since breast cancer diagnosis, 

treatment type, and CCI score 

over the 12 months after the 

index hormonal therapy 

prescription. 

 

     

H (5a): The patient medication 
possession ratio is inversely 
related to total out-of-pocket 
costs while controlling for age, 
days since breast cancer 
diagnosis, treatment type, and 
CCI score over the 12 months 
after the index hormonal therapy 
prescription. 

MPR Continuous 
Total out-
of-pocket 

costs 
Continuous 

Multivariate 
Linear 

Regression 
Analysis 

H (5b): As patient total out-of-
pocket cost increases, the 
likelihood of adherence to 
hormonal therapy decreases 
over the 12 months after the 
index hormonal therapy while 
controlling for age, days since 
breast cancer diagnosis, 
treatment type, days of 
enrollment, and CCI score. 

Adherence Dichotomous 
Total out-
of-pocket 

costs 
Continuous 

Logistic 
Regression 

Objective 6: To evaluate if the 

total out-of-pocket costs 

(deductibles, coinsurance, and 

copayments) for all medical 

services are associated with 

     

Table 3.6: Study Objectives, Hypotheses, and Associated Statistical Analyses continued. 
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days of persistence with 

hormonal therapies while 

controlling for age, days since 

breast cancer diagnosis, 

treatment type, and CCI score 

during 12 months after the index 

hormonal therapy prescription. 

H (6): The risk of 
discontinuation of hormonal 
therapy is positively related to 
patient total out-of-pocket cost 
while controlling for age, days 
since breast cancer diagnosis, 
treatment type, and CCI score 
over the 12 months after the 
index hormonal therapy 
prescription. 
 

Days 
Persistent 

Continuous 
Total out-
of-pocket 

costs 
Continuous 

Cox 
proportional 

hazards 
model 

Objective7: To determine if 

persistence to hormonal therapy 

is associated with patient 

hormonal therapy out-of-pocket 

costs while controlling for age, 

days since breast cancer 

diagnosis, treatment type, and 

CCI score over the 12 months 

after the index hormonal 

therapy prescription. 

     

H (7):  Persistence to 
hormonal therapy is inversely 
related to patient hormonal 
therapy out-of-pocket costs 
while controlling for age, days 
since breast cancer diagnosis, 
treatment type, and CCI score 
over the 12 months after the 
index date.  

Persistence Dichotomous 

Hormonal 
therapy 
out-of-
pocket 
costs 

Continuous 
Logistic 

regression 
analysis 

Objective 8: To determine if 

persistence to hormonal therapy 

is associated with  total out-of-

pocket costs (deductibles, 

coinsurance, and copayments) 

for all medical services (cancer 

and non-cancer related) while 

controlling for age, days since 

breast cancer diagnosis, 

treatment type, and CCI score 

during 12 months after the index 

hormonal therapy prescription. 

     

H (8):  Persistence to 
hormonal therapy is inversely 
related to patient total out-of-
pocket costs while controlling 
for age, days since breast cancer 
diagnosis, treatment type, and 
CCI score over the 12 months 
after the index hormonal therapy 
prescription.  

Persistence Dichotomous 
Total out-
of-pocket 

costs 
Continuous 

Logistic 
regression 
analysis 

Table 3.6: Study Objectives, Hypotheses, and Associated Statistical Analyses continued. 
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Objective 9: To determine the 

association between hormonal 

therapy out-of-pocket costs and 

adherence (MPR) to hormonal 

therapy while controlling for 

age, days since breast cancer 

diagnosis, treatment type, length 

of observation period and CCI 

score during the study period. 

 

     

H (9a): The patient medication 
possession ratio is inversely 
related to hormonal therapy out-
of-pocket costs while 
controlling for age, days since 
breast cancer diagnosis, 
treatment type, length of 
observation period, and CCI 
score during the study period. 
 

MPR Continuous 

Hormonal 
therapy 
out-of-
pocket 
costs 

Continuous 

Multivariate 
Linear 

Regression 
Analysis 

H (9b): As patient hormonal 
therapy out-of-pocket costs 
increases, the likelihood of 
adherence to hormonal therapy 
decreases while controlling for 
age, days since breast cancer 
diagnosis, treatment type, length 
of observation period, and CCI 
score during the study period. 
 

Adherence Dichotomous 

Hormonal 
therapy 
out-of-
pocket 
costs 

Continuous 
Logistic 

Regression 

Objective 10: To determine the 

association between hormonal 

therapy out-of-pocket costs and 

days of persistence with 

hormonal therapy while 

controlling for patient age, days 

since breast cancer diagnosis, 

treatment type, length of 

observation period, and CCI 

score during the study period.  

 

     

H (10): The risk of 
discontinuation of hormonal 
therapy is positively related to 
patient hormonal therapy out-of-
pocket costs while controlling 
for age, days since breast cancer 
diagnosis, treatment type, length 
of observation period, and CCI 
score during the study period. 
 

Days 
Persistent 

Continuous 

Hormonal 
therapy 
out-of-
pocket 
costs 

Continuous 

Cox 
proportional 

hazards 
model 

Objective11: To evaluate the 

relationship between total out-

of-pocket costs (deductibles, 

coinsurance, and copayments) 

for all medical services (cancer 

and non-cancer-related) 

delivered and adherence (MPR) 

     

Table 3.6: Study Objectives, Hypotheses, and Associated Statistical Analyses continued. 
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to hormonal therapies while 

controlling for patient age, days 

since breast cancer diagnosis, 

treatment type, length of 

observation period, and CCI 

score during the study period.  

 

H (11a): The patient medication 
possession ratio is inversely 
related to total out-of-pocket 
costs while controlling for age, 
days since breast cancer 
diagnosis, treatment type, length 
of observation period, and CCI 
score during the study period. 

MPR Continuous 
Total out-
of-pocket 

costs 
Continuous 

Multivariate 
Linear 

Regression 
Analysis 

H (11b): As patient total out-of-
pocket cost increases, likelihood 
of adherence to hormonal 
therapy decreases while 
controlling for age, days since 
breast cancer diagnosis, 
treatment type, length of 
observation period, and CCI 
score during the study period. 

Adherence Dichotomous 
Total out-
of-pocket 

costs 
Continuous 

Logistic 
Regression 

Objective 12: To evaluate if 

total out-of-pocket costs 

(deductibles, coinsurance, and 

copayments) for all medical 

services are associated with 

days of persistence with 

hormonal therapies while 

controlling for age, days since 

breast cancer diagnosis, 

treatment type, length of 

observation period and CCI 

score during the study period. 

     

H (12): The risk of 
discontinuation of hormonal 
therapy is positively related to 
patient total out-of-pocket cost 
while controlling for age, days 
since breast cancer diagnosis, 
treatment type, length of 
observation period, and CCI 
score during the study period.  
 

Days 
Persistent 

Continuous 
Total out-
of-pocket 

costs 
Continuous 

Cox 
proportional 

hazards 
model 

Objective 13: To determine if 

persistence to hormonal therapy 

is associated with hormonal 

therapy out-of-pocket costs 

while controlling for age, days 

since breast cancer diagnosis, 

treatment type, length of 

observation period and CCI 

score during the study period. 

     

H (13):  Persistence is inversely 
related to patient hormonal 
therapy out-of-pocket costs 

Persistence Dichotomous 
Hormonal 

therapy 
out-of-

Continuous 
Logistic 

regression 
analysis 

Table 3.6: Study Objectives, Hypotheses, and Associated Statistical Analyses continued. 
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while controlling for age, days 
since breast cancer diagnosis, 
treatment type, length of 
observation period, and CCI 
score during the study period.  
 

pocket 
costs 

Objective 14: To determine if 

persistence to hormonal therapy 

is associated with  patient total 

out-of-pocket costs (deductibles, 

coinsurance, and copayments) 

for all medical services (cancer 

and non-cancer related)while 

controlling for age, days since 

breast cancer diagnosis, 

treatment type, length of 

observation period and CCI 

score during the study period. 

     

H (14):  Persistence is inversely 
related to total out-of-pocket 
costs while controlling for age, 
days since breast cancer 
diagnosis, treatment type, length 
of observation period, and CCI 
score during the study period.  
 

Persistence Dichotomous 
Total out-
of-pocket 

costs 
Continuous 

Logistic 
regression 
analysis 

 

 

 

 

 

 
 
 
 
 
 

Table 3.6: Study Objectives, Hypotheses, and Associated Statistical Analyses continued. 
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CHAPTER 4: RESULTS 
 

4.1 Chapter Overview 
 
 This chapter provides a detailed description of the results, including descriptive 

statistics of the study sample and analyses. The findings are presented by time periods of 

analyses: 1) 12-month period after the index date; and 2) entire study period (variable 

follow-up time until end of study period or end of enrollment). The chapter begins with 

an overview of descriptive statistics and distribution of continuous variables, followed by 

the results from multivariable regressions, logistic regressions, and Cox proportional 

hazards regressions to evaluate the relationship between patient out-of-pocket costs 

(hormonal therapy and total) and patient adherence, MPR, persistence, and 

discontinuation (days of persistence) of therapy over the two time periods.  

 

4.2 Sample Selection 
 

Using the MarketScan® Commercial Claims Database, patients diagnosed with 

breast cancer between January 1, 2004 and December 31, 2005 were identified. From this 

cohort, patients who used hormonal therapy (tamoxifen or AIs) any time from January 1, 

2004 to June 30, 2009, were identified and followed for at least 12 months from the date 

of first hormonal therapy up to June 30, 2010. The date of the first tamoxifen or 

aromatase inhibitor prescription was designated the index date. Patients who switched 

therapy during the study period were censored at the time of switch. The following 

exclusion criteria were applied: 
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1) Less than 12 months of baseline (pre-diagnosis) continuous enrollment before breast 

cancer diagnosis,  

2) Non-continuous enrollment between breast cancer diagnosis and index date, 

3)  Less than 12 months of follow-up continuous enrollment after the index date,  

4) Less than 18 years or equal to or greater than 63 years of age on the breast cancer 

diagnosis date,  

5) Did not use hormonal therapy, 

6) The index hormonal therapy prescription was obtained before breast cancer 

diagnosis, and  

7) Did not get a second prescription fill for hormonal therapy within 12 months of the 

index date.  

To allow for at least 12 months of follow-up, the last possible date of cohort entry 

was June 30, 2009. Figure 4.1 shows the study’s exclusion criteria with corresponding 

sample sizes after the criteria were applied. 
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Figure 4.1: Sample Flow Diagram to Determine Sample Size 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 
 
 
 
 

Patients with two or more medical claims on 
different days no more than 6 months apart 
between January 1, 2004 and December 31, 
2005 with a diagnosis of breast cancer: 
63,730 

Patients with breast cancer codes before 
2004: 92 excluded 

Patients first diagnosed with breast cancer in 
2004 or 2005: 63,638 

Patients without continuous enrollment 
during the 12 months before breast cancer 
diagnosis: 39,776 excluded 

Patients with breast cancer diagnosis and 
enrollment data available: 62,517 

Missing enrollment data: 1,119 excluded 

Patients not using hormonal therapy during 
the study period: 12,418 excluded 

Patients using hormonal therapy drugs: 
10,323 

Patients with hormone therapy prescription 
before breast cancer diagnosis: 532 excluded 

Patients using hormonal therapy after breast 
cancer diagnosis: 9,791 

Patients with lack of continuous enrollment 
from breast cancer diagnosis date to 12 
months after index date: 2,424 excluded 

Patients with continuous enrollment from 
baseline to 12 months after index date: 7,367 

Patients with breast cancer diagnosis and 12 
months of continuous enrollment during 
baseline period: 22,741 

Patients without a second prescription for the 
index hormonal therapy during the 12 
months after index therapy: 465 excluded 

Patients with at least 2 prescriptions for 
index hormonal therapy during the 12 
months after index: 6,902 

Patients age 63 or older on breast cancer 
diagnosis date: 398 excluded 

Final sample: 6,504 patients 
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4.3 Sample Characteristics 
 

Of the 63,730 patients in the dataset, 6,504 patients met the inclusion criteria. The 

sample (N=6,504) included only female patients with breast cancer diagnosis between 

January 1, 2004 and December 31, 2005. All patients in the study sample were 

continuously enrolled during the 12 months prior to the breast cancer diagnosis.  The 

mean (SD) length of observation period after breast cancer diagnosis was 1,603.6 (503.8) 

days and patients received hormonal therapy on average 199.1 (181.7) days after the 

breast cancer diagnosis. A total of 49.9 percent (N=3,244) of the patients were enrolled in 

a PPO plan and 19.9 percent (N=1,296) were enrolled in an HMO plan. A total of 39.8 

percent (N=2,591) of the patients were from the South, 28.4 percent (N=1,845) were 

from the Midwest, 21.7 percent (N=1,409) were from the West, 9.6 percent (N=622) 

were from the Northeast and 0.6 percent (N=37) were from other regions (Puerto Rico, 

Virgin Islands, and other International territories). A majority of hormonal therapy 

prescriptions were dispensed as 30-day supply (65.4 percent) followed by 90-day supply 

(29.4). The mean (SD) supply of medication obtained at each fill was 48.7 (28) days. 

Sample characteristics are summarized in Table 4.1. 
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Table 4.1: Summary of Baseline Sample Characteristics 

Sample Characteristics  

Final Study Sample 6,504 

Mean (SD) length of observation period after breast 
cancer diagnosis date 

1,603.6 (503.8) days 

Mean (SD) days to hormonal therapy initiation after 
breast cancer diagnosis 

199.1 (181.7) days 

Type of Plan 
    PPO 

    HMO  
                                                                               Other* 

 

49.9% 

19.9% 

30.2% 

Geographic distribution 
South 

Midwest 
West 

Northeast 
Other 

 

39.8% 

28.4% 

21.7% 

9.6% 

0.6% 
*Other plans include basic, comprehensive, EPO, POS, CDHP, HDHP plans.  

 

4.4 Outlier Detection 
 

Presence of outlier values was checked for the following variables: 

• Medication possession ratio over 12 months  

• Medication possession ratio during study period 

• Days persistent over 12 months 

• Days persistent during study period 

• Hormonal therapy out-of-pocket costs over 12 months 

• Hormonal therapy out-of-pocket costs during study period 

• Total out-of-pocket costs over 12 months 

• Total out-of-pocket costs during study period 

Outliers were defined as cases where standardized scores of ±3 or more were 

observed. Outlier values for each variable listed above were removed prior to conducting 
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the analyses. This resulted in different sample sizes between analyses depending on the 

variables used in each analysis (since each variable had a different number of outlier 

values). Outlier values were removed prior to truncating MPR values to 100.0 percent 

and prior to truncating days of persistence to 365 days for the 12-month analyses and to 

length of observation period for the study period analyses. The number and range of 

outlier values deleted for each of the variables are listed in Table 4.2. 

 

Table 4.2: Number of Patients with Outlier Values and Range of Outliers 

Variable 
Number of 

Patients with 
Outlier Values* 

Range of Outlier 
Values 

Medication possession ratio over 12 months  4           1.4%-198.6% 

Medication possession ratio during study 
period 

26 250.0- 3,000.0% 

Days persistent over 12 months 1 725.0 days 

Days persistent during study period 0 NA 

Hormonal therapy out-of-pocket costs over 
12 months 

112 $696.84-3,970.97 

Hormonal therapy out-of-pocket costs 
during study period 

164 $2,277.21-6,872.45 

Total out-of-pocket costs during 12 months 64 $10,558.73-110,925.69 

Total out-of-pocket costs during study 
period 

74 $27,557.39-129,389.82 

* Outliers were defined as cases where standardized scores of ±3 or more were observed. 

 

4.5 Study Variables 
 
 Table 4.3 lists all study variables followed by a detailed description of the 

independent variables, covariates, correlations between independent variables, and 

dependent variables.  
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Table 4.3: List of Dependent and Independent Variables 

Dependent Variables Independent Variables 

 

• Medication possession ratio over 12 
months  

• Medication possession ratio during 
study period 

• Adherence (dichotomous) over 12 
months 

• Adherence (dichotomous) during 
study period 

• Days persistent over 12 months 

• Days persistent during study period 

• Persistence (dichotomous) over 12 
months 

• Persistence (dichotomous) during 
study period 

 

Financial Variables 

• Hormonal therapy out-of-pocket costs 
over 12 months 

• Total out-of-pocket costs over 12 
months 

• Hormonal therapy out-of-pocket costs 
during study period 

• Total out-of-pocket costs during study 
period 

 
Demographic covariates 

• Age 

• Length of observation period 
 
Clinical covariates 

• Days since breast cancer diagnosis 

• Treatment type 

• Charlson’s Comorbidity Index 
 

 

 

4.5.1 Independent Variables 
 

Independent variables were classified into three categories: 1) Demographic 

variables, 2) Clinical variables, and 3) Financial variables. Demographic variables 

examined include patient age and length of observation period. Clinical variables 

examined include days since breast cancer diagnosis, treatment type, and Charlson’s 

comorbidity index. Financial variables examined include hormonal therapy out-of-pocket 

costs and total out-of-pocket costs. Unlike the demographic and clinical variables that 

will not change over the study period, the financial variables are expected to change by 

time period (12 months vs the study period). Therefore, financial variables are presented 

separately for the 12-month period and the study period. 
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The next section provides a detailed description of all the independent variables 

and the subsequent section provides the descriptive statistics for the covariates that were 

used in the regression model. Correlation coefficients between the covariates and 

independent variables are also presented.  

 

4.5.1.1 Demographic Variables 

The mean (SD) and median age of the study sample were 52.5 years (6.8) and 

54.0 years, respectively. The mean (SD) and median length of observation period after 

breast cancer diagnosis and until end of study period or end of follow-up were 1603.6 

days (503.8) and 1,731.5 days, respectively. The distribution is presented in Figure 4.2. 

Table 4.4 presents the proportion of patients in specific age categories along with the 

mean and median length of observation period for patients in each of these categories.  
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Figure 4.2: Distribution of Age in the Study Sample 

 
 

Table 4.4: Patient Demographics Classified by Age Categories 

Age 
Categories 

Percent (N) 
Mean Age 

(SD) 
Median 

Age 

Mean  (SD) 
Length of 

Observation 
Period * 

Median 
Length of 

Observation 
Period*  

18-24 0.1% (1) 21.0 21 1,083.0  1,083.0  

25-34 1.0 % (68) 31.8 (2.0) 32 
1,695.4  
(470.4) 

1,776.0 

35-44 12.8% (832) 41.1 (2.5) 42 
1,608.4 
(518.4) 

1,748.0 

45-54 41.3% (2,684) 49.9 (2.8) 50 
1,671.9  
(508.0) 

1,807.0 

55-62 44.8% (2,919) 58.6 (2.2) 59 
1,537.3   
(487.5) 

1,659.0 

All Patients 100.0% (6,504) 52.5 (6.8) 54 
1,603.6 
 (503.8) 

1,731.5 

*Days of observation from breast cancer diagnosis to end of enrollment or end of study period. 
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4.5.1.2 Clinical Variables 

 A total of 48.0 percent (N=3,122) of patients initiated hormonal therapy on 

tamoxifen, 42.2 percent (N=2,745) on anastrozole, 8.3 percent (N=539) on letrozole, and 

1.5 percent (N=98) of patients initiated hormonal therapy on exemestane. Of the study 

sample, 28.1 percent (N= 1,830) of the patients switched therapies during the study 

period. These patients were censored at the time of switch and are included in the index 

therapy group only.  

The mean (SD) days to hormonal therapy initiation after breast cancer diagnosis 

were 199.1 (181.7) days. The mean (SD) and median number of hormonal therapy 

prescriptions in the first 12 months after index therapy were 7.3 (3.6) and 6.0, 

respectively. The mean (SD) and median number of hormonal therapy prescriptions over 

the entire study period were 18.3 (14.2) and 15.0, respectively.  

Table 4.5 shows the hormonal therapy distribution and patient demographics by 

index therapy and Table 4.6 shows the distribution of index therapy use among patients 

who switched therapies (Note: these patients were censored at the time of switch). 

 

Table 4.5: Hormonal Therapy Use and Patient Demographics in the Study Sample 
 

Hormonal 
Therapy 

N (%) Mean (SD) Age 
Days between Breast Cancer 

Diagnosis and Index Date 

Tamoxifen 3,122 (48.0) 49.3 (6.9) 178.7 (161.3) 

Anastrozole 2,745 (42.2) 55.6 (5.2) 203.8 (176.2) 

Letrozole  539 (8.3) 54.7 (5.7) 271.5 (257.9) 

Exemestane 98 (1.5) 54.2 (6.4) 316.6 (268.6) 

All Patients 6,504 (100.0) 52.5 (6.8) 199.0 (181.7) 
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Table 4.6: Hormonal Therapy Use and Patient Demographics in Patients who 

Switched Therapies 
 

Index Hormonal 
Therapy 

N (%) Mean (SD) Age 
Days between Breast Cancer 

Diagnosis and Index Date 

Tamoxifen 1,069 (58.4%) 49.7 (6.2) 184.6 (120.3) 

Anastrozole 612 (33.4%) 54.2 (5.7) 205.6 (145.9) 

Letrozole  127 (6.9%) 53.9 (6.3) 284.7 (299.0) 

Exemestane 22 (1.2%) 52.7 (6.2) 368.1 (360.4) 

All Switch 
Patients 

1,830 (100.0%) 51.5 (6.4) 200.8 (155.7) 

 

 

Charlson Comorbidity Index (CCI) scores were calculated based on data from the 

12-month baseline period. Weights used for this calculation are presented in Table 3.2 

(Chapter 3). The mean (SD) and median CCI scores for the study sample were 2.1 (0.8) 

and 2.0, respectively. Table 4.7 presents the distribution of CCI by age. Table 4.8 lists 

CCI for tamoxifen and AI users as well as for patients who switched therapies.  
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Table 4.7: Charlson Comorbidity Index (CCI) Classified by Age Categories 

Age 
Categories 

Percent (N) 
Mean (SD) 

CCI 
Median 

CCI 
Treatment Type 

18-24 0.1% (1) 2.0 2 Tamoxifen: 1  

25-34 1.0 % (68) 2.1 (0.9) 2 
Tamoxifen: 56 
Anastrozole: 9 

Letrozole: 2 

35-44 12.8% (832) 2.1 (0.9) 2 

Tamoxifen: 695 
Anastrozole: 97 

Letrozole:33 
Exemestane: 7 

45-54 41.3% (2,684) 2.1 (0.9) 2 

Tamoxifen: 1,611 
Anastrozole: 850 

 Letrozole: 189 
Exemestane: 34 

55-64  
  

44.9% (2,919) 2.1 (0.6)) 2 

Tamoxifen: 759 
Anastrozole: 1,789  

Letrozole: 315 
Exemestane: 56 

All Patients 100.0% (6,504) 2.1 (0.8) 2 

Tamoxifen: 3,122 
Anastrozole: 2,745 

Letrozole: 539 
Exemestane: 98 

*Anastrolzole, Letrozole, and Exemestane are Aromatase Inhibitor (AI).  

 

 

Table 4.8: Charlson Comorbidity Index (CCI) by Treatment 

Treatment Type Percent (N) 
CCI Mean 

(SD) 
Median 

Tamoxifen 48.0% (3,122) 2.0 (0.6) 2.0 

Anastrozole 42.2% (2,745) 2.1 (0.8) 2.0 

Letrozole 8.3% (539) 2.2 (1.2) 2.0 

Exemestane 1.5% (98) 2.3 (1.3) 2.0 

Switch Patients* 28.0% (1,830) 2.1 (0.8) 2.0 

* Patients switched from tamoxifen to AIs. Switch patients were censored on the date of switch. These 
patients are included in the 3,593 patients in the tamoxifen group.  
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4.5.1.3 Financial Variables  

Financial variables are presented by duration of follow-up: the 12-month period 

and over the study period.  

 

Financial Variables over 12 Months after the Index Date  
 
Hormonal Therapy Out-of-Pocket Costs 

Patient hormonal therapy out-of-pocket costs included copays, coinsurance, and 

deductibles paid by the patient when obtaining hormonal therapy (tamoxifen or AI) 

prescription. Patients with outlier values (N= 112) for hormonal therapy out-of-pocket 

costs were not included in the analysis.  

The mean (SD) and median patient hormonal therapy out-of-pocket costs over the 

12 months after the index hormonal therapy were $141.94 (130.85) and $100.00, 

respectively. The mean (SD) and median number of hormonal therapy prescriptions 

obtained during the 12-month period were 7.3 (3.6) and 6.0, respectively. The average 

cost per prescription filled was $21.17 (28.47) for an average supply of 45.60 days. Table 

4.9 presents distribution of hormonal therapy out-of-pocket costs for patients.  
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Table 4.9: Number and Percentage of Patients Classified by Hormonal 
Therapy Out-of-pocket Cost Categories during 12 Months after the Index Date 

 

Average 
Patient 

Payment 

Number of 
Patients 

Percent 

$0.00 247 3.9 

$0.01- 5.00 7 0.1 

$5.01-10.00 102 1.6 

$10.01-20.00 321 5.0 

$20.01-30.00 370 5.8 

$30.01-40.00 292 4.6 

$40.01-50.00 322 5.0 

$50.01-60.00 432 6.8 

$60.01-70.00 259 4.1 

$70.01-80.00 341 5.3 

$80.01-90.00 229 3.6 

$90.01-100.00 307 4.8 

$100.01-110.00 
177 

 
2.8 

$110.01-120.00 337 5.3 

$120.01-130.00 233 3.6 

$130.01-140.00 128 2.0 

$140.01+ 2,287 35.8 

Total 6,392* 100.1** 

* Total number of patients does not add up to 6,504 since 112 patients with outlier 
values for hormonal therapy out-of-pocket costs over 12 months were excluded. 
** Total adding up to more than 100.00 due to rounding error. 
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Figure 4.3 shows the distribution of hormonal therapy out-of-pocket costs during the 12-

month period. 

 

Figure 4.3: Distribution of Hormonal Therapy Out-of-Pocket Costs over 12 Months 
after the Index Therapy 

 
 
 
Hormonal therapy out-of-pocket costs by type of hormonal therapy are presented in Table 

4.10. 

 
Table 4.10: Hormonal Therapy Out-of-pocket Costs by Type of Therapy 

 

Treatment Number of Patients* Percent% Mean (SD) Cost Median Cost 

Tamoxifen 3,122 48.8 $78.15 (54.66) $67.63 

Anastrozole 2,654 41.5 $203.74 (154.01) $180.00 

Letrozole 522 8.2 $199.91 (142.17) $180.00 

Exemestane 94 1.5 $193.75 (139.02) $170.00 

All* 6,392 100.0 $141.94 (130.85) $100.00 
* Total number of patients does not add up to 6,504 since 112 patients with outlier values for hormonal therapy out-of-pocket costs 
over 12 months were excluded. 
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Total Out-of-Pocket Costs 

Total out-of-pocket costs were estimated by adding all patient medical costs 

incurred for cancer and non-cancer related care. These were calculated by combining 

copays, coinsurance, and deductibles for inpatient admissions, outpatient services, use of 

facilities, and prescription medication use. Patients with outlier values (N=64) were not 

included in the analyses.  

The mean (SD) and median total out-of-pocket costs over the 12-month period 

after the index hormonal therapy were estimated to be $1,641.72 (1,627.21) and 

$1,110.78 respectively. Table 4.11 presents the mean costs broken down by individual 

components (i.e., out-of-pocket costs for inpatient admissions, inpatient stays, outpatient 

services, use of facilities and prescription medication). These individual total cost 

components are explained in detailed in Appendix A. Table 4.12 presents the distribution 

of patients in different cost categories. 

 

Table 4.11: Mean and Median Out-of-pocket Costs Incurred in Inpatient, 
Outpatient, and Outpatient Pharmacy Over 12 Months after the Index Therapy 

 

 Facilities 
Inpatient 

Admissions 
Outpatient 

Services 
Prescription 

Drugs* All Costs 

Number of 
patients** 

3,663 462 6,371 6,451 6,440*** 

Mean (SD)  
$578.35 

(1400.92) 
$959.81 

(1613.40) 
 $934.75 

(1820.49) 
$521.57 
(509.26) 

$1,641.72 
(1,627.21) 

Median  $227.17 $488.77 $513.22 $375.26 $1,110.78 
  *Prescription drug costs include OOP costs for hormonal therapy and non-hormonal therapy drugs. 
** Only patients who used each of the services listed were included when calculating mean and median costs. 
 *** Total number of patients does not add up to 6,504 since 64 patients with outlier values for total out-of-pocket costs over 12 months 
were excluded. 
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Table 4.12: Number and Percentage of Patients Classified by Total Out-of-Pocket 
Cost Categories over 12 Months after the Index Date  

 

Patient Payment 
Number 

of 
Patients 

Percent 

$0 19 0.3 

$0.01-100.00 79 1.2 

$100.01-500.00 1360 21.1 

$500.01-1,000.00 1,490 23.1 

$1,000.01-1,500.00 1,063 16.5 

$1,500.01-2,000.00 670 10.4 

$2,000.01-3,000.00 785 12.2 

$3,000.01+ 974 15.2 

Total* 6,440 100.0 

* Total number of patients does not add up to 6,504 since 64 
patients with outlier values for total out-of-pocket costs over 12 
months were excluded. 

 

Figure 4.4 shows the distribution of total out-of-pocket costs during the 12-month 

period. 
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Figure 4.4: Distribution of Total Out-of-Pocket Costs over 12 Months after the 
Index Therapy 

 
 

 

 
Financial Variables over the Study Period 

Hormonal Therapy Out-of-Pocket Costs 

Patient hormonal therapy out-of-pocket costs over the study period were 

calculated by combining patient copays, coinsurance, and deductibles for hormonal 

therapy drugs obtained over the study period. Patients with outlier values for hormonal 

therapy out-of-pocket costs over the study period (N = 164) were not included in the 

analyses.  

The mean (SD) and median patient hormonal therapy out-of-pocket cost over the 

entire study period (i.e., until end of enrollment or end of study period) were $374.29 

(421.73) and $225.00, respectively. The mean (SD) and median number of hormonal 

therapy prescriptions filled during the study period were 18.3 (14.2) and 15.0, 
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respectively. The average cost per prescription filled was $24.19 (39.70) for an average 

medication supply of 48.7 days. Table 4.13 presents the distribution of patients in 

different cost categories.  
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Table 4.13: Number and Percentage of Patients Classified by Hormonal 
Therapy Out-of-pocket Cost Categories per Prescription during the Study Period 

 

Patient 
Payment 

Number of 
Patients* 

Percent (%) 

$0.00 184 2.9 

$0.01- 5.00 7 0.1 

$5.01-10.00 65 1.0 

$10.01-20.00 163 2.6 

$20.01-30.00 166 2.6 

$30.01-40.00 181 2.9 

$40.01-50.00 166 2.6 

$50.01-60.00 169 2.7 

$60.01-70.00 133 2.1 

$70.01-80.00 181 2.9 

$80.01-90.00 151 2.4 

$90.01-100.00 128 2.0 

$100.01-110.00 121 1.9 

$110.01-120.00 166 2.6 

$120.01-130.00 137 2.2 

$130.01-140.00 127 2.0 

$140.01-150.00 125 2.0 

$150.01+ 3,970 62.6 

Total* 6,340* 100.1** 

* Total number of patients does not add up to 6,504 since 164 patients with outlier 
values for hormonal therapy out-of-pocket costs during study period were excluded. 
** Total adding up to more than 100.00 due to rounding error. 
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Figure 4.5 shows the distribution of hormonal therapy out-of-pocket costs during 

the entire study period. 

 
Figure 4.5: Distribution of Hormonal Therapy Out-of-pocket 

Costs over the Study Period 

 
 

Hormonal therapy out-of-pocket costs over the study period by type of hormonal 

therapy are presented in Table 4.14 
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Table 4.14: Hormonal Therapy Out-of-pocket Costs Over the Study Period by Type 
of Therapy 

 

Treatment 
Number of 
Patients* 

Percent(%) 
Mean (SD) 

Cost 
Median 

Cost 

Tamoxifen 3,122 49.2 $189.96 (162.70) $150.00 

Anastrozole 2,607 41.1 $561.37 (412.19) $400.00 

Letrozole 518 8.2 $523.53 (498.07) $360.00 

Exemestane 93 1.5 $486.64 (436.29) $300.00 

All* 6,340 100.0 $374.29 (421.73) $225.00 
* Total number of patients does not add up to 6,504 since 164 patients with outlier values for hormonal therapy out-of-pocket costs 

over the study period were excluded. 

 

Total Out-of-Pocket Costs 

Total patient out-of-pocket costs were estimated by adding all patient medical 

costs incurred for cancer and non-cancer related care over the study period. These were 

calculated by combining copays, coinsurance, and deductibles for inpatient admissions, 

inpatient stays, outpatient services, use of facilities, and prescription medication use over 

the study period. Patients with outlier values (N = 74) were not included in the analysis.  

The mean (SD) and median total out-of-pocket costs over the entire study period 

were estimated to be $7,267.68 (5,645.84) and $5,715.21, respectively. Table 4.15 

presents the mean costs broken down by individual components (i.e., out-of-pocket costs 

for inpatient admissions, outpatient services, use of facilities and prescription 

medication). These individual components are explained in detailed in Appendix A.  

Table 4.16 presents the distribution of patients in different cost categories. 
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Table 4.15: Mean and Median Costs Incurred in Inpatient, Outpatient, 
and Outpatient Pharmacy over the Study Period 

 

 Facilities 
Inpatient 

Admissions 
Outpatient 

Services 
Prescription 

Drugs* 

All 
Costs** 

Number of 
patients*** 

4,912 1,154 6,407 6,464 6,430 

Mean (SD) 
$1,283.70 
(2,390.93) 

$1,292.89 
(3,078.52) 

$4,865.12 
(3,956.01) 

$1,620.20  
(1,782.28) 

$7,267.68 
(5645.84) 

Median $617.72 $622.02 $2,796.43 $1,008.74 $5,715.21 
  *Prescription drug costs include OOP costs for hormonal therapy and non-hormonal therapy drugs. 
**Total number of patients does not add up to 6,504 since 74 patients with outlier values for total out-of-pocket 

costs during study period were excluded.  
*** Only patients who used each of the services listed were included when calculating mean and median costs.  
 

 

 

Table 4.16: Number and Percentages of Patients Classified by Total Out-of-Pocket 
Cost Categories during the Study Period 

 

Patient Payment 
Number 

of Patients* 
Percent 

$0.00 8 0.1 

$0.01-1,000.00 348 5.4 

$1,000.01-2,000.00 686 10.7 

$2,000.01-3,000.00 636 9.9 

$3,000.01-4,000.00 598 9.3 

$4,000.01-5,000.00 583 9.1 

$5,000.01-6,000.00 493 7.7 

$6,000.01-7,000.00 432 6.7 

$7,000.01-8,000.00 346 5.4 

$8,000.01-9,000.00 320 5.0 

$9,000.01-10,000.00 298 4.6 

$10,000.01+ 1,682 26.2 

Total 6,430 100.0 

* Total number of patients does not add up to 6,504 since 74 patients with outlier 
values for total out-of-pocket costs during study period were excluded.   
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Figure 4.6 shows the distribution of total out-of-pocket costs during the entire 

study period. 

 

Figure 4.6: Distribution of Total Out-of-pocket Costs over the Study Period 

 
 

4.5.2 Description of Covariates  
 

This study employed age, length of observation period, days since breast cancer 

diagnosis, treatment type, and Charlson’s comorbidity index (CCI) as covariates when 

evaluating the relationship between the independent variables and the dependent 

variables. Table 4.17 lists the descriptive statistics for the study covariates.  
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Table 4.17: Covariates in the Regression Models 

Variable Name 
Operational 
Definition 

Values or Number 
of Patients 

Range 

Age 
Patient age at breast cancer 
diagnosis.  
Continuous variable 

Mean =  52.5 years 
SD = 6.8 years 

21.0-62.0 years 

Days since breast cancer 
diagnosis 

Number of days between 
breast cancer diagnosis and 
the index date. 
Continuous variable 

Mean = 199.1 days 
SD = 181.7 days 

1.0-1,739.0 days 

Treatment type 
Tamoxifen=1 
AIs=0 

Number of tamoxifen 
patients = 3,122 

(48.0%) 
Number of Aromatase 

Inhibitor patients = 
3,382 (52.0%) 

Not Applicable 

Charlson’s Comorbidity 
Index (CCI) 

Comorbidity score based on 
Deyo’s adaptation of CCI 
Continuous variable 

Mean = 2.1  
SD = 0.8 

2.0-14.0 

Length of observation 
period 

Total days of observation 
during the study period 
which was measured from 
the breast cancer diagnosis 
date until end of study 
period or end of follow-up 
Continuous variable 

Mean = 1,603.6 days 
SD = 503.8 days 

365.0-2,371.0 days 

 

Two-tailed Pearson correlations and point-biserial correlations were calculated for 

all the independent variables and covariates. Correlation coefficients show the strength 

and direction of the relationship between the variables and range from -1 to +1. 

Correlation coefficients greater than zero indicate a positive relationship between the 

variables (i.e., as value of the first variable increases, value of the second variable also 

increases). Correlation coefficients less than zero indicate a negative relationship between 

the variables (i.e., as value of the first variable increases, values of the second variable 

decreases). Multicollinearity exists when two independent variables are highly correlated. 

High correlation between independent variables may result in large standard errors and 

can make the regression coefficients unstable. Typically, independent variables with 
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correlation coefficients greater than ±0.4 are considered to have a substantial influence on 

the regression model and should be removed from the model.  Table 4.18 lists the 

Pearson correlation values for all the independent variables and covariates. The 

independent variables over the entire study period were used for the estimation of 

correlation coefficients. P-values are listed for coefficients that were statistically 

significant (p<0.05). 

 

Table 4.18: Correlation Coefficients for the Independent Variables 
 

 Age 
Days of 

Observation 
HT 

OOPa 

Total 
OOPb 

Days 
since BCc 
Diagnosis 

Treatment 
Typed CCIe 

Age  
-0.136 

p<0.001 
0.185 

p<0.001 
0.028 

p=0.027 
-0.107 

p<0.001 
-0.446 

p<0.001 
-0.011 

Days of 
observation 

  
0.150 

p<0.001 
0.128 

p<0.001 
0.140 

p<0.001 
0.070 

p<0.001 
-0.031 

p=0.014 

HT OOP    
0.385 

p<0.001 
-0.004 

-0.429 
p<0.001 

-0.005 

Total OOP     
0.047 

p<0.001 
-0.062 

p<0.001 
0.009 

Days since 
BC 
diagnosis 

  
 
 

 
 

 
-0.108 

p<0.001 
0.037 

p=0.003 

Treatment 
type 

      
-0.048 

p<0.001 
α=0.05. p-values for all significant correlations are provided. Missing p-values indicate non-significant relationship.  
a HT OOP: Hormonal therapy Out-of-Pocket costs 

bTotal OOP: Total Out-of-Pocket costs 
c BC: Breast Cancer 

d Treatment type; 1: Tamoxifen, 2: Aromatase Inhibitor 

e CCI: Charlson Comorbidity Index 

 

Pearson correlation coefficients showed that age was significantly correlated with 

days of observation, hormonal therapy out-of-pocket costs, total out-of-pocket costs, days 

since breast cancer diagnosis, and treatment type. Days of observation was significantly 

correlated with total and hormonal therapy out-of-pocket costs, days since breast cancer, 

treatment type, and CCI. Hormonal therapy and total out-of-pocket costs were also 



141 
 

significantly correlated. Additionally, hormonal therapy out-of-pocket costs were 

significantly correlated with treatment type. Total out-of-pocket costs were significantly 

correlated with days since breast cancer diagnosis and with treatment type. Significant 

correlations were also observed between days since breast cancer and treatment type and 

CCI, and between treatment type and CCI.  

The magnitude of correlation between age and treatment type (0.446) indicates 

multicollinearity between these variables. These variables are expected to be correlated 

since the type of hormonal therapy changes with age. Tamoxifen is indicated for use in 

pre-menopuausal women and AIs are indicated for use in post-menopausal women. As a 

result, tamoxifen utilization is more common in younger women compared to AIs. Patient 

age by type of treatment is presented in Table 4.5.  

Similarly, magnitude of correlation between treatment type and hormonal therapy 

out-of-pocket costs (0.429) also suggests multicollinearity. Tamoxifen was available as a 

generic during the study timeframe whereas AIs were available as branded medications. 

This may explain the correlation observed between treatment type and hormonal therapy 

out-of-pocket costs. The hormonal therapy out-of-pocket costs by type of drugs over the 

12 months and the study period are presented in Tables 4.10 and 4.11, respectively.  

In addition to correlation, tolerance was also assessed to evaluate multicollinearity 

between variables. The ‘tolerance’ is the percent of variance in an independent variable 

which cannot be accounted for by other variables in the model. A small value for 

tolerance indicates that the variable is almost a perfect linear combination of the other 

independent variables being evaluated in the regression model, and therefore should not 
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be included in the equation. Tolerance values less than 0.1 may indicate multicollinearity 

between independent variables. 318  

Tolerance values for the variables in the multivariate linear regression models are 

presented with the model results in subsequent sections. Since all models (the 

multivariate linear regression, the logistic regression, and the Cox regression) used the 

same independent variables, the tolerance values presented with the multivariate linear 

regression results are representative of the logistic and the Cox regression models as well. 

Variables with tolerance values of less than 0.1 were excluded and the models were re-

run to evaluate changes in the parameters.  

 

4.5.2 Dependent Variables 

4.5.2.1 Medication Possession Ratio (MPR) 

The medication possession ratio (MPR) was calculated for the first 12 months and 

for the entire treatment duration after the index day of therapy, i.e., from the index date to 

the end of the study period or end of enrollment (whichever happens first). Patients with 

an MPR greater than or equal to 80.0 percent were considered adherent to their index 

therapies. An MPR greater than 100.0 percent implies oversupply of the medication; 

therefore, in patients with MPR>100.0 percent, the MPR was truncated to 100.0 percent. 

Sensitivity analyses with MPR greater than or equal to 70.0 percent and 90.0 percent 

were conducted.  

 

                                                 
318 "Identifying Multicollinearity in Multiple Regression,"  
http://www.researchconsultation.com/multicollinearity-regression-spss-collinearity-diagnostics-vif.asp. 
Accessed on 8/10/2014. 
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Medication Possession Ratio over the 12 Months after the Index Therapy 
 

For the 12-month analyses, all patients were followed for an equal duration of 

time. As explained in the methodology chapter, the following formula with fixed a 

denominator was used for calculating MPR over the 12 months after the index date:  

 

���% =
��� 
� ��� ������ ��������� 

���
X 100 

 

The outlier values were identified by calculating standardized z scores. Four 

patients with outlier values were identified and excluded from the analyses.  

The mean and median patient MPRs (N=6,500) over the 12 months after the 

index date were 85.6 (23.5) and 98.6 percent, respectively. A total of 75.1 percent 

(N=4,884) of the patients were adherent (MPR ≥80.0 percent) to their hormonal therapy 

during the 12 months after the index date. Table 4.19 presents MPR distribution over 12 

months and Table 4.20 presents MPRs for patients who initiated therapy on tamoxifen or 

AIs.  
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Table 4.19: Distribution of Patient Medication Possession Ratio (MPR) over 12 
Months after the Index Therapy 

 

MPR % 
Number 

of Patients* 
Percent 

< 29.99 323 5.0 

30.00-49.99 569 8.8 

50.00-69.99 368 5.7 

70.00-79.99 356 5.5 

80.00-89.99 289 4.4 

90.00-99.99 1,867 28.7 

100.00* 2,728 42.0 

Total** 6,500 

 

100.0 

 
* MPR values greater than 100.0 were truncated to 100.0.  
** Total number of patients does not add up to 6,504 since 4 patients 

with outlier values for MPR were excluded.   
 
 

 

Table 4.20: Medication Possession Ratio (MPR) over 12 Months for Patients who 
Initiated Therapy on Tamoxifen and AIs  

 

Treatment 
Number of 

Patients* 
Percent Mean (SD) MPR 

Tamoxifen 3,122 48.0 85.1 (23.3) 

Aromatase Inhibitor 3,378 52.0 86.1 (23.6) 

* Total number of patients does not add up to 6,504 since 4 patients with outlier values for MPR were excluded.   
 
 

 

Figure 4.7 shows the distribution of medication possession ratio over the 12 

months after the index date. 
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Figure 4.7: Distribution of Medication Possession Ratio over the 12 Months after the 
Index Hormonal Therapy Date 

 
 

 

 
Sensitivity Analyses 

  

When defining adherence as MPR ≥ 70.0 percent, 80.6 percent (N=5,240) of the 

patients were adherent to their hormonal therapy during the 12 months after the index 

date. When defining adherence as MPR ≥ 90.0 percent, 70.7 percent (N= 4,595) of the 

patients were adherent to their hormonal therapy during the 12 months after the index 

date. 

 

Medication Possession Ratio over the Study Period 
 

The study period analyses had variable follow-up since patients were followed 

from their index therapy day until the end of the study period or end of enrollment. As a 
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result, a fixed time period could not be used as the denominator for the MPR calculation. 

The following formula was used for calculating MPR over the study period: 

 

���% =
��� 
� ��� ������ ��������� ������� ��� ��� ����������
��

��� 
� ��� ��� ��� ��� ����� �� ��� ����������
� ���� ���
X 100 

 

After removing outlier values (N = 26), the mean and median patient MPRs over 

the study period (N=6,478) were 89.3 (16.1) and 96.2, respectively. Of the study sample 

(N = 6,478), 82.0 percent (N=5,311) of the patients were adherent (MPR≥80.0 percent) to 

their hormonal therapy over the study period. Table 4.21 presents MPR distribution over 

the study period and Table 4.22 presents MPRs by type of treatment (tamoxifen or AIs).  
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Table 4.21: Distribution of Medication Possession Ratio (MPR) over the Study 
Period 

 

MPR % 
Number 

of 
Patients 

Percent 

< 29.99 81 1.3 

30.00-49.99 206 3.2 

50.00-69.99 448 6.9 

70.00-79.99 432 6.7 

80.00-89.99 894 13.8 

90.00-99.99 2,523 38.9 

100.00* 1,894 29.2 

Total** 6,478 100.0 

* Total number of patients does not add up to 6,504 since 
26 patients with outlier values for MPR over the study 
period were excluded. 

 

 

Table 4.22: Medication Possession Ratio (MPR) over the Study Period for Patients 
who Initiated Therapy on Tamoxifen and AIs  

 

Treatment 
Number of 

Patients* 
Percent Mean (SD) MPR 

Tamoxifen 3,113 48.0 88.1 (16.8) 

Aromatase Inhibitors 3,365 52.0 90.3 (15.4) 

* Total number of patients does not add up to 6,504 since 26 patients with outlier values for MPR over the study period were excluded. 

 

Figure 4.8 shows the distribution of medication possession ratio over the entire 

study period.  
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Figure 4.8: Distribution of Medication Possession Ratio over the Study Period 

 

 
 

 
 
 
Sensitivity Analyses 

 

 When defining adherence as MPR ≥ 70.0 percent, 88.7 percent (N=5,743) of the 

patients were adherent to their hormonal therapy during the study period. When defining 

adherence as MPR ≥90.0 percent, 68.2 percent (N= 4,417) patients were adherent to their 

hormonal therapy during the study period.  

 

4.5.2.2 Persistence 

Persistence measures the duration for which the patient has been on drug therapy 

without a meaningful interruption in therapy. In this study, persistence was defined as the 

total number of days from the date the first prescription was filled until there was a gap or 

stoppage of therapy for 60 days or more. Days of persistence to therapy were evaluated 
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by calculating number of days between subsequent fills where patients had possession of 

the medication until a gap in therapy was observed. In addition to the days of persistence 

calculation using less than a 60-day gap period, sensitivity analyses with gaps in therapy 

equal to or greater than 30-day and 90-day were conducted.   

 

Persistence over the 12 Months after the Index Therapy 
 

Persistence to hormonal therapy for 12 months after the index therapy was 

measured. After calculation of the standardized scores, days of persistence greater than 

365 days were truncated to 365 days.  

After removing the outlier value (N=1), the mean and median days of persistence 

(N=6,503) during the first 12 months after the index therapy were 313.3 (97.8) and 365 

days, respectively. Patients were considered persistent if they did not have a gap longer 

than 60 days during the entire 12-month period (365 days). Of the study sample 

(N=6,504), 68.3 percent (N=4,433) patients were persistent to their therapies for the 

entire duration of 12 months after the index date. Table 4.23 lists the proportion of 

patients and days of persistence over the 12-month period.  
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Table 4.23: Frequency and Percentages of Patients by Days Persistent Categories 
over 12 Months after the Index Therapy 

 
 

* Total number of patients does not add up to 6,504 since 
1 patient with outlier values for days persistent over 12 
months was excluded. 

 

Figure 4.9 shows the distribution of days of persistence during the 12-month 

period. 

 

 

 

Days 
Persistent 

Number 
of 

Patients 
Percent 

<60 days 254 3.9 

60-120 days 376 5.8 

121-180 days 333 5.1 

181-240 days 287 4.4 

241-300 days 279 4.3 

301-360 days 434 6.7 

361-364 days 107 1.6 

365 days 4,433 68.3 

Total* 6,503 100.0 
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Figure 4.9: Distribution of Days Persistent over the 12-Month Period 

 
 
 

Sensitivity Analyses 

 

Sensitivity analyses with 30-day and 90-day gaps in therapy were conducted.  

When using 30-day gap definition, patients were considered persistent to therapy as long 

as there was not a 30-day or longer gap in continuous therapy.  

The mean and median days of persistence during first 12 months after the index 

therapy without a 30-day or longer gap in continuous therapy were 293.9 (113.2) days 

and 365 days, respectively. Of the study sample (N=6,504), 61.9 percent (N=4,028) 

patients were persistent to their therapies for the entire duration of 12 months after the 

index date (i.e., did not have a gap of 30 days or more in continuous therapy during the 

entire 12 months or 365 days period).  

When using 90-day gap definition, patients were considered persistent to therapy 

as long as there was not a 90-day or longer gap in continuous therapy. The mean and 
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median days of persistence during first 12 months after the index therapy without a 90-

day or longer gap in continuous therapy were 320.2 (90.0) and 365.0 days, respectively. 

Of the study sample (N=6,504), 70.0 percent (N=4,553) patients were persistent to their 

therapies for the entire duration of 12 months after the index date (i.e., did not have a gap 

of 90 days or more in continuous therapy during the entire 12 months or 365 days 

period). Table 4.24 summarizes the results from the persistence analyses. 

 

Table 4.24: Days of Persistence with <30-day, <60-day, and <90-day Gap in Therapy 
over 12 Months after the Index Therapy 

 

 
Days Persistent 
< 30-Day Gap 

Days Persistent 
< 60-Day Gap 

Days Persistent 
< 90-Day Gap 

Mean (SD) 293.9 (113.2) 313.3 (97.8) 320.2 (90.0) 

Median 365.0 365.0 365.0 

% (N) Persistent 
61.9 

(4,028) 
68.2 

(4,433) 
70.0 

(4,553) 

 

As expected, the mean days of persistence and percent of patients persistent were 

lowest when using less than 30-day gap definition for persistence. Mean days of 

persistence and proportion of patients persistent increased as the number of allowed gap 

days increased.  

 

Persistence over the Study Period 
 

Patients had variable follow-up times over the entire study period; therefore, 

persistence was calculated for variable follow-up times starting from the index date of 

therapy until the end of follow-up or end of study period. The maximum possible days of 

persistence during the study period was the number of days between the index date and 

end of enrollment.  
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All standardized z scores for the days of persistence variable ranged from -3 to 

+3; therefore, no outlier values were found. After calculation of the standardized scores, 

days of persistence greater than total length of observation period (maximum possible 

days on therapy during the study period) were truncated to be equal to the length of 

observation period.  

The mean and median days of persistence during the study period were 826.8 

(583.7) and 703.0 days, respectively. Patients were considered persistent if they did not 

have a gap longer than 60 days during the study period. Of the entire sample included in 

this analysis (N=6,504), 30.9 percent of patients (N=2,010) were persistent to therapy for 

the complete follow-up period, starting from the index date until end of enrollment or end 

of study period. Table 4.25 lists proportion of patients and days of persistence over the 

study period.  

 

 

 

 

 

 

 

 

 

 

 



154 
 

Table 4.25: Frequency and Percentages of Patients by 
Days Persistent Categories over the Study Period 

 

Patient Days of  
Persistence 

Number 
of Patients 

Percent 

<100 days 511 7.9 

101-200 days 560 8.6 

201-300 days 459 7.1 

301-400 days 508 7.8 

401-500 days 467 7.2 

501-600 days 402 6.2 

601-700 days 337 5.2 

701-800 days 332 5.1 

801-900 days  319 4.9 

901-1000 days 255 3.9 

1001-1100 days 242 3.7 

1101-1200 days 217 3.3 

1201+ days 1,895 29.1 

Total 6,504 100.0 

*All patients in the study sample are included since no outlier values were observed 
for days persistent over study period. 

 

Figure 4.10 shows the distribution of days of persistence over the entire study 

period. 
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Figure 4.10: Distribution of Days Persistent over the Study Period 

 
 
 

Sensitivity Analyses 

 

Sensitivity analyses with 30-day and 90-day gap in therapy were conducted.  

When using 30-day gap definition, patients were considered persistent to therapy as long 

as there was not a 30-day or longer gap in continuous therapy. The mean and median 

days of persistence during the study period with less than 30 days of gap were 728.3 

(577.4) and 567.0 days, respectively. Of the study sample (6,504), 25.6 percent 

(N=1,666) of patients were persistent to their therapies for the entire duration of 

enrollment.  

When using 90-day gap definition, patients were considered persistent to therapy 

as long as there was not a 90-day or longer gap in continuous therapy. The mean and 

median days of persistence during the study period with less than 90-day gap was 873.2 

(583.6) and 759.0 days, respectively. Of the study sample (N=6,504), 33.4 percent 
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(N=2,170) of patients were persistent to their therapies for the entire duration of the study 

period (i.e., did not have a gap of 90 days or more during the entire study period). Table 

4.26 summarizes the results from the base case and sensitivity analyses for the entire 

study period. 

 

Table 4.26: Days of Persistence with <30-day, <60-day, and <90-day Gap in Therapy 
over the Study Period 

 

 
Days Persistent < 30-

Day Gap 
Days Persistent < 60-

Day Gap 
Days Persistent < 90-

Day Gap 
Mean (SD) 728.3 (577.4) 826.8 (583.7) 873.2 (583.6) 

Median 567.0 703.0 759.0 

% (N) 
Persistent  

25.6 (1,666) 30.9 (2,010) 33.4 (2,170) 

 

 

As expected, the mean days of persistence and percent of patients persistent were 

lowest when using less than 30-day gap definition to define persistence. Mean days of 

persistence and proportion of patients persistent increased as the number of allowed gap 

days increased.  

 

4.6 Study Results Presentation 
 

Study results are presented in order of study objectives and corresponding 

hypotheses. 

4.6.1 Descriptive Analyses  
 
Objective 1: To describe patient adherence (MPR) and persistence to hormonal therapy, 

hormonal therapy out-of-pocket costs, and total out-of-pocket costs over a period of 12 
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months after therapy initiation and over the entire study period and to describe the 

proportions of patients adherent (MPR ≥ 80 percent) and persistent to hormonal 

therapies over 12 months and over the study period. 

 Objective 1 was to describe the dependent and independent variables that will be 

used in the regression models. These variables have been described in detail in previous 

sections and are summarized in Tables 4.27 and 4.28 below.  
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Table 4.27: Descriptive Summary of the Study Dependent Variables 

Dependent 
Variable 

Operational Definition Mean (SD)/ 
Proportion 

Median 

MPR over 12 
months  
 

Medication possession ratio over 12 
months after the index date 
Continuous variable 

Mean (SD) = 85.6 
(23.5)%  

98.6% 

MPR over study 
period 

Medication possession ratio from the 
index date to end of study period or end 
of enrollment 
Continuous variable 

Mean (SD) = 89.3 
(16.1)%  

96.2% 

Adherence over 12 
months 

MPR≥80% implies adherence; MPR< 
80% implies non-adherence 
Dichotomous variable 

Adherent: 75.1%  
 

Not 
applicable 

Adherence over 
study period 

MPR≥80% implies adherence; MPR< 
80% implies non-adherence 
Dichotomous variable 

Adherent: 82.0%  
 

Not 
applicable 

Days persistent 
over 12 months 

Number of days on therapy before a gap 
of 60 days or more in continuous therapy 
during the first 12 months after the index 
date. 
 
Continuous variable.  

Mean (SD)= 313.3 
(97.8) Days 

 

365.0 Days 

Days persistent 
over study period 

Number of days on therapy before a gap 
of 60 days or more in continuous therapy 
during the study period or end of 
enrollment. 
 
Continuous variable.  

Mean (SD): 826.8 
(583.7) Days 

703.0 Days 

Persistence over 
12 months 

Proportion of patients persistent (without 
a gap of 60 days or more) over 12 months 
after the index date. 
Dichotomous variable 

Percent of patients 
persistent over the entire 
12-month period: 68.2% 

Not 
applicable 

Persistence over 
study period 

Proportion of patients persistent (without 
a gap of 60 days or more) over 12 months 
after the index date. 
Dichotomous variable 

Percent of patients 
persistent over the entire 

study period: 30.9% 

Not 
applicable 
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Table 4.28: Descriptive Summary of the Study Independent Variables 

Variable  Operational Definition Mean (SD) Median 

Hormonal therapy out-
of-pocket costs over 12 
months 

Patient out-of-pocket costs associated with 
study drugs (tamoxifen, anastrozole, 
letrozole, and exemestane) over 12 months 
after the index date. 
 
Continuous variable 

Mean=$141.94 
SD= 130.85 

$100.00 

Hormonal therapy out-
of-pocket costs over 
study period 

Patient out-of-pocket costs associated with 
study drugs (tamoxifen, anastrozole, 
letrozole, and exemestane) over study period 
or end of enrollment. 
 
Continuous variable 

Mean = $374.29  
SD= 421.73 

$225.00 

Total out-of-pocket 
costs over 12 months 

Sum of deductibles, coinsurance and 
copayments for all therapies and services 
used during the 12 months after the index 
date. 
 
Continuous variable 

Mean = $1,641.72 
SD=1,627.21 

$1,110.78 

Total out-of-pocket 
costs during study 
period 

Sum of deductibles, coinsurance and 
copayments for all therapies and services 
used during the study period or until end of 
enrollment. 
 
Continuous variable 

Mean = $7,267.68 
SD =5,645.84 

$5,715.21 

 

 

Time to Initiation of Therapy  

Objective 2: To determine time to initiation of hormonal therapy after breast cancer 

diagnosis.  

The mean (SD) and median days to initiation of hormonal therapy after breast 

cancer diagnosis date were 199.1 (181.7) and 167.0 days, respectively. Of all the patients 

who initiated therapy, 48.0 percent (N=3,122) of patients initiated therapy on tamoxifen 

and 52.0 percent (N=3,382) of patients initiated therapy on AIs (2,745 on anastrozole, 

539 on letrozole, and 98 on exemestane). Of the entire study sample, 28.0 percent (N= 

1,830) of patients switched therapies from the index hormonal therapy to a different 
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therapy. Table 4.29 shows the distribution of the index hormone therapy as well as 

proportion of patients who switched therapies.  

 

Table 4.29:  Frequency Distribution for Index Hormonal Therapy and Switch 
Patients 

 

Drug Name Frequency Percent (%) 
Switch 

Frequency 
Percent Switch  

(%) 

Tamoxifen 3,122 48.0 1,069 58.4 

Aromatase 2,745 42.2 612 33.4 

Letrozole 539 8.3 127 6.9 

Exemestane 98 1.5 22 1.2 

All 6,504 100.0 1,830  100.0 

 

 

4.6.2 Analyses over 12 Months  
 
 The subsequent sections present results from analyses that were conducted over 

the 12-month time period.  

 

4.6.2.1 Association between Hormonal Therapy Out-of-pocket Costs and Medication 

Possession Ratio/Adherence 

Objective 3: To determine the association between hormonal therapy out-of-pocket costs 

and adherence (MPR) to hormonal therapy in patients diagnosed with breast cancer 

while controlling for age, days since breast cancer diagnosis, treatment type, and CCI 

score over 12 months after the index prescription. 

A multivariate linear regression model was constructed to assess the relationship 

between patient hormonal therapy out-of-pocket costs and medication possession ratio 
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while controlling for age, days since breast cancer diagnosis, treatment type, and CCI. In 

addition, a logistic regression model was also developed to assess the relationship 

between hormonal therapy out-of-pocket costs and patient adherence to medication. 

Patients were considered adherent to their medications if the MPR ≥ 80.0 percent was 

observed.  

 With the objective of examining the relationship between out-of-pocket costs and 

the hormonal therapy medication possession ratio, the following hypothesis was tested: 

H (3a):  The patient medication possession ratio is inversely related to patient 

hormonal therapy out-of-pocket costs while controlling for age, days since breast cancer 

diagnosis, treatment type, and CCI score over the 12 months after the index hormonal 

therapy prescription. 

 

Table 4.30 shows the results of the multivariate linear regression analysis. 
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Table 4.30: Multivariate Linear Regression Analysis Results Examining Hormonal 
Therapy (HT) Out-of-pocket (OOP) Costs, Age, Days since Breast Cancer (BC) 

Diagnosis, Treatment Type, and CCI to Predict Patient Hormonal Therapy 
Medication Possession Ratio Over 12 Months After the Index Date 

 

Model 
Unstandardized 

Standard-
ized Beta 

t 
p-

value 

 
95% CI 

 

Toler-
ance 

B 
Std. 

Error 

(Constant) 57.143 2.872  19.898 <0.001 51.513:62.773  

HT OOP 
Costs 

0.057 0.002 0.314 23.161 <0.001 0.052:0.062 0.773 

Age 0.363 0.047 0.105 7.778 <0.001 0.272:0.455 0.775 

Days Since 
BC 
Diagnosis 

-0.009 0.002 -0.070 -5.703 <0.001 -0.012:-0.006  0.958 

Treatment 
Type 
(Tamoxifen)
a 

8.256 0.714 0.174 11.561 <0.001 6.856:9.656  0.626 

CCIb -0.481 0.341 -0.017 -1.409 0.159 -1.150: 0.188 0.995 
Model Results: (R2

adj = 0.091), F(6,382) =128.579, p<0.001. 
a Treatment type is a dichotomous variable. Tamoxifen was coded 1 and aromatase inhibitor was coded 0. 
b CCI: Charlson Comorbidity Index 

 

 Patient hormonal therapy out-of-pocket costs were a significant predictor of 

patient MPR (p<0.001). Holding patient age, time since breast cancer diagnosis, 

treatment type, and CCI constant, patient MPR increased by 0.057 percentage points (95 

percent CI: 0.052-0.062) when hormonal therapy out-of-pocket costs increased  by $1.00. 

Patient age was also a significant predictor (p<0.001) of patient MPR. Holding other 

variables constant, patient MPR increased by 0.363 percentage points (95 percent CI: 

0.272- 0.455) when patient age increased by one year. Days since breast cancer diagnosis 

and MPR were found to have a significant inverse relationship. Patient MPR decreased 

by 0.009 percentage points (95 percent CI: -0.012 to -0.006) when days since breast 

cancer diagnosis increased by one day. Holding all other variables constant, patient MPR 

increased by 8.256 percentage points (95 percent CI: 6.856-9.656) when patients used 
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tamoxifen. Patient CCI was not a significant predictor of patient MPR. The multivariate 

linear regression accounted for 9.1 percent of variance in patient MPR [(R2
adj = 0.091), F 

(6,382) =128.579, p<0.001] in the 12 months of therapy.  

 None of the variables had tolerance values of less than 0.1; therefore, 

multicollineraity is not expected to influence this model. The regression model was rerun 

after removing the statistically non-significant CCI variable; however, the relationship 

between hormonal therapy out-of-pocket costs and MPR (B=0.057, p<0.001) did not 

change after excluding the CCI variable. 

 Based on results of the linear regression analysis, patient medication possession 

ratio was not inversely related to patient hormonal therapy out-of-pocket costs. 

Therefore, hypothesis 3(a) is rejected.  

 

H (3b):  As patient hormonal therapy out-of-pocket cost increases, the likelihood 

of adherence to hormonal therapy decreases over the 12 months after the index hormonal 

therapy while controlling for age, days since breast cancer diagnosis, treatment type, and 

CCI score. 

Table 4.31 shows results from the logistic regression analysis.  
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Table 4.31: Logistic Regression Analysis Results Examining Hormonal Therapy 
(HT) Out-of-pocket (OOP) Costs, Age, Days since Breast Cancer (BC) Diagnosis, 

Treatment Type, and CCI to Predict Patient Hormonal Therapy Medication 
Adherence* Over 12 Months After the Index Date 

 

Model B 
Std. 

Error 
Wald 

p-
value 

Exp(B) 
95% CI 

Lower Upper 

HT OOP Costs 0.007 0.000 381.851 <0.001 1.007 1.007 1.008 

 
Age 
 

0.036 0.005 53.727 <0.001 1.036 1.026 1.046 

Days Since BC 
Diagnosis 

-0.001 0.000 21.793 <0.001 0.999 0.999 1.000 

Treatment Type 
(Tamoxifen)a 0.794 0.074 114.555 <0.001 2.213 1.913 2.559 

CCIb -0.070 0.034 4.126 0.042 0.933 0.872 0.998 

Constant -1.747 0.298 34.401 <0.001 0.174   

*Adherence is a dichotomous variable. Adherence was coded 1 and non-adherence was coded 0. 
a Treatment type is a dichotomous variable. Tamoxifen was coded 1 and aromatase inhibitor was coded 0. 
b CCI: Charlson Comorbidity Index 

 

 

The results showed that the odds of being adherent to hormonal therapy increased 

by 0.7 percent when patient hormonal therapy out-of-pocket costs increased by $1.00 

(Exp (B) =1.007; 95 percent CI: 1.007-1.008; p<0.001). An increase in age by one year 

increased the odds of being adherent to hormonal therapy by 3.6 percent (Exp (B) 

=1.036; 95 percent CI: 1.026- 1.046; p<0.001). The odds of being adherent increased by 

221.3 percent when patients initiated therapy on tamoxifen instead of AIs (Exp (B) = 

2.213; 95 percent CI: 1.913-2.559; p<0.001). The odds of being adherent decreased by 

6.7 percent when CCI increased by one point (Exp (B) = 0.993; 95 percent CI: 0.872-

0.998; p<0.05). Confidence interval for days since breast cancer crossed 1.0, therefore 

this variable did not have a significant relationship with patient adherence. The logistic 

regression model was run again after excluding the days since breast cancer variable; 
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however, the relationship between hormonal therapy out-of-pocket costs and adherence 

did not change (Exp (B) =1.007, p<0.001).  

Based on results of the logistic regression analysis, odds of adherence were not 

inversely related with patient hormonal therapy out-of-pocket costs increased. Therefore, 

hypothesis 3(b) is rejected. 

 

4.6.2.2 Association between Hormonal Therapy Out-of-pocket Costs and Days of 

Persistence 

Objective 4: To determine the association between hormonal therapy out-of-pocket costs 

and days of persistence with hormonal therapy in patients while controlling for patient 

age, days since breast cancer diagnosis, treatment type, and CCI score over the 12 

months after the index hormonal therapy prescription. 

The Cox proportional hazards regression is used to assess the relative risk of 

discontinuation of therapy by determining the hazards ratios. A Cox proportional hazards 

model was constructed to assess the relationship between patient hormonal therapy out-

of-pocket costs and days of persistence while controlling for age, days since breast cancer 

diagnosis, treatment type, and CCI score.  

With the objective of examining the relationship between hormonal therapy out-

of-pocket costs and days of persistence, the following hypothesis was tested: 

 

H (4):  The risk of discontinuation of hormonal therapy is positively related to 

patient hormonal therapy out-of-pocket costs while controlling for age, days since breast 
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cancer diagnosis, treatment type, and CCI score during 12 months after the index 

hormonal therapy prescription. 

Table 4.32 shows results from the Cox proportional hazards analysis. 

 

Table 4.32: Cox Proportional Hazards Analysis Results Examining Hormonal 
Therapy (HT) Out-of-pocket (OOP) Costs, Age, Days since Breast Cancer (BC) 

Diagnosis, Treatment Type, and CCI to Predict Hormonal Therapy Discontinuation 
Over 12 Months After the Index Date 

  

Variable B 
Std. 

Error 

Wald 
Chi-

Square 

p-
value 

Hazards 
Ratio 

95% 
Confidence 

Interval 

Lower Upper 
HT OOP Costs -0.005 0.000 403.712 <0.001 0.995 0.994 0.995 

Age -0.022 0.004 39.157 <0.001 0.978 0.971 0.985 

Days Since BC Diagnosis 0.001 0.000 25.725 <0.001 1.001 1.000 1.001 

Treatment Type 
(Tamoxifen)a -0.534 0.053 100.341 <0.001 0.586 0.528 0.651 

CCIb 0.019 0.025 0.593 0.441 1.019 0.971 1.071 
a Treatment type is a dichotomous variable. Tamoxifen was coded 1 and aromatase inhibitor was coded 0. 
b CCI: Charlson Comorbidity Index 

 

 The Cox proportional hazards model showed that hormonal therapy out-of-pocket 

was a significant predictor of discontinuation of hormonal therapy. An increase in patient 

out-of-pocket costs by $1.00 decreased the risk of discontinuation (event) by 0.5 percent 

(HRadj =0.995; 95 percent CI: 0.994-0.995). An increase in patient age by one-year was 

associated with a 2.2 percent decrease in risk of discontinuation of hormonal therapy 

(HRadj = 0.978; 95 percent CI: 0.971-0.985).  Patients who initiated therapy on tamoxifen 

were at 41.4 percent lower risk of discontinuation (HRadj = 0.586; 95 percent CI: 0.528-

0.651). Confidence intervals for the hazards ratio for days since breast cancer and CCI 

crossed 1.0; therefore, these variables are not significant predictors of discontinuation of 

hormonal therapy. The Cox regression model was run again after excluding days since 
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breast cancer and CCI variables; however, the relationship between hormonal therapy 

out-of-pocket costs and discontinuation did not change (HRadj =0.995; 95 percent CI: 

0.994-0.995). 

 Based on results of the Cox proportional hazards analysis, the risk of patient 

hormonal therapy discontinuation was not positively related to patient hormonal therapy 

out-of-pocket costs. Therefore, hypothesis 4 is rejected. 

 

4.6.2.3 Association between Total Patient Out-of-pocket Costs and Medication 

Possession Ratio/Adherence 

Objective 5: To determine the association between total out-of-pocket costs (deductibles, 

coinsurance, and copayments) for all medical services (cancer and non-cancer related) 

delivered and patient adherence (MPR) to hormonal therapy while controlling for age, 

days since breast cancer diagnosis, treatment type, and CCI score over the 12 months 

after the index hormonal therapy prescription. 

With the objective of examining the relationship between total out-of-pocket costs 

and the hormonal therapy medication possession ratio, the following hypothesis was 

tested: 

H (5a):  The patient medication possession ratio is inversely related to total out-of-

pocket costs while controlling for age, days since breast cancer diagnosis, treatment 

type, and CCI score over the 12 months after the index hormonal therapy prescription. 

 

Table 4.33 shows results from the multivariate regression analysis. 
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Table 4.33: Multivariate Linear Regression Analysis Results Examining Total Out-
of-pocket (OOP) Costs, Age, Days Since Breast Cancer (BC) Diagnosis, Treatment 
Type, and CCI to Predict Patient Hormonal Therapy Medication Possession Ratio 

Over 12 Months After the Index Date 
 

Model 
Unstandardized 

Standard-
ized Beta 

t 
p-

value 
95% CI 

 
Toler-
ance 

B 
Std. 

Error 

(Constant) 69.114 2.929  23.593 <0.001 63.371: 74.857  

Total OOP 
Costs 

0.001 0.000 0.055 4.422 <0.001 0.000: 0.001 0.994 

Age 
 

0.335 0.048 0.098 6.954 <0.001 0.241:0.430 0.774 

Days Since BC 
Diagnosis 

-0.009 0.002 -0.066 -5.210 <0.001 -0.012:-0.005 0.956 

Treatment Type 
(Tamoxifen)a 0.991 0.663 0.019 1.374 0.169 -0.338:2.211 0.770 

CCIb -0.507 0.355 -0.018 -1.428 0.153 -1.204:-0.189 0.995 
Model Results: (R2

adj = 0.017), F(6,429)=22.876, p<0.001. 
a Treatment type is a dichotomous variable. Tamoxifen was coded 1 and aromatase inhibitor was coded 0. 
b CCI: Charlson Comorbidity Index 

 

Patient total out-of-pocket costs were a significant predictor of patient MPR 

(p<0.001). Holding patient age, time since breast cancer diagnosis, treatment type, and 

CCI constant, patient MPR increased by 0.001 percentage points (95 percent CI: 0.000-

0.001) when total out-of-pocket costs increased  by $1.00. Holding other variables 

constant, patient MPR increased by 0.335 percentage points (95 percent CI: 0.241:0.430) 

when patient age increased by one year. Patient MPR decreased by 0.009 percentage 

points (95 percent CI: -0.012 to -0.005) when days since breast cancer increased by one 

day. CCI and treatment type variables were not significantly related to patient MPR. 

Multivariate regression analysis accounted for 1.7 percent of variance in patient MPR 

[(R2
adj = 0.017), F (6,429)=22.876, p<0.001].  

The regression analysis was run again after excluding treatment type and CCI 

variables; however, the relationship between total out-of-pocket costs and patient MPR 
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was not changed (B=0.001, p<0.001). None of the variables had tolerance values of less 

than 0.1; therefore, multicollineraity is not expected to influence this model. 

Based on results of the linear regression analysis, patient medication possession 

ratio was not inversely related to total out-of-pocket costs. Therefore, hypothesis 5(a) is 

rejected. 

 

H (5b):  As patient total out-of-pocket cost increases, the likelihood of adherence 

to hormonal therapy decreases over the 12 months after the index hormonal therapy 

while controlling for age, days since breast cancer diagnosis, treatment type, length of 

observation period, and CCI score. 

Table 4.34 presents results from the logistic regression analysis. 

 

Table 4.34: Logistic Regression Analysis Examining Total Out-of-pocket (OOP) 
Costs, Age, Days Since Breast Cancer (BC) Diagnosis, Treatment Type, and CCI to 
Predict Patient Hormonal Therapy Medication Adherence over 12 Months after the 

Index Date 
 

Model B 
Std. 

Error 
Wald 

p-
value 

Exp(B) 
95% CI 

Lower Upper 

Total OOP Costs 0.128 0.017 57.379 <0.001 1.136 1.099 1.174 

Age 0.030 0.005 40.900 <0.001 1.031 1.021 1.040 

Days Since BC Diagnosis -0.001 0.000 19.346 <0.001 0.999 0.999 1.000 

Treatment type 
(Tamoxifen)a 0.098 0.067 2.158 0.142 1.103 0.968 1.258 

CCIb -0.067 0.032 4.344 0.037 0.935 0.877 0.996 

Constant -0.880 0.295 8.917 0.003 0.415   

*Adherence is a dichotomous variable. Adherence was coded 1 and non-adherence was coded 0.  
a Treatment type is a dichotomous variable. Tamoxifen was coded 1 and aromatase inhibitor was coded 0. 
b CCI: Charlson Comorbidity Index 

 

The results showed that the odds of being adherent to hormonal therapy increased 

by 13.6 percent when patient hormonal therapy out-of-pocket costs increased by $1.00 
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(Exp (B) =1.136; 95 percent CI: 1.099-1.174; p<0.001). An increase in patient age by one 

year increased the odds of adherence to hormonal therapy by 3.1 percent (Exp(B)= 1.031; 

95 percent CI: 1.021-1.040; p<0.001).  An increase in CCI by one point decreased the 

odds of adherence by 6.5 percent (Exp(B)= 0.935; 95 percent CI: 0.877-0.996; 

p<0.05).The confidence interval for days since breast cancer diagnosis and treatment type 

variables crossed 1.0; therefore, these variables are not considered significantly 

associated with adherence. The analyses were run again after excluding days since breast 

cancer, treatment type variables; however, the relationship between total out-of-pocket 

cost and patient adherence did not change (Exp(B)= 1.136, p<0.001). 

Based on results of the logistic regression analysis, odds of adherence were not 

inversely related with patient total out-of-pocket costs. Therefore, hypothesis 5(b) is 

rejected. 

 

4.6.2.4 Association between Total Patient Out-of-pocket Costs and Days of 

Persistence 

Objective 6: To evaluate if the total out-of-pocket costs (deductibles, coinsurance, and 

copayments) for all medical services are associated with days of persistence with 

hormonal therapies while controlling for age, days since breast cancer diagnosis, 

treatment type, and CCI score during 12 months after the index hormonal therapy 

prescription. 

With the objective of examining the relationship between total out-of-pocket cost 

and the hormonal therapy discontinuation, the following hypothesis was tested: 
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H (6):  The risk of discontinuation of hormonal therapy is positively related to 

patient total out-of-pocket cost for hormonal therapy while controlling for age, days 

since breast cancer diagnosis, treatment type, and CCI score over the 12 months after the 

index hormonal therapy prescription. 

Table 4.35 presents results from the Cox proportion hazards analysis. 

 

Table 4.35: Cox Proportional Hazards Analysis Results Examining Total Out-of-
pocket (OOP) Costs, Age, Days since Breast Cancer (BC) Diagnosis, Treatment 

Type, and CCI to Predict Hormonal Therapy Discontinuation Over 12 Months after 
the Index Date 

 

Variable 
Parameter 
Estimate 

Std. 
Error 

Wald 
Chi-

Square 

p-
value 

Hazards 
Ratio 

95% 
Confidence 

Interval 

Lower Upper 
Total OOP Costs 0.000 0.000 6.042 0.014 1.000 1.000 1.000 

Age -0.019 0.004 26.941 <0.001 0.982 0.975 0.988 

Days Since BC 
Diagnosis 

0.001 0.000 21.076 <0.001 1.001 1.000 1.001 

Treatment type 
(Tamoxifen)a -0.024 0.051 0.221 0.638 0.976 0.883 1.079 

CCIb 0.016 0.025 0.397 0.529 1.016 0.967 1.067 
a Treatment type is a dichotomous variable. Tamoxifen was coded 1 and aromatase inhibitor was coded 0. 
b CCI: Charlson Comorbidity Index 
 

The Cox proportional hazards model showed that total out-of-pocket costs were 

not a predictor of hormonal therapy discontinuation.  An increase in patient age by one 

year was associated with a 1.8 percent decrease in risk of discontinuation of hormonal 

therapy (HRadj = 0.982; 95 percent CI: 0.975-0.988).  Confidence intervals for the 

hazards ratio for days since breast cancer, treatment type, and CCI variables crossed 1.0; 

therefore, these variables are not significant predictors of discontinuation of hormonal 

therapy. The Cox model was run again after removing days since breast cancer diagnosis, 
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age, and type of treatment variables; however, the relationship between total out-of-

pocket costs and discontinuation did not change (HRadj = 1.000, p=0.075).  

Based on results of the Cox proportional hazards analysis, hormonal therapy 

discontinuation was not positively related to patient total out-of-pocket costs. Therefore, 

hypothesis 6 is rejected. 

 

4.6.2.5 Association between Hormonal Therapy Out-of-pocket Costs and Persistence 

Objective 7: To determine if persistence to hormonal therapy is associated with patient 

hormonal therapy out-of-pocket costs while controlling for age, days since breast cancer 

diagnosis, treatment type, and CCI score over the 12 months after the index hormonal 

therapy prescription. 

A logistic regression model was developed to assess the relationship between 

hormonal therapy out-of-pocket costs and patient persistence to medication. Persistence 

is operationalized as a dichotomous variable and patients were considered persistent to 

their hormonal therapy if they did not have a gap of greater than 60 days during the entire 

12 months of therapy after the index date.  

With the objective of examining the relationship between hormonal therapy out-

of-pocket costs and the hormonal therapy persistence, the following hypothesis was 

tested: 

H (7):   Persistence to hormonal therapy is inversely related to patient hormonal therapy 

out-of-pocket costs while controlling for age, days since breast cancer diagnosis, 

treatment type, and CCI score over the 12 months after the index date. 
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Table 4.36 presents results from the logistic regression analysis.  

 

Table 4.36: Logistic Regression Analysis Results Examining Hormonal Therapy 
(HT) Out-of-pocket (OOP) Costs, Age, Days since Breast Cancer Diagnosis, 

Treatment Type, and CCI to Predict Patient Hormonal Therapy Persistence* over 
12 Months after the Index Date 

 

Model B 
Std. 

Error 
Wald 

p-
value 

Exp(B) 
95% CI 

Lower Upper 

HT OOP Costs 0.006 0.000 350.273 <0.001 1.006 1.005 1.007 

Age 0.026 0.005 33.525 <0.001 1.027 1.017 1.036 

Days Since BC Diagnosis -0.001 0.000 18.461 <0.001 0.999 0.999 1.000 

Treatment Type 
(Tamoxifen)a 0.659 0.069 91.067 <0.001 1.933 1.689 2.214 

CCIb -0.023 0.033 0.464 0.496 0.978 0.916 1.044 

Constant -1.518 0.279 29.678 0.000 0.219   

*Persistence is a dichotomous variable. Persistence was coded 1 and non-persistence was coded 0. 
a Treatment type is a dichotomous variable. Tamoxifen was coded 1 and aromatase inhibitor was coded 0. 
b CCI: Charlson Comorbidity Index 

 

The logistic regression analysis showed that hormonal therapy out-of-pocket 

costs, age, and type of treatment were significant predictors of persistence. An increase in 

out-of-pocket costs by $1.00 increased the odds of being persistent to hormone therapy 

by 0.6 percent (Exp (B) = 1.006, 95 percent CI: 1.005-1.007, p<0.001). An increase in 

patient age by one-year increased the odds to being persistent to hormone therapy by 2.7 

percent (Exp(B)=1.027, 95 percent CI:1.017-1.036, p<0.001). Use of tamoxifen increased 

the odds the persistence by 93.3 percent (Exp(B)=1.933, 95 percent CI: 1.689-2.214, 

p<0.001). The confidence intervals for days since breast cancer and CCI crossed 1.0, 

therefore, these variables are considered to not have a significant relationship with 

persistence. These variables were excluded and the model was run again; however, the 
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relationship between hormonal therapy out-of-pocket costs and persistence did not 

change (Exp (B) = 1.006, 95 percent CI: 1.005-1.007, p<0.001).  

Based on results of the logistic regression analysis, odds of persistence were not 

inversely related to patient hormonal therapy out-of-pocket costs. Therefore, hypothesis 7 

is rejected. 

4.6.2.6 Association between Total Patient Out-of-pocket Costs and Persistence 

Objective 8: To determine if persistence to hormonal therapy is associated with total out-

of-pocket costs (deductibles, coinsurance, and copayments) for all medical services 

(cancer and non-cancer related) while controlling for age, days since breast cancer 

diagnosis, treatment type, and CCI score over the 12 months after the index hormonal 

therapy prescription. 

A logistic regression model was developed to assess the relationship between total 

out-of-pocket costs and patient persistence. Patients were considered persistent to their 

hormonal therapy if they did not have a gap of greater than 60 days during the analyses 

time frame.  

With the objective of examining the relationship between total out-of-pocket costs 

and the hormonal therapy persistence, the following hypothesis was tested: 

 

H (8):    Persistence to hormonal therapy is inversely related to patient total out-

of-pocket costs while controlling for age, days since breast cancer diagnosis, treatment 

type, and CCI score over the 12 months after the index hormonal therapy prescription. 

 

Table 4.37 presents results from the logistic regression analysis.  
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Table 4.37: Logistic Regression Analysis Results Examining Total Out-of-pocket 
(OOP) Costs, Age, Days since Breast Cancer (BC) Diagnosis, Treatment Type, and 
CCI to Predict Patient Hormonal Therapy Persistence* over 12 Months after the 

Index Date 
 

Model B 
Std. 

Error 
Wald 

p-
value 

Exp(B) 
95% CI 

Lower Upper 

Total OOP Costs 0.000 0.000 4.202 0.040 1.000 1.000 1.000 

Age 0.023 0.004 26.242 <0.001 1.023 1.014 1.032 

Days Since BC Diagnosis -0.001 0.000 16.731 <0.001 0.999 0.999 1.000 

Treatment Type 
(Tamoxifen)a 0.013 0.061 0.045 0.832 1.013 0.898 1.143 

CCIb -0.021 0.032 0.435 0.509 0.979 0.920 1.042 

Constant -0.314 0.267 1.391 0.238 0.730   

*Persistence is a dichotomous variable. Persistence was coded 1 and non-persistence was coded 0. 
a Treatment type is a dichotomous variable. Tamoxifen was coded 1 and aromatase inhibitor was coded 0. 
b CCI: Charlson Comorbidity Index 

 

The logistic regression analysis showed that total out-of-pocket costs were not 

related to odds of being persistent (Exp(B)=1.000, 95 percent CI: 1.000-1.000, p=0.040). 

An increase in age by one year increased odds of being persistent with hormonal therapy 

by 2.3 percent (Exp(B)=1.023, 95 percent CI: 1.014-1.032, p<0.001). The confidence 

interval for days since breast cancer diagnosis, treatment type, and CCI variables crossed 

1.0; therefore, these variables are not considered significantly associated with persistence. 

The model was run again after excluding days since breast cancer, treatment type, and 

CCI variables; however, the relationship between total out-of-pocket costs and 

persistence did not change (Exp(B)=1.000, 95 percent CI: 1.000-1.000, p=0.040).  

Based on results of the logistic regression analysis, the odds of persistence were 

not inversely related to patient total out-of-pocket costs. Therefore, hypothesis 8 is 

rejected. 
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4.6.3 Analyses over the Study Period 

 

4.6.3.1 Association between Hormonal Therapy Out-of-pocket Costs and Medication 

Possession Ratio/Adherence 

Objective 9: To determine the association between hormonal therapy out-of-pocket costs 

and adherence (MPR) to hormonal therapy while controlling for age, days since breast 

cancer diagnosis, treatment type, length of observation period and CCI score during the 

study period. 

A multivariate linear regression model was constructed to assess the relationship 

between patient hormonal therapy out-of-pocket costs and medication possession ratio 

while controlling for age, days since breast cancer diagnosis, treatment type, length of 

observation period, and CCI. In addition, a logistic regression model was also developed 

to assess the relationship between hormonal therapy out-of-pocket costs and patient 

adherence to medication. Patients were considered adherent to their medications if the 

MPR≥80.0 percent was observed.  

 With the objective of examining the relationship between the out-of-pocket costs 

and the hormonal therapy medication possession ratio, the following hypothesis was 

tested: 

H (9a):  The patient medication possession ratio is inversely related to hormonal 

therapy out-of-pocket costs while controlling for age, days since breast cancer diagnosis, 

treatment type, length of observation period, and CCI score during the study period. 
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Table 4.38 shows the results of the multivariate regression analysis. 

 

Table 4.38: Multivariate Linear Regression Analysis Results Examining Hormonal 
Therapy (HT) Out-of-pocket (OOP) Costs, Age, Days since Breast Cancer 

Diagnosis, Treatment Type, Length of Observation Period, and CCI to Predict 
Patient Hormonal Therapy Medication Possession Ratio over the Study Period 

 

Model 
Unstandardized 

Standard-
ized Beta 

t 
p-

value 
95% CI 

 
Toler-
ance 

B 
Std. 

Error 

(Constant) 72.679 2.176  33.404 <0.001 68.414:76.945  

HT OOP Costs 0.005 0.001 0.127 8.933 <0.001 0.004:0.006 0.774 

Age 0.324 0.033 0.138 9.673 <0.001 0.258:0.390 0.765 

Days Since BC 
Diagnosis 

-0.007 0.001 -0.076 -5.924 <0.001 -0.009:-0.005 0.939 

Treatment Type 
(Tamoxifen)a 1.537 0.507 0.047 3.032 0.002 0.543:.2.531 0.640 

Length of 
observation 
period 

-0.001 0.000 -0.024 -1.880 0.060 -0.002:0.000 0.919 

CCIb -0.173 0.251 -0.009 -0.689 0.491 -0.665:0.319 0.994 
Model results: (R2

adj = 0.042), F(6,145)=45.712, p<0.001 
a Treatment type is a dichotomous variable. Tamoxifen was coded 1 and aromatase inhibitor was coded 0. 
b CCI: Charlson Comorbidity Index 

 

Patient hormonal therapy out-of-pocket costs (p<0.001) were a significant 

predictor of patient MPR. Holding other variables constant, patient MPR increased by 

0.005 percentage points (95 percent CI: 0.004-0.006) when hormonal therapy out-of-

pocket costs increased by $1.00. Additionally, patient age (p<0.001), days since breast 

cancer diagnosis (p<0.001), and treatment type (p=0.002) were also significant predictors 

of patient MPR. Holding other variables constant, patient MPR increased by 0.324 

percentage points (95 percent CI: 0.258-0.390) when patient age increased by one year. 

Patient MPR decreased by 0.007 percentage points (95 percent CI: -0.009 to -0.005) 

when days since breast cancer diagnosis increased by one day. Patient MPR increased by 
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1.537 percentage points (95 percent CI: 0.543-2.531) when patients used tamoxifen. 

Length of observation period and CCI were not significant predictors of patient MPR. 

The multivariate linear regression accounted for 4.2 percent of variance in patient MPR 

[(R2
adj = 0.042), F (6,145) = 45.712, p<0.001] during the study period.    

The regression model was run again after excluding length of observation period 

and CCI variables; however, the relationship between hormonal therapy out-of-pocket 

costs and MPR did not change (B=0.005, p<0.001). None of the variables had tolerance 

values of less than 0.1; therefore, multicollineraity is not expected to influence this 

model. 

Based on results of the linear regression analysis, patient medication possession 

ratio was not inversely related to patient hormonal therapy out-of-pocket costs. 

Therefore, hypothesis 9(a) is rejected. 

 

H (9b): As patient hormonal therapy out-of-pocket cost increases, the likelihood of 

adherence to hormonal therapy decreases while controlling for age, days since breast 

cancer diagnosis, treatment type, length of observation period, and CCI score during the 

study period. 

Table 4.39 shows results from the logistic regression analysis. 
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Table 4.39: Logistic Regression Analysis Results Examining Hormonal Therapy 
(HT) Out-of-pocket (OOP) Costs, Age, Days Since Breast Cancer Diagnosis, 

Treatment Type, Length of Observation Period, and CCI to Predict Hormonal 
Therapy Patient Medication Adherence* over the Study Period 

 

Model B 
Std. 

Error 
Wald 

p-
value 

Exp(B) 
95% CI 

Lower Upper 

HT OOP Costs 0.001 0.000 51.642 <0.001 1.001 1.001 1.001 

Age 0.037 0.005 49.667 <0.001 1.038 1.027 1.049 

Days Since BC Diagnosis -0.001 0.000 20.795 <0.001 0.999 0.999 1.000 

Treatment type 
(Tamoxifen)a 0.133 0.082 2.606 0.106 1.142 0.972 1.342 

Length of Observation 
Period 

0.000 0.000 6.747 0.009 1.000 1.000 1.000 

CCIb -0.032 0.038 0.736 0.391 0.968 0.899 1.042 

Constant -0.245 0.338 0.523 0.469 0.783   

*Adherence is a dichotomous variable. Adherence was coded 1 and non-adherence was coded 0. 
a Treatment type is a dichotomous variable. Tamoxifen was coded 1 and aromatase inhibitor was coded 0. 
b CCI: Charlson Comorbidity Index 

 

The logistic regression analysis showed that odds of being adherent to hormonal 

therapy increased by 0.1 percent (Exp (B) =1.001; 95 percent CI: 1.001-1.001; p<0.001) 

when hormonal therapy out-of-pocket costs increased by $1.00.  An increase in age by 

one year increase the odds of being adherent by 3.8 percent (Exp (B) =1.038; 95 percent 

CI: 1.027-1.049; p<0.001). The confidence interval for days since breast cancer diagnosis 

variable and length of observation period variable crossed 1.0; therefore, these variables 

are not considered to be significantly associated with adherence. Additionally, treatment 

type and CCI variables did not have a significant relationship with patient adherence. The 

logistic regression model was run again after removing days since breast cancer, length of 

observation period, treatment type and CCI variables; however the relationship between 

adherence and hormonal therapy out-of-pocket costs (Exp (B) =1.001, p<0.001) did not 

change.  
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Based on results of the logistic regression analysis, odds of adherence were not 

inversely related to patient hormonal therapy out-of-pocket costs. Therefore, hypothesis 

9(b) is rejected. 

 

4.6.3.2 Association between Hormonal therapy Out-of-pocket Costs and Days of 

Persistence 

Objective 10: To determine the association between hormonal therapy out-of-pocket 

costs and days of persistence with hormonal therapy while controlling for patient age, 

days since breast cancer diagnosis, treatment type, length of observation period, and CCI 

score during the study period. 

The Cox proportional hazards regression is used to assess the relative risk of an 

event of interest by determining the hazards ratios. In the present study, a Cox 

proportional hazards model was constructed to assess the relationship between patient 

hormonal therapy out-of-pocket costs and days of persistence while controlling for 

covariates.  

With the objective of examining the relationship between hormonal therapy out-

of-pocket costs and persistence, the following hypothesis was tested: 

H (10): The risk of discontinuation of hormonal therapy is positively related to 

patient hormonal therapy out-of-pocket costs while controlling for age, days since breast 

cancer diagnosis, treatment type, length of observation period, and CCI score during the 

study period. 
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Table 4.40 shows results from the Cox Proportional Hazards analysis. 

 

Table 4.40: Cox Proportional Hazards Analysis Results Examining Hormonal 
Therapy (HT) Out-of-pocket (OOP) Costs, Age, Days since Breast Cancer 

Diagnosis, Treatment Type, Length of Observation Period, and CCI to Predict 
Hormonal Therapy Discontinuation during the Study Period 

 

Variable 
Parameter 
Estimate 

Std. 
Error 

Wald 
Chi-

Square 

p-
value 

Hazards 
Ratio 

95% 
Confidence 

Interval 

Lower Upper 
HT OOP Costs -0.002 0.000 803.285 <0.001 0.998 0.998 0.998 

Age -0.016 0.003 38.644 <0.001 0.984 0.980 0.989 

Days Since BC 
diagnosis 

0.001 0.000 60.763 <0.001 1.001 1.001 1.001 

Treatment type 
(Tamoxifen)a -0.298 0.038 61.958 <0.001 0.743 0.689 0.800 

Length of observation 
period 

0.000 0.000 13.258 <0.001 1.000 1.000 1.000 

CCIb 0.042 0.017 6.003 0.014 1.043 1.008 1.078 
a Treatment type is a dichotomous variable. Tamoxifen was coded 1 and aromatase inhibitor was coded 0. 
b CCI: Charlson Comorbidity Index 

 

  The Cox proportional hazards model showed that hormonal therapy out-of-

pocket costs, age, days since breast cancer diagnosis, treatment type, and CCI were 

significant predictors of discontinuation of hormonal therapy during the study period. An 

increase in patient out-of-pocket costs by $1.00 decreased the risk of discontinuation by 

0.2 percent (HRadj =0.998; 95 percent CI: 0.998-0.998). An increase in patient age by one 

year was associated with a 1.6 percent decrease in risk of discontinuation of hormonal 

therapy (HRadj = 0.984; 95 percent CI: 0.980-0.989). An increase in days since breast 

cancer diagnosis by one day was associated with a 0.1 percent increase in risk of 

discontinuation of hormonal therapy (HRadj = 1.001; 95 percent CI: 1.001-1.001). 

Patients who initiated therapy on tamoxifen had a 25.7 percent lower risk of 

discontinuation (HRadj =0.743; 95 percent CI: 0.689-0.800) compared to AI users. An 
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increase in CCI by one point resulted in a 4.3 percent increased risk of discontinuation 

(HRadj =1.043; 95 percent CI: 1.008-1.078).  Confidence intervals for length of 

observation period crossed 1.0; therefore, this variable is not a significant predictor of 

discontinuation of hormonal therapy. The Cox model was run again after removing 

length of observation period variable; however, the relationship between discontinuation 

and hormonal therapy out-of-pocket costs (HRadj =0.998; 95 percent CI: 0.998-0.998) did 

not change.  

Based on results of the Cox proportional hazards analysis, the risk of hormonal 

therapy discontinuation was not positively related to patient hormonal therapy out-of-

pocket costs. Therefore, hypothesis 10 is rejected. 

 

4.6.3.3 Association between Total Patient Out-of-pocket Costs and Medication 

Possession Ratio/Adherence 

Objective 11: To evaluate the relationship between total out-of-pocket costs (deductibles, 

coinsurance, and copayments) for all medical services (cancer and non-cancer-related) 

delivered and adherence (MPR) while controlling for patient age, days since breast 

cancer diagnosis, treatment type, length of observation period, and CCI score during the 

study period. 

With the objective of examining the relationship between total out-of-pocket cost 

and the hormonal therapy medication possession ratio, the following hypothesis was 

tested: 
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H (11a):  The patient medication possession ratio is inversely related to total out-of-

pocket costs while controlling for age, days since breast cancer diagnosis, treatment 

type, length of observation period, and CCI score during the study period. 

Table 4.41 shows results from the regression analysis. 

 

Table 4.41: Multivariate Linear Regression Analysis Results Examining Total Out-
of-pocket (OOP) Costs, Age, Days Since Breast Cancer (BC) Diagnosis, Treatment 

Type, Length of Observation Period, and CCI to Predict Patient Hormonal Therapy 
Medication Possession Ratio Over the Study Period 

 

Model 
Unstandardized 

Standard-
ized Beta 

t 
p-

value 
95% CI 

 
Toler-
ance 

B 
Std. 

Error 

(Constant) 74.669 2.169  34.425 <0.001 70.417:78.922  

Total OOP 
Costs 

-2.423E-
.005 

0.000 -0.008 -0.666 0.505 0.000:0.000 0.969 

Age 0.322 0.033 0.137 9.611 <0.001 0.256:0.387 0.765 

Days Since BC 
Diagnosis 

-0.008 0.001 -0.085 -6.645 <0.001 -0.010:-0.005 0.945 

Treatment 
Type 
(Tamoxifen)a 

-0.569 0.460 -0.018 -1.236 0.216 -1.471:0.333 0.768 

Length of 
observation 
period 

0.000 0.000 0.003 0.244 0.807 -0.001:0.001 0.945 

CCIb -0.185 0.246 -0.009 -0.750 0.453 -0.668:0.298 0.994 
Model results: (R2

adj = 0.030), F(6,234)=32.996, p<0.001 

a Treatment type is a dichotomous variable. Tamoxifen was coded 1 and aromatase inhibitor was coded 0. 
b CCI: Charlson Comorbidity Index 

 

Patient total out-of-pocket costs were not a significant predictor of patient MPR 

(p=0.505). Patient age (p<0.001) and days since breast cancer diagnosis (p<0.001) were 

significant predictors of patient MPR. Holding all other variables constant, patient MPR 

increased by 0.322 percentage points (95 percent CI: 0.256-0.387) when patient age 

increased by one year. Similarly, holding all other variables constant, patient MPR 
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decreased by 0.008 percentage points (95 percent CI: -0.010 to -0.005) when days since 

breast cancer diagnosis increased by one day. Treatment type, length of observation 

period, and patient CCI variables were not significant predictors of patient MPR. The 

multivariate regression analysis accounted for 3.0 percent of variance in patient MPR 

[(R2
adj = 0.030), F (6,234) = 32.996, p<0.001] during the study period. The linear 

regression model was run again after removing the statistically non-significant variables 

(treatment type, length of observation period, and patient CCI); however, the relationship 

between patient MPR and total out-of-pocket costs did not change (p=0.505). 

Based on results of the linear regression analysis, patient MPR was not inversely 

related to patient total out-of-pocket costs. Therefore, hypothesis 11(a) is rejected. 

 

H (11b): As patient total out-of-pocket cost increases, likelihood of adherence to 

hormonal therapy decreases while controlling for age, days since breast cancer 

diagnosis, treatment type, length of observation period, and CCI score during the study 

period. 

 

Table 4.42 presents results from the logistic regression analysis. 
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Table 4.42: Logistic Regression Analysis Results Examining Total Out-of-pocket 
(OOP) Costs, Age, Days Since Breast Cancer (BC) Diagnosis, Treatment Type, 
Length of observation period, and CCI to Predict Patient Hormonal Therapy 

Medication Adherence* over the Study Period 
 

Model B 
Std. 

Error 
Wald 

p-
value 

Exp(B) 
95% CI 

Lower Upper 
 Total OOP Costs 0.000 0.000 0.009 0.926 1.000 1.000 1.000 

Age 0.036 0.005 47.593 <0.001 1.037 1.026 1.048 

Days Since BC Diagnosis -0.001 0.000 29.504 <0.001 0.999 0.999 0.999 

Treatment type 
(Tamoxifen)a -0.169 0.076 4.901 0.027 0.845 0.728 0.981 

Length of observation 
period 

0.000 0.000 0.927 0.336 1.000 1.000 1.000 

CCIb -0.033 0.037 0.786 0.375 0.967 0.899 1.041 

Constant 0.078 0.338 0.053 0.818 1.081   

* Adherence is a dichotomous variable. Adherence was coded 1 and non-adherence was coded 0. 
a Treatment type is a dichotomous variable. Tamoxifen was coded 1 and aromatase inhibitor was coded 0. 
b CCI: Charlson Comorbidity Index 

 

The logistic regression analysis showed that total out-of-pocket costs over the 

study period were not related to patient adherence to hormonal therapy drugs (Exp(B)= 

1.000). An increase in age by one year increased the odds of being adherent to hormonal 

therapy by 3.7 percent (Exp (B) = 1.037, 95 percent CI: 1.026-1.048; p<0.001). As days 

since breast cancer diagnosis increased by one day, the odds of being adherent decreased 

by 0.1 percent (Exp(B) = 0.999, 95 percent CI:0.999-0.999; p<0.001). Patients who 

initiated therapy on tamoxifen had 15.5 percent (Exp (B) = 0.845, 95 percent CI: 0.728-

0.981; p=0.027) lower odds of being adherent. Length of observation period and CCI 

were not significant predictors of discontinuation of hormonal therapy. The logistic 

regression model was run again after removing the length of observation period and CCI 

variables; however, the relationship between adherence and total out-of-pocket costs did 

not change (Exp(B)= 1.000). 
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Based on results of the logistic regression analysis, the odds of adherence were 

not inversely related to total out-of-pocket costs. Therefore, hypothesis 11(b) is rejected. 

 

4.6.3.4 Association between Total Patient Out-of-pocket Costs and Days of 

Persistence 

Objective 12: To evaluate if total out-of-pocket costs (deductibles, coinsurance, and 

copayments) for all medical services are associated with days of persistence with 

hormonal therapies while controlling for age, days since breast cancer diagnosis, 

treatment type, length of observation period and CCI score during the study period. 

With the objective of examining the relationship between total out-of-pocket costs 

and hormonal therapy discontinuation, the following hypothesis was tested: 

H (12): The risk of discontinuation of hormonal therapy is positively related to 

patient total out-of-pocket cost while controlling for age, days since breast cancer 

diagnosis, treatment type, length of observation period, and CCI score during the study 

period. 

 

Table 4.43 presents results from the Cox proportional hazards analysis. 
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Table 4.43: Cox Proportional Hazards Analysis Results Examining Total Out-of-
pocket (OOP) Costs, Age, Days since Breast Cancer (BC) Diagnosis, Treatment 

Type, Length of Observation Period, and CCI to Predict Hormonal Therapy 
Discontinuation over the Study Period 

 

Variable 
Parameter 
Estimate 

Std. 
Error 

Wald 
Chi-

Square 

p-
value 

Hazards 
Ratio 

95% CI 

Lower Upper 

 Total OOP Costs 0.000 0.000 122.374 <0.001 1.000 1.000 1.000 

Age -0.010 0.003 15.480 <0.001 0.990 0.985 0.995 

Days Since BC 
diagnosis 

0.001 0.000 116.657 <0.001 1.001 1.001 1.001 

Treatment type 
(Tamoxifen)a 0.277 0.035 60.917 <0.001 1.319 1.231 1.414 

Length of observation 
period 

0.000 0.000 66.678 <0.001 1.000 1.000 1.000 

CCIb 0.038 0.017 4.862 0.027 1.038 1.004 1.074 
a Treatment type is a dichotomous variable. Tamoxifen was coded 1 and aromatase inhibitor was coded 0. 
b CCI: Charlson Comorbidity Index 

 

The Cox proportional hazards model showed that total out-of-pocket costs were 

not a significant predictor of hormonal therapy discontinuation (HRadj =1.000; 95 percent 

CI: 1.000-1.000). Age, days since breast cancer diagnosis, type of treatment, and CCI 

were significant predictors of discontinuation. An increase in patient age by one year 

decreased the risk of discontinuation by 1.0 percent (HRadj = 0.990; 95 percent CI: 0.985-

0.995). An increase in days since breast cancer diagnosis by one day increased the risk of 

discontinuation by 0.1 percent (HRadj = 1.001; 95 percent CI: 1.001-1.001). Patients who 

initiated therapy with tamoxifen were at a 31.9 percent increased risk of discontinuation 

(HRadj = 1.319; 95 percent CI: 1.231-1.414). An increase in CCI by one point increased 

the risk of discontinuation by 3.8 percent (HRadj = 1.038; 95 percent CI: 1.004-1.074). 

Length of observation period did not have a relationship with risk of discontinuation 

(HRadj =1.000; 95 percent CI: 1.000-1.000). The Cox model was run again after 

excluding length of observation period variable; however, the relationship between total 
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out-of-pocket costs and risk of discontinuation did not change (HRadj =1.000; 95 percent 

CI: 1.000-1.000). 

 Based on results of the Cox proportional hazards analysis, the risk of hormonal 

therapy discontinuation was not positively related to patient total out-of-pocket costs. 

Therefore, hypothesis 12 is rejected. 

 

4.6.3.5 Association between Hormonal Therapy Out-of-pocket Costs and Persistence 

Objective 13: To determine if persistence to hormonal therapy is associated with 

hormonal therapy out-of-pocket cost while controlling for age, days since breast cancer 

diagnosis, treatment type, length of observation period and CCI score during the study 

period. 

A logistic regression model was developed to assess the relationship between 

hormonal therapy out-of-pocket costs and patient persistence to medication. Patients were 

considered persistent to their hormonal therapy if they did not have a gap of greater than 

or equal to 60 days during the study period or until end of enrollment.  

With the objective of examining the relationship between hormonal therapy out-

of-pocket cost and hormonal therapy persistence, the following hypothesis was tested: 

H (13):   Persistence is inversely related to patient hormonal therapy out-of-pocket 

costs while controlling for age, days since breast cancer diagnosis, treatment type, length 

of observation period, and CCI score during the study period. 

 

Table 4.44 presents results from the logistic regression analysis. 
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Table 4.44: Logistic Regression Analysis Results Examining Hormonal Therapy 
(HT) Out-of-pocket (OOP) Costs, Age, Days since Breast Cancer (BC) Diagnosis, 

Treatment Type, Length of Observation Period, and CCI to Predict Patient 
Hormonal Therapy Persistence over the Study Period 

 

Model B 
Std. 

Error 
Wald 

p-
value 

Exp(B) 
95% CI 

Lower Upper 
HT OOP Costs 0.002 0.000 383.577 <0.001 1.002 1.001 1.002 

Age 0.022 0.005 18.375 <0.001 1.022 1.012 1.032 

Days Since  BC diagnosis 0.001 0.000 17.872 <0.001 1.001 1.000 1.001 

Treatment Type 
(Tamoxifen)a 0.185 0.078 5.643 0.018 1.203 1.033 1.401 

Length of observation 
period 

-0.002 0.000 651.241 <0.001 0.998 0.998 0.998 

CCIb -0.113 0.042 7.361 0.007 0.893 0.823 0.969 

Constant -0.081 0.325 0.062 0.803 0.922   
*Persistence is a dichotomous variable. Persistence was coded 1 and non-persistence was coded 0. 
a Treatment type is a dichotomous variable. Tamoxifen was coded 1 and aromatase inhibitor was coded 0. 
b CCI: Charlson Comorbidity Index 

 

The logistic regression analysis showed that the odds of being persistent to 

hormonal therapy increased by 0.2 percent when patient hormonal therapy out-of-pocket 

costs increased by $1.00 (Exp (B) = 1.002; 95 percent CI: 1.001-1.002; p<0.001). An 

increase in patient age by one year increased the odds of being persistent to therapy by 

2.2 percent (Exp(B)= 1.022; 95 percent CI: 1.012-1.032; p<0.001).  The 95 percent CI for 

the days since breast cancer diagnosis variable crossed 1.0, therefore, this variable is not 

considered to be significantly related to odds of being persistent. Odds of being persistent 

increased by 20.3 percent when patients initiated therapy on tamoxifen (Exp (B) = 1.203; 

95 percent CI: 1.033-1.401; p<0.001). An increase of one day in length of observation 

period decreased the odds of being persistent by 0.2 percent (Exp (B) = 0.998; 95 percent 

CI: 0.998-0.998; p<0.001). An increase in CCI score by one point decreased the odds of 

being persistent by 0.107 percent (Exp (B) = 0.893; 95 percent CI: 0.823-0.969; 

p=0.007). The logistic regression model was run again after excluding the days since 

breast cancer variable; however, the relationship between hormonal therapy out-of-pocket 
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costs and persistence did not change (Exp (B) = 1.002; 95 percent CI: 1.001-1.002; 

p<0.001). 

Based on results of the logistic regression analysis, the odds of being persistent 

were not inversely related to patient hormonal therapy out-of-pocket costs. Therefore, 

hypothesis 13 is rejected. 

 

4.6.3.6 Association between Total Patient Out-of-pocket Costs and Days of 
Persistence 

Objective 14: To determine if persistence to hormonal therapy is associated with patient 

total out-of-pocket costs (deductibles, coinsurance, and copayments) for all medical 

services (cancer and non-cancer related)while controlling for age, days since breast 

cancer diagnosis, treatment type, length of observation period and CCI score during the 

study period. 

A logistic regression model was developed to assess the relationship between total 

out-of-pocket costs and patient persistence to medication. Patients were considered 

persistent to their hormonal therapy if they did not have a gap of greater than 60 days 

during the study period or until end of enrollment.  

With the objective of examining the relationship between total out-of-pocket cost 

and hormonal therapy persistence, the following hypothesis was tested: 

H (14):   Persistence is inversely related to total out-of-pocket costs while 

controlling for age, days since breast cancer diagnosis, treatment type, length of 

observation period, and CCI score during the study period. 
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Table 4.45 presents results from the logistic regression analysis. 

 

Table 4.45: Logistic Regression Analysis Results Examining Total Out-of-pocket 
(OOP) Costs, Age, Days since Breast Cancer (BC) Diagnosis, Treatment Type, 
Length of Observation Period, and CCI to Predict Patient Hormonal Therapy 

Persistence over the Study Period 
 

Model B 
Std. 

Error 
Wald 

p-
value 

Exp(B) 
95% CI 

Lower Upper 
Total OOP Costs 0.000 0.000 38.218 <0.001 1.000 1.000 1.000 

Age 0.019 0.005 14.843 <0.001 1.019 1.009 1.029 

Days Since BC diagnosis 0.000 0.000 3.211 0.073 1.000 1.000 1.001 

Treatment Type 
(Tamoxifen)a -0.517 0.067 60.036 <0.001 0.596 0.523 0.680 

Length of observation 
period 

-0.001 0.000 480.688 <0.001 0.999 0.999 0.999 

CCIb -0.111 0.039 7.890 0.005 0.895 0.829 0.967 

Constant 0.396 0.313 1.603 0.206 1.487   

*Persistence is a dichotomous variable. Persistence was coded 1 and non-persistence was coded 0. 
a Treatment type is a dichotomous variable. Tamoxifen was coded 1 and aromatase inhibitor was coded 0. 
b CCI: Charlson Comorbidity Index 

 

The logistic regression analysis showed that the total out-of-pocket costs are not 

related to the odds of staying persistent to hormonal therapy (B=0.000; Exp (B) =1.000). 

An increase in patient age by one year increased the odds of being persistent by 1.9 

percent (Exp (B) =1.019; 95 percent CI: 1.009-1.029; p<0.001). The odds of being 

persistent decreased by 40.4 percent when patients initiated therapy on tamoxifen (Exp 

(B) =0.596; 95 percent CI: 0.523-0.680; p<0.001). An increase in length of observation 

period by one day decreased the odds of being persistent by 0.1 percent (Exp (B) =0.999; 

95 percent CI: 0.999-0.999; p<0.001). An increase in CCI by one point decreased the 

odds of being persistent by 0.105 percent (Exp (B) =0.895; 95 percent CI: 0.829-0.967; 

p=0.005).  Days since breast cancer diagnosis were not significantly related to patient 
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persistence. The model was run again after excluding this variable; however, the results 

of the logistic regression model (B=0.000; Exp (B) =1.000) did not change. 

Based on results of the logistic regression analysis, odds of persistence were not 

inversely related to patient total out-of-pocket costs. Therefore, hypothesis 14 is rejected. 

 

4.7 Summary of Study Findings and Hypotheses Testing Results 
 
 Hypotheses testing results are summarized in Table 4.46. 
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Table 4.46: Summary of Hypotheses Testing Results 

Hypothesis DV IV Test 
Hypothesis 
Test Result 

Objective 1: To describe patient adherence 

(MPR) and persistence to hormonal therapy, 

hormonal therapy out-of-pocket costs, and total 

out-of-pocket costs over a period of 12 months 

after therapy initiation and over the entire study 

period. In addition, proportion of patients 

adherent (MPR ≥ 80 percent) and persistent to 

hormonal therapies at 12 months and over the 

study period will also be reported. 

 

   NA 

Objective 2: To determine time to initiation of 

hormonal therapy after breast cancer diagnosis. 

  

   NA 

Objective 3: To determine the association 

between hormonal therapy out-of-pocket costs 

and adherence (MPR) to hormonal therapy in 

patients diagnosed with breast cancer while 

controlling for age, days since breast cancer 

diagnosis, treatment type, and CCI score over 12 

months after the index prescription. 

   NA  

H (3a): The patient medication possession ratio 
is inversely related to patient hormonal therapy 
out-of-pocket costs while controlling for age, 
days since breast cancer diagnosis, treatment 
type, and CCI score over the 12 months after the 
index prescription. 

MPR 

Hormonal 
therapy 
out-of-
pocket 
costs 

Multivariate 
Linear 

Regression 
Analysis 

Rejected 

H (3b):  As patient hormonal therapy out-of-
pocket cost increases, the likelihood of adherence 
to hormonal therapy decreases over the 12 
months after the index hormonal therapy while 
controlling for age, days since breast cancer 
diagnosis, treatment type, and CCI score. 
 

Adherence 

Hormonal 
therapy 
out-of-
pocket 
costs 

Logistic 
Regression 

Rejected 

Objective 4: To determine the association 

between hormonal therapy out-of-pocket costs 

and days of persistence with hormonal therapy 

while controlling for patient age, days since 

breast cancer diagnosis, treatment type, and CCI 

score during 12 months after the index hormonal 

therapy prescription.  

    

H (4):  The risk of discontinuation of hormonal 
therapy is positively related to patient hormonal 
therapy out-of-pocket costs while controlling for 
age, days since breast cancer diagnosis, treatment 
type, and CCI score during 12 months after the 
index hormonal therapy prescription. 
 

Days 
Persistent 

Hormonal 
therapy 
out-of-
pocket 
costs 

Cox 
proportional 

hazards 
model 

Rejected 

Objective 5: To determine the association 

between total out-of-pocket costs (deductibles, 

coinsurance, and copayments) for all medical 

services (cancer and non-cancer related) 
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delivered and patient adherence (MPR) to 

hormonal therapy while controlling for age, days 

since breast cancer diagnosis, treatment type, 

and CCI score over the 12 months after the index 

hormonal therapy prescription. 

H (5a):  The patient medication possession ratio 
is inversely related to total out-of-pocket costs 
while controlling for age, days since breast 
cancer diagnosis, treatment type, and CCI score 
over the 12 months after the index hormonal 
therapy prescription. 

MPR 
Total out-
of-pocket 

costs 

Multivariate 
Linear 

Regression 
Analysis 

Rejected 

H (5b): As patient total out-of-pocket cost 
increases, the likelihood of adherence to 
hormonal therapy decreases over the 12 months 
after the index hormonal therapy while 
controlling for age, days since breast cancer 
diagnosis, treatment type, length of observation 
period, and CCI score. 
 

Adherence 

Total 
Out-of-
pocket 
costs 

Logistic 
Regression 

Rejected 

Objective 6: To evaluate if the total out-of-pocket 

costs (deductibles, coinsurance, and copayments) 

for all medical services are associated with days 

of persistence with hormonal therapies while 

controlling for age, days since breast cancer 

diagnosis, treatment type, and CCI score during 

12 months after the index hormonal therapy 

prescription. 

    

H (6): The risk of discontinuation of hormonal 
therapy is positively related to patient total out-
of-pocket cost while controlling for age, days 
since breast cancer diagnosis, treatment type, and 
CCI score over the 12 months after the index 
hormonal therapy prescription. 
 

Days 
Persistent 

Total out-
of-pocket 

costs 

Cox 
proportional 

hazards 
model 

Rejected 

Objective7: To determine if persistence to 

hormonal therapy is associated with patient 

hormonal therapy out-of-pocket costs while 

controlling for age, days since breast cancer 

diagnosis, treatment type, and CCI score over the 

12 months after the index hormonal therapy 

prescription. 

    

H (7):  Persistence to hormonal therapy is 
inversely related to patient hormonal therapy out-
of-pocket costs while controlling for age, days 
since breast cancer diagnosis, treatment type, and 
CCI score over the 12 months after the index 
date.  
 

Persistence 

Hormonal 
therapy 
out-of-
pocket 
costs 

Logistic 
regression 
analysis 

Rejected 

Objective 8: To determine if persistence to 

hormonal therapy is associated with total out-of-

pocket costs (deductibles, coinsurance, and 

copayments) for all medical services (cancer and 

non-cancer related)while controlling for age, 

days since breast cancer diagnosis, treatment 

type, and CCI score during 12 months after the 

    

Table 4.46: Summary of Hypotheses Testing Results continued. 
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index hormonal therapy prescription. 

H (8):  Persistence to hormonal therapy is 
inversely related to patient total out-of-pocket 
costs while controlling for age, days since breast 
cancer diagnosis, treatment type, and CCI score 
over the 12 months after the index hormonal 
therapy prescription.  
 

Persistence 
Total out-
of-pocket 

costs 

Logistic 
regression 
analysis 

Rejected 

Objective 9: To determine the association 

between hormonal therapy out-of-pocket costs 

and adherence (MPR) to hormonal therapy while 

controlling for age, days since breast cancer 

diagnosis, treatment type, length of observation 

period and CCI score during the study period. 

 

    

H (9a): The patient medication possession ratio 
is inversely related to patient hormonal therapy 
out-of-pocket costs while controlling for age, 
days since breast cancer diagnosis, treatment 
type, length of observation period, and CCI score 
during the study period. 

MPR 

Hormonal 
therapy 
out-of-
pocket 
costs 

Multivariate 
Linear 

Regression 
Analysis 

Rejected 

H (9b): As patient hormonal therapy out-of-
pocket cost increases, the likelihood of adherence 
to hormonal therapy decreases while controlling 
for age, days since breast cancer diagnosis, 
treatment type, length of observation period, and 
CCI score during the study period. 
 

Adherence 

Hormonal 
therapy 
out-of-
pocket 
costs 

Logistic 
Regression 

Rejected 

Objective 10: To determine the association 

between hormonal therapy out-of-pocket costs 

and days of persistence with hormonal therapy 

while controlling for patient age, days since 

breast cancer diagnosis, treatment type, length of 

observation period, and CCI score during the 

study period.  

    

H (10):  The risk of discontinuation of hormonal 
therapy is positively related to patient hormonal 
therapy out-of-pocket costs while controlling for 
age, days since breast cancer diagnosis, treatment 
type, length of observation period, and CCI score 
during the study period. 
 

Days 
Persistent 

Hormonal 
therapy 
out-of-
pocket 
costs 

Cox 
proportional 

hazards 
model 

Rejected 

Objective11: To evaluate the relationship 

between total out-of-pocket costs (deductibles, 

coinsurance, and copayments) for all medical 

services (cancer and non-cancer-related) 

delivered and adherence (MPR) to hormonal 

therapies while controlling for patient age, days 

since breast cancer diagnosis, treatment type, 

length of observation period, and CCI score 

during the study period.  

    

H (11a): The patient medication possession ratio 
is inversely related to total out-of-pocket costs 
while controlling for age, days since breast 
cancer diagnosis, treatment type, length of 

MPR 
Total out-
of-pocket 

costs 

Multivariate 
Linear 

Regression 
Analysis 

Rejected 

Table 4.46: Summary of Hypotheses Testing Results continued. 
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observation period, and CCI score during the 
study period. 

H (11b): As patient total out-of-pocket cost 
increases, the likelihood of adherence to 
hormonal therapy decreases while controlling for 
age, days since breast cancer diagnosis, treatment 
type, length of observation period, and CCI score 
during the study period. 
 

Adherence 
Total out-
of-pocket 

costs 

Logistic 
Regression 

Rejected 

Objective 12: To evaluate if total out-of-pocket 

costs (deductibles, coinsurance, and copayments) 

for all medical services are associated with days 

of persistence with hormonal therapies while 

controlling for age, days since breast cancer 

diagnosis, treatment type, length of observation 

period and CCI score during the study period. 

    

H (12): The risk of discontinuation of hormonal 
therapy is positively related to patient total out-
of-pocket cost while controlling for age, days 
since breast cancer diagnosis, treatment type, 
length of observation period, and CCI score 
during the study period.  
 

Days 
Persistent 

Total out-
of-pocket 

costs 

Cox 
proportional 

hazards 
model 

Rejected 

Objective 13: To determine if persistence to 

hormonal therapy is associated with hormonal 

therapy out-of-pocket costs for hormonal 

therapies while controlling for age, days since 

breast cancer diagnosis, treatment type, length of 

observation period and CCI score during the 

study period. 

    

H (13):  Persistence is inversely related to patient 
hormonal therapy out-of-pocket costs while 
controlling for age, days since breast cancer 
diagnosis, treatment type, length of observation 
period, and CCI score during the study period.  
 

Persistence 

Hormonal 
therapy 
out-of-
pocket 
costs 

Logistic 
regression 
analysis 

Rejected 

Objective 14: To determine if persistence to 

hormonal therapy is associated with patient total 

out-of-pocket costs (deductibles, coinsurance, 

and copayments) for all medical services (cancer 

and non-cancer related)while controlling for age, 

days since breast cancer diagnosis, treatment 

type, length of observation period and CCI score 

during the study period. 

    

H (14):  Persistence is inversely related to total 
out-of-pocket costs while controlling for age, 
days since breast cancer diagnosis, treatment 
type, length of observation period, and CCI score 
during the study period.  
 

Persistence 
Total out-
of-pocket 

costs 

Logistic 
regression 
analysis 

Rejected 

 

Table 4.46: Summary of Hypotheses Testing Results continued. 



197 
 

CHAPTER 5: DISCUSSION 
 

5.1 Overview 
 
 This chapter includes discussion of the study results and begins with a review of 

the purpose of the study and the objectives. Results from the analyses are discussed next 

along with discussion of the published research, and study strengths and limitations. 

 

5.2 Review of Study Purpose and Objectives 
 

The purpose of this research was to evaluate the relationship between patient out-

of-pocket costs and utilization of chronic oral medications in an oncology setting. With 

recent advances in cancer therapeutics, many traditional intravenous and injectable 

oncology drugs have been developed in oral forms. Past research has evaluated the 

relationship between out-of-pocket costs and patients’ adherence and persistence to 

medications for chronic conditions such as hyperlipidemia and diabetes, but few studies 

have evaluated the influence of patient out-of-pocket costs on adherence and persistence 

to oncology medications. Cancer is increasingly being treated as a chronic condition with 

treatments spanning multiple years; therefore, it is important to evaluate if out-of-pocket 

costs are a barrier to access to medications in this patient population.  

 Oral hormonal therapies are commonly used as a standard of care to prevent 

cancer recurrence and cancer-related mortality in patients with breast cancer. Hormonal 

therapies have shown remarkable efficacy in preventing cancer recurrence and mortality 

and are recommended for use for at least five years after breast cancer diagnosis. Past 

research has evaluated adherence and persistence to these medications; however, the 
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influence of patient hormonal therapy out-of-pocket costs on utilization of these 

medicines has not been studied extensively. The studies that have evaluated the 

relationship between out-of-pocket costs and adherence to hormonal therapy medications 

employed methodologies that limit the interpretation of the results. Additionally, past 

literature has not evaluated the influence of overall medical costs (out-of-pocket costs 

related to all cancer and non-cancer related medical care) on adherence and persistence to 

hormonal therapy drugs.  

This study employed the MarketScan® Commercial Claims Database to evaluate 

the relationship between patient out-of-pocket costs and adherence and persistence to 

hormonal therapies. The results from this study will provide better understanding of the 

out-of-pocket cost burden in patients with breast cancer, adherence and persistence to 

hormonal therapy, and the relationship between out-of-pocket costs and hormonal 

therapy utilization in breast cancer patients.   

The following objectives were addressed in this study: 

1. To describe patient adherence (MPR) and persistence to hormonal therapy, 

hormonal therapy out-of-pocket costs, and total out-of-pocket costs over a period 

of 12 months after therapy initiation and over the entire study period and to 

describe the proportions of patients adherent (MPR ≥ 80 percent) and persistent to 

hormonal therapies over 12 months and over the study period. 

2. To determine time to initiation of hormonal therapy after breast cancer diagnosis. 

3. To determine the association between hormonal therapy out-of-pocket costs and 

adherence (MPR) to hormonal therapy in patients diagnosed with breast cancer 
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while controlling for age, days since breast cancer diagnosis, treatment type, and 

CCI score over 12 months after the index prescription. 

4. To determine the association between hormonal therapy out-of-pocket costs and 

days of persistence with hormonal therapy while controlling for patient age, days 

since breast cancer diagnosis, treatment type, and CCI score during 12 months 

after the index hormonal therapy prescription. 

5. To determine the association between total out-of-pocket costs (deductibles, 

coinsurance, and copayments) for all medical services (cancer and non-cancer 

related) delivered and patient adherence (MPR) to hormonal therapy while 

controlling for age, days since breast cancer diagnosis, treatment type, and CCI 

score over the 12 months after the index hormonal therapy prescription. 

6. To evaluate if the total out-of-pocket costs (deductibles, coinsurance, and 

copayments) for all medical services are associated with days of persistence with 

hormonal therapies while controlling for age, days since breast cancer diagnosis, 

treatment type, and CCI score during 12 months after the index hormonal therapy 

prescription. 

7. To determine if persistence to hormonal therapy is associated with patient 

hormonal therapy out-of-pocket costs while controlling for age, days since breast 

cancer diagnosis, treatment type, and CCI score over the 12 months after the 

index hormonal therapy prescription. 

8. To determine if persistence to hormonal therapy is associated with total out-of-

pocket costs (deductibles, coinsurance, and copayments) for all medical services 

(cancer and non-cancer related) while controlling for age, days since breast cancer 
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diagnosis, treatment type, and CCI score during 12 months after the index 

hormonal therapy prescription. 

9. To determine the association between hormonal therapy out-of-pocket costs and 

adherence (MPR) to hormonal therapy while controlling for age, days since breast 

cancer diagnosis, treatment type, length of observation period and CCI score 

during the study period. 

10. To determine the association between hormonal therapy out-of-pocket costs and 

days of persistence with hormonal therapy while controlling for patient age, days 

since breast cancer diagnosis, treatment type, length of observation period, and 

CCI score during the study period. 

11. To evaluate the relationship between total out-of-pocket costs (deductibles, 

coinsurance, and copayments) for all medical services (cancer and non-cancer-

related) delivered and adherence (MPR) to hormonal therapies while controlling 

for patient age, days since breast cancer diagnosis, treatment type, length of 

observation period, and CCI score during the study period. 

12. To evaluate if total out-of-pocket costs (deductibles, coinsurance, and 

copayments) for all medical services are associated with days of persistence with 

hormonal therapies while controlling for age, days since breast cancer diagnosis, 

treatment type, length of observation period and CCI score during the study 

period. 

13. To determine if persistence to hormonal therapy is associated with patient 

hormonal therapy out-of-pocket costs while controlling for age, days since breast 
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cancer diagnosis, treatment type, length of observation period and CCI score 

during the study period. 

14. To determine if persistence to hormonal therapy is associated with patient total 

out-of-pocket costs (deductibles, coinsurance, and copayments) for all medical 

services (cancer and non-cancer related)while controlling for age, days since 

breast cancer diagnosis, treatment type, length of observation period and CCI 

score during the study period. 

 

5.3 Summary of Findings 
 
 The study sample consisted of 6,504 patients with breast cancer diagnosed in the 

years 2004 or 2005. Only patients between ages 18 and 62 years who had filled at least 

two prescriptions for hormonal therapy drugs (tamoxifen or aromatase inhibitor) after the 

diagnosis of breast cancer were included in the study sample. A minimum of 12 months 

of continuous enrollment before the breast cancer diagnosis date, continuous enrollment 

between breast cancer diagnosis and index hormonal therapy date, and 12 months of 

follow-up continuous enrollment after index hormonal therapy prescription were required 

for inclusion into the study sample. Analyses were conducted over two time periods: 1) 

12 months after the index hormonal therapy date; and 2) the entire study period after the 

index hormonal therapy date. The analyses over the 12 months followed patients for 

equal durations of time (365 days after the index date). The analyses over the entire study 

period followed patients for variable time durations since patients contributed time until 

end of enrollment or end of study period, whichever happened first.  
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The study results are presented by time periods (i.e., 12 months after index date 

and over the study period). The predictor variables were classified into three groups: 

demographic, clinical, and financial variables. Patient hormonal therapy utilization after 

breast cancer diagnosis was assessed by calculating the medication possession ratio and 

persistence to therapy over the 12 months after the index therapy and over the study 

period. The following section presents summary and discussion of findings specific to 

each variable.  

 

5.3.1 Demographic and Clinical Variables 
 
Proportion of Patients Initiating Hormonal Therapy 
 

In the present study, 22,741 patients between ages 18 and 62 years with a 

diagnosis of breast cancer in 2004 or 2005 and continuous enrollment during baseline and 

follow-up periods were identified. Of these patients, 12,418 (54.6 percent) patients were 

excluded since they did not initiate hormonal therapy during the study period. This 

implies that only 45.4 percent (N=10,323) of the patients diagnosed with breast cancer 

initiated hormonal therapy after breast cancer diagnosis.  

Clinical guidelines from the American Society of Clinical Oncology, the National 

Comprehensive Cancer Network, and St. Galen, recommend use of hormonal therapy in 

women with hormone receptor-positive breast cancer for a period of five years following 

breast cancer diagnosis.319,320 Past research has shown that long-term use of hormonal 

therapy in early breast cancer patients results in significant 15-year risk reduction in 

                                                 
319 "NCCN Guidelines,"  http://www.nccn.org/professionals/physician_gls/f_guidelines.asp. Accessed on 
11/15/2013. 
320 "American Cancer Society. Breast Cancer,"  
http://www.cancer.org/acs/groups/cid/documents/webcontent/003090-pdf.pdf. Accessed on 8/10/2011. 
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cancer recurrence and mortality.321 In spite of proven efficacy of hormonal therapy drugs 

in improving long-term outcomes, the present study shows that over half of the patients 

diagnosed with breast cancer did not initiate hormonal therapy. These findings are 

aligned with the findings reported in the literature. Nekhlyudov et al. evaluated the five-

year treatment patterns of adjuvant hormonal therapy in commercially insured women 

with early-stage breast cancer and found that only 58.0 percent of the women diagnosed 

with hormone receptor-positive breast cancer initiated hormonal therapy within one year 

of breast cancer diagnosis.322 Hormonal therapy initiation among Medicaid-insured breast 

cancer patients with hormone receptor-positive cancer was studied by Wheeler et al. 

Women aged 18-64 with Stage 0-II hormone receptor-positive breast cancer and 

continuously enrolled for 12 to 15 months after breast cancer diagnosis were included in 

this study. This study found that only 50.0 percent of the 222 women who met the 

inclusion criteria initiated hormonal therapy.323  

Few studies evaluated hormonal therapy treatment with AIs only (i.e., without 

including tamoxifen users). In a study by Aiello et al., aromatase inhibitor uptake in 

women diagnosed with hormone receptor-positive breast cancer between years 1996 to 

2003 was estimated. Of the total sample of 13,245 patients, only 26.6 percent of the 

women diagnosed with estrogen receptor-positive breast cancer received aromatase 

inhibitors at any time after diagnosis. Initiation of aromatase inhibitors was found to be 

higher in women with stage III and IV cancer compared to women with stage I and II 

                                                 
321 "Early Breast Cancer Trialists' Collaborative Group: Relevance of Breast Cancer Hormone Receptors 
and Other Factors to the Efficacy of Adjuvant Tamoxifen: Patient-Level Meta-Analysis of Randomised 
Trials. ," Lancet 378 (2011). 
322 L. Nekhlyudov et al., "Five-Year Patterns of Adjuvant Hormonal Therapy Use, Persistence, and 
Adherence among Insured Women with Early-Stage Breast Cancer.," Breast Cancer Res Treat 130 (2011). 
323 S.B. Wheeler et al., "Endocrine Therapy Initiation among Medicaid-Insured Breast Cancer Survivors 
with Hormone Receptor-Positive Tumors," Journal of Cancer Survivorship 8, no. 4 (2014). 
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cancer.324 A study by Buzdar et al. evaluated AI treatment initiation using physician self-

reported prescribing patterns and estimated that AIs are initiated in 53.0 percent of 

women with breast cancer.325 

The treatment rates reported in studies that only included patients using AIs were 

lower compared to studies that included both tamoxifen and AIs. Clinical efficacy of AIs 

was first established in 2001; however, use of AIs was recommended by ASCO and 

NCCN guidelines only in 2004 and 2006, respectively. It can be expected that AI uptake 

was slow in the early 2000s and increased gradually over time as these drugs were 

included in the guidelines and real-world effectiveness was established. Therefore, the 

timeframe of the studies reported above may partly explain the low treatment rates 

observed in patients using AIs.  

The rate of hormonal therapy initiation reported in the literature ranged from 26.6 

percent to 58.0 percent. In the present study, hormonal therapy was initiated by 45.4 

percent of the patients which falls in the range reported in the literature. It should be 

noted that in the present study, patients with hormone-receptor negative breast cancer 

were not excluded. Consequently, the treatment rate reported here is a conservative 

estimate since some patients included in the study population may have hormone 

receptor-negative breast cancer and, therefore, may not be eligible to receive hormonal 

therapy. Past research suggests that the majority of patients (75 to 80 percent), have 

hormone receptor-positive breast cancer and the remaining (20 to 25 percent) have 

                                                 
324 E.J. Aiello et al., "Diffusion of Aromatase Inhibitors for Breast Cancer Therapy between 1996 and 2003 
in the Cancer Research Network," Breast Cancer Res Treat 107 (2008). 
325 A. Buzdar and C. Macahilic, "How Rapidly Do Oncologists Respond to Clinical Trial Data," Oncologist 
10, no. 1 (2005). 
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hormone receptor-negative breast cancer.326 Therefore, it can be assumed that 

approximately 20-25 percent of the women diagnosed with breast cancer in the present 

study were not eligible to receive hormonal therapy. Consequently, the treatment rate 

presented here is a conservative estimate and true rate of treatment initiation with 

hormonal therapy in hormone receptor-positive patients can be expected to be higher than 

the 45.4 percent reported here.  

 

Tamoxifen and Aromatase Inhibitor Use 

Of the 10,323 patients who initiated hormonal therapy, 6,504 patients met all the 

inclusion criteria and were included in the final sample for the present study. These 

patients were diagnosed with breast cancer in 2004 and 2005 and obtained at least two 

hormonal therapy prescriptions no more than 12 months apart and after the breast cancer 

diagnosis date. Of these 6,504 patients, 48.0 percent initiated therapy on tamoxifen and 

52.0 percent initiated therapy on AIs. Patients who switched therapy were censored on 

the date of switch. 

Few studies have reported utilization of both tamoxifen and AIs. A study by 

Nekhlyudov et al. spanning from 2000 to 2006 found that 74.9 percent of the patients 

initiated therapy on tamoxifen and 25.1 percent on AIs within 12 months of breast cancer 

diagnosis. Of patients who initiated therapy on tamoxifen, 20.3 percent switched 

therapies from tamoxifen to AIs during the study period.327 Much higher use of tamoxifen 

in this study compared to the present study can be attributed to the timeframe of the 

                                                 
326 G.A. Colditz et al., "Risk Factors for Breast Cancer According to Estrogen and Progesterone Receptor 
Status," J Natl Cancer Inst 96 (2004). 
327 L. Nekhlyudov et al., "Five-Year Patterns of Adjuvant Hormonal Therapy Use, Persistence, and 
Adherence among Insured Women with Early-Stage Breast Cancer.," Breast Cancer Res Treat 130 (2011). 
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study. Clinical efficacy data for AIs was first published in 2001 and AIs were included in 

the ASCO and NCCN clinical guidelines in 2004 and 2006, respectively. Therefore, the 

higher uptake of tamoxifen compared to AIs over the study period of 1996 to 2003 is not 

surprising.328 Similarly, a study by Hershman et al. evaluated discontinuation of 

hormonal therapy in women diagnosed with breast cancer between 1996 and 2007. In this 

study, 43.0 percent of the patients received only tamoxifen, 29.0 percent of the patients 

received only AIs, and 29.0 percent switched between the medications.329 Aiello et al. 

identified 13,245 patients over age 55 years diagnosed with hormone receptor-positive 

breast cancer between 1996 and 2003. In this study, only 26.6 percent of the patients 

received AIs at any point during the study period.330 

 

Aromatase Inhibitor Distribution 

In the present study, amongst patients who used AIs (N=3,382), 81.2 percent 

(N=2,745) of the patients used anastrozole, 15.9 percent (N= 539) used letrozole, and 2.2 

percent (N=98) used exemestane. The present study aimed at identifying index hormonal 

therapy after breast cancer diagnosis. Since exemestane is indicated for use as a second-

line agent, its use in the present study was not expected.  

A study by Sedjo et al. included patients who used exemestane, anastrozole, or 

letrozole in 2006 with breast cancer diagnosis code in the preceding 12 months. In this 

study, anastrozole was the most commonly used AI (56.5 percent), followed by 

                                                 
328 ———, "Five-Year Patterns of Adjuvant Hormonal Therapy Use, Persistence, and Adherence among 
Insured Women with Early-Stage Breast Cancer.," Breast Cancer Res Treat 130 (2011). 
329 D.L. Hershman et al., "Early Discontinuation and Nonadherence to Adjuvant Hormonal Therapy in a 
Cohort of 8,769 Early-Stage Breast Cancer Patients," J Clin Oncol 25 (2010). 
330 E.J. Aiello et al., "Diffusion of Aromatase Inhibitors for Breast Cancer Therapy between 1996 and 2003 
in the Cancer Research Network," Breast Cancer Res Treat 107 (2008). 
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exemestane (31.6 percent) and letrozole (12.1percent).331 A new diagnosis of breast 

cancer was not required for inclusion in this study, which might explain the high use of 

exemestane, which is a second-line treatment.332  In another study, amongst women who 

used AIs (N=3,526), 61.7 percent used anastrozole, 25.7 percent used letrozole, and 8.1 

percent used exemestane as the first AI therapy. Approximately 4.5 percent of the 

patients used multiple medications.333 

The differences in study design may explain the much lower use of exemestane in 

the present study. Exemestane is approved in the U.S. for second-line treatment only; 

therefore, its use in the present study was not expected since we sought to identify index 

use of hormonal therapy after new breast cancer diagnosis. The database employed in the 

present study did not provide information to establish new diagnosis; therefore, 12 

months of baseline period (before breast cancer diagnosis claim in 2004 or 2005) was 

checked to ensure no additional breast cancer claims were found in the inpatient or 

outpatient settings. Patients without any breast cancer claims during the baseline period 

were assumed to be newly diagnosed with breast cancer. The studies reported above did 

not require a new diagnosis of breast cancer for inclusion in the study. Consequently, the 

baseline period was not checked to ensure no previous breast cancer diagnosis codes. 

This may explain higher use of exemestane, a second-line therapy, in these studies.  

The utilization of exemestane by 2.2 percent of patients in the present study 

suggests that these patients were not newly diagnosed with breast cancer or may have 

                                                 
331 R.L. Sedjo and S. Devine, "Predictors of Non-Adherence to Aromatase Inhibitors among Commercially 
Insured Women with Breast Cancer," Breast Cancer Res Treat 125 (2011). 
332 ———, "Predictors of Non-Adherence to Aromatase Inhibitors among Commercially Insured Women 
with Breast Cancer," Breast Cancer Res Treat 125 (2011). 
333 E.J. Aiello et al., "Diffusion of Aromatase Inhibitors for Breast Cancer Therapy between 1996 and 2003 
in the Cancer Research Network," Breast Cancer Res Treat 107 (2008). 
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experienced recurrent cancer. It is also possible that these patients may be receiving 

exemestane as a first-line therapy even though it is approved as a second-line therapy. 

Since it was not possible to ascertain the reason for utilization of exemestane and because 

these patients met the pre-specified study inclusion criteria, exemestane patients were 

included in the study sample.  

 

Time to Hormonal Therapy Initiation 

In the present study, patients received hormonal therapy on average 199.1 days 

(approximately 6.6 months) after breast cancer diagnosis. Since clinical guidelines 

recommend initiation of hormonal therapy soon after breast cancer diagnosis, this finding 

suggests a substantial lag in therapy initiation which may influence long-term outcomes 

in these patients. Time to initiation of hormonal therapy after breast cancer diagnosis has 

not been reported in the literature. 

 

Age 

  The present study included patients between ages 18 and 62 years on breast 

cancer diagnosis date. The mean (SD) and median ages of the study sample were 52.5 

(6.8) years and 54.0 years, respectively.  

 Sedjo et al. evaluated use of AIs in non-Medicare eligible commercially insured 

patients with index AI prescriptions in 2006.334 The mean patient age reported in this 

study was 55.5 years. Since the study only included patients who used AIs (post-

menopausal women only), a higher mean age compared to the present study was 

                                                 
334 R.L. Sedjo and S. Devine, "Predictors of Non-Adherence to Aromatase Inhibitors among Commercially 
Insured Women with Breast Cancer," Breast Cancer Res Treat 125 (2011). 
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expected. When the sample of the present study is restricted to AIs users only, mean age 

of 55.2 years was observed which is consistent with the Sedjo study. Other U.S. studies 

evaluating hormonal therapy drugs included Medicare eligible patients; therefore, the 

results are not comparable to the present study.  

 

Length of Observation Period 

In the present study, the mean (SD) and median length of the observation period 

after the breast cancer diagnosis and until end of study period or end of follow-up were 

1,603.6 (503.8) days and 1,731.5 days, respectively. This corresponds to an approximate 

average of 4.39 years of enrollment in the database after index hormone therapy.  

Hershman et al. utilized the Kaiser Permanente of Northern California health plan 

database to identify patients who were diagnosed with stage I-III breast cancer between 

years 1996 and 2007 and received hormonal therapy within one year of breast cancer 

diagnosis. In this study, 69.0 percent of the patients continued therapy to the end of 4.5 

years (study time frame).335 The average length of follow-up also was reported in a study 

by Weaver et al. where Medicaid claims-tumor registry and National Death Index data 

were used to evaluate the relationship between adherence to hormonal therapy and breast 

cancer recurrence and survival. A mean follow-up of 1,617 days (4.4 years) after 

initiation of hormonal therapy was observed in this study.336 Similarly, median follow-up 

of 4.4 years was observed in a study evaluating relationship between 

adherence/persistence to hormonal therapy and mortality using the data from Kaiser 

                                                 
335 D.L. Hershman et al., "Early Discontinuation and Nonadherence to Adjuvant Hormonal Therapy in a 
Cohort of 8,769 Early-Stage Breast Cancer Patients," J Clin Oncol 25 (2010). 
336 K.E. Weaver et al., "Adherence to Adjuvant Hormonal Therapy and Its Relationship to Breast Cancer 
Recurrence and Survival among Low-Income Women," American Journal of Clinical Oncology 36, no. 2 
(2013). 
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Permanente of Northern California.337 Multiple other studies have also evaluated patient 

treatment patterns with hormonal therapy over up-to five years. 338,339,340,341   

The mean follow-up of 4.39 years observed in the present study is consistent with 

the duration of follow-up in previous long-term studies, however, it should be noted that 

unlike the present study, other studies did not report the length of the observation period. 

In the present study, the study period analyses included all data available until the end of 

the study period or end of enrollment (whichever happened first), whereas the other 

studies included a pre-specified follow-up period.  

Analyses over a five-year period in multiple other studies indicate that the length 

of follow up reported in the present study is probable in this patient population. 

Additionally, it should also be noted that the present study utilized the MarketScan® 

database which includes longitudinal patient data as long as the patient stays with the 

same employer. This implies that continuous data are available for patients even if they 

switch health plans as long as they stay with the same employer. This enables longer 

follow-up periods in the MarketScan® database compared to plan specific databases.  
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340 C. Owusu et al., "Predictors of Tamoxifen Discontinuation among Older Women with Estrogen 
Receptor-Positive Breast Cancer," Journal of Clinical Oncology 26, no. 4 (2008). 
341 A.H. Partridge et al., "Nonadherence to Adjuvant Tamoxifen Therapy in Women with Primary Breast 
Cancer," Journal of Clinical Oncology 21, no. 4 (2003). 



211 
 

5.3.2 Financial Variables 
 
Hormone Therapy Out-of-pocket costs 
 

12-Month Hormonal Therapy Out-of-pocket Costs 

 

The patient hormonal therapy out-of-pocket costs over 12 months after index 

therapy were estimated and included out-of-pocket payment made by the patient at the 

time of obtaining the hormonal therapy medication. The mean (SD) and median patient 

hormonal therapy out-of-pocket costs over the 12 months after the index hormonal 

therapy were $141.94 (130.85) and $100.00, respectively.  

 

Absolute hormonal therapy out-of-pocket costs over a fixed time period have not 

been reported in other studies; however, a few studies have reported categorical per 

prescription patient out-of-pocket costs or monthly costs for hormonal therapy. Sedjo et 

al. evaluated AI use in breast cancer patients and reported that 23.5 percent of the patients 

had costs less than $10.00 per AI prescription, 29.2 percent had costs between $10.00-

19.00 per prescription, 16.6 percent had costs between $20.00-29.00 per prescription, and 

30.8 percent had costs greater or equal to $30.00 per prescription.342 A study by 

Hershman et al. evaluated monthly hormonal therapy out-of-pocket costs in patients who 

used AIs between 2007 and 2012. Of the study sample, 39.4 percent of the patients had 

monthly copays of less than $15.00, 32.0 percent of the patients had monthly copayments 

$15.00-$30.00, and 28.6 percent of the patients had copays greater than $30.00.343  

                                                 
342 R.L. Sedjo and S. Devine, "Predictors of Non-Adherence to Aromatase Inhibitors among Commercially 
Insured Women with Breast Cancer," Breast Cancer Res Treat 125 (2011). 
343 D.L. Hershman et al., "Early Discontinuation and Nonadherence to Adjuvant Hormonal Therapy in a 
Cohort of 8,769 Early-Stage Breast Cancer Patients," J Clin Oncol 25 (2010). 
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The costs in the studies reported above only included patients who were using 

AIs. This is an important distinction from the present study where tamoxifen patients 

were also included. Since tamoxifen was available as a generic during the study time 

period, many patients had zero or minimal out-of-pocket costs for tamoxifen 

prescriptions. Additionally, in the present study, hormonal therapy out-of-pocket costs 

were reported as a continuous variable over the 12-month period. Unlike the studies 

reported above, out-of-pocket costs were not converted into a categorical variable. As a 

result, the current cost variable cannot be appropriately compared to the hormonal 

therapy out-of-pocket costs reported in the literature.  

 

Study Period Hormonal Therapy Out-of-pocket Costs 

Patient hormonal therapy out-of-pocket costs over the study period were 

estimated by combining patient copays, coinsurance, and deductibles for hormonal 

therapy drugs obtained over the study period. In the present study, the study period 

extended to June 30, 2010 or end of enrollment, whichever happened first. The mean 

(SD) and median patient hormonal therapy out-of-pocket cost over the entire study period 

(i.e., until end of enrollment or end of study period) were $374.29 (421.73) and $225.00, 

respectively.  

As mentioned above, hormonal therapy out-of-pocket costs have been reported as 

a monthly or per-prescription categorical variable, therefore continuous hormonal therapy 

out-of-pocket costs over a longer duration were not found in the literature. 
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Total Out-of-pocket Costs 

12-Month Total Out-of-pocket Costs 

 

Total out-of-pocket costs were estimated by adding all patient medical costs 

incurred for cancer related or non-cancer related care. These were calculated by 

combining patient out-of-pocket costs for inpatient admissions, outpatient services, use of 

facilities and prescription medication use. The mean (SD) and median total out-of-pocket 

costs over the 12-month period after the index hormonal therapies were estimated to be 

$1,641.72 (1,627.21) and $1,110.78, respectively.  

To my knowledge, only Sedjo et al. calculated total medical costs in patients 

receiving hormonal therapy; however, these costs were reported during the baseline 

period (i.e., before patients initiated hormonal therapy) and were presented as categorical 

variables. Of the study sample (N=13,593), 24.7 percent had total out-of-pocket one-year 

baseline costs of less than $250.00, 25.8 percent had total one-year baseline costs 

between $250.00 and $599.00, 24.9 percent of the patients had total one-year baseline 

costs between $600.00 to $1,349 and 24.6 percent of the patients had costs greater than or 

equal to $1,350.00.344  

As noted before, the total out-of-pocket costs in the present study were evaluated 

after index hormone therapy and were not categorized; therefore, a direct comparison 

with the costs reported by Sedjo is not feasible. Additionally, in the present study, total 

out-of-pocket cost variable included prescription drug costs in addition to medical costs 

whereas in the study by Sedjo et al, prescription costs were reported separately. 

Furthermore, the present study included patients using tamoxifen and AIs whereas the 
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Insured Women with Breast Cancer," Breast Cancer Res Treat 125 (2011). 
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study by Sedjo included only patients using AIs. Since tamoxifen users tend to be 

younger, the costs reported in Sedjo may not be comparable to those reported in the 

present study.  

 

Study Period Total Out-of-pocket Costs 

 

Total out-of-pocket costs over the study period were calculated by combining 

patient out-of-pocket costs for inpatient admissions, outpatient services, use of facilities 

and prescription medication use over the entire study period. The mean (SD) and median 

total out-of-pocket costs over the entire study period were estimated to be $7,267.68 

(5,645.84) and $5,715.21, respectively.  

The present study used claims database to assess total direct out-of-pocket costs 

associated with inpatient and outpatient care in early breast cancer patients. To my 

knowledge, this is the first study that quantified direct total out-of-pocket costs associated 

with medical and prescription drugs over the 12 months after index hormonal therapy 

prescription as well as over the study period. This provides a more robust estimate of true 

direct financial burden of breast cancer.  

Accurate assessment of the overall financial burden of patients is critical as it may 

influence every aspect of medical care since patients may make trade-offs and sub-

optimal treatment decisions to defray high costs associated with the treatment, as has 

been shown in past research. Zafar et al. assessed out-of-pocket costs in cancer patients 

with healthcare insurance and the relationship between out-of-pocket costs and utilization 

of therapies. Of the patients surveyed, approximately 20 percent of the patients reported 

that they took less than the prescribed amount of medication, 19 percent reported that 
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they only partially fill their medications, and 24 percent reported not filling their 

prescriptions at all in order to save money.345 Therefore, it can be expected that utilization 

of medications is influenced not just by the cost of the medication, but also the overall 

costs. In another survey, 19 percent of the patients with annual incomes less than $40,000 

reported financial distress due to costs of cancer treatment. Additionally, 25 percent of 

the study sample with incomes less than $40,000 reported opting to not receive optimal 

treatment for cancer due to costs.346  

The cost estimates in the present study only include direct costs incurred by the 

patients when obtaining medications or healthcare. Since indirect costs, such as food, 

transportation, caregiver’s time, and lower productivity are not included, the cost 

estimates in the present study do not represent the full financial burden of the disease. 

The study population in the present study was comprised of younger patients newly 

diagnosed with breast cancer with employer sponsored insurance. The financial burden in 

study patient population can be expected to be lower compared to older patients with 

advanced cancer and/or with sub-optimal insurance coverage.  
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5.3.3 Dependent Variables 
 

5.3.3.1 Medication Adherence 

12-Month Adherence and MPR 

 

 Medication adherence was evaluated to assess the relationship between patient 

out-of-pocket costs on medication utilization. Patients were considered adherent to their 

index therapy if the MPR was equal to or greater than 80 percent. In the present study, 

75.1 percent of the patients were adherent to their index therapy (i.e., MPR≥80 percent) 

over 12 months after the index date. Patients who switched their hormonal therapies were 

censored on the date of switch. MPR was also reported as a continuous variable. The 

mean (SD) MPR over the 12-month period was 85.6 (23.5) percent.  

 

Study Period Adherence and MPR 

 

 In addition to the 12-month analysis discussed above, analyses were also 

conducted using the entire study period which spanned from the index date to the end of 

the study period or end of enrollment. In the present study, 82.0 percent of the patients 

were adherent to their therapy (i.e., MPR≥80 percent) during the study period. MPR was 

also reported as a continuous variable. The mean (SD) MPR over the study period was 

89.3 (16.1) percent. 

 

Multiple studies have evaluated adherence with hormonal therapies. Sedjo et al. 

used the MarketScan® Commercial database to evaluate adherence to AIs (MPR ≥ 80 

percent) by dividing the sum of days’ supply (starting from the index claim until end of 

12 months) by 365 days. Medication supply in excess of 365 days was not included in the 
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MPR calculation and patients were allowed to switch between the AI therapies. In this 

study, 77 percent of the patients were found to be adherent to their AI therapy during the 

one-year period. 347 The rate of adherence observed by Sedjo et al. (77.0 percent 

adherent) is very similar to the rate observed in the present study (75.1 percent adherent). 

Even though this study used the same MPR definition and employed the same database as 

the present study, the findings are not directly comparable since tamoxifen was not 

included as a study drug by Sedjo et al. 

Partridge et al. assessed adherence (MPR ≥ 80 percent) to tamoxifen therapy by 

evaluating the proportion of days for which the patient had filled prescriptions for 

tamoxifen during the 365 days following the first tamoxifen prescription. In this study, 

77.0 percent of the women were adherent to tamoxifen during the first year.348 In another 

study, Partridge assessed adherence to anastrozole by employing three large commercial 

databases and using the same definition of adherence as above.  In this study, mean 

adherence to anastrozole in the three datasets ranged from 82 to 88 percent in the 12 

months of therapy. Adherence was also evaluated for patients with 36 months of 

continuous eligibility. In these patients, adherence was found to range from 78 to 86 

percent in year-one and decreased to 62 to 79 percent by year-three.349  

Nekhlyudov et al. used a U.S. health plan database to evaluate adherence to 

tamoxifen and AIs. Adherence was defined as the number of days of medicine supplied 

during the study period divided by the number of days in the period. Patients were 

                                                 
347 R.L. Sedjo and S. Devine, "Predictors of Non-Adherence to Aromatase Inhibitors among Commercially 
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allowed to switch between hormonal therapies and patients with an MPR greater than 80 

percent were considered to be adherent to therapy.  During the first 12 months of therapy, 

78.4 percent of the patients were adherent to therapy.  Of those who did not discontinue 

therapy, 75.2 percent were adherent in year-two and 61.7 percent were adherent in year-

five.350  

Hershman et al. evaluated adherence to brand-name and generic AIs in women 

older than 50 years between 2007 and 2012. Adherence to therapy was assessed by 

calculating MPR which was defined as the number of pills supplied over a fixed period of 

time. Patients were considered to be adherent to therapy if an MPR ≥ 80 percent was 

achieved for the initial two years of therapy. In this study, 75.2 percent of the patients 

were adherent to therapy.351 In another study, Hershman et al. used the data from Kaiser 

Permanente of Northern California to evaluate the relationship between hormonal therapy 

discontinuation and non-adherence to mortality in women with breast cancer. Adherence 

was defined as an MPR ≥ 80 percent and was calculated by dividing the total days 

covered by the number of days in the follow-up period. In this study, 72 percent of the 

patients were adherent to their hormonal therapy medications.352  

Neuget et al. evaluated adherence in women between ages 50 and 65 years with 

two or more AI prescriptions between 2007 and 2008. Patients were considered adherent 

if they did not discontinue the medication during the follow-up period (until December 

2008) and had an MPR ≥ 80 percent. The study sample included 8,110 women of whom 

                                                 
350 L. Nekhlyudov et al., "Five-Year Patterns of Adjuvant Hormonal Therapy Use, Persistence, and 
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6,389 women were persistent to therapy. Among women who were persistent to therapy, 

89.7 percent of the women were found to be adherent to therapy.353 

Weaver et al. evaluated adherence to hormonal therapy in low-income women 

with a follow-up up to five years. MPR was calculated by dividing the total days covered 

by the medication by the days needing the medication. Patients with MPR ≥ 80 percent 

were considered adherent to therapy. Adherence was highest in year-one with 63 percent 

of the patients adherent to therapy. By year-five, only 46 percent of the patients were 

adherent to therapy. The mean MPR was also reported: 77 percent in year-one to 58 

percent in year-five. Only patients with continuous enrollment for each subsequent year 

were included in the MPR calculation for each year.354 Kimmick also evaluated 

adherence in low-income women by means of MPR calculation. One-year MPR was 

calculated by dividing total days supply minus surplus days supply by 365 days. Patients 

with MPR > 80 percent were considered adherent to therapy. During the first year of 

therapy, 75 percent of the patients were adherent to their hormonal therapy.355 

In the literature, adherence to hormonal therapy during the first 12 months ranges 

from 72.0 percent to 88.0 percent. In the present study, 75.1 percent of the patients were 

found to be adherent to their hormonal therapy during the first 12 months after index 

therapy. This estimate falls in the range reported in the literature. It should also be noted 

that although some variability was observed in calculation of MPR, the majority of 

studies in the literature calculated MPR by dividing the days’ supply by the fixed number 
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of days during the timeframe (i.e., 365 days for the one-year analyses). This is consistent 

with the MPR calculation in the present study.  

Longer-term adherence (two to five years) also was reported in a few studies. In 

general, adherence was found to decrease as time since therapy initiation increased. In the 

present study, 82.0 percent of the patients were found to be adherent over the entire study 

duration which is higher than the percent of patients that were found to be adherent 

during the 12-month period. This finding contrasts with past studies where adherence was 

highest in the first year and decreased as time since breast cancer increased. It should be 

noted, that unlike other studies, the present study employed different methodologies for 

calculation of 12-month and study period MPR. The 12-month MPR calculation utilized 

a fixed denominator of 365 days since all patients were being followed for an equal 

amount of time (for 12 months after index date), whereas, the study period analyses were 

conducted over variable time periods where a patient was followed until the end of study 

period or end of enrollment, whichever happened first.  

Higher adherence rates during the study period analysis demonstrate that the fixed 

time period formula for MPR calculation is more conservative compared to the variable 

follow-up formula where the denominator is the days between the first and the last 

prescription. For example, when using a variable follow-up period, the MPR will be 

calculated by dividing the total days’ supply over the study period by the days between 

the first and the last prescription fill. Consider a patient who is continuously enrolled in 

the database for three years but stops getting her hormonal therapy refilled after year-two. 

For this patient, the variable follow-up time would result in a higher MPR value since the 

denominator will be based on the days between first and last prescription (which 
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happened in year-two). If a fixed time period was used instead, the denominator would be 

a pre-specified time period until end of follow-up (three years in this case). This would 

have resulted in a lower MPR value compared to MPR obtained when using variable 

follow-up. This may explain why the study period MPR was higher than the 12-month 

MPR in the present study. In the present study, when the 12-month MPR was calculated 

using the study period formula (i.e., the denominator consisted of days between first and 

last prescription during the one-year period), the mean and median MPRs were found to 

be higher than the 12-month estimates reported above (mean (SD) =91.3 (15.2), median= 

98.6). Therefore, given the different methodology employed in defining the study period, 

the study period MPR reported in the present study is not comparable to long-term MPRs 

reported in other studies.  

5.3.3.2 Medication Persistence  

 
12-Month Persistence 

 

Medication persistence was evaluated to assess the influence of patient out-of-

pocket costs on medication utilization. Patients were considered persistent to therapy for 

the entire 12-month period if they did not have a gap of 60 days or more in continuous 

therapy. In the present study, 68.2 percent of the patients were persistent to their index 

therapy for the entire duration of 12 months after the index date (i.e., did not have a gap 

of 60 days or more during the 12 months after the index date). The mean (SD) days of 

persistence over the 12-month period was found to be 313.3 (97.8) days. Sensitivity 

analyses also were conducted and 61.9 percent were persistent when using the 30-day gap 
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definition and 70.0 percent of the patients were persistent when using the 90-day gap 

definition. 

 

 

Study Period Persistence 

 

Medication persistence was evaluated over the entire study period (until end of 

study period or end of enrollment, whichever happened first). Patients were considered 

persistent to therapy for the entire study period if they did not have a gap of 60 days or 

more in continuous therapy. In the present study, 30.9 percent of the patients were 

persistent to their index therapy for the entire duration of the study period. The mean 

(SD) days of persistence over the study period was found to be 826.8 (583.7) days. 

Sensitivity analyses also were conducted and 25.6 percent were persistent when using the 

30-day gap definition and 33.4 percent of the patients were persistent when using the 90-

day gap definition. 

Multiple studies have evaluated persistence to hormonal therapies. Nekhlyudov et 

al. estimated hormonal therapy persistence in women diagnosed with breast cancer 

between 2000 and 2005. Patients were considered to be non-persistent to therapy if there 

was a gap of 60 days without medication between consecutive prescriptions. Persistence 

was calculated for the first year after index therapy as well as over every subsequent year 

until 2006. By the end of first year of therapy, 79.0 percent of the women were persistent 

to therapy and did not have a gap in therapy greater than 60 days. Persistence decreased 

over time with 70, 62, 53 and 27 percent of the women persistent (gap of less than 60 

days) to therapy in years two, three, four, and five, respectively. Persistence was also 
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calculated using a 180-day gap definition and was found to range from 85 percent to 29 

percent in years one to five.356  

The present study used the same persistence definition as the one used by 

Nekhlyudov et al.; however, a lower rate of persistence was observed in the present study 

(68.2 percent patients were persistent in the first year).  Nekhlyudov used the Harvard 

Pilgrim Health Care database, a non-profit health plan in Massachusetts, to evaluate 

persistence, whereas, the present study used the MarketScan® Commercial database 

which includes data from multiple payers and includes beneficiaries from many different 

large employers nationwide for non-Medicare eligible patients. Additionally, the study by 

Nekhlyudov only included patients who had undergone lumpectomy, partial mastectomy, 

or mastectomy followed by radiotherapy, whereas, the present study did not require any 

procedures in order to enter the study cohort.  Given these differences, it is likely that the 

patient population included in the study by Nekhlyudov is older, sicker, and have 

different insurance benefits. These differences may explain higher rate of persistence 

observed in this study compared to the present study.  

Owusu et al. evaluated persistence to tamoxifen in women age 65 or older with 

hormone receptor-positive breast cancer. Patients were considered to be non-persistent if 

tamoxifen was discontinued for longer than 60 days during the five years after index 

tamoxifen prescription. This study concluded that 49.0 percent of the women 

discontinued tamoxifen before completion of the five-year follow up.  The rate of 

discontinuation was highest in year-one at 15.0 percent and approximately 10.0 percent in 
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each subsequent year.357 The study by Owusu only included women age 65 and older 

who used tamoxifen; therefore, the patient population is very different compared to the 

present study making direct comparison of the results not appropriate. Additionally, in 

the present study, a fixed time period was not used for the study period persistence 

evaluation since patients were followed for variable time periods. Therefore, the study 

period results in the present study cannot be directly compared to the five-year 

persistence estimate by Owusu et al. It should be noted however that Owusu et al. found 

the tamoxifen persistence to be highest in year-one with decreasing persistence in 

subsequent years. This finding is consistent with the present study.  

Weaver et al. evaluated persistence to hormonal therapy in low-income women 

during the first year after therapy initiation. Patients were considered to have 

discontinued therapy if a gap of more than 90 days was observed between medication 

refill date/end of therapy date and the previous medication refill date plus days supply. 

During the first year of therapy, 82.0 percent of the patients were persistent to their 

hormonal therapy.358 Kimmick et al. also evaluated persistence to hormonal therapy in 

low-income women. In this study, 90-day gap in continuous medication was used as an 

indicator of non-persistence. After one year of therapy, 80.0 percent of the women were 

persistent to therapy.  

In the present study, the sensitivity analysis with the 90-day gap showed that 70.0 

percent of the patients were persistent to their therapy during the first year after index 
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therapy.359  Both Weaver and Kimmick included Medicaid and Medicare-eligible patients 

in their studies. Past studies have found older patients to be more adherent and persistent 

to their hormonal therapy medications.360,361 These differences in patient age as well as 

different insurance coverage (Medicaid vs. private commercial) may explain differences 

in persistence observed in these studies compared to the present study.  

 Persistence during the first year of therapy in the literature was found to range 

from 79.0 percent to 85.0 percent. Persistence was found to range from 27.0 to 49.0 

percent over five years of hormonal therapy treatment. In the present study, 68.2 percent 

and 30.9 percent of the patients were found to be persistent over the 12-month period and 

study period, respectively. Overall, the findings in the present study showed slightly 

lower persistence over the 12-month period and within range persistence rates for the 

study period analysis. The findings in the present study confirmed the patterns observed 

in previous studies that persistence is higher in the first year and it progressively 

decreases as time since index medication increases. Key differences between the studies, 

such as, the allowed gap in therapy, time period for persistence calculation, study time 

frame, persistence calculation methodology, hormonal therapy drugs included, and 

patient age limit the comparability between the results reported in the present study and 

the findings in the literature. 
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5.3.4 Hypotheses Testing Results 
 

5.3.4.1 Adherence and MPR 

 
12-Month Analyses with Adherence or MPR as Dependent Variables 

 

Regression analyses were conducted to assess the relationship between patient 

hormonal therapy costs, age, days since breast cancer diagnosis, treatment type, and CCI 

and patient MPR. The results from the analysis showed a positive relationship between 

patient MPR and hormonal therapy out-of-pocket costs (i.e., MPR increased when 

hormonal therapy out-of-pocket costs increased). Patient MPR increased by 0.057 

percentage points when patient payment increased by $1.00. This relationship was 

statistically significant; however, given the small magnitude, it is unlikely to be of 

practical significance. Patient hormonal therapy costs, age, days since breast cancer 

diagnosis, treatment type, and CCI accounted for 9.1 percent of variance in patient MPR. 

Similarly, the binary logistic regression also showed a positive relationship between out-

of-pocket costs and adherence where odds of being adherent to hormonal therapy 

increased by 0.7 percent when patient hormonal therapy out-of-pocket costs increased by 

$1.00. As mentioned above, in spite of the statistical significance, this relationship does 

not appear to be practically meaningful.  

 Regression analysis and binary logistic regression analyses also were conducted 

to assess the relationship between total patient out-of-pocket costs, age, days since breast 

cancer diagnosis, treatment type, and CCI and MPR/adherence of hormonal therapy. 

Patient MPR increased by 0.001 percentage points when total out-of-pocket costs 

increased by $1.00. Odds of being adherent to therapy increased by 13.6 percent when 
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hormonal therapy out-of-pocket costs increased by $1.00. The low magnitude of the 

relationship between total out-of-pocket costs and MPR suggest that this relationship may 

not be of practical significance.  

 

Study Period Analyses with Adherence or MPR as Dependent Variables 

 

Patients had variable follow-up times in the study period analyses; therefore, in 

addition to other variables described in the 12-month analyses, total days of enrollment 

was also controlled in the study period regression analyses. A multivariate linear 

regression was conducted to assess the relationship between patient hormonal therapy 

out-of-pocket costs, age, days since breast cancer diagnosis, treatment type, length of 

observation period, and CCI and MPR over the study period. The results from the 

analysis showed a positive relationship between MPR and hormonal therapy out-of-

pocket costs. Patient MPR increased by 0.005 percentage points when patient hormonal 

therapy out-of-pocket costs increased by $1.00. Even though statistical significance was 

observed, given the small magnitude this relationship is unlikely to be of practical 

significance. Patient hormonal therapy costs, age, days since breast cancer diagnosis, 

treatment type, length of observation period, and CCI accounted for 4.2 percent of 

variance in patient MPR. Similarly, the results of the binary logistic regression showed 

that odds of being adherent to hormonal therapy increased by 0.1 percent when patient 

hormonal therapy out-of-pocket costs increased by $1.00. These analyses show a positive 

relationship between patient costs and patient adherence to hormonal drugs, but, as noted 

above, the magnitude of the relationship is too small to be of practical significance. 
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 The multivariate linear regression and the binary logistic regression models were 

also developed to assess the relationship between total patient out-of-pocket costs, age, 

days since breast cancer diagnosis, treatment type, length of observation period and CCI 

on MPR/adherence to hormonal therapy. Patient MPR/adherence was found to have no 

relationship with total patient out-of-pocket costs over the study period.  

 

5.3.4.2 Persistence 

 
12-Month Analyses with Days Persistent or Persistence as Dependent Variables 

Cox proportional hazards regression was conducted to assess the relationship 

between hormonal therapy patient out-of-pocket costs, age, days since breast cancer 

diagnosis, treatment type, and CCI and patient days of persistence. The results from the 

analysis showed that an increase in hormonal therapy out-of-pocket costs by $1.00 

resulted in a 0.5 percent decrease in risk of discontinuation of hormonal therapy. The 

results from binary logistic regression showed that the odds of being persistent to 

hormonal therapy increased by a factor of 0.6 percent when patient hormonal therapy out-

of-pocket costs increased by $1.00. These analyses show a positive relationship between 

persistence/days of persistence and patient hormonal therapy costs.  

 A cox proportional regression model was also developed to assess the relationship 

between total patient out-of-pocket costs, age, days since breast cancer diagnosis, 

treatment type and CCI and days of persistence to hormonal therapy. An increase in total 

out-of-pocket costs over the 12 months did not change the risk of discontinuation of 
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hormonal therapy. The results from the binary logistic regression also showed no 

relationship between persistence and total out-of-pocket costs.  

 
 
Study Period Analysis with Days Persistent or Persistence as Dependent Variables 

Cox proportional hazards regression was conducted to assess the relationship 

between hormonal therapy patient out-of-pocket costs, age, days since breast cancer 

diagnosis, treatment type, length of observation period, and CCI and patient days of 

persistence. The results from the analysis showed that an increase in hormonal therapy 

out-of-pocket costs by $1 resulted in 0.2 percent decrease in risk of discontinuation. The 

results from binary logistic regression showed that odds of being persistent to hormonal 

therapy increased by a factor of a 0.2 percent when patient hormonal therapy out-of-

pocket costs increased by $1.00. These analyses show a positive relationship between 

persistence/days of persistence and patient hormonal therapy costs.  

 A Cox proportional regression model was also developed to assess the 

relationship between total patient out-of-pocket costs, age, days since breast cancer 

diagnosis, treatment type, length of observation period, and CCI on days of persistence to 

hormonal therapy. Total out-of-pocket costs over the study period were found to not have 

any relationship with patient days of persistence. Similarly, the results of the binary 

logistic regression showed that odds of being persistent to hormonal therapy were not 

related to total patient out-of-pocket costs.  
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Discussion of the Hypotheses Testing Results 

 In the present study, the relationships between adherence/persistence and 

hormonal therapy/total out-of-pocket costs were evaluated while controlling for age, days 

since breast cancer diagnosis, treatment type, length of observation period, and CCI and 

patient days of persistence. Findings related to the predictor and control variables are 

discussed below. 

 

Hormonal Therapy and Total Out-of-pocket Costs 

The results from the regression and binary logistic models evaluating the 

relationships between hormonal therapy/total out-of-pocket costs and 

adherence/persistence to hormonal therapy showed a positive or neutral relationship. This 

finding was surprising and contradicts the extensive research in various therapeutic areas 

showing that patient out-of-pocket costs are inversely related to adherence and 

persistence to chronic medications. Past studies have shown that doubling the co-payment 

for chronic medications decreases adherence rates by 8.0 to 45.0 percent.362 In spite of 

the established link between patient costs and adherence and persistence to chronic 

medications, this relationship has not been studied extensively for hormonal therapy 

drugs in cancer patients. A few studies have evaluated hormonal therapy out-of-pocket 

cost as a predictor of adherence and persistence to therapy; however, to my knowledge, 

total out-of-pocket costs have not been evaluated as a predictor of adherence and 

persistence to hormonal therapy.  

                                                 
362 D.P. Goldman et al., "Pharmacy Benefits and the Use of Drugs by Chronically Ill," JAMA 291, no. 19 
(2004). 
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Sedjo and Devine assessed predictors of non-adherence in commercially insured 

women with breast cancer. This study found that more than half of the patients had per 

AI prescription cost of less than $19.00. Regression analyses showed that patients with 

AI out-of-pocket costs ≥$30 were more likely to be non-adherent to their AI medication 

compared to patients with AI out-of-pocket costs <$10. Similarly, patients with AI 

prescription out-of-pocket costs between $10-$19 or $20-$29 were also more likely to be 

non-adherent compared to patients with AI prescription out-of-pocket costs <$10. 

Patients with a lower prescription and medical costs in the 12 months prior to the AI 

prescription in 2006 were found to have higher non-adherence.363  

The findings from the study by Sedjo et al. seem to contradict the findings in the 

present study where a positive relationship was observed between adherence and 

hormonal therapy out-of-pocket costs; however, it is important to note that the even 

though both studies evaluated the relationship between hormonal therapy out-of-pocket 

cost and adherence, the differences in methodology hinder appropriate comparison 

between the study results. In the present study, out-of-pocket cost was treated as a 

continuous variable and was calculated by adding the patient out-of-pocket cost expenses 

for all prescriptions obtained during the entire duration of 12 months or the study period. 

Sedjo et al. operationalized the cost variable differently. AI therapy cost was 

operationalized at the prescription level and monthly AI out-of-pocket cost was 

calculated. These costs were then categorized into three groups which were then dummy 

coded and used in the regression models. Given the very different operationalization of 

these variables, the results cannot be directly compared.  

                                                 
363 R.L. Sedjo and S. Devine, "Predictors of Non-Adherence to Aromatase Inhibitors among Commercially 
Insured Women with Breast Cancer," Breast Cancer Res Treat 125 (2011): Pg. 196. 
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In the present study, cost variables were operationalized as continuous variables. 

Use of continuous variables renders some strength to the analyses since the information is 

not lost by forcing variables into categories; however, this makes it difficult to compare 

the findings in the present study with the literature. Additionally, the present study 

included tamoxifen as a study drug whereas the study by Sedjo et al. only included 

patients using AIs. Since tamoxien was available as a generic during the study time frame 

and AIs were available as branded medication only, substantial differences in hormonal 

therapy out-of-pocket costs between these patient populations can be expected. These 

differences in the study methodology and inclusion criteria explain the seemingly 

different findings. In order to compare the findings in the present study with the findings 

reported by Sedjo et al, exploratory analyses using the methodology used by Sedjo et al, 

were conducted and are summarized below.   

 

Exploratory Analyses   

Summary of Sedjo et al. Methodology 

Sedjo et al. used the MarketScan Commercial Database and identified women 

who obtained an AI prescription between January 1, 2005 and December 31, 2007. All 

patients were required to be enrolled for at least 12 months before the AI prescription and 

for at least 12 months after the AI prescription. The primary outcome of the study was 

non-adherence which was calculated using MPR. MPR was calculated by dividing the 

sum of days supply from index hormonal therapy to end of 12 months by 365 days. 

Patients with MPR ≥ 80 percent were considered adherent to therapy and patients with 

MPR < 80 percent were considered non-adherent.  
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AI therapy 12-month period out-of-pocket costs were calculated by combining the 

AI copayment and coinsurance. This total 12-month out-of-pocket cost for AI therapy 

was then divided by sum of 30-day adjusted prescriptions to calculate the monthly AI 

therapy out-of-pocket costs. AI therapy monthly out-of-pocket costs were categorized as 

follows: <$10, $10-$19, $20-$29, ≥$30. Age was calculated on the date of the first AI 

therapy during the study period and was included as a predictor variable. Other predictor 

variables included were primary or secondary breast cancer, switch therapies, baseline 

period hormonal therapy use, total medical costs during baseline period, total prescription 

costs, CCI score, mastectomy vs. no mastectomy, and number of outpatient visits. A 

multivariate logistic regression analysis was conducted to evaluate the relationship 

between adherence to AI therapy and the predictor variables.  

 

Methodology for Exploratory Analyses in the Present Study 

The methodology outlined above from Sedjo et al. was adapted for 

implementation in the present study using the same patient cohort that was described 

previously. In order to replicate the methodology outlined above, the total patient 

hormonal therapy out-of-pocket cost for 12-month period was converted into a monthly 

out-of-pocket cost.  

Some the key differences between the Sedjo et al. methodology and the 

methodology used in the present exploratory analyses should be noted and are listed 

below: 

• The present study included patients with index hormonal therapy use whereas 

Sedjo et al. did not require index AI use in order to be included in the study. 
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Consequently, controlling for baseline hormonal therapy use is not applicable 

in the present study. 

• Age was calculated on breast cancer diagnosis date in the present study 

instead of the date of index use of AI therapy. 

• In the present study, both tamoxifen and AI patients were included. Also, 

patients were censored when they switched hormonal therapies.  

• Variables such as total medical costs during baseline period, total prescription 

costs, mastectomy vs. no mastectomy, and number of outpatient visits were 

not available in the present study and were not controlled for in this 

exploratory analysis.  

 

Exploratory Analyses Results 

In the present study, the mean (SD) monthly out-of-pocket cost was estimated to 

be $14.7 (17.67) and ranged from minimum of $0.00 to a maximum of $400.00. Figure 

5.1 presents the graphical distribution of monthly hormonal therapy out-of-pocket costs 

for patients using tamoxifen and AIs in the present study and Table 5.1 presents the 

frequency distribution of monthly hormonal therapy monthly out-of-pocket costs. 
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Figure 5.1: Distribution of Monthly Hormonal Therapy Out-of-pocket Costs 
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Table 5.1: Number and Percentage of Patients Classified by Hormonal 
Therapy Monthly Out-of-pocket Cost Categories during 12 Months after the Index 

Date 
 

Average 
Patient 

Payment 

Number of 
Patients 

Percent 

$0.00-9.99 2965 45.5 

$10.00-19.99 1980 30.4 

$20.00-29.99 782 12.0 

$30.00-39.99 343 5.3 

$40.00-49.99 209 3.2 

$50.00-59.99 73 1.1 

$60.00-79.99 101 1.6 

$80.00-99.99 32 0.5 

$100.00-199.99 14 0.2 

$200.00+ 6 0.1 

Total 6,504 100 

 

 

 The distribution presented in Figure 5.1 and Table 5.1 shows that the monthly 

out-of-pocket cost distribution is skewed towards lower monthly costs. Given the peaks 

observed in the histogram and to in order to get appropriate sample sizes in each group, 

the monthly out-of-pocket costs variable was categorized into the following groups: 

<$10, $10-$19, $20-$29, ≥$30. Since these categories correspond to the categories 

presented by Sedjo et al., it also makes the comparison of findings easier. In order to 
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include this categorical cost variable as a predictor variable in the logistic regression 

analyses, dummy variables were created as shown in Table 5.2. 

 

Table 5.2: Dummy Coding for Monthly Hormonal Therapy Out-of-pocket Costs  

  Code Dummy Code 

Cost A 0-$9.99 1 1 0 0 

Cost B $10.00-19.99 2 0 1 0 

Cost C $20.00-29.99 3 0 0 1 

 ≥$30.01 4 0 0 0 

 

Logistic regression analysis was conducted to evaluate the relationship between 

monthly hormonal therapy out-of-pocket costs and adherence while controlling for age 

and CCI score. 

Table 5.3 presents results from the logistic regression analysis. 

 

Table 5.3: Logistic Regression Analysis Examining Monthly Out-of-pocket (OOP) 
Costs, Age, and CCI to Predict Patient Hormonal Therapy Medication Adherence 

over 12 Months after the Index Date 
 

Model B 
Std. 

Error 
Wald 

p-
value 

Exp(B) 
95% CI 

Lower Upper 

Costs A 0.563 0.092 37.475 0.000 1.757 1.467 2.104 

Costs B 0.128 0.047 7.323 0.007 1.137 1.036 1.247 

Costs C 0.017 0.037 0.208 0.648 1.017 0.945 1.094 

Age 0.037 0.004 75.991 0.000 1.037 1.029 1.046 

CCIb -0.054 0.032 2.805 0.094 0.948 0.890 1.009 

Constant -1.028 0.253 16.569 0.000 0.358   

*Adherence is a dichotomous variable. Adherence was coded 1 and non-adherence was coded 0.  
a Treatment type is a dichotomous variable. Tamoxifen was coded 1 and aromatase inhibitor was coded 0. 
b CCI: Charlson Comorbidity Index 

 

After controlling for age and CCI, the odds of adherence to therapy were higher 

by 75.7 percent in patients with monthly OOP costs between 0 and $9.99 (Cost A) 
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relative to patients with monthly OOP costs greater than $30.00 (Exp (B)= 1.757, 

p<0.001). The odds of adherence to hormonal therapy were higher by 13.7 percent in 

patients with monthly out-of-pocket costs between $10.00 and $19.99 (Cost B) relative to 

patients with monthly out-of-pocket costs greater than $30.00 (Exp (B)= 1.137, p<0.05). 

The odds of adherence to hormonal therapy in patients with monthly out-of-pocket costs 

between $20.00 and $29.99 (Cost C) were not significantly different from patients with 

out-of-pocket costs greater than $30.00. These findings are consistent with findings 

reported by Sedjo et al. where adherence was found to be higher in patients with lower 

monthly AI therapy cost compared to patients with higher monthly out-of-pocket AI 

costs.  

Neugut et al. utilized the Medco Health Solutions database to identify women age 

50 and older who filled at least two 90-day mail order prescriptions for AIs between 2007 

and 2008 and only utilized mail-order pharmacy to fill prescriptions during the study time 

frame. Co-payment for the AI therapy was the amount paid for one mail-order 

prescription and was classified into groups of less than $30.00, $30.00 to $89.99, or ≥ 

$90.00. In addition, other variables including comorbid conditions, total number of 

prescriptions filled, age, race, marital status and geographic location were also analyzed 

as predictor variables. Patients were censored if they switched therapy to tamoxifen from 

AI or dis-enrolled from the database. Logistic regression models were used to predict the 

relationship between adherence and persistence (dichotomous variables) and co-

payments. Additionally, KM curves were presented to show time to non-persistence by 

co-payment categories. The Cox proportional hazard model was used to estimate the 

hazard ratio for the effect of co-payment categories on adherence and persistence to 
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hormonal therapy. This study identified 8,110 women between ages 50 and 65 who 

obtained at least two 90-day mail order prescriptions for AIs. Of these, 21.2 percent of 

the women were non-persistent to therapy which was defined as a gap of at least 45 days 

in continuous AI therapy. The median co-payment for one 90-day prescription was 

$50.00. Multivariate analyses showed that a mail-order prescription cost of $90.00 or 

greater for a single prescription was significantly associated with decreased persistence to 

hormonal therapy compared to a co-payment of less than $30.00. Similarly, the Cox 

model showed that a co-payment cost of greater than $90.00 was associated with 

increased non-persistence (non-persistence in 22.7 percent patients) over time compared 

to patients with co-payments less than $30.00 (non-persistence in 20.4 percent patients). 

Co-payments between $30.00 and $89.99 were not found to impact non-persistence in 

patients under age 65. Income was found to have no relationship with patient adherence 

and persistence to hormonal therapy.364 Riley et al. also evaluated the relationship 

between patient out-of-pocket cost and adherence to hormonal therapy in Medicare 

patients. This study concluded that an increase in out-of-pocket costs from $5.00 to 

$15.00 for a 30-day supply of AIs resulted in a 10 to 22 percent decrease in adherence for 

Medicare beneficiaries without low-income subsidies. Among beneficiaries using 

tamoxifen or AIs, raising the monthly out-of-pocket cost from $5.00 to $15.00 resulted in 

a higher likelihood of being non-adherent (odds ratio = 3.31 for tamoxifen and 4.52 for 

AIs).365  

                                                 
364 A.I. Neuget et al., "Association between Prescription Co-Payment Amount and Compliance with 
Adjuvant Hormonal Therapy in Women with Early-Stage Breast Cancer," Journal of Clinical Oncology 29, 
no. 18 (2011). 
365 G.F. Riley et al., "Endocrine Therapy Use among Elderly Hormone Receptor-Positive Breast Cancer 
Patients Enrolled in Medicare Part D," Medicare & Medicaid Research Review 1, no. 4 (2011): Pg. E10. 
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In addition to hormonal therapy out-of-pocket costs, the present study also 

evaluated the relationship between total out-of-pocket costs and adherence/persistence to 

hormonal therapy. The relationship between total patient out-of-pocket costs and 

adherence to hormonal therapies has not been studied previously; however, the results 

from the present study that showed positive to neutral relationships were surprising. High 

overall disease burden can result in high overall out-of-pocket costs which were expected 

to influence patient utilization of hormonal therapy. However, the present study indicates 

that total out-of-pocket costs are not inversely related to adherence/persistence to 

hormonal therapy.  

The findings in the present study were unexpected, but given the differences in 

methodologies, a suitable comparator study in the literature was not found. Even though 

the present study showed a statistically significant and a positive relationship between 

patients’ hormonal therapy out-of-pocket costs and adherence/persistence to hormonal 

therapies, the magnitude of association was very weak and may have reached statistical 

significance due to the large sample size. It is also possible that out-of-pocket costs may 

not be a limitation to access to hormonal therapy in the patient population included in the 

present study. The annual out-of-pocket cost for hormonal therapy in the present study 

was estimated to be $141.94 for the first 12 months of therapy. This corresponds to 

approximately $11.83 per month in out-of-pocket costs. Patient income data were not 

available in the present study which limits our understanding of the financial implications 

of these costs; however, given that the patient population included in the present study 

was younger (under 63 years of age), and had employer-sponsored private insurance, it is 
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possible that these costs were not a deterrent to adherence and persistence to hormonal 

therapy in this patient population.   

 

Age 

This study only included women ages 18 to 62 years old as of the breast cancer 

diagnosis date. The regression analyses found age to be positively related to adherence 

and persistence to hormonal therapy. In other words, an increase in patient age was found 

to increase patient’s adherence and persistence to hormonal therapy. 

Mixed findings about the relationships between age and adherence and 

persistence to hormonal therapy have been reported in the literature. A study using 

Harvard Pilgrim Healthcare Database included women diagnosed with early-stage breast 

cancer between July 2000 and 2005 who initiated hormonal therapy. Age at diagnosis of 

breast cancer was found to be a significant predictor of persistence to hormonal therapy. 

Older women (over age 70) were more likely to be non-persistent to therapy compared to 

women under age 50. Similarly, women between ages 60 and 69 were also more likely to 

be non-persistent to therapy compared to women under 50. Women between ages 50 and 

59, however, were found to have a lower likelihood of non-persistence. 366 Similar 

findings were reported in a study by Partridge et al. Extremes of age (less than 45 or 

greater than 85 years) were found to be negatively related to adherence and persistence to 

hormonal therapy in this study.367  

                                                 
366 L. Nekhlyudov et al., "Five-Year Patterns of Adjuvant Hormonal Therapy Use, Persistence, and 
Adherence among Insured Women with Early-Stage Breast Cancer.," Breast Cancer Res Treat 130 (2011). 
367 A.H. Partridge et al., "Nonadherence to Adjuvant Tamoxifen Therapy in Women with Primary Breast 
Cancer," Journal of Clinical Oncology 21, no. 4 (2003). 
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The Kaiser Permanente of Northern California study included women with stage I 

to III hormone-receptor breast cancer. In this study, women who discontinued therapy 

were more likely to be older.368 Lower odds of adherence with increasing age were also 

observed in another study evaluating predictors of non-adherence in a cohort of women 

over age 50 years and diagnosed with early-stage breast cancer.369 

A different pattern in relationship between age and adherence/persistence was 

observed in studies that only included non-Medicare eligible patient populations. In a 

study by Sedjo et al., the MarketScan® Commercial database was used to evaluate 

predictors of adherence in women with breast cancer under age 65 years. In this study, 

age was found to be positively associated with adherence with patients < 45 years of age 

at highest risk of non-adherence.370 Neuget et al. used the Medco Health Solutions 

database to evaluate adherence and persistence to hormonal therapy amongst women over 

age 50 and under age 65. In this cohort, younger patients were found to have decreased 

odds of adherence to hormonal therapy.371 The study populations in these studies by 

Sedjo and Neuget are similar to the patient population in the present study and the 

findings are consistent with what was observed in the present study.  

 

Days since Breast Cancer Diagnosis 

 In the present study, the mean number of days since breast cancer diagnosis were 

199.1 days and were calculated as the days between breast cancer diagnosis and 

                                                 
368  
369 D.L. Hershman et al., "The Change from Brand-Name to Generic Aromatase Inhibitors and Hormone 
Therapy Adherence for Early-Stage Breast Cancer," J Natl Cancer Inst 106, no. 11 (2014). 
370 R.L. Sedjo and S. Devine, "Predictors of Non-Adherence to Aromatase Inhibitors among Commercially 
Insured Women with Breast Cancer," Breast Cancer Res Treat 125 (2011). 
371 A.I. Neuget et al., "Association between Prescription Co-Payment Amount and Compliance with 
Adjuvant Hormonal Therapy in Women with Early-Stage Breast Cancer," Journal of Clinical Oncology 29, 
no. 18 (2011). 
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hormonal therapy initiation. Mixed findings were observed in the present study. In the 

12-month analyses, days since breast cancer was found to be inversely related to patient 

MPR, when controlling for hormonal therapy out-of-pocket costs, age, treatment type, 

and CCI. In other words, as days since breast cancer diagnosis increased by one day, 

patient MPR decreased. However, when controlling for total out-of-pocket costs instead 

of hormonal therapy costs, no relationship between days since breast cancer and 

adherence was observed. Similarly, days since breast cancer was not found to be related 

to days of persistence or risk of discontinuation  in patients while controlling for 

hormonal therapy/total out-of-pocket costs, age, treatment type, and CCI.  

 

Hershman et al. evaluated the relationship between time since breast cancer and 

adherence/persistence to hormonal therapy and concluded that an increase in time since 

breast cancer diagnosis was associated with improved adherence and persistence to 

hormonal therapy.372 Based on the analyses conducted in the present study, no clear 

relationship between days since breast cancer and adherence/persistence to therapy was 

observed.  

 

Treatment Type 

 Treatment with tamoxifen vs AI was found to be positively related to adherence 

and persistence to therapy. In other words, patients who used tamoxifen had higher 

likelihood to be adherent and persistent to therapy. This could be due to multiple factors 

such as potential access hurdles in obtaining AIs and out-of-pocket costs associated with 

                                                 
372 D.L. Hershman et al., "Early Discontinuation and Nonadherence to Adjuvant Hormonal Therapy in a 
Cohort of 8,769 Early-Stage Breast Cancer Patients," J Clin Oncol 25 (2010). 
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AIs. This could also be due to the differences in patient population. The side effects 

associated with each drug may also influence adherence and persistence to therapy. 

Tamoxifen and AIs have both been associated with hot flashes and mood disturbances. 

Tamoxifen has been also found to increase the risk of endometrial cancer and stroke, 

whereas, AIs are associated with musculoskeletal effects and may result in bone 

loss.373,374,375 These differences between the drugs and the target patient populations may 

influence adherence and persistence to therapy.  

 It is important to note that a lower mean MPR was observed in patients using 

tamoxifen compared to patients using AIs (mean MPR of 85.1 and 86.1 in tamoxifen and 

AI users, respectively). However, when type of treatment was included as a predictor 

variable, and other key variables were controlled for (out-of-pocket costs, age, days since 

breast cancer diagnosis, and CCI), patients using tamoxifen were found to be more likely 

to be adherent and persistent to therapy.  

 

Charlson Comorbidity Index 

Mixed findings were also observed for the relationships between 

adherence/persistence and CCI while controlling for variables including out-of-pocket 

costs, age, days since breast cancer, treatment type, and length of observation. Of the 16 

regression models developed in the present study, CCI was found to be inversely related 

to adherence/persistence in four models. In other words, these models showed 

                                                 
373 E.A. Perez, "Safety Profiles of Tamoxifen and the Aromatase Inhibitors in Adjuvant Therapy of 
Hormone-Responsive Early Breast Cancer," Annals of Oncology 18, no. 8 (2007). 
374 "American Cancer Society Tamoxifen,"  
http://www.cancer.org/treatment/treatmentsandsideeffects/guidetocancerdrugs/tamoxifen. Accessed on 
4/11/2013. 
375 "American Cancer Society. Breast Cancer,"  
http://www.cancer.org/acs/groups/cid/documents/webcontent/003090-pdf.pdf. Accessed on 8/10/2011. 



245 
 

adherence/persistence to therapy decreased when CCI increased by one point. The 

remaining 12 regression models did not find a significant relationship between CCI and 

adherence/persistence to hormonal therapy.  In models where a significant relationship 

was observed, the magnitude of relationship was too small to be of practical significance.  

Mixed findings about relationship between CCI and adherence and persistence to 

hormonal therapy have been reported in the literature. Some studies reported that patients 

with higher CCI or more co-morbid conditions had lower likelihood of adherence to 

hormonal therapy.376,377Alternatively, other studies found that persistence to therapy 

increased in patients with more comorbid conditions.378,379  

The CCI variable in the present study did not show any variability by patient age 

or treatment type, as shown in Tables 4.7 and 4.8. This suggests that CCI was not the 

appropriate variable to control for in the present analyses and other options such as 

number of total prescriptions during baseline period should be considered in future 

studies.  

 

Length of observation period 

The length of the observation period was the time from index date to end of study 

period or end of enrollment, whichever happened first. This variable was controlled for 

only in the study period analyses since the patients had variable follow-up times (as 

                                                 
376 D.L. Hershman et al., "The Change from Brand-Name to Generic Aromatase Inhibitors and Hormone 
Therapy Adherence for Early-Stage Breast Cancer," J Natl Cancer Inst 106, no. 11 (2014). 
377 G. Kimmick et al., "Adjuvant Hormonal Therapy Use among Insured Low-Income Women with Breast 
Cancer," J Clin Oncol 27 (2009). 
378 A.I. Neuget et al., "Association between Prescription Co-Payment Amount and Compliance with 
Adjuvant Hormonal Therapy in Women with Early-Stage Breast Cancer," Journal of Clinical Oncology 29, 
no. 18 (2011). 
379 Y. Liu et al., "Adherence to Adjuvant Hormone Therapy in Low-Income Women with Breast Cancer: 
The Role of Provider-Patient Communication," Breast Cancer Res Treat 137, no. 3 (2013). 
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opposed to equal follow-up in the 12-month analyses). As discussed before, the mean 

length of observation period of 4.4 years observed in this study is consistent with the 

findings reported in the literature.380,381  

Since the length of observation period was only controlled for in the study period 

analyses, it was included in eight regression models. It was found to be a significant 

predictor of persistence in patients using hormonal therapy drugs while controlling for 

hormonal therapy/total out-of-pocket costs, age, days since breast cancer diagnosis, 

treatment type, and CCI. Length of observation period was not found to be significantly 

related to adherence/persistence in the remaining six regression models. Since this 

variable was not tested as a predictor in other studies, comparable literature values were 

not found. Given the mixed findings observed in the present study, length of observation 

period does not appear to be an important predictor of adherence and persistence over the 

study period. 

 

5.4 Study Strengths 
 
 The present study has several strengths. First, the MarketScan® database used in 

this study includes a large number of beneficiaries (approximately 40 million lives) with 

geographical distribution all over the country which allows for nationally representative 

sample. This longitudinal database captures a continuum of health care claims including 

hospital stays, physician office visits, and prescriptions from community, mail-service 

pharmacies, and specialty pharmacies. Thus, the database can be used for the overall 

                                                 
380 K.E. Weaver et al., "Adherence to Adjuvant Hormonal Therapy and Its Relationship to Breast Cancer 
Recurrence and Survival among Low-Income Women," American Journal of Clinical Oncology 36, no. 2 
(2013). 
381 D.L. Hershman 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 (2011). 
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assessment of patient costs and for tracking of the beneficiaries as long as the beneficiary 

is employed by the same employer. Beneficiaries are tracked even if they or their 

employer changes their health plans.  

 Second, the database includes complete payment information (premiums, 

deductibles, copays, and co-insurance) which can be used for complete assessment of 

patient out-of-pocket costs. Past studies have employed surveys to assess total out-of-

pocket cost burden (direct and indirect costs) in patients with breast cancer and have 

reported per-prescription hormonal therapy out-of-pocket costs. This study provides an 

estimate of overall cost burden using claims database which may provide a more robust 

estimate of direct out-of-pocket medical costs incurred by patients newly diagnosed with 

breast cancer. 

 Third, this is one of the few studies that evaluated the relationship between out-of-

pocket costs and drug utilization in oncology settings. Additionally, to my knowledge, 

the relationship between total out-of-pocket costs on adherence and persistence has not 

been studied before.  

 

5.5 Study Limitations 
 

There are certain limitations associated with this study which need to be 

considered for correct interpretation of results. First, the study did not account for all 

factors that may have influenced patient utilization of hormonal therapies. Tamoxifen and 

AIs are considered to be well tolerated; however, when evaluating factors associated with 

adherence and persistence to therapies, it is important to also evaluate the influence of 

drug-related adverse events on adherence and persistence. Tamoxifen and AIs have been 
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found to cause hot flashes and mood disturbances. Additionally, tamoxifen has been 

found to increase the risk of endometrial cancer and stroke, whereas, AIs are associated 

with musculoskeletal effects and may result in bone loss.382,383,384 These side effects may 

cause diminished quality of life and may be an important predictor of patient adherence 

and persistence to therapy. In a study by Winters et al., 35 percent of the women using 

tamoxifen and 30 percent of the women using AIs cited experiencing hot flashes. 

Additionally, 22 percent of the women using AIs also cited muscle aches.  Kemp et al. 

reported women who were treated for hot flashes after initiation of hormonal therapy 

were more likely to discontinue therapy. These side effects may have influenced patient 

adherence and persistence and were not controlled for in the present study.  

Second, while the study controlled for many covariates that may influence patient 

adherence and persistence, key variables like race, income, education, and marital status 

were not available in the database and their relationship with adherence and persistence 

to hormonal therapy could not be assessed. 385,386These variables may have helped further 

explain the adherence and persistence rates observed in this study. Additionally, the 

database used in this study did not provide information on stage of breast cancer. 

Consequently, it was not possible to know the influence of cancer severity on patient 

medication utilization. Also, the database did not include information to ascertain if the 

                                                 
382 E.A. Perez, "Safety Profiles of Tamoxifen and the Aromatase Inhibitors in Adjuvant Therapy of 
Hormone-Responsive Early Breast Cancer," Annals of Oncology 18, no. 8 (2007). 
383 "American Cancer Society Tamoxifen,"  
http://www.cancer.org/treatment/treatmentsandsideeffects/guidetocancerdrugs/tamoxifen. Accessed on 
4/11/2013. 
384 "American Cancer Society. Breast Cancer,"  
http://www.cancer.org/acs/groups/cid/documents/webcontent/003090-pdf.pdf. Accessed on 8/10/2011. 
385 G. Kimmick et al., "Adjuvant Hormonal Therapy Use among Insured Low-Income Women with Breast 
Cancer," J Clin Oncol 27 (2009). 
386 D.L. Hershman 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 (2011). 
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diagnosis was for a new or recurrent cancer. In the present study, 12 months of baseline 

period without breast cancer diagnosis codes was assumed to imply a new diagnosis of 

breast cancer. It is however possible that some patients had breast cancer several years 

ago and were recently diagnosed with recurrent cancer.  

Another important factor that may contribute to sub-optimal adherence and 

persistence to therapy is patient-provider communication. A survey conducted by the Y-

ME breast cancer organization found provider communication to be primary contributor 

to non-adherence, with 66 percent of the respondents reported not receiving instructions 

about the importance of being adherent and persistent to their hormonal therapy from 

their doctor.387 The present study is a retrospective database analyses and could not 

control for this variable.  

Studies have shown also that patients who undergo chemotherapy or mastectomy 

are more likely to stay adherent and persistent to therapy. Sedjo and Devine reported that 

women who received a mastectomy prior to initiation of hormonal therapy were twice as 

likely to stay adherent to their hormonal therapy compared to women without 

mastectomy.388 In a study by Hershman et al., women who received chemotherapy 

treatment prior to initiation of endocrine therapy were found to be more likely to stay 

persistent to their hormonal therapy. Similarly, women who had undergone mastectomy 

instead of lumpectomy were less likely to discontinue therapy.389 These variables were 

not controlled for in the present study. Additionally, the CCI variable in the present study 

                                                 
387 M.C. Kirk and C. Hudis, "Insight into Barriers against Optimal Adherence to Oral Hormonal Therapy in 
Women with Breast Cancer," Clinical Breast Cancer  (2008). 
388 R.L. Sedjo and S. Devine, "Predictors of Non-Adherence to Aromatase Inhibitors among Commercially 
Insured Women with Breast Cancer," Breast Cancer Res Treat 125 (2011). 
389 D.L. Hershman et al., "Early Discontinuation and Nonadherence to Adjuvant Hormonal Therapy in a 
Cohort of 8,769 Early-Stage Breast Cancer Patients," J Clin Oncol 25 (2010). 
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did not show any variability by patient age or treatment type. This suggests that other 

variables, such as total number of prescriptions during the baseline period, may have 

been more appropriate in the present analyses. 

This study assumed that patients who did not get their medications refilled had 

discontinued medications. It is possible that the discontinuation of the medications was 

initiated by the physicians. The study also assumes that all medication acquired by the 

patient was consumed. This is a limitation since there is no way to ascertain that all the 

medication was consumed by the patient and not diverted to someone else or discarded. 

Additionally, it is assumed that all the sources of the medication are included in the 

database. In other words, if a patient obtains a prescription from her doctor’s office, buys 

the prescription by paying entire cost out-of-pocket (without an insurance claim), or 

obtains a prescription from the internet using a foreign source, then these medications 

were not included.  

Patients with standardized scores of ±3 or more for any of the independent 

variables or for the cost variables were considered to be outliers. The outlier values were 

excluded before the analyses were conducted. Due to the limitations of the database and 

the retrospective nature of this study, there is no way to ascertain if these outlier values 

were indeed valid or not. It is possible that valid outlier values were excluded which may 

have biased the results.  

Also, this study included only commercially insured patients under age 63 who 

had employer sponsored prescription drug coverage. The results from this study are 

expected to be conservative and not representative of patients covered by Medicare, 

Medicaid, or the uninsured. Similarly, since the patient population consisted of younger 
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patients, the results from this study are not generalizable to older patients with breast 

cancer.  

 Lastly, the inherent limitations of the MarketScan® database may have biased the 

study results. These limitations are as follows: 

• The data are based on a large convenience sample and is not random. Therefore, 

the data may be biased and may not be generalizable to other populations.  

• The database only includes beneficiaries with private insurance and does not 

include uninsured beneficiaries, Medicare beneficiaries, Medicare beneficiaries 

with supplemental insurance, Medicaid beneficiaries or cash payers.  

• The data are primarily from large employers (over 500 employees) and do not 

provide representation from small- or medium-sized employers.  

• Data on beneficiary income or education level is not included. Thus, the potential 

of out-of-pocket costs acting as a barrier or limitation to care cannot be assessed.  

• The commercial databases used in this study only include information on 

diagnosed conditions and on services that were performed and do not capture 

undiagnosed conditions.  
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CHAPTER 6: CONCLUSIONS 

 
 
 This was a longitudinal retrospective study which employed a claims database to 

assess the relationship between out-of-pocket costs and utilization of hormonal therapies 

in patients who were diagnosed with breast cancer in years 2004 and 2005. Patient 

utilization of hormonal therapies was assessed by calculating the medication possession 

ratio and persistence to therapy. Two time periods were used in this study: 1) 12 months 

after the index therapy; and 2) the entire study period (the index therapy date to end of 

study or end of enrollment, whichever happened first). Two types of patient out-of-pocket 

costs were calculated: 1) Hormonal therapy out-of-pocket costs, and; 2) Total out-of-

pocket costs (oncology and non-oncology related). 

 The results from this study show that the patient out-of-pocket costs do not have 

an adverse effect on adherence and persistence to hormonal therapy. Patient hormonal 

therapy out-of-pocket costs were found to be positively related to patient adherence and 

persistence. Although this finding was statistically significant, the results do not show an 

association large enough to be of practical significance.  

Patient medication utilization may be influenced by multiple factors that may not 

be related to financial issues. Past studies have indicated that age, marital status, breast 

cancer severity, comorbidities, income and education level, side-effects and patient-

provider communication can influence patient adherence and persistence to therapy. 

Some of these factors such as age and comorbidities were controlled for in the present 

study; however, other factors could not be studied due to limitations of the dataset.  

The present study also showed that over half the patients diagnosed with breast 

cancer did not initiate hormonal therapy. Additionally, patients who initiated hormonal 
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therapy, the mean time to index hormonal therapy prescription was approximately 200 

days. This suggests a treatment gap in this patient population. Additionally, this study 

also highlighted the high total patient out-of-pocket cost burden faced by breast cancer 

patients. All these findings have important implications for patients, physicians, and 

payers.  

Several areas of future research deserve attention. It is important to evaluate 

factors that may be responsible for low adherence and persistence to hormonal therapies 

in patients with breast cancer. Given the proven efficacy of hormonal therapy agents, it is 

also important to evaluate methods or interventions that can be utilized to improve 

adherence and persistence to these medicines. Since this study excluded patients with 

poorest adherence and persistence (only one refill in the first year), it is important to 

evaluate factors that influence utilization of medications in these patients.  The present 

study only included patients with employer sponsored coverage. Future research should 

evaluate influence of patient out-of-pocket costs on patients with poor socio-economic 

background and older patients with advanced cancers. Additionally, as the oncology 

treatment paradigm shifts from physician administered drugs to self-administered drugs, 

it is important to evaluate patient utilization behaviors for the new cancer therapies that 

have been recently introduced.  
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Appendix A: MarketScan® Commercial Database 
 

• Inpatient admissions table-This includes patient hospital admission data (e.g., 

hospital claims, physician claims, surgeon claims, and independent labs claims). 

Additional hospital data (e.g., principal procedure, principal diagnosis, other 

diagnosis, diagnosis related group, major diagnostic category) are also included. In 

addition to principal procedure and diagnosis code, the admission record also 

includes all secondary diagnoses and procedure codes associated with an admission 

up to a maximum of 14 diagnoses and/or procedures. All secondary procedure and 

diagnoses codes are listed in a chronological order by service date. In order to be 

listed in the inpatient admission table, all records must include a room and board 

claim. All claims not meeting this criterion are listed in the outpatient claims table.  

 

Table A1: Variables Included in the Inpatients Admissions Table 

Variable Name 

Date of Admission Enrollee ID Derivation Flag Major Diagnostic Category 

Admission Type 

(Surgical/Medical/Unknown) 

County Employee Coverage Indicator MHSA 

Age of Patient Relation to Employee Metropolitan Statistical Area 

Age Group Zipcode Employee 3 Digit Patient Indistinct Flag 

Data Type  Enrollment Flag Patient ID 

Length of Stay Enrollee ID Diagnosis Principal 

Date of Discharge Health Plan Indicator Physician Specialty Coding 

Flag 

Patient Birth Year County Hospital Physician ID 

Diagnosis Related Group Net Payments: Hospital Net Payments Physician 

Discharge Status Payments Hospital Payments Physician 

Diagnosis 1-15 Zipcode Hospital 3 Digit Benefit Plan Link 

Employee Classification Industry Plan Indicator 
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Employment Status COB and Other Savings: 

Total (Case) 

Procedure Principal 

Cohort Drug Indicator Coinsurance: Total (Case) Procedure 1-15 

Sequence Number Copayment: Total (Case) Hospital ID 

Gender of Patient Deductible: Total (Case) Version 

State Hospital Payments Net Case MarketScan®  National Weight 

Link 

Geographic Location 

Employee 

Payments Total Case Date Year Incurred 

 

 

• Facility table-This includes all header information from facility claims. Facility header 

records are obtained from Uniform Billing 82 or 92 forms.390 This form does not link to 

financial information.  

Table A2: Variables Included in the Facility Header Table 

Variable Name 

Age of Patient Relation to Employee Plan Indicator 

Age Group Zipcode Employee 3 Digit Procedure Code 1-6 

Facility Bill Type Code Enrollment Flag County Provider 

Capitated Service-Claim 

Indicator 

Enrollee ID Provider ID 

Case and Services Link Facility Header Record ID Zipcode Provider 3 Digit 

COB1 and Other Savings Health Plan Indicator Region 

Coinsurance Industry Cohort Drug Indicator 

Copayment Major Diagnostic Category Sequence Number 

Data Type Coverage Indicator MHSA2 Gender of Patient 

Deductible Metropolitan Statistical Area Place of Service 

Patient Birth Year Payments Net Provider Type 

Discharge Status Network Provider Indicator Date Service Incurred 

Diagnosis 1-9 Network Paid Indicator Date Service Ending 

                                                 
390 "National Uniform Billing Committee,"  http://www.nubc.org/history.html. Accessed on 8/9/2012. 
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Employment Status Patient Indistinct Flag Hospital ID Number 

Employee Classification Patient ID Version 

Geographic Location 

Employee 

Date Claim Paid Date Year Incurred 

Enrollee ID Derivation Flag Physician Specialty Coding 

Flag 

 

County Employee Benefit Plan Link  

 

 

• Inpatient services table-This includes individual professional and facility encounters 

during an inpatient stay. The inpatient admission table and inpatient service table are 

linked by a CASE ID variable which identifies each service record that makes up an 

inpatient admission. Facility inpatient records are obtained from Uniform Billing 82 or 92 

forms.391 This form does not link to financial information.  

 

Table A3: Variables Included in the Inpatient Services Table 

Variable Name 

Date of Admission Enrollment Flag Procedure Code 1 

Admission Type Enrollee ID Procedure Code Modifier 

Age of Patient Facility Header Record ID Procedure Code Type 

Age Group Facility-Professional Claim 

Indicator 

County Provider 

Capitated Service-Claim 

Indicator 

Health Plan Indicator Provider ID 

Case and Services Link County Hospital Zipcode Provider 3 Digit 

COB1 and Other Savings Zipcode Hospital 3 Digit Quantity of Services 

Coinsurance Industry Region 

Copayment Major Diagnostic Category Revenue Code 

                                                 
391 "National Uniform Billing Committee,"  http://www.nubc.org/history.html. Accessed on 8/9/2012. 
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Data Type Coverage Indicator MHSA2 Cohort Drug Indicator 

Deductible Metropolitan Statistical Area Sequence Number 

Date of Discharge Payments Net Gender of Patient 

Patient Birth Year Network Provider Indicator Place of Service 

Diagnosis Related Group Network Paid Indicator Provider Type 

Discharge Status Patient Indistinct Flag Service Type 

Diagnosis Code 1-4 Patient ID Date Service Incurred 

Employee Classification Payment Service Sub-Category Code 

Employment Status Date Claim Paid Date Service Ending 

Geographic Location 

Employee 

Diagnosis Principal Hospital ID 

Enrollee ID Derivation Flag Physician Specialty Coding 

Flag 

Version 

Relation to Employee Benefit Plan Link MarketScan®  National 

Weight Link 

Zipcode Employee 3 Digit Procedure Principal Date Year Incurred 

1COB: Coordination of Benefits 
2MHSA: Mental Health and Substance Abuse 

 

• Outpatient services table-This includes claims for services that were provided in a 

doctor’s office, hospital outpatient facility, emergency room, and other outpatient 

facilities.  

Table A4: Variables Included in the Outpatient Services Table 

Variable Name 

Age of Patient Facility Header Record ID Procedure Code Type 

Age Group Facility-Professional Claim 

Indicator 

County Provider 

Capitated Service-Claim 

Indicator 

Health Plan Indicator Provider ID 

COB1 and Other Savings Industry Zipcode Provider 3 Digit 

Coinsurance Major Diagnostic Category Quantity of Services 

Copayment Coverage Indicator MHSA2 Revenue Code 
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Data Type Metropolitan Statistical Area Region 

Deductible Payments Net Cohort Drug Indicator 

Patient Birth Year Network Paid Indicator Sequence Number 

Diagnosis Code 1-4 Patient Indistinct Flag Gender of Patient 

Employee Classification Patient ID Place of Service 

Employment Status Payment Provider Type 

Geographic Location 

Employee 

Date Claim Paid Service Type 

Enrollee ID Derivation Flag Physician Specialty Coding 

Flag 

Date Service Incurred 

County Employee Benefit Plan Link Service Sub-Category Code 

Relation to Employee Plan Indicator Date Service Ending 

Zipcode Employee 3 Digit Procedure Code 1 Version 

Enrollment Flag Procedure Group MarketScan®  National 

Weight Link 

Enrollee ID Procedure Code Modifier Date Year Incurred 

 

 

• Populations table-This includes quarterly counts of covered lives for outpatient 

prescription drug and medical claims. This can facilitate calculation of rate-based 

statistics. 

Table A5: Variables Included in the Populations Table 

Variable Names 

Age Group Health Plan Indicator Population Count 

Data Type Industry Quarter 

Employee Classification Coverage Indicator MHSA1 Region 

Employment Status Metropolitan Statistical Area Cohort Drug Indicator 

Geographic Location Employee Physician Specialty Coding 

Flag 

Gender of Patient 

Relation to Employee Benefit Plan Link Version 

Enrollment Flag Plan Indicator Date Year Incurred 
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• Outpatient prescription drugs-This table includes data on prescription claims from mail 

order and retail pharmacies. This data is linked to the medical data by an identifier 

variable (ENROLID). Prescription drug plans with capitation arrangements are not 

included.  

Table A6: Variables Included in the Outpatient Prescription Drugs Table 

Variable Name 

Age of Patient Zipcode Employee 3 Digit Pharmacy ID 

Age Group Enrollment Flag County Provider 

Average Wholesale Price Enrollee ID Zipcode Provider 3 Digit 

Capitated Service-Claim 

Indicator 

Generic Product ID Physician Specialty Coding 

Flag 

COB1 and Other Savings Generic Indicator Benefit Plan Link 

Coinsurance Health Plan Indicator Plan Indicator 

Copayment Industry Quantity of Services 

Data Type Ingredient Cost Refill Number 

Dispense as Written Indicator Maintenance Indicator Region 

Days Supply Metric Quantity Rx Mail Retail 

DEA2 Classification Coverage Indicator MHSA3 Sales Tax 

Deductible Metropolitan Statistical Area Sequence Number 

Dispensing Fee National Drug Code Gender of Patient 

Patient Birth Year Payments Net Date Service Incurred 

Employee Classification Network Provider Indicator Therapeutic Class 

Employment Status Network Paid Indicator Therapeutic Group 

Geographic Location 

Employee 

Patient Indistinct Flag Version 

Enrollee ID Derivation Flag Patient ID MarketScan®  National Weight 

Link 

County Employee Payment Date Year Incurred 
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• Enrollment tables-This includes person-level enrollment records (including demographic 

and plan information) on users and non users of services in the database. This table 

contains a single record for each person per period of continuous enrollment. 

 

Table A7: Variables Included in the Enrollment Table 

Variable Name 

Age of Patient Enrollment Indicator Month 1-

12 

Benefit Plan Link Month 1-

12 

Age Group Enrollee ID Plan Indicator Month 1-12 

Data Type Month 1-12 Health Plan Indicator Region 

Patient Birth Year Industry Cohort Drug 

Employee Classification Member Days Month 1-12 Sequence Number 

Employment Status Member Days Gender of Patient 

Geographic Location 

Employee 

Coverage Indicator MHSA1 Version 

County Employee Metropolitan Statistical Area MarketScan®  National 

Weight  

Relation to Employee Physician Specialty Coding 

Flag 

Date Year Incurred 

Zipcode Employee 3 Digit   
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Table A8: Information Included in the Red Book Table 

Data Elements 

DEA Class Code Manufacturer Name Product Category Code 

DEA1 Class Description Master Form Code Product Name 

DESI2 Drug Indicator Metric Size Single Source Indicator 

Exceptional Drug Description Master Form Description Strength 

Exceptional Drug Indicator National Drug Code Therapeutic Class 

Generic Product ID Orange Book Code Therapeutic Detail Code  

Generic Indicator Orange Book Code 

Description 

Therapeutic Group 

Generic Drug Name Orange Book Standard Flag Therapeutic Class Description 

Generic Indicator Description Package Quantity Code Therapeutic Detail Code 

Description 

Maintenance Indicator 

Description 

Package Size Therapeutic Group Description 

Maintenance Indicator Product Category 

Description 

 

 

 

Financial Variables 

Since this study will be investigating influence of patient out-of-pocket costs on adherence 

and persistence to therapies, addition details on the financial variables included in the database 

are provided below.  

• Total Payment: Total gross payment to all providers involved in a single inpatient 

admission 

• Payment: Total gross eligible payment made to a provider for a specific service after 

applying fee schedules and discounts and before applying deductibles and co-pays. 

• Deductible: Amount of deductible applied towards the total payment. 
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• Coinsurance/Copayment- Amount of coinsurance or copayment applied towards the total 

payment. 

• Net Payment- Payment received by the provider excluding the patient out-of-pocket 

costs. 

• Total Net Payment- Includes sum of all service-level net payments. 

• Hospital Payments- Total gross payments to the hospital for an admission. 

• Physician Payment- Total gross payment to the principal physician. 

• Hospital Net Payment- Payment received by the hospital for an admission excluding out-

of-pocket costs. 

• Physician Net Payment- Payment received by principal physician excluding out-of-

pocket payment. 

• Third Party Payment- Payment received by the provider from a source other than the 

patient or the insurance plan. 

• Prescription drug financial variables: additional details on average wholesale price, 

administrative dispensing fee, ingredient cost, and sales tax are included.  
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