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CHAPTER 1. INTRODUCTION AND BACKGROUND 

1.1 Statement of purpose 

This dissertation aims to contribute to the body of knowledge on breast cancer incidence 

patterns, diagnosis and treatment outcomes in Ghana and the United States (US). The 

aims of this dissertation research are to:  

1. Examine Ghanaian women’s pathways from breast cancer-related symptom 

detection through treatment receipt;  

2. Assess factors explaining the younger age at breast cancer diagnosis in Ghana 

compared to the US; 

3. Evaluate whether there is a survival advantage to a more aggressive surgical 

approach for treating triple negative breast cancer (TNBC). 

Findings from this study will help improve breast cancer early detection and treatment 

interventions in Ghana and the US.   

1.2 Specific aims  

Breast cancer is the most commonly diagnosed cancer among women worldwide. 

In 2020, there were approximately 2.3 million new cases of breast cancer and breast 

cancer accounted for 1 in 6 cancer deaths among women (1). Breast cancer is a 

heterogeneous disease that is classified into subtypes based on estrogen receptor (ER), 

progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2) 

expression patterns. The subtypes include luminal A, luminal B, triple negative (TNBC), 

and HER2-enriched (2). In the US, TNBC accounts for 12-15% of all invasive breast 

cancers but has the highest recurrence rate and lowest survival rate compared to the other 

subtypes (3, 4). Black women in the US and West African countries like Ghana are more 



 
2 

likely to be diagnosed with this aggressive subtype of breast cancer (5). There is an 

urgent need for research to inform breast cancer early detection and timely treatment 

strategies among Black women in the US and Ghana. 

More than fifty percent of breast cancer patients in Ghana are diagnosed at 

advanced stages with metastatic disease. Most breast cancer patients in Ghana are 

diagnosed with advanced metastatic disease due to delays in formal diagnosis (6). No 

study has traced in detail Ghanaian breast cancer patients’ pathways from symptom 

detection to treatment initiation. An understanding of how Ghanaian women navigate the 

healthcare system and factors that influence their decisions and ability to seek and access 

breast cancer care is essential for developing interventions aimed at improving early 

breast cancer detection, obtaining timely treatment and thus reducing breast cancer 

related mortality.  

Several studies show that Ghanaian breast cancer patients tend to be younger than 

patients in other parts of the world. For example, the median age at breast cancer 

diagnosis among women in Ghana is 48 years, compared to 60 years among Black 

women and 63 years among White women in the US (7, 8). Worldwide, breast cancer in 

younger patients tends to be more aggressive with rapid progression compared to older 

women (9). Particularly in an under-resourced healthcare setting, such as Ghana, it is 

critical to assess factors explaining the younger age at diagnosis in order to inform 

screening and treatment guidelines. Reasons for younger age at diagnosis are conflicting. 

Some studies suggest that the young age profile is due to biological differences while 

others suggest that it is due to differences in population age structures between countries 

(10, 11). However, these competing hypotheses have not been well explored. 
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Recommended surgical treatment for TNBC is either mastectomy or breast 

conserving surgery (BCS). Either surgical option can be followed by radiation therapy 

(12). Targeted therapies such as trastuzumab cannot be used in the treatment TNBC since 

it lacks ER, PR and HER2 receptors (13). The poor prognosis of TNBC contributes to the 

controversy regarding whether mastectomy (the most aggressive surgical approach) is a 

more appropriate surgical treatment for TNBC than breast conserving surgery (BCS) 

(14). Given the aggressive nature of TNBC, it is essential to use real world data to 

examine the most optimal surgical treatment for patients with TNBC. 

1.3 Background 

1.3.1 Breast cancer subtypes 

 
Breast cancer is grouped into four subtypes based on estrogen receptor (ER), 

progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2) 

expression patterns. Immunohistochemistry (IHC) is used to identify ER and/or PR 

expression while IHC and/or fluorescence in situ hybridization (FISH) is used to identify 

HER2. The four subtypes are luminal A, luminal B, TNBC and HER2 enriched (2). The 

different subtypes have different clinical features, which affect treatment responses 

therefore therapeutic strategies should be tailored by subtype. In the US, luminal A 

subtype is the most common subtype and has the best prognosis (3). TNBC accounts for 

12-15% of all invasive breast cancers but has the worst prognosis (13). For example, the 

10-year disease-free survival for Luminal A is approximately 86% while that of TNBC is 

71% and the 10 year overall survival for Luminal A is 89% and 75% for TNBC (3).  
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Table 1: Breast cancer subtypes by estrogen receptor (ER), progesterone receptor (PR) 

and human epidermal growth factor receptor 2 (HER2) expression patterns and 

prevalence in the US.  

 

Breast cancer subtype ER,PR,HER2 status Prevalence in the US (15, 16) 

Luminal A ER+, PR+, HER2- 50%-60% 

Luminal B ER+, PR+, HER2+ 15%-20% 

HER 2 enriched ER-, PR-, HER2+ 15%-20% 

Triple Negative 

(TNBC) 

ER-, PR-, HER2- 12%-15% 

 

Breast cancer subtypes in the US vary by race/ethnicity. Luminal A is most common 

among White women while TNBC is most common among Black women (17)(17).  

 

 

1.3.2 Risk factors for breast cancer  

 
Risk factors for breast cancer include reproductive, hormonal and genetic factors. 

Early age at menarche (18), late onset of natural menopause (18), late age at first 

childbirth and low parity (19) increase the risk for breast cancer. High body mass index 

(BMI) (20) and use of hormone replacement therapy  (21) are associated with increased 

risk of breast cancer. In addition, women with high breast density (22) and family history 

of breast cancer (23) have an increased risk of breast cancer. Lastly, women who have 

BReast Cancer genes 1 and 2 (BRACA1 and BRACA2) are at an increased risk of breast 

cancer (24). BRACA 1 gene is also associated with increased risk of TNBC (25). 

1.3.3 Breast cancer treatment 

 
Mastectomy or breast conserving surgery (BCS) are the two surgical treatment 

options for early-staged breast cancer. Either surgical option can be followed by radiation 

therapy (12). The surgical treatment is determined by the nodes involved and tumor size 

but guidelines do not classify surgical treatment by breast subtype (26). Systemic therapy 
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which is determined by breast cancer subtype, includes chemotherapy and endocrine 

therapy. Recommended treatment for early staged TNBC is surgery with or without 

radiation and chemotherapy. Chemotherapy is the recommended treatment for metastatic 

TNBC  (27).  

1.3.4 Breast cancer burden in the US 

 
Breast cancer is the most common cancer and the second leading cause of cancer 

death among women in the US. The incidence of breast cancer is approximately 127.5 

per 100,000 women per year while the mortality is approximately 20.6 per 100,000 

women per year (8). Breast cancer incidence has been increasing by about 0.3% per year 

over the last 10 years while mortality has been decreasing by about 1.8% due to advances 

in treatment (28). However, there are persistent racial disparities. Compared to White 

women, Black women have lower incidence of breast cancer (130.5 per 100,000 vs 124 

per 100,000 persons respectively) but they have higher mortality rates (20.1 per 100,000 

vs 28.1 per 100,000 respectively) (8). These disparities are largely driven by 

discrimination and racism in accessing breast cancer care. For example, lack or limited 

health insurance and access to primary care clinics increases the probability of Black 

women being diagnosed at a late-stage which is associated with lower survival rates (29).   

1.3.5 Breast cancer burden in Ghana  

 
The lack of population-based cancer registries in SSA limits the ability to 

accurately assess the burden and characteristics of cancer cases. Most of the breast cancer 

studies in Ghana are hospital based and incidence rates are based on the International 

Association of Cancer Registries (IARC) GLOBOCAN database (30). According to 

IARC GLOBOCAN database, the age standardized incidence rate of breast cancer in 
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Ghana is 43.0 per 100,000 and the mortality rate 17.7 per 100,000 (31). In terms of 

demographic and clinical characteristics, breast cancer patients in Ghana are more likely 

to be pre-menopausal (32, 33), have had children (6, 32) and are younger (incidence 

peaks between 40-50 years) (7, 34-36). Further, most patients are diagnosed with 

advanced metastatic disease (6, 32), are more likely to have TNBC (36, 37) and 

consequently have low survival rates (36). 
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CHAPTER 2. MANUSCRIPT 1: PATHWAYS TO BREAST CANCER 

DIAGNOSIS AND TREATMENT AMONG WOMEN IN GHANA: A 

QUALITATIVE STUDY.  

 

 

2.1 Introduction  

Breast cancer is the leading cause of cancer death among women worldwide. In 

sub-Saharan Africa, breast cancer represents 25% of the total cancer burden making it the 

most common cancer and leading cause of cancer deaths among women (38). Breast 

cancer is the most common cancer among women in Ghana with an age standardized 

incidence rate of 43.0 per 100,000 (31). 

Most breast cancer patients in Ghana are diagnosed with advanced metastatic 

disease due to delays in formal diagnosis. Several studies report that time from symptom 

onset to diagnosis and treatment receipt varies substantially in Ghana. In one study, time 

between detecting a symptom and reporting to a hospital ranged from one week to 5 

years(39) while another study reported an average of 10.8 months between symptom 

detection and diagnosis (40). Dedey et al. found that the median time between a breast 

cancer diagnosis and start of definitive treatment was 5 weeks (41). Factors associated 

with these diagnostic and treatment delays included misdiagnosis in previous medical 

consultation, financial constraints, lower level of education, older age, not married and 

lack of adequate information from the healthcare workers (39, 41).  

Ghana, like most sub-Saharan African countries, lacks a national breast cancer screening 

program. Thus most women seek breast cancer care once they identify symptoms (39). 

The women then have to navigate the healthcare system to get diagnosed and receive 

treatment. To our knowledge only one study, based in Malawi, has detailed women’s 
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specific pathways to breast cancer diagnosis and treatment in sub-Saharan Africa (42). 

Three studies set in Ghana have described some aspects of the breast cancer care seeking 

pathway in Ghana. Two studies described women’s symptom recognition, appraisal and 

intent to seek medical care, while the third described the diagnosis and treatment 

procedures (40, 43, 44). However, no study has outlined in detail the pathways that 

women in Ghana navigate from symptom detection through treatment receipt. 

Understanding this full process and appreciating women’s understanding and needs is 

essential if effective interventions are to be developed. 

The objective of this study is to explore Ghanaian women’s pathways from breast 

cancer-related symptom detection to treatment. Our definition of the term ‘pathways’ is 

guided by the Model of Pathways to Treatment Framework (45). We define pathways as 

the sequence of events and processes in a woman’s journey from breast cancer-related 

symptom(s) detection to treatment receipt. According to the Model of Pathways to 

Treatment Framework, events are the “key time periods” while processes are the 

“cognitive, emotional, behavioral, organizational or structural actions” in the woman’s 

journey to treatment receipt (45). Based on the findings from the interviews, we present a 

framework showing specific steps in the pathways and how women transition from one 

step to another.  

2.2 Materials and Methods  

2.2.1 Theoretical framework  

The Model of Pathways to Treatment framework informed our study development 

and analysis (45). The model has four intervals: appraisal, help seeking, diagnostic and 

pre-treatment. The appraisal interval is the time between discovering a symptom and 
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perceiving reason to seek help from a health care provider. Help-seeking interval is the 

time-period between perceiving reason to seek help from a healthcare provider to visiting 

a healthcare provider. In our study we combined the appraisal and help-seeking intervals 

to form the detection interval. This was based on similar breast cancer studies which have 

found it challenging to distinguish appraisal and help-seeking intervals (46). The 

diagnostic interval is the time between seeing a healthcare provider and being diagnosed 

cancer. The pre-treatment interval is the period between getting diagnosed and starting 

treatment. We also added the treatment interval in order to have a comprehensive 

understanding of the care continuum (45). 

 

2.2.2 Study Design and Setting  

An empirical phenomenological approach was used to explore the pathways of women 

diagnosed with breast cancer from the moment they detected symptoms to treatment. 

Phenomenology is used to describe and understand the lived experiences of a group of 

individuals grounded in the individuals’ description and meaning (47). The aim of our 

study was to describe the perspectives and experiences of our research participants from 

breast cancer-related symptom detection through treatment receipt. Given our interest in 

describing the phenomenon of navigating breast cancer diagnosis and treatment processes 

and from the perspective of our study participants, a phenomenological approach was the 

best fit for our study. This study was conducted in Kumasi, Ghana. Participants were 

recruited from the Komfo Anokye Teaching Hospital (KATH) Oncology Department. 

KATH is the second largest hospital in Ghana and the main cancer management hospital 

in the Ashanti region of Ghana.  
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2.2.3 Study Population, Sampling and Sample Size  

Eligible participants were women (18 years and older) with a histopathology confirmed 

diagnosis of breast cancer, who had started receiving at least one breast cancer treatment 

(surgery, chemotherapy or radiotherapy), could speak Twi (local language), and were in a 

stable condition at the time of study. We reviewed the patients’ medical records to 

confirm diagnosis and treatment receipt. We used a purposive sampling technique(48) in 

order to enroll participants who had experienced the phenomenon under study, were 

willing to participate and could clearly communicate their breast cancer management 

experiences. Data saturation was determined from the interviews. We determined we had 

reached data saturation when data from new interviews tended to be redundant of the data 

we had already collected (49, 50).  

2.2.4 Recruitment 

A trained Research Assistant (RA) met the patients at the KATH Oncology department to 

assess eligibility and invite them to participate in the study. Specifically, the RA read to 

each potential participant the study information sheet which included the goals of the 

study, what is required of each participant and a reminder that participation was 

voluntary. The interviews were carried out between November 2019 and March 2020.  

2.2.5 Data collection  

A semi-structured interview guide was used for the interview. The guiding questions 

were based on previous similar publications(42, 46, 51-56) and were adapted for use in 

the Ghana context. Section 1 of the interview guide (Appendix A) was semi-structured, 

and it was based on the Model of Pathways to Treatment framework. Section 2 

(Appendix A) included patient demographics and was close-ended. All participants gave 
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consent by signing or thumb-printing. Interviews were carried out in Twi in a private 

room within the KATH Oncology department. We pre-tested the interview guide by 

interviewing three breast cancer patients from the Oncology department and a Ghanaian 

qualitative researcher with clinical experience in oncology (ABBM) reviewed the guiding 

questions for socio-cultural appropriateness. Based on the pre-test interviews and advice 

from ABBM we revised the order of the interview guide questions. The main guiding 

question was: Please tell us the story of your journey from when you detected bodily 

change to when you started receiving breast cancer treatment. We then used more 

specific follow up questions to further understand the events in each interval. Interviews 

lasted 42 minutes on average (range 19 – 84 minutes). 

2.2.6 Data Analysis 

Data collection and analysis were undertaken concurrently. All interviews were audio-

recorded to ensure we captured all the patient’s information and to enable transcription 

for subsequent analysis by independent analysts. At the end of each interview, the 

interviewer and one of the authors (EWM) reviewed the recording and saved it to a 

password protected laptop. All interviews were conducted in Twi and translated into 

English by a professional transcriber who is proficient in Twi and English. One of the 

authors who is proficient in Twi and English (ABBM) reviewed a random sample of the 

recordings and transcripts to ensure accuracy in interviewing, transcription and 

translation. We used NVivo 12plus(57) computer software to facilitate analysis 

organization.  

A deductive coding analytic process was used (58). We had a list of codes (‘start 

list’) based on the Model of Pathways to Treatment (45)  but we also created codes for 
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other concepts that emerged from the data and were not part of the start list. Two analysts 

(EWM and ABBM) independently coded the transcripts in three stages. For the first 

stage, they independently assigned codes to text sections based on the Model of Pathways 

to Treatment framework (45). For the second stage, they independently re-reviewed the 

data to identify emerging codes that were not part of the framework. They then discussed 

the codes, clarified discrepancies, revised definitions and created new codes. For the third 

stage the analysts jointly organized the codes into steps and themes guided by the Model 

of Pathways to Treatment Framework (45). The rest of the authors confirmed the 

findings. This in-depth analysis process ensured reliability of the results (59). 

2.2.7 Trustworthiness and credibility  

Credibility was achieved by triangulation(60) and member checking (61). Data source 

triangulation involved using information from the patient’s medical records at KATH to 

verify the procedures and treatments that the patients received. Analyst triangulation 

involved two of the authors (ABBM and EWM) comparing and discussing the analyses 

until consensus was achieved. After each interview, the RA gave a summary of the 

interview and asked the participant to confirm that the summary reflected their 

experiences. In addition, five participants independently reviewed their transcripts to 

affirm that they accurately reflected what they had shared. This was done within one 

week of transcription. None of the participants had concerns or reservations about the 

content of the interviews. Field notes, which included the participants’ non-verbal cues, 

concerns, and interviewers’ reflections, were recorded after each interview and referred 

to during the analysis. The two RAs who carried out the interviews are nurses by training, 
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thus have a clinical understanding of breast cancer. However, none of them work in the 

KATH Oncology department and had no direct relationship with the participants. 

Ethical approval was granted by the Institutional Review Boards at KATH (KATH-

IRB/AP/001/19) and University of Minnesota (STUDY00006750). In order to protect the 

patient’s identity, we assigned each participant a random number that was used in the 

transcripts. Audio records and transcripts (without any identifying information) were 

stored on a password-protected computer. We followed the Standards for Reporting 

Qualitative Research (62). 

 

2.3 Results  

We interviewed thirty-one women who were diagnosed with breast cancer between 2015 

and 2019. The mean age of the participants was 51 years. Most of the participants were 

married/partnered/cohabiting, Christians, had at least primary school education and had 

no family history of cancer. Of those who had a job (n=14), most of them were self-

employed. Thirty of the thirty-one participants had health insurance (Table 2).  

Table 2: Socio-demographic characteristics of the sample (N=31). 

Characteristic  N (%) 

Age in years, Mean (Range) 51 (28-72) 

Marital Status 

Married/Partnered/Cohabiting 

Widowed/Divorced/Separated 

 

22 (71) 

9 (29) 

Highest education level 

Primary School  

High School  

Technical College diploma  

Bachelors degree 

Other  

 

18 (58) 

3 (10) 

5 (16) 

2 (6) 

3 (10 

Religion  

Christian  

Muslim  

 

28 (90) 

3 (10) 
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Employed 

Yes 

No 

 

14 (45) 

17 (55) 

Employed Yes 

Type of employment  

Government 

Self-Employed 

Other  

14 (45) 

 

3 (21) 

10 (71) 

1 (7) 

Have health insurance  

Yes 

No 

 

30 (97) 

1 (3) 

Family cancer history  

Yes  

No  

 

11 (35) 

20 (65) 

 

We describe the pathway steps that emerged from each interval. The pathway was not 

linear and some patients looped back to earlier steps while some skipped some of the 

steps (Figure 1). 

 

 
 

Figure 1: Pathway of care from symptom detection to treatment for breast cancer 

patients in Kumasi, Ghana. Dotted lines represent patients going back to previous steps. 

Solid lines represent patients moving forward in the pathway.  
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2.3.1 Detection interval  

 
The average time between symptom detection and seeking orthodox medicine was 11 

months. 

Step 1: Initial symptom recognition and appraisal  

Type of symptom and way of discovery 

All the women detected initial symptoms themselves. The most common initial symptom 

was lump (n=23). Other initial symptoms included swollen breast (n=3), fluid oozing 

from the breast nipple (n=2), burning sensation (n=1), rashes on the breast (n=1) and pain 

(n=1). Two of the women recognized the initial symptom while doing a self-breast exam, 

while the other twenty nine discovered them accidentally.  

“I was there one day and I examined my breast and I realized that there is a lump 

at the top.” (P21) 

 

“When I woke up in the morning, I wore a white nightie the previous night and I 

realized there was blood where my breast touched the fabric.” (P19). 

Initial symptom interpretation  

Only two women thought the initial symptom was due to breast cancer. Both of these 

women had aunts who died of breast cancer and one of them was a nurse, thus they were 

aware of breast cancer.  

“In my mind, I thought maybe I have been afflicted with breast cancer… because 

my mother’s sister had it.” (P3) 

“I felt the lump so I kept touching it. My mind went there….. [assuming it was due 

to breast cancer].” (P8) 
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The other twenty-nine women did not think the initial symptom was serious. Most of 

them thought it was a boil while others associated the symptoms to the menstrual cycle, 

insect bite, food they had eaten, or breast-feeding. 

“It was like Oh this is just like a lump…. I did not anticipate that it was serious or 

going to be breast cancer.” (P6).  

“Whenever I am about to have my menses, my breasts will swell up and become 

bigger… When I observed this change… I reasoned that it could be related to my 

menses. I did not perceive it serious.” (P11). 

Symptom disclosure  

The women disclosed their symptoms to individuals they trusted which included 

relatives, friends who were in the healthcare field, and work colleagues. Most of the 

people advised the women to go to the hospital for a checkup, others advised them to 

wait and monitor the symptoms while some advised them to see a traditional healer.  

 “And when I saw it [blood oozing from nipple], I informed a sister living in the 

same house. She advised going for herbal medicine.” (P19) 

“I showed it to three of my sisters…. It looked as if the breast was tilted…One of 

my sisters advised me to take it straight to [a district hospital] in the morning if I 

have insurance.” (P12)  

“There was a nurse in our house and…when I told her, she told me to wait for a 

while because it could be the result of the ‘sure’ [deodorant] I am using, so I 

should stop using it.” (P18) 

Step 2: Initial symptom management before seeking orthodox care  
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Only two patients sought orthodox medicine right after discovering the symptoms (i.e. 

Step 1 to Step 3) while the rest used alternative strategies to manage the symptoms (i.e. 

Step 1 to Step 2).  

Traditional herbal medicine  

Six women, most of whom thought the symptom was a boil, visited traditional 

healers for herbal medicine which they applied on the breast hoping the lump 

would disappear.  

“When it [lump] initially started, I bought some herbal medication...and… smear 

it on the place… I thought it was a boil and when I take the drugs, it will 

eliminate it.” (P12) 

“I considered the lump as one of the usual breast problems. So, I started treating 

it with herbal medications.” (P9) 

Self- medication  

Two women whose initial symptom was breast pain used over the counter medication to 

reduce the breast pain and stop the spread of the infection.  

“It was Ampiclox and Paracetamol that were helping me. So whenever I took 

these, then the pains would reduce a little…and stop the infection.” (P22) 

“My children…bought me some medication from the chemist to stop the breast 

pains.” (P32) 

Faith healing  

Two women who associated the symptoms to spiritual causes sought faith healing to 

manage the initial symptoms.   
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 “A friend introduced me to a prayer group and so I joined…I put [prayer group 

anointed] oil on it.” (P32) 

“I initially thought the breast heaviness was due to evil witches bedeviling me. So 

I went to my personal priest…and resorted to prayers.” (P26) 

Wait and see  

Nineteen women decided to monitor the symptoms since they were not disrupting their 

daily activities and they did not consider them serious enough to seek care.  

“So when I observed the lump, I decided to wait awhile…because it wasn’t 

causing me any pain. I could carry on my normal activities.” (P25).  

“I found the lump in August, I thought it was just an ordinary lump…. Hence I 

waited until around October but monitored the symptom alongside.” (P6) 

Step 3: Decision to seek orthodox medicine  

Eventually all the women decided to seek orthodox medicine (i.e. either Step 1 to Step 2 

or Step 2 to Step 3) due to a combination of the following factors 

Additional symptoms  

Ten women decided to seek allopathic medicine only when additional symptoms 

disrupted their daily activities. These additional symptoms included pain, lump 

enlargement, wound, increased breast swelling and liquid oozing from the breast.  

“The lump was tiny but later on, it was getting bigger and that was the reason 

that prompted me to come to [hospital].” (P27) 

“Since it started being painful I had to do away with the herbal treatment and 

report to the [hospital].” (P24) 
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Alternative therapy failure  

Some women decided to seek orthodox medicine when there was no improvement from 

the use of alternative therapy.  

“Later, I realized the lump was getting bigger and when I touch the breast, it was 

more painful… I couldn’t groom regularly…that was when I realized that I have 

to go to the hospital.” (P22).  

“When the lump appeared, we started treating it with herbal medications and it 

went down a bit and it reappeared a little worse…When the herbal medication did 

not work we brought it to [hospital].” (P9) 

Advice and pressure from social network 

Other patients sought orthodox medicine due to advice from their social network. The 

advice could have been immediately after the patient saw the initial symptom, after failed 

alternative therapy or after they had additional symptoms.  

 

“So when I told my husband, he said you are saying you have observed a 

lump…take it to the hospital”. (P18).  

“The moment I told them [friends about symptoms], they said ‘be quick and take 

it to the hospital because you don’t play around with diseases affecting the 

breast….’ And I rushed to the hospital.” (P7) 

2.3.2 Diagnostic interval  

 
The average time between reaching the first health facility and getting a breast cancer 

diagnosis was 6 months.   

Step 4a: Reach first health facility  
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The healthcare system in Ghana includes both private and public hospitals. The public 

healthcare structure comprises three main levels: health centers and district hospitals that 

provide basic health care, regional hospitals that provide secondary health care and 

teaching hospitals that provide tertiary care (63). The two major factors that influenced 

which initial health facility women sought care at were recommendation from social 

network and familiarity with the specific healthcare providers. Familiarity with specific 

healthcare providers could be due to information the women had heard from the media or 

where they sought regular medical care. Most women first sought medical care at health 

centers and district hospitals. Only eight women initially sought care at teaching 

hospitals. Three women initially sought care at one of the private hospitals. Once at the 

first healthcare facility, the women were examined and either a) referred for diagnostic 

evaluations (i.e. Step 4a to Step 5); or b) referred to a higher level facility that had breast 

cancer specialists (i.e. Step 4a to Step 4b); or c) misdiagnosed and went back home (i.e. 

Step 4a to Step 1). 

 

I felt the burning sensation and to [health center] who declared there was nothing 

wrong…I went back home (Patient 3).  

“And when we went there [district hospital] the doctor declared it to be a lump so 

we should go and take a scan and he will take it (the lump) out for me.” (Patient 

17) 

“I went to see the doctor [district hospital] and he told me that those who used to 

work on these kind of cases are no longer working at the hospital. So he called 
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another doctor at [tertiary hospital] and informed him that he is sending a patient 

to him…I started coming here [tertiary hospital].” (P30) 

Step 4b: Reach second health facility   

Once the women reached the second health facility, women were either a) referred for 

diagnostic evaluations (i.e. Step 4b to Step 5), or b) others went back home due to 

misdiagnosis (i.e. Step 4b to Step 1), or c) referred to a third higher level facility for 

diagnosis (i.e. Step 4b to Step 4c).   

“[At district hospital], they made me take a scan… And then later on, I was 

told...they wouldn’t be able to take care of me so I should come to [tertiary 

hospital].” (P12). 

“I went to the hospital [regional facility], and they told me ‘No, it is not anything’ 

so I should go home…Three weeks’ time, I went to [another facility] … for 

review. And when they checked, they said the thing [lump] was no longer there. 

And me too, I just relaxed and stayed at home.” (Patient 16). 

Step 4c: Reach third health facility 

One woman was referred to multiple facilities before she was diagnosed (i.e. Step 4a to 

4b to 5 to 4c).   

“I went back to the nurses [in a health center] who advised going to see the 

doctor [at district hospital]. He [doctor] said I should go to [private lab] and 

take a scan and bring it back to him. When I brought it back…the doctor 

recommended being transferred because of how advanced my situation was. He 

directed me to [regional hospital]. However, we didn’t go but came here instead 

[tertiary hospital].” (P4) 
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Step 5: Diagnostic evaluations 

None of the hospitals, including the tertiary hospitals, had all the necessary diagnostic 

services available. Patients had to be referred to private laboratories for diagnostic 

procedures such as mammogram. This process involved the women going back and forth 

from the referring hospital to the diagnostic labs for sample collection and back to the 

hospital to present the results. 

“The staff of [tertiary hospital) required me to do a lot of labs… I was made to 

place my breast in a machine [mammogram] in [private lab] and I brought all the 

results back to them.” (P13) 

“Well, when I came to [tertiary hospital] he [doctor] gave us some tests and we 

took a very big picture [scans]. He also requested another test at [private lab]. I 

have even been to that place two times. And all the documents associated with 

these are there. And I can’t even count the numerous other tests I’ve done over 

here” (P5). 

“He [doctor] took a sample of the breast…then he asked that I take a scan of the 

breast. He also asked me to go to [private lab] where they put the breast in a 

machine (mammogram]” (P11). 

  

Step 6: Get diagnosed with breast cancer  

Eventually all women were diagnosed with breast cancer. Twenty women were 

diagnosed at tertiary hospitals, three women were diagnosed at private hospitals while the 
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rest were diagnosed at regional and district hospitals. At the diagnosing facility, the 

women were examined and if the provider was suspicious of breast cancer, they would 

order diagnostic evaluations for her. These evaluations included mammogram, CT scan 

and biopsy.  

 “I did the mammogram and then the ultra sound… then biopsy. It was the biopsy 

that proved it that it was cancerous cells.” (P6)  

“I did the breast scan mammogram and the tissue biopsy...and I went for the 

results and it they told me it was cancer” (P8) 

Of the women who had stage information, six had stage III disease, two had stage IV and 

two had stage II. Of the women who had breast subtype information, two had HER2 

enriched subtype, two had luminal A, and four had triple negative subtype. The women 

stated their initial reactions to the diagnosis included shock, fear of mastectomy and 

death, crying, and financial worry. However, others said they were not scared or worried 

as they leaned on their religious faith and encouragement from the doctor who delivered 

the diagnosis. Some patients continued to Step 7 while others went back to Step 1. 

2.3.3 Pre-treatment interval  

 
The average time between breast cancer diagnosis and starting treatment was 5 months.  

Step 7: Discussion at tumor board  

Komfo Anokye Teaching Hospital (KATH) tumor board group consists of surgeons, 

pathologists, oncologists, radiologists, and nurses. After diagnosis, all patients are 

discussed by the tumor board to determine the treatment course. Patients are encouraged 

to be present when their cases are being discussed if at all possible.  
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“The doctor scheduled me for a meeting [tumor board]. The nurse brought me to 

this meeting. So after they [tumor board members] had asked me a few questions, 

they discussed it and started me on the chemo.” (P28) 

“Following the diagnosis, we were scheduled for a meeting [tumor board] in two 

weeks. The doctor explained that everyone involved [at the tumor board] will 

bring their opinion …it is important for me to sit in during deliberations… 

However, the same doctor later told us not to come for the meeting due to my long 

distance, so he will represent me.” (P4) 

Step 8: Evaluations prior to starting treatment  

After breast cancer diagnosis, the women typically needed more laboratory testing before 

they started treatment.  

 “I had to finish my labs; the full blood count, the kidney function test and 

everything before they started the treatment.” (P8) 

“He requested I go for a lab test… they examined a lot of tissues They examine 

your blood; they check the blood to know if you can take the thing 

[chemotherapy]” (P23) 

2.3.4 Treatment interval  

 
Step 9: Start treatment  

The most common treatment course was neoadjuvant chemotherapy, followed by surgery 

followed by adjuvant chemotherapy and radiotherapy and hormone therapy. 

“I was given six injections of chemotherapy… then they took me to cut off the 

breast [mastectomy]. After the operation I was put on a machine [radiotherapy], 
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and after the machine, I was given a prescription for medication that I was buying 

[hormone therapy].” (P29) 

“I did four chemotherapy cycles before I was operated on. Then another four 

after operation.” (P12) 

 

2.4 Discussion 

 
This study describes Ghanaian women’s paths from the moment they detect breast 

cancer-related symptoms through receipt of breast cancer treatment. To our knowledge, 

this is the first study to trace the breast cancer care pathway from Ghanaian women’s 

perspectives. Similar to Kohler at al.(42) study we found that the breast cancer pathway 

in Ghana is not linear. The Model of Pathways to Treatment framework(45) which we 

used to guide our data collection is built on an assumption that women only use orthodox 

medicine to manage their breast cancer. However, in our study we found that women 

frequently moved among different management approaches. We propose a modified 

framework (Figure 1) which is grounded in findings from our interviews with Ghanaian 

women with breast cancer.  

All the women discovered the symptoms themselves but only two women initially 

associated their symptoms with breast cancer. The rest thought their symptoms were not 

serious or could be easily managed by alternative therapies. This contributed to the 

substantially long average time of 11 months between detection symptoms and seeking 

orthodox medicine. The women in our study used different strategies to manage their 

breast cancer symptoms: traditional herbal medicine, over the counter medication, faith 

healing and wait and see if the symptoms went away. Wait and see was the most common 
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management strategy and involved the women monitoring their symptoms at home until 

they progressed to where the symptoms disrupted their ability to carry out daily activities. 

The main reasons for a wait and see approach were no pain associated with the symptom 

and interpretation that the symptoms were not serious and would resolve with time. This 

is consistent with previous research which has shown that women who have symptoms 

that are not associated with pain and who interpret symptoms as not serious are less likely 

to seek care immediately (54). 

The second most common symptom management strategy was seeking care from 

traditional herbalists and faith healers (alternative therapy providers). In our study, the 

women who sought alternative therapies assumed their symptoms were due to common 

ailments such as a boil or were caused by evil powers. Alternative therapy providers are 

more accessible thus are more often consulted for common ailments. They are also more 

trusted, compared to orthodox medicine providers, to treat diseases whose cause is 

associated with spiritual powers (64). Alternative therapy is commonly used in Ghana 

and other sub-Saharan African countries for cancer management (65). However, the 

literature typically describes alternative therapy as a barrier to early detection and timely 

orthodox medicine receipt (39, 42). In order to improve breast cancer management in this 

community, it is essential to acknowledge the critical role of alternative therapy in the 

breast cancer diagnosis and care pathways and develop approaches that integrate them 

into breast cancer diagnosis and management. In 2011, a plan for integrating alternative 

therapy and orthodox medicine for all diseases was launched in Ghana. However, there 

were no clear guidelines on what integration meant and how to go about it. For example, 

a study in one of the pilot hospitals for the integration found that patients who were 
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seeking care at the hospital were not even aware that herbal services were also being 

provided. In addition, the orthodox medicine providers at the pilot hospital perceived 

both systems to be parallel instead of integrated (66).  

There is potential for successful integration of alternative therapy providers in 

breast cancer management in Ghana. Faith healers and traditional herbal medicine 

providers in Ghana have expressed interest in working collaboratively with orthodox 

medicine providers (67, 68). Alternative therapy providers have previously been 

successfully integrated in HIV/AIDS and mental health care prevention and delivery (69, 

70). For the integration to be successful, there needs to be trust between orthodox and 

alternative therapy providers and an acknowledgement that both providers are 

complimentary (71). In an integrated system, alternative therapy providers can play two 

major roles: triage and offering psychosocial care and support. This may reduce the time 

between symptom detection and seeking orthodox medicine. In the triage role, alternative 

therapy providers would immediately refer women with breast cancer related symptoms 

to orthodox medicine. The psychosocial role of alternative therapy providers was also 

clear from our study where some women consulted with faith healers for emotional 

support after the diagnosis.  

All the women in our study detected the symptoms themselves. This is expected 

given Ghana does not have a national breast cancer screening program thus screening is 

ad hoc (39). However, there are non-governmental organizations (NGOs) in Ghana that 

organize clinical breast examinations (CBE). CBE is the physical examination by a 

healthcare provider to check for breast abnormalities (72). CBE has been shown to lead 

to significant breast cancer down staging (73). However, the CBE programs organized by 
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the NGOs in Ghana are sporadic which reduces their effectiveness. For example, one of 

the women in our study noticed the breast cancer related symptoms in August.  However, 

she was not aware of any hospitals that carried out breast cancer screening so she decided 

to wait for the annual October community breast cancer screening. For these programs to 

be effective, they need to be consistently available and women need to be aware of their 

locations.  

Given the challenges of implementing national screening programs, a more cost 

effective method to increase early diagnosis might be breast cancer awareness programs. 

Four women in our study sought medical care faster since they had learnt about breast 

cancer through the media and church events. In addition, a study in Ghana found that a 

community based breast cancer awareness program significantly improved women’s 

breast cancer knowledge and uptake of breast self-exam (74). Studies found that 60% of 

women in Ghana got health information from radio and television(75) and that mass 

media awareness is a cost effective intervention for increasing participation in breast 

cancer screening Ghana (76).  

Our study has several limitations. There is potential for selection bias. All our 

study participants were receiving breast cancer care thus we missed the experiences of 

women who never made it to the end of the breast cancer care pathway. Women who are 

not engaged in the cancer pathway may have had different experiences that we did not 

capture. However, we believe that the experiences of women who successfully navigated 

the various health care systems have insights that apply to those who were not successful. 

We asked women to remember all the steps that they took since symptom detection. 

Some of the women admitted they did not recall some of the events. Recall bias could 
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also impact our study. For example, women may not have mentioned that they sought 

alternative therapies at some point in their pathway due to stigma.  Strengths of our study 

include examining the pathway from the women’s perspective and use of medical records 

to confirm procedures and treatment. 

2.5 Conclusions 

 
Our study highlights that women go through approximately nine steps from symptom 

detection to receiving allopathic breast cancer treatment in Ghana. Some women skipped 

some of the steps while others looped back to earlier steps. At each step in the pathway, 

there are opportunities to intervene in order to increase the rate at which women are 

diagnosed and start receiving treatment. These interventions include integration of 

alternative therapy providers and allopathic medicine and consistent breast cancer 

awareness and clinical breast exam programs. Lastly, this breast cancer care pathway 

framework may be applicable to other cancers and other sub-Saharan African countries.  

CHAPTER 3. MANUSCRIPT 2: BREAST CANCER IN GHANA: WHY THE 

YOUNGER AGE AT DIAGNOSIS?  

 

3.1 Introduction  

 
Breast cancer is the most common cancer and leading cause of cancer deaths 

among women in sub-Saharan Africa (SSA). In 2020, breast cancer incidence rates in 

SSA ranged from 33 per 100,000 to 50 per 100,000 while mortality rates ranged from 18 

per 100,000 to 22 per 100,000 (1). Breast cancer patients in SSA tend to be younger 

(incidence peaks between 40-50 years)(7, 32, 77) than patients in other parts of the world 

such as the United States (US), where incidence peaks at approximately 62 years (8). 

Breast cancer among younger women (<40 years) tends to be more aggressive (higher 
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grade and larger tumor sizes) and have higher mortality rates compared to breast cancer 

among older women (≥40 years ) (78, 79). It is therefore essential to identify factors that 

can explain the younger age at diagnosis in SSA.  

Several studies suggest that the younger age profile in SSA compared to Europe 

and North America reflects differences in population age structures between countries 

(10, 11). For example, in Ghana, 35% of the population is between 25 and 59 years and 

only 4.7% of the population is above 65 years(80), while in the US 16% of the population 

is above 65 years (81). Therefore, breast cancer cases in Ghana are more likely to occur 

among younger age groups because a larger proportion of their at-risk population is in 

younger age groups. Bidoli and colleagues used data from 24 cancer registries in Eastern 

Mediterranean and Africa to explore the association between the median age at breast 

cancer diagnosis and the median age of the corresponding population (82). They found 

that the age at breast cancer diagnosis is associated with the age of the underlying 

population where a one year increase in population age was associated with 0.26 increase 

in median age at breast cancer onset. However, this study provided the association 

between median age at breast cancer diagnosis and median age of the population at the 

continental level where data from Africa and Eastern Mediterranean cancer registries 

were grouped together and did not adjust in detail for the age structure of any one 

country. Also, the study only included information from 24 cancer registries in the 

Eastern Mediterranean and Africa. Given the variation in cancer incidence rates between 

SSA countries, there is a need to understand factors contributing to country-specific 

breast cancer patterns (30).  
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Breast cancer screening may also impact a country’s average age at breast cancer 

diagnosis. Introduction of mammographic screening in the US is associated with an 

increase in breast cancer incidence rates among women 50 years and older and 

subsequent increase in median age at diagnosis (83). While most SSA countries, 

including Ghana, do not have a national breast cancer screening program, screening in 

the US is widespread (32, 84).  

Research has also shown that breast cancer incidence rates are on average lower 

in SSA compared to North America and Europe (5).  However, estimating cancer 

incidence rates in SSA is a challenge due to limited population-based cancer registries. In 

Ghana, only two studies have used population-based cancer registry data to assess the 

breast cancer incidence rates which were estimated at 7.9 per 100,000 in 2012 and 16.1 

per 100,000 in 2015 (7, 85). There is a need to better understand the breast cancer 

incidence patterns in Ghana.  

This study examines the impact of population age structure and breast cancer 

screening on the mean age at breast cancer diagnosis in Ghana and the US. We also 

examine the breast cancer incidence patterns in Ghana and the US between 2012 and 

2016. To achieve these aims we analyzed breast cancer data from the Kumasi Cancer 

Registry, the only population-based cancer registry in Ghana, and compare it to the US 

Surveillance, Epidemiology and End Results (SEER) data.  

 

3.2 Methods 

 

3.2.1 Data sources 
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We obtained data on incident breast cancer cases in Ghana from the Kumasi 

Cancer Registry (KCR) and for the United States (US) from the Surveillance, 

Epidemiology and End Results (SEER) program. The KCR was established in 2004 as a 

hospital-based registry and was converted to a population-based registry in 2012 (7). The 

catchment area for the KCR is Kumasi which is the second largest city in Ghana and has 

a population of 2,035,064 (80). The cancer information in the registry is based on 

patients' medical records from six laboratories and five hospitals in Kumasi. One of the 

hospitals is the Komfo Anokye Teaching Hospital (KATH), which is the largest hospital 

in Kumasi and the second largest in Ghana (67). Information abstracted from medical 

records is reviewed and verified by a clinician and data quality monitored by the Registry 

Manager. A combination of date of birth, patient age, National Health Insurance number, 

and Hospital ID are used to create patient unique identifiers (7). 

SEER is a US database that includes cancer cases from population-based cancer 

registries that presently covers 34% of the US population and is representative of 

different racial/ethnic groups in the US (86). SEER collects information on incident 

cancer cases, key information about the tumors including stage at diagnosis, first course 

of treatment and survival (87). The SEER registries are grouped into three overlapping 

categories based on the years of data that the registries contribute: SEER 9, SEER 13 and 

SEER 18. SEER 9 includes cases diagnosed from 1975 to 2017 from nine cancer 

registries, SEER 13 includes cases diagnosed from 1992 to 2017 from the original nine 

registries plus four registries and, SEER 18 includes cases diagnosed from 2000 to 2017 

from an additional five cancer registries (88).  
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We obtained US population estimates stratified by race (White and Black), age 

(5-year age groups) and sex from the National Cancer Institute (89). The Kumasi 

population estimates stratified by age (5-year age groups) and sex were obtained from the 

Ghana Statistical Services (90). 

3.2.2 Breast cancer cases 

 
We included US and Ghanaian women diagnosed with invasive and in situ breast 

cancer with known age at diagnosis. For Ghana, we restricted to women diagnosed 

between 2012 and 2016 since these were the years that the KCR was population-based 

and had complete and accurate data. For the US, we included women diagnosed between 

2012 and 2016 to match the Ghana cohort and women diagnosed between 1975 and 1979 

to account for the effect of screening (more detail below). SEER 9 registries are the only 

ones that include cases diagnosed between 1975 and 1979 therefore we were limited to 

using the SEER 9 registries only. To ensure consistency, we also limited our US 2012-

2016 cancer diagnosis to those from the SEER 9 registries.  

3.2.3 Statistical Analysis  

 

Effect of population age structure on the differences in mean age at diagnosis between 

Ghana and the US  

We examined whether differences between Ghana and the US in mean age at 

breast cancer diagnosis persisted after accounting for differences between the two 

countries' population age structures. First, we calculated the crude mean age at diagnosis 

for Ghanaian and US female breast cancer patients diagnosed between 2012 and 2016. 

Research has shown that in the US, Black women are diagnosed with breast cancer at a 

younger age than White women, therefore we also calculated the crude mean age at 
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diagnosis by race (White vs Black) for the US population (91). Crude mean age was 

calculated as  
∑𝑦

∑𝑁
  where y is the age at diagnosis and N is the number of people with 

breast cancer. Second, to examine the effect of differences in population age structure 

between Ghana and the US, we calculated the adjusted mean age at diagnosis. We used 

the World Health Organization (WHO) world standard population as the standard 

population since it reflects the average age structure of the world’s population and 

facilitates comparisons with findings published from other countries (92). In the adjusted 

analysis, the weight was the proportion of people in the corresponding age group of the 

WHO world standard population. Overall adjusted mean age at diagnosis was calculated 

as 
Σ(y∗𝑤𝑖)

𝛴𝑤𝑖
   where yi is the age at diagnosis and 𝑤𝑖 is the proportion of people in WHO 

standard world population for age yi. The adjusted mean age at diagnosis represents what 

the mean age at diagnosis would be if Ghana and the US had the same age population 

distribution. Third, age differences were calculated by subtracting the mean age at 

diagnosis among the US cases from the mean age at diagnosis among Ghanaian cases. 

Negative differences showed a lower mean age at diagnosis among cases in Ghana. We 

used a t-test to test whether the crude and adjusted mean ages between the two countries 

differ significantly.  

 

Effect of breast cancer screening on the differences in mean age at diagnosis between 

Ghana and the US  

We examined whether differences between Ghanaian and US women in mean age 

at breast cancer diagnosis persisted after accounting for breast cancer screening. SEER 

does not include screening information. Screening mammography was not nationally 
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adopted in the US until the 1980s, so we used data for US women diagnosed with breast 

cancer between 1975 and 1979 to adjust for the effect of screening mammography on the 

cancer incidence in the US (93). Specifically, we calculated crude mean age at diagnosis 

and adjusted mean age at diagnosis using the US SEER 9 1975-1979 breast cancer data. 

We then compared these values to the crude and adjusted mean age at diagnosis for 

Ghanaian women diagnosed with breast cancer between 2012 and 2016.  

Sensitivity analyses – impact of the standard population on the adjusted mean age at 

diagnosis 

We conducted a sensitivity analysis to assess the influence of using the WHO 

standard population on our estimates and conclusions. We calculated the adjusted mean 

age at diagnosis in the US and Ghana (as described above) using two standard 

populations: the US standard population and the European standard population. We then 

compared the estimates to those we had calculated using the WHO world standard 

population.  

Breast cancer incidence rates in Ghana and the US 2012 - 2016 

Lastly, we calculated and compared three breast cancer incidence rates in 2012-

2016 in Ghana and the US: crude, 5-year age-specific and age standardized incidence 

rates. The crude incidence rate is the number of new breast cancer cases for the period of 

interest as a proportion of the total population for the specific period. The 5-year age-

specific incidence rate is calculated as the new breast cancer cases in the 5-year age 

group as a proportion of the total population in the 5-year age group. The age 

standardized rates represent the incidence rate that would have been observed if Ghana 

and the US had the same age structure as the WHO world standard population. 
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All analyses used SAS (PC SAS 9.4, SAS Institute, Inc., Cary, NC). Ethical approval was 

granted by the Institutional Review Boards at KATH and University of Minnesota.  

 

3.3 Results  

 

Our dataset included 542 women from Ghana and 114,100 women from the US 

diagnosed with breast cancer between 2012 and 2016. Women were diagnosed at older 

ages in the US than in Ghana (Figure 2a, Figure 2b). Twenty-three percent of the 

women with breast cancer in Ghana were <40 years of age at diagnosis compared to four 

percent in the US. In the US, six percent of the Black women with breast cancer were 

<40 years of age at diagnosis compared to four percent White women. Only ten percent 

of the cases in Ghana were older than 70 years compared to twenty-eight percent of cases 

in the US, twenty-two percent of cases among Black women and thirty percent of cases 

among White women.  

Figure 2a: Age distribution for Ghanaian and US women diagnosed with breast cancer 

2012-2016  
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Figure 2b: Age distribution for Ghanaian women and US Black and White women 

diagnosed with breast cancer 2012-2016  

  
 

Effect of population age structure on the differences in mean age at diagnosis between 

Ghana and the US  

Prior to adjustment, the mean age at diagnosis in Ghana was 50.3 years compared 

with 61.6 years among the US cases (crude difference of 11.3 years), which was 

significantly different (p<0.0001). After adjusting for population age structure, the mean 
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age at diagnosis remained significantly different between the two countries where the 

adjusted mean age in Ghana was 45.6 years and 55.1 years in the US (adjusted difference 

of 9.6 years, p <0.0001) (Table 3). 

After adjusting for population age structure, women diagnosed with breast cancer 

in Ghana were on average 8 years younger than Black women and 10.2 years younger 

than White women diagnosed with breast cancer in the US (Table 3).  

 

Effect of breast cancer screening on the differences in mean age at diagnosis between 

Ghana and the US  

To examine the combined impact of breast cancer screening and population age 

structure on the differences in mean age at breast cancer diagnosis between Ghana and 

the US, we compared 1975-1979 US breast cancer cases (before widespread breast 

cancer screening) to 2012-2016 Ghanaian breast cancer cases. Similar to the findings 

above, US women diagnosed with breast cancer between 1975 and 1979 were on average 

older than women in Ghana diagnosed with breast cancer between 2012 and 2016 

(Figures 3a and 3b, Table 4). However, the adjusted difference in mean age between 

2012-2016 Ghanaian and the 1975-1979 US breast cancer cases was smaller compared to 

the adjusted difference between 2012-2016 Ghanaian and the 2012-2016 US breast 

cancer cases (-8.0 years vs -9.6 years respectively). Even after accounting for screening 

and population age structure, a difference of -8 years remains between Ghana and the US 

(Tables 3 and 4).  

There was a similar trend when considering US White and Black cases separately. 

The adjusted difference in mean age between 2012-2016 Ghanaian cases and 1975-979 

US White cases was -8.5 years compared to -10.2 years when using 2012-2016 US White 
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cases. When we restricted to the US Black cases, the adjusted difference in mean age 

between 2012-2016 Ghanaian cases and 1975-1979 US Black cases decreased 

substantially from -8 years to -4.6 years(Tables 3 and 4).  

Figure 3a: Population age distribution for Ghanaian women diagnosed with breast 

cancer 2012-2016 and US women diagnosed with breast cancer 1975-1979 

 
Figure 3b: Age distribution for Ghanaian women diagnosed with breast cancer 2012-

2016 and US Black and White women diagnosed with breast cancer 1975-1979  
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Table 3: Mean age at diagnosis (crude and adjusted) for women 

diagnosed with breast cancer in Ghana and the US 2012-2016   

 
 

Cases, N (%) Crude mean 

age (years) 

at diagnosis 

P value 

(T-test) 

Adjusted 

mean age 

(years) at 

diagnosis 

P value  

(T-test) 

Difference in 

mean (Ghana – 

US) 

Year Ghana US Ghana US 
 

Ghana US 
 

Crude Adjusted 

2012-2016 

Ghana and 

US all races 

542 144100 50.3 61.6 <0.0001 45.6 55.1 <0.0001 -11.3 -9.6 

2012-2016 

Ghana and 

US White 

women  

542 110174 50.3 62.3 <0.0001 45.6 55.8 <0.0001 -12.0 -10.2 

2012-2016 

Ghana and 

US Black 

women 

542 16241 50.3 59.4 <0.0001 45.6 53.6 <0.0001 -9.1 -8.0 
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Table 4: Mean age at diagnosis (crude and adjusted) for breast cancer cases 

diagnosed in Ghana in 2012-2016 and the US 1975-1979
 

 
Cases, N (%) Crude mean 

age (years) at 

diagnosis 

P value 

(T-test) 

Adjusted mean 

age (years) at 

diagnosis 

P value  

(T-test) 

Difference in 

mean (Ghana – 

US)  
Ghana US Ghana US 

 
Ghana US 

 
Crude Adjusted 

2012-2016 

Ghana and 

1975-1979 

US all 

races  

542 50496 50.3 60.6 <0.0001 45.6 53.6 <0.0001 -10.3 -8.0 

2012-2016 

Ghana and 

1975-1979 

US White 

women  

542 45537 50.3 61.2 <0.0001 45.6 54.1 <0.0001 -10.9 -8.5 

2012-2106 

Ghana and 

1975-1979 

US Black 

women  

542 3258 50.3 56.2 <0.0001 45.6 50.1 <0.0001 -5.9 -4.6 
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  Sensitivity analyses – impact of the standard population on the adjusted mean age at diagnosis 

There were no notable changes in the adjusted mean age at diagnosis when we used the US and 

 European standard populations (Table 5). 

 

Table 5: Sensitivity analyses assessing the impact of using different standard populations 

 

 

 

 

 

 

 

 
Ghana and US  breast cancer cases diagnosed 2012-2016 

 
Cases, N (%) Crude mean age 

(years) at 

diagnosis 

P value 

(T-test) 

Adjusted mean 

age (years) at 

diagnosis 

P value 

(T test) 

Difference in 

mean (Ghana – 

US) 

Standard 

population 

Ghana US Ghana US 
 

Ghana US 
 

Crude Adju

sted 

World Health 

Organization 

542 144100 50.30 61.58 <0.0001 45.55 55.13 <0.0001 -11.28 -9.58 

United States 542 144100 50.30 61.58 <0.0001 46.46 56.18 <0.0001 -11.28 -9.72 

European 542 144100 50.30 61.58 <0.0001 47.01 56.16 <0.0001 -11.28 -9.15 
 

Ghana breast cancer cases diagnosed 2012-2016 and US cases diagnosed 1975-1979 

World Health 

Organization 

542 50496 50.30 60.63 <0.0001 45.55 53.58 <0.0001 -10.33 -8.03 

United States 542 50496 50.30 60.63 <0.0001 46.46 54.81 <0.0001 -10.33 -8.35 

European 542 50496 50.30 60.63 <0.0001 47.10 54.81 <0.0001 -10.33 -7.71 
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Breast cancer incidence rates in Ghana and the US 2012 – 2016 

Both the crude and age standardized breast cancer incidence rates were lower 

among Ghanaian women compared to US women between 2012 and 2016. The crude 

breast cancer incidence rate in Ghana was 9.15 per 100,000 and 189.14 per 100,000 in 

the US. The age standardized breast cancer incidence rates in Ghana were 14.16 per 

100,000 and 129.89 per 100,000 in the US. Age-specific incidence rates and the 

incidence rate differences between Ghana and the US increased with increasing age. 

Ghana's age specific incidence rate increases from 0.16 to 25.68 per 100,000, whereas the 

age specific rate for the US increases from 0.02 to 473.44 per 100,000.  In addition, 

Ghana’s incidence rate is 23.68 per 100,000 lower than the US’s in the 30-34 years age 

group and 408 per 100,000 lower in the 60-64 years age group. (Table 6).  

Table 6: Breast cancer incidence rates among women diagnosed with breast cancer 2012-

2016 in the US and Ghana 

  
Ghana US all women 

 

Crude incidence 

rate 

9.15 per 

100,000 

189.14 per 

100,000 

 

Age standardized 

incidence rate  

14.16 per 

100,000 

129.89 per 

100,000 

 

Age group 

(Years) 

Age specific incidence rate/100,000 Difference 

(Ghana-

US) 

5 - 9  0.00 0.02 -0.02 

10 - 14  0.00 0.00 0.00 

15 - 19 0.16 0.10 0.06 

20 - 24 1.04 1.99 -0.95 

25 - 29  2.88 10.93 -8.05 

30 - 34 10.12 33.80 -23.68 

35 - 39 17.73 74.11 -56.38 

40 - 44 26.86 174.71 -147.85 

45 - 49  31.53 266.87 -235.34 

50 - 54 35.67 320.81 -285.14 

55 - 59 53.83 349.78 -295.95 
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60 - 64 34.59 442.59 -408.00 

65 - 69  39.37 546.54 -507.17 

70 - 74 23.20 591.61 -568.41 

75+ 25.68 473.44 -447.77 

 

 

3.4 Discussion 

 
In this population-based study of women diagnosed with breast cancer in Ghana 

and the US, we found that the mean age at breast cancer diagnosis is significantly lower 

among women in Ghana compared to the US. This discrepancy persisted even after 

accounting for differences between the two countries in population age structure and 

breast cancer screening. On average, women in Ghana were 11.3 years younger than 

women in the US. After adjusting for differences between the two countries’ population 

age and breast cancer screening, on average, women in Ghana were 8 years younger than 

women in the US at breast cancer diagnosis.   

In our study, the difference between Ghana and the US in mean age at breast 

cancer diagnosis for cases diagnosed 2012-2016 decreased from 11.3 years to 9.6 years 

after adjusting for differences between the two countries population age structure. Thus, 

15% of the difference in mean age at diagnosis between Ghana and the US is explained 

by these population age structure differences. A study by Bidoli et al. reported that age at 

breast cancer diagnosis reflects the median age of the population, where one year increase 

in population age was associated with 0.26 increase in median age at breast cancer onset 

(82). However, the differences in methods and populations between our study and Bidoli 

et al. make estimates from these two studies incommensurable. The Bidoli et al. study 

assumed a linear relationship, across registries in the Eastern Mediterranean and Africa, 

between median age of the population and the median age at breast cancer diagnosis 
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while we used direct standardization of the mean age at cancer diagnosis. Also, our study 

included and pertains only to the US and Ghana populations while Bidoli et al.'s analysis 

is at the continent level, combining data from the Eastern Mediterranean and Africa.  

We explored the possibility of breast cancer screening influencing the significant 

difference in the mean age at breast cancer diagnosis between Ghana and the US. Once 

we accounted for population age structure and screening effect, the difference in mean 

age at diagnosis between Ghana and the US decreased from 11.3 years to 8 years. This 

decrease is due to the fact that the mean age at diagnosis in the US was higher in the post-

screening era (2012-2106) compared to the pre-screening era (1975-1979). Screening 

mammography in the US has been associated with an increase in breast cancer incidence 

rates especially among women 50 years and older, the ages at which routine screening is 

recommended, resulting in an increased the mean and median age at diagnosis (83). In 

spite of the many advantages of breast cancer screening, it is well recognized that some 

cancer cases detected by screening are indolent and unlikely to progress to clinically 

significant disease (94). 

Even after taking into account differences in population age structures and 

screening, women in Ghana were 8 years younger at breast cancer diagnosis compared to 

women in the US. A possible explanation for this persisting difference in mean age at 

diagnosis is differences in the prevalence of risk factors among older women in Ghana 

compared to older women in the US. Older women in Ghana are more likely to have 

protective breast cancer risk profiles such as higher parity (95, 96) leading to a decreased 

breast cancer incidence rate among older women in Ghana compared to older women in 

the US. Consistent with this explanation, we observed that differences between Ghana 
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and the US in incidence of breast cancer increases with age. Specifically, at >=40 years, 

the incidence of breast cancer is substantially higher in the US compared to Ghana vs 

incidence rates at <40 years. This observation is similar to a previous study that found 

breast cancer incidence rates among women <40 years in North-Africa and France were 

similar but among women >=40 years the incidence was much higher in France (97). 

The age standardized breast cancer incidence rate in Ghana was considerably 

lower at 14.16 per 100,000 compared to 129.89 per 100,000 in the US. Our estimate is 

also lower than the pooled West African breast cancer incidence rate of 24.2 per 100,000 

reported by Adeloye et al (30). While population based, the KCR only reports 

information from 5 of 6 facilities in Kumasi that provide breast cancer care.  However, 

data from KATH, the main cancer treatment hospital in Kumasi, is included in our 

sample so the registry likely captures the majority of cases in Kumasi (7, 67). Even when 

taking underestimation into account, the US incidence rate is still substantially higher 

compared to the Ghana rate. However, it is possible that over time the breast cancer 

incidence rates in Ghana will increase. Similar to other SSA countries, women in Ghana 

are living longer and their breast cancer risk profiles, especially among women in urban 

areas, are changing and becoming more similar to that of the US. For example, fertility 

rates in Ghana are declining (98), obesity rates are increasing (99) and life expectancy is 

increasing (100). The breast cancer risk profile in Ghana will continue to evolve and will 

likely lead to an increased incidence of breast cancer especially among older individuals. 

Research that evaluates the longitudinal changes in mean age at breast cancer diagnosis 

could help better understand the impact of these demographic shifts.   
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This study has several limitations. First, as previously stated, our estimate of 

incidence of breast cancer in Kumasi may have been underestimated. Second, while both 

SEER and KCR use ICD-O guidelines to identify incident cancer cases, the guideline 

versions are not identical. SEER uses the North American Association of Central Cancer 

Registries ICD-O guidelines while KCR uses the International Agency for Research on 

Cancer ICD-O guidelines (101, 102). In spite of these limitations, our study is the first to 

compare estimates from the only population-based registry in Ghana to nationally 

representative SEER data from the US. Our findings contribute valuable information on 

factors that may contribute to the persistent finding of the younger age at breast cancer 

diagnosis seen in Ghana.  

3.5 Conclusion 

 
Our study shows the importance of adjusting for differences in population age 

structures when comparing age at cancer diagnosis between countries. The younger age 

at diagnosis among women in Ghana compared to women in the US is partly due to 

population age structure differences. However, other factors such as breast cancer 

screening and differences in risk factor exposure among older women likely contribute to 

the age at diagnosis differences. Lastly, as the profile of breast cancer risk factors in 

Ghana becomes more like that of the US, the incidence of breast cancer in Ghana is 

expected to increase and may eventually reach current US levels. There is therefore an 

urgent need for evidence-based early detection and treatment interventions for the 

Ghanaian population.  
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CHAPTER 4. MANUSCRIPT 3: USE OF SURGERY AND RADIATION FOR 

TRIPLE NEGATIVE BREAST CANCER: ASSOCIATION WITH SURVIVAL 

 

4.1 Introduction  

 
Triple negative breast cancer (TNBC) is a breast cancer subtype associated with 

an aggressive clinical course. It is characterized by lack of expression of estrogen 

receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 

(HER2) (i.e. ER-, PR- and HER2-) (2, 3). TNBC accounts for 12-15% of all invasive 

breast cancer cases in the United States and is more likely to be diagnosed among Black 

and younger women (13, 103). Compared to other subtypes, TNBC has the highest 

recurrence rates, poorest survival rates and is usually higher grade, and has larger tumor 

size at diagnosis (3, 4). Because TNBC tumors do not have HER2, progesterone, or 

estrogen receptors, neither hormone therapy nor medications that work by blocking 

HER2 are used to treat patients with TNBC (13). This raises the question of whether the 

poor prognosis of TNBC warrants a more aggressive surgical approach and whether there 

is value in expanded use of radiation therapy among women with TNBC who receive 

mastectomy.  

Breast conserving surgery (BCS) and mastectomy are the two surgical options for 

breast cancer patients. Guidelines recommend that BCS should be followed by 

radiotherapy (i.e., breast conserving therapy, BCT) (104). While patients who receive 

mastectomy can receive radiotherapy, it is generally only recommended for cases with 

positive surgical margins or involved lymph nodes (26). The National Comprehensive 

Cancer Network (NCCN) surgical guidelines for breast cancer do not vary by breast 

cancer subtype (26). While randomized trials have shown that breast cancer patients 



 
49 

undergoing BCT or mastectomy have similar survival rates (105-107), to our knowledge, 

no randomized trials have compared different surgical treatments for TNBC.   

Several observational studies have explored use of surgery and radiotherapy for 

TNBC but have conflicting findings. Two population-based studies found that TNBC 

patients treated with BCT had superior breast cancer specific survival (BCSS) and overall 

survival (OS) compared to those who received mastectomy or mastectomy and 

radiotherapy (108, 109). However, the studies had only 3 years of follow-up and did not 

adjust for comorbidities that may impact surgical treatment for breast cancer (110). Two 

single-institution studies also found that TNBC patients who received BCT had higher 

OS compared to those who received mastectomy or mastectomy with radiotherapy (111, 

112). However, other single institution studies found no difference in OS among TNBC 

patients undergoing BCT or mastectomy (113, 114).  

Our study aims to examine whether the poor prognosis of TNBC necessitates a 

more aggressive surgical approach (i.e., mastectomy instead of BCS) and whether 

radiotherapy after BCS or mastectomy improves OS and BCSS. The goal is to inform 

guidelines for surgical treatment in this population.  

 

4.2 Materials and Methods  

 

4.2.1 Data 

 
We used the National Cancer Institute (NCI)’s linked Surveillance Epidemiology 

and End Results (SEER)-Medicare database, which combines SEER population-based 

cancer registries data and Medicare claims. The SEER cancer registries provide 

population-based cancer surveillance data covering approximately 30% of the United 
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States (115). SEER data include patient sociodemographic and tumor characteristics, first 

course of treatment, and follow-up vital statistics. Medicare is a federally funded 

insurance program that provides coverage to 97% of the US population age 65 years and 

older. SEER-Medicare links 93% of eligible cancer cases to their Medicare claims (87). 

4.2.2 Study population 

 
The study cohort included women age 66 years or older diagnosed with stage I - 

III TNBC as their first or only cancer between 2010 and 2015. We required the women to 

be enrolled in Medicare fee-for-service for at least 12 months before and after cancer 

diagnosis or until death. This ensured that women have complete claims. We excluded 

women who did not have a known month of diagnosis and whose diagnosis was based on 

autopsy or death certificate (Appendix B).   

4.2.3 Patient characteristics 

 
Patient demographic characteristics obtained from Medicare included age at 

diagnosis, race, and comorbidity. Other sociodemographic variables included US census 

region and census median household income. We used the Charlson Comorbidity Score 

to calculate comorbidity and categorized it as 0,1,2 and 3+ (116). Patient-level tumor 

characteristics obtained from SEER included tumor size and stage at diagnosis.  

4.2.4 Treatment 

 
The four treatments considered were: 1) breast conserving surgery (BCS); 2) BCS 

and radiotherapy (i.e., breast conserving therapy, BCT); 3) mastectomy; and 4) 

mastectomy and radiotherapy. We used MedPAR, Outpatient, and Carrier files to identify 

the treatments (Appendix C) (117-119).  

4.2.5 Outcome 
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Our outcomes were breast cancer-specific survival (BCSS) and overall survival 

(OS). Survival was defined as number of months from cancer diagnosis to death. Cause 

and date of death information were obtained from SEER. We used SEER's death date 

because it is linked to cause of death information. Observations were censored at the date 

of death or end of the observation period (December 31, 2015).  

4.2.6 Statistical Analysis 

 
We used Pearson's chi-square test to compare clinical and sociodemographic 

characteristics among the four treatment groups.  

Overall survival (OS) 

The Kaplan-Meier method was used to assess the cumulative incidence of all-

cause mortality by treatment. The log rank test was used to test differences between the 

survival curves. Cox proportional hazards regression was used to evaluate the effect of 

treatment method on OS controlling for tumor size, tumor stage, age at diagnosis, race, 

census tract median household income, US census region, and Charlson comorbidity 

score.   

Inverse Probability of Treatment Weighting (IPTW) 

Separately, we also used an IPTW Cox proportional hazards regression to 

evaluate the effect of treatment method on OS. To reduce treatment selection bias, we 

estimated propensity scores and used them in IPTW. Weighting patients by the inverse 

probability of the treatment received is another way to remove the association between 

the baseline covariates and treatment received (120). We used polytomous logistic 

regression to estimate the probability of treatment conditional on these baseline variables: 

tumor size, tumor stage, age at diagnosis, race, census tract median household income, 
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US census region, and Charlson comorbidity score. The inverse of each person's 

estimated probability of getting each treatment is the IPTW. We stabilized and truncated 

the IPTW to reduce variance induced by patients with extreme weights (121, 122). 

Stabilized IPTW was calculated by multiplying the IPTW by the estimated probability of 

receiving the treatment that each individual received (123). The stabilized IPTW were 

truncated at the 1st and 99th percentile (121). After IPTW, we used Pearson's chi-square to 

test the balance of the baseline variables and all variables were balanced.  

Breast cancer specific survival (BCSS) 

We used the Fine and Gray competing risk approach, where death due to breast 

cancer was the event of interest and death from other causes was considered a competing 

risk (124). We used a competing risk approach because individuals dying from other 

causes impacts the number of individuals who can die from breast cancer (125). 

Cumulative incidence functions (CIF) were used to estimate the incidence of death due to 

breast cancer by treatment. Gray's test was used to test differences between the CIFs. We 

used a Fine and Gray subdistribution hazard model to evaluate the effect of treatment 

method on BCSS while controlling for demographic and clinical characteristics. 

Separately, we also used an IPTW Fine and Gray subdistribution hazard model to 

evaluate the effect of treatment method on BCSS. The stabilized and truncated IPTW 

method is described above.  

We assessed the proportional hazard assumption in each analysis by specifying an 

interaction of treatment with survival time. The proportional hazard assumption was not 

violated.   

Treatments pair comparison and effect by stage 
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For each of the OS and BCSS models, we did pairwise comparisons to determine 

whether pairs of treatments differed, using Tukey's multiple comparison test to compare 

each pair and adjust for multiple comparisons. To examine whether the overall treatment 

effects were the same within each stage, we split the dataset by stage (I, II, and III) and 

re-did the analysis described above.  

Sensitivity analysis  

We conducted a series of sensitivity analyses to confirm that our findings did not 

vary based on analytic decisions. First, we confirmed that removing the <11 individuals 

who survived for less than one month after diagnosis did not impact model estimates. 

(We report the number of women excluded as "<11" to comply with the SEER-Medicare 

DUA which does not allow reporting of numbers less than 11 (126)). A second set of 

sensitivity analyses confirmed that using specific age and tumor size categories did not 

impact our results. We tested this by running the models described above with age as a 

continuous predictor, and categorizing the tumor sizes into smaller sub-categories (≤2 

cm, > 2 and ≤ 5 cm, > 5 and ≤ 10 cm, and >10cm). Third, we adjusted for chemotherapy 

receipt. 

All statistical tests were two-sided, and the level of significance was set at p < 

0.05. All analyses used SAS (PC SAS 9.4, SAS Institute, Inc., Cary, NC). This study was 

considered exempt by the Institutional Review Board at the University of Minnesota.  

4.2.7 Results 

 
Population description  

A total of 4598 women met our inclusion criteria (Appendix A). Of these, 94% 

(N = 4,333) received surgery (mastectomy or BCS). Of the 4,333, 49% (N=2,110) were 
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treated with BCT, 28% (N=1,219) with mastectomy, 14% (N=602) with mastectomy and 

radiotherapy (RT) and 9% (N=402) with BCS. All the sociodemographic and clinical 

characteristics differed by treatment group except race. However, all the characteristics 

were balanced when we used stabilized and truncated IPTWs (all p>0.05).  Compared to 

women who received other treatments, women who received BCT were younger, more 

likely to be stage I, had smaller tumors (≤2 cm), had lower Charlson comorbidity scores, 

were more likely to live in the Northeast US census region,and to be in the highest census 

tract median household income (>$60,000) (Table 7).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
55 

Table 7: Baseline patient demographic and clinical characteristics 
 BCS (N= 402) BCT (N = 2110) Mastectomy 

(N= 1219) 

Mastectomy + 

Radiotherapy 

(N= 602) 

P valuea IPTW P 

valuea 

Characteristics 

 

N % N % N  % N %   

Age at diagnosis 

(years) 

        
<0.0001 0.86 

66-74 135 33.58 1254 59.43 533 43.72 348 57.81 
  

75-84 139 34.58 716 33.93 474 38.88 185 30.73 
  

85+ 128 31.84 140 6.64 212 17.39 69 11.46 
  

Race 
        

0.35 0.72 

White  331 82.34 1746 82.75 994 81.54 499 82.89 
  

Black  50 12.44 283 13.41 156 12.80 77 12.79 
  

Other 21 5.22 81 3.84 69 5.66 26 4.32 
  

Region 
        

<0.0001 0.21 

Midwest 57 14.18 268 12.70 166 13.62 92 15.28 
  

Northeast 71 17.66 479 22.70 188 15.42 110 18.27 
  

South 107 26.62 486 23.03 376 30.84 165 27.41 
  

West 167 41.54 877 41.56 489 40.11 235 39.04 
  

Stage 
        

<0.0001 0.29 

I 199 49.50 1274 60.38 428 35.11 51 8.47 
  

II 173 43.03 731 34.64 623 51.11 231 38.37 
  

III 30 7.46 105 4.98 168 13.78 320 53.16 
  

Tumor size  
        

<0.0001 0.42 

≤2 cm 211 52.49 1370 64.93 481 39.46 120 19.93 
  

> 2 and ≤ 5 cm 164 40.80 665 31.52 586 48.07 277 46.01 
  

> 5 cm 27 6.72 75 3.55 152 12.47 205 34.05 
  

Charlson 

Comorbidity Score 

        
<0.0001 0.37 
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0 245 60.95 1569 74.36 810 66.45 443 73.59 
  

1 84 20.90 331 15.69 203 16.65 95 15.78 
  

2 30 7.46 111 5.26 118 9.68 38 6.31 
  

3+ 43 10.70 99 4.69 88 7.22 26 4.32 
  

Census tract median 

household income  

        
<0.0001 0.99 

<$40,000 87 21.64 346 16.40 281 23.05 111 18.44 
  

$40,001 - $50,000 69 17.16 280 13.27 191 15.67 105 17.44 
  

$50,001 - $60,000 60 14.93 325 15.40 197 16.16 95 15.78 
  

>$60,000 156 38.81 1055 50.00 462 37.90 257 42.69 
  

Missing 30 7.46 104 4.93 88 7.22 34 5.65 
  

a P values based on Pearson χ2 . Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy 
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Overall survival 

The treatment groups differed significantly according to the Kaplan-Meier (KM) 

curves (p value <0.0001) (Figure ). The unadjusted KM curves show higher overall 

survival for women who received BCT compared to those who received BCS, 

mastectomy, or mastectomy + RT. Specifically, the 5-year overall survival rates for 

women who underwent BCT, mastectomy, mastectomy + RT, and BCS were 81.44%, 

57.16%, 47.18%,  and 51.07% respectively (Table 8).   

Findings from our multivariate and IPTW Cox proportional hazard models were similar 

(Table 9a, Appendix D). Here we present output from the multivariate Cox proportional 

hazard models. The three other treatments differed significantly from BCT after 

controlling for sociodemographic and clinical characteristics. Women who received BCS, 

or mastectomy or mastectomy + RT had significantly higher hazard of death compared to 

women who had BCT (hazard ratios (HR), 95% confidence interval (CI): 3.05, [2.43 - 

3.83]; 2.03, [1.70 - 2.43]; 1.74, [1.39 - 2.17] respectively) (Table 9a). In pairwise 

comparisons adjusted for multiple comparisons (Table 9b), five pairs of treatment 

differed significantly. Women who had BCS or mastectomy or mastectomy+ RT had 

significantly higher hazard of death compared to those who had BCT (adjusted p values 

<0.0001), and women who had BCS had significantly higher hazards of death compared 

to those who had mastectomy or mastectomy + RT (HR, adjusted p values: 1.50, 0.0008 

and 1.75, 0.0001, respectively). However, the hazard of death did not differ between 

those who had mastectomy vs mastectomy + RT (adjusted p value 0.39). 

Several factors were independent predictors of increased hazard of death (Table 

9a). Women with tumor size > 5 cm had higher hazard of death than those whose tumor 
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size was ≤2 cm (HR, 95% CI: 1.61, [1.23 - 2.10]). Women whose tumors were stage II or 

III had higher hazard of death than those whose tumors were stage I (HR, 95% CI: 2.03 

[1.54 - 2.68]; 4.10 [3.06 - 5.50] respectively). Lastly, older women (75-84 and 85+ years) 

had higher a hazard of death than younger women (66-74 years), women with higher 

Charlson comorbidity score had a higher hazard of death than those with lower scores, 

and women who lived in the Midwest and South US census regions had a higher hazard 

of death compared to those who lived in the West. 

Figure 4. Overall survival: Kaplan Meier Curves by treatment 

 

 
 

Table 8: 5 year all-cause and breast cancer mortality cumulative incidence  
BCT Mastectom

y 

Mastectomy + 

RT 

BCS  

5 year all-cause mortality 

cumulative incidence (%) 

81.44 57.16 47.18 51.07 

5 year breast cancer 

mortality cumulative 

incidence (%) 

8.35 18.56 36.02 20.44 

Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy; HR  
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Table 9a: Multivariate Cox proportional hazards model predicting all-cause mortality  
 HR 95% CI P value 

Treatment 
   

BCT 1.00 (Reference) 

BCS 3.05 2.43 - 3.83 <0.0001 

Mastectomy 2.03 1.70 - 2.43 <0.0001 

Mastectomy + RT 1.74 1.39 - 2.17 <0.0001 

    

Tumor size  
   

≤2 cm 1.00 (Reference) 

> 2 and ≤ 5 cm 1.09 0.85 -1.41 0.49 

> 5 cm 1.61 1.23 - 2.10 0.0005 

Stage 
   

I 1.00 (Reference) 

II 2.03 1.54 - 2.68 <0.0001 

III 4.10 3.06 - 5.50 <0.0001 

Age at diagnosis (years) 
   

66-74 1.00 (Reference) 

75-84 1.52 1.30 - 1.77 <0.0001 

85+ 2.49 2.076-2.98 <0.0001 

Race 
   

White  1.00 (Reference) 

Black  0.89 0.72 - 1.09 0.24 

Other 0.98 0.71 - 1.35 0.90 

Charlson Comorbidity Score 
   

0 1.00 (Reference) 

1 1.26 1.05 -1.50 0.01 

2 1.49 1.18 - 1.89 0.001 

3+ 2.30 1.85 - 2.87 <0.0001 

Census tract median household 

income 

   

<40,000 1.00 (Reference) 

40,001 - 50,000 1.07 0.87 - 1.33 0.52 

50,001 - 60,000 1.00 0.80 - 1.24 0.97 

>60,000 0.90 0.75 - 1.09 0.29 

Missing 1.02 0.76 - 1.35 0.92 

Region 
   

Midwest 1.24 1.02 - 1.52 0.03 

Northeast 0.97 0.80 - 1.18 0.74 

South 1.21 1.02 - 1.44 0.03 

West 1.00 (Reference) 
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Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy; RT – radiotherapy; HR 

– hazard ratio 
 

Table 9b: Pairwise Comparison - multivariate Cox proportional hazards model 

predicting all-cause mortality 

Treatment HR 95% CI P valuea 

BCS vs BCT 3.05 2.43 - 3.84 <0.0001 

BCS vs Mastectomy + RT 1.75 1.35 - 2.27 0.0001 

BCS vs Mastectomy 1.50 1.22 - 1.85 0.0008 

Mastectomy + RT vs BCT 1.74 1.39 - 2.17 <0.0001 

Mastectomy vs BCT 2.03 1.70 - 2.43 <0.0001 

Mastectomy vs Mastectomy + RT 1.17 0.96 - 1.42 0.39 
a The Tukey multiple comparison test was used to compare each pair and adjust for multiple comparisons 

Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy; RT – radiotherapy; HR 

– hazard ratio. Covariates adjusted for include: tumor size, tumor stage, age at diagnosis, race, census tract 

median household income, US census region and Charlson comorbidity score.  

 

Breast cancer specific survival 

Gray’s test indicated that the treatment groups differed significantly in their CIFs 

(p value <0.0001) (Figure 5). The unadjusted CIFs showed lower cumulative incidence 

of death due to breast cancer for women who received BCT compared to those who 

received mastectomy, mastectomy + RT, or BCS. The 5-year cumulative incidence of 

death due to breast cancer for women who underwent BCT, mastectomy, mastectomy + 

RT, and BCS were 8.35%, 18.56%, 36.02%, and 20.44%, respectively (Table 8).   

As with overall survival, findings were similar from our multivariate and IPTW 

Fine and Gray subdistribution hazard models (Table 10a, Appendix E). Here we present 

output from the multivariate Fine and Gray subdistribution hazard model. The three other 

treatments differed significantly from BCT after controlling for sociodemographic and 

clinical characteristics. Women who had BCS or mastectomy or mastectomy + RT had 

significantly higher hazard of death due to breast cancer compared to women who had 

BCT (subdistribution hazard ratios (sHR), 95% CI: 2.67, [1.88 - 3.80]; 1.64, [1.26 - 2.12], 

1.95, [1.45 - 2.63]; respectively) (Table 10a) 
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In pairwise comparisons adjusted for multiple comparisons (Table 10b), four 

pairs of treatments differed. Women who had BCS, or mastectomy or  mastectomy+ RT 

had a significantly higher hazard of death due to breast cancer compared to those who 

had BCT (adjusted p values <0.0001, 0.001, <0.0001 respectively). Also, women who 

had BCS had significantly higher hazards of death due to breast cancer compared to those 

who had mastectomy (sHR, 1.63, adjusted p value 0.02). However, the hazard of death 

due to breast cancer did not differ significantly for those who had mastectomy vs 

mastectomy + RT or BCS vs mastectomy + RT (adjusted p values 0.56 and 0.40).  

Several factors were independent predictors of increased hazard of death due to 

breast cancer (Table 10a). Women with tumor size > 5 cm had higher hazard of death 

due to breast cancer than those whose tumor size was ≤2 cm (sHR 1.69, 95% CI [1.20 - 

2.39]). Women whose tumors were stage II or III had higher hazard of death due to breast 

cancer than those whose tumors were stage I (sHR, 95% CI: 3.04 [2.03 - 4.54]; 6.67 [4.38 

- 10.15] respectively). Lastly, women who were 85+ years had higher hazard of death due 

to breast cancer than those whose who were 66 -74 years.  

The overall pattern persisted when we divided the data into three subsets defined 

by stage. In stages I and II, BCT was associated with significantly higher OS and BCSS 

compared to BCS, mastectomy, or mastectomy + RT. However, among stage III women 

BCT, mastectomy, or mastectomy + RT did not differ significantly in BCSS while BCT 

and mastectomy + RT did not differ significantly in OS (Tables 11a, 11b, 12a, and 12b).  

With regard to the sensitivity analysis, excluding individuals who survived for 

less than a month, using age at diagnosis as continuous, smaller tumor size categories and 
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adjusting for chemotherapy did not change our findings notably (Appendices F,G, H, I, 

J, K, L, M, N, O, P, Q).   

Figure 5: Cumulative incidence of death due to breast cancer  

 

 
 

Table 10a: Fine-Gray Subdistribution hazard model for breast cancer death  
 sHR 95% CI P value 

Treatment 
   

BCT 1.00 (Reference) 

BCS 2.67 1.88 - 3.80 <0.0001 

Mastectomy 1.64 1.26 - 2.12 0.0002 

Mastectomy + RT 1.95 1.45 - 2.63 <0.0001 

Tumor size  
   

≤2 cm 1.00 (Reference) 

> 2 and ≤ 5 cm 1.15 0.82 - 1.61 0.41 

> 5 cm 1.69 1.20 - 2.39  0.003 

Stage 
   

I 1.00 (Reference) 

II 3.04 2.03 - 4.54 <0.0001 

III 6.67 4.38 - 10.15 <0.0001 

Age at diagnosis (years) 
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66-74 1.00 (Reference) 

75-84 1.13 0.92 - 1.40 0.25 

85+ 1.51 1.16 - 1.97 0.003 

Race 
   

White  1.00 (Reference) 

Black  0.74 0.55 - 1.02 0.06 

Other 0.64 0.38 - 1.08 0.09 

Charlson Comorbidity Score 
   

0 1.00 (Reference) 

1 0.96 0.74 - 1.25 0.76 

2 1.30 0.94 - 1.80 0.12 

3+ 1.23 0.84 - 1.81 0.29 

Census tract median household 

income 

   

<40,000 1.00 (Reference) 

40,001 - 50,000 1.03 0.76 - 1.40 0.85 

50,001 - 60,000 1.03 0.76 - 1.39 0.85 

>60,000 0.85 0.65 - 1.11 0.22 

Missing 1.01 0.67 - 1.52  0.97 

Region 
   

Midwest 1.32 1.00 - 1.73 0.05 

Northeast 0.89 0.63 - 1.18 0.41 

South 1.26 1.00 - 1.60 0.05 

West 1.00 (Reference) 

Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy; RT – radiotherapy; 

sHR Subdistribution hazard ratio 
 

Table 10b: Pairwise comparison - Fine-Gray Subdistribution hazard model for breast 

cancer death  
sHR 95% CI P valuea 

BCS vs BCT 2.67 1.88 - 3.80 <0.0001 

BCS vs Mastectomy + RT 1.37 0.93 - 2.03 0.40 

BCS vs Mastectomy 1.63 1.18 - 2.27 0.02 

Mastectomy + RT vs BCT 1.95 1.45 - 2.63 <0.0001 

Mastectomy vs BCT 1.64 1.26 - 2.12 0.001 

Mastectomy vs Mastectomy + RT 0.84 0.64 - 1.09 0.56 
a The Tukey multiple comparison test was used to compare each pair and adjust for multiple comparisons 

Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy; RT – radiotherapy; 

sHR Subdistribution hazard ratio. Covariates adjusted for include: tumor size, tumor stage, age at 

diagnosis, race, census tract median household income, US census region and Charlson comorbidity score.  
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Table 11a: Multivariate Cox proportional hazards model predicting all-cause mortality by stage  
Stage I Stage II Stage III 

 
HR 95% CI P value HR 95% CI P value HR 95% CI P value 

Treatment 
         

BCT 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 

BCS 2.69 1.82-3.97 <0.0001 2.61 1.88-3.62 <0.0001 6.50 3.5-11.93 <0.0001 

Mastectomy 1.84 1.31-2.58 0.0005 1.98 1.55-2.55 <0.0001 2.57 1.64-4.03 <0.0001 

Mastectomy 

+ RT 

3.34 1.76-6.34 0.0002 2.22 1.60-3.09 <0.0001 1.45 0.96-2.20 0.09 

Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy; RT – radiotherapy; HR – hazard ratio.  

Covariates adjusted for include: tumor size, tumor stage, age at diagnosis, race, census tract median household income,  

US census region and Charlson comorbidity score.  
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Table 11b: Pairwise comparison - Multivariate Cox proportional hazards model predicting all-cause mortality by stage   

 
Stage I Stage II Stage III 

Treatment HR 95% CI P valuea  HR 95% CI  P valuea  HR 95% CI  P valuea  

BCS vs 

BCT 

2.69 1.82-3.97 <0.0001 2.61 1.88-3.62 <0.0001 6.50 3.54-11.93 <0.0001 

BCS vs 

Mastectomy 

+ RT 

0.80 0.4-1.60 0.93 1.17 0.81-1.70 0.84 4.47 2.71-7.39 <0.0001 

BCS vs 

Mastectomy 

1.46 0.98-2.19 0.25 1.31 0.98-1.76 0.26 2.53 1.54-4.16 0.002 

Mastectomy 

+ RT vs 

BCT 

3.34 1.76-6.34 0.001 2.22 1.60-3.09 <0.0001 1.45 0.96-2.20 0.3 

Mastectomy 

vs BCT 

1.84 1.31-2.58 0.003 1.98 1.55-2.55 <0.0001 2.57 1.64-4.03 0.0002 

Mastectomy 

vs 

Mastectomy 

+ RT 

0.55 0.29-1.06 0.28 0.89 0.66-1.20 0.88 1.77 1.33-2.35 0.0005 

a The Tukey multiple comparison test was used to compare each pair and adjust for multiple comparisons  

Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy; RT – radiotherapy; HR – hazard ratio.  

Covariates adjusted for include: tumor size, tumor stage, age at diagnosis, race, census tract median household income,  

US census region and Charlson comorbidity score.  
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Table 12a: Fine-Gray Subdistribution hazard model for breast cancer death by stage  
Stage I Stage II Stage III 

 
sHR 95% CI P value sHR 95% CI P value sHR 95% CI P value 

Treatment 
         

BCT 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 

BCS 2.46 1.15 - 5.27 0.02 1.97 1.19-3.25 0.01 5.35 2.40-11.91 <0.0001 

Mastectomy 1.35 0.71 - 2.58 0.36 1.65 1.17-2.33 0.004 1.78 1.01-3.14 0.05 

Mastectomy 

+ RT 

4.87 1.88 - 12.58 0.001 2.25 1.48-3.42 0.0002 1.71 1.04-2.81 0.03 

Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy; RT – radiotherapy; sHR Subdistribution hazard ratio.  

Covariates adjusted for include: tumor size, tumor stage, age at diagnosis, race, census tract median household income, 

 US census region and Charlson comorbidity score. 

Table 12b: Pairwise comparison - Fine-Gray Subdistribution hazard model for breast cancer death by stage  
Stage I Stage II Stage III 

Treatment sHR 95% CI P valuea sHR 95% CI P 

valuea  

sHR 95% CI  P 

valuea 

BCS vs BCT 2.46 1.15 - 5.27 0.09 1.97 1.19 - 3.25 0.04 5.35 2.40 - 11.91 0.0002 

BCS vs 

Mastectomy + RT 

0.51 0.17 - 1.48 0.60 0.88 0.50 - 1.53 0.97 3.12 1.59 - 6.15 0.01 

BCS vs 

Mastectomy 

1.82 0.82 - 4.05 0.45 1.19 0.75 - 1.90 0.88 3.01 1.50 - 6.01 0.01 

Mastectomy + RT 

vs BCT 

4.87 1.88 - 12.58 0.006 2.25 1.48 - 3.42 0.0009 1.71 1.04 - 2.81 0.14 

Mastectomy vs 

BCT 

1.35 0.71 - 2.58 0.80 1.65 1.17 - 2.33 0.02 1.78 1.01 - 3.14 0.19 

Mastectomy vs 

Mastectomy + RT 

0.28 0.10 - 0.74 0.06 0.74 0.49 - 1.10 0.43 1.04 0.72 - 1.51 0.99 

a The Tukey multiple comparison test was used to compare each pair and adjust for multiple comparisons Abbreviations: BCS – breast conserving surgery;  

BCT – breast conserving therapy; RT – radiotherapy; sHR Subdistribution hazard ratio. Covariates adjusted for include: tumor size, tumor stage, age at 

diagnosis, race, census tract median household income, US census region and Charlson comorbidity score.  
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Table 12b: Pairwise comparison - Fine-Gray Subdistribution hazard model for breast cancer death by stage  
Stage I Stage II Stage III 

Treatment sH

R 

95% CI P 

valuea 

sH

R 

95% CI P 

value
a  

sH

R 

95% CI  P 

valuea 

BCS vs BCT 2.46 1.15 - 5.27 0.09 1.97 1.19 - 3.25 0.04 5.35 2.40 - 11.91 0.0002 

BCS vs 

Mastectomy + RT 

0.51 0.17 - 1.48 0.60 0.88 0.50 - 1.53 0.97 3.12 1.59 - 6.15 0.01 

BCS vs 

Mastectomy 

1.82 0.82 - 4.05 0.45 1.19 0.75 - 1.90 0.88 3.01 1.50 - 6.01 0.01 

Mastectomy + RT 

vs BCT 

4.87 1.88 - 12.58 0.006 2.25 1.48 - 3.42 0.000

9 

1.71 1.04 - 2.81 0.14 

Mastectomy vs 

BCT 

1.35 0.71 - 2.58 0.80 1.65 1.17 - 2.33 0.02 1.78 1.01 - 3.14 0.19 

Mastectomy vs 

Mastectomy + RT 

0.28 0.10 - 0.74 0.06 0.74 0.49 - 1.10 0.43 1.04 0.72 - 1.51 0.99 

a The Tukey multiple comparison test was used to compare each pair and adjust for multiple comparisons Abbreviations:  

BCS – breast conserving surgery; BCT – breast conserving therapy; RT – radiotherapy; sHR Subdistribution hazard ratio. 

 Covariates adjusted for include: tumor size, tumor stage, age at diagnosis, race, census tract median household income,  

US census region and Charlson comorbidity score.  
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4.3 Discussion 

 
This population-based study found that receiving BCT was associated with lower 

5-year cumulative incidence of all-cause and breast cancer specific death compared with 

mastectomy, mastectomy + RT, or BCS. These findings persisted in the multivariate and 

IPTW Cox proportional and Fine and Gray sub-distribution hazard models, in which 

individuals who had BCT had a lower hazard of all-cause and breast cancer specific 

mortality compared to those who had mastectomy, mastectomy + RT, or BCS. Similar 

patterns were observed in stage-specific analysis. BCT was associated with significantly 

higher OS and BCSS among women who had stage I or stage II disease. Although BCT 

did not differ significantly from mastectomy and mastectomy + RT in stage III, women 

who had BCT had better OS and BCSS than did women who received other treatments. 

We note that the analysis of stage III, where the sample size was only 623, had lower 

statistical power compared to stage I (N=1952) and stage II (N=1758).   

Based on results from randomized trials of surgical treatment for breast cancer, 

we would have expected women undergoing BCT or mastectomy to have similar hazards 

of death after accounting for clinical and demographic factors (105-107). Our finding of 

worse OS and BCSS for women receiving mastectomy than BCT suggests other factors 

could have differed between these groups of women that are not accounted for in our 

analyses. Possible factors include clinical factors such as margin status and non-clinical 

factors such as provider and patient preferences, which are not included in SEER-

Medicare (127). However, our findings are consistent with reports by Chen et al. (108) 

and Wang et al. (109), who studied TNBC. Another explanation for better survival rates 
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among those who had BCT compared to mastectomy is our outcomes of interest, OS and 

BCSS. Two observational studies found that among early-stage TNBC patients, BCT and 

mastectomy did not differ in terms of locoregional recurrence (112-114). Unfortunately, 

we could not assess recurrence in our study since SEER-Medicare does not include 

information about recurrence.  

Our study, which used the SEER-Medicare database, has several advantages over 

the Chen et al. and Wang et al studies, which used SEER data. These advantages include 

adjustment for patient comorbidity, which may impact the treatment received (110), 

accounting for competing risks of death from non-breast cancer causes, and longer 

follow-up time (5 compared to 3 years). Also, the sensitivity of SEER data in identifying 

radiation therapy is low, so using SEER-Medicare data allowed us to have more complete 

and accurate radiation information (128). Lastly, unlike previous studies on TNBC 

surgical and radiotherapy treatments (108, 109, 111-114), we assessed all surgical and 

radiotherapy combination options available to patients with TNBC, thus providing a more 

comprehensive understanding of the effectiveness of these treatments.  

The NCCN guidelines recommend that early-stage breast cancer patients receive 

radiation therapy following BCS because omitting radiotherapy after BCS is associated 

with increased risk of recurrence and mortality (129). However, 9% of patients in our 

study had BCS without radiation, which is similar to the proportion reported in previous 

studies (130, 131). As expected, in the multivariate analysis, women who received BCS 

had the lowest OS and BCSS. In our study, most women who received BCS without 

radiation had smaller tumors that were diagnosed at an earlier stage. Early-stage smaller 

tumors, which have a lower risk of recurrence, may have contributed to these women not 
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receiving radiation after BCS. However, given that radiation after BCS reduces 

recurrence even among women with better-prognosis tumors (e.g., early-stage and ER 

positive) (132) and the aggressive biology of TNBC, omission of radiotherapy after BCS 

is problematic and deserves attention.  

In our study, we did not observe any differences by race in survival outcomes 

after controlling for treatment, socio-demographic and clinical characteristics. These 

findings are consistent with several studies that found that among TNBC patients, racial 

groups did not differ in OS and BCSS after controlling for treatment and socio-

demographic characteristics (108, 109, 113, 133, 134). Although we did not find racial 

disparities in survival it is important to note that TNBC is more likely to be diagnosed 

among Black women and has a worse prognosis than other subtypes so there is still an 

urgent need for better treatment strategies for TNBC (3).  

This study had several limitations. First, we only included individuals who were 

at least 66 years old and enrolled in Medicare fee-for-service, so our findings may not 

generalize to a younger population or those enrolled in health maintenance organizations. 

Second, we were unable to assess recurrence because SEER does not collect this 

information. Third, we could not control for some clinical factors such as margin status 

and non-clinical factors such as patient and physician preferences, which may impact 

treatment receipt. We used IPTW and multivariate analysis to reduce selection bias for 

factors for which we could obtain data. Despite these limitations, our study, which used 

population-based data and is a nationally representative sample of elderly individuals, 

contributes valuable new information on the effectiveness of surgical treatment for 

TNBC in this population.  
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4.4 Conclusion  

 
This population-based cohort study of TNBC patients found that BCT is 

associated with higher OS and BCSS compared to BCS, mastectomy, or mastectomy and 

radiation. These findings persisted in the subsets of stage I and II patients. However, in 

the subset of stage III patients BCT, mastectomy, and mastectomy + RT did not differ 

significantly although the estimated treatment effects were of similar sizes.  

CHAPTER 5. OVERALL DISCUSSION 

 

This dissertation contributes to the existing body of knowledge on breast cancer 

incidence patterns, diagnosis, and treatment outcomes in Ghana and the US. Manuscript 1 

explores how women navigate the complex pathways to breast cancer diagnosis and 

treatment in Ghana and Manuscript 2 assesses factors contributing to the current breast 

cancer incidence patterns in Ghana. Manuscript 3 examines the optimal surgical 

treatment for women with triple negative breast cancer (TNBC) – the most aggressive 

breast cancer subtype that is also more likely to be diagnosed among Black women in the 

US and women in Ghana.  

In Manuscript 1 of this dissertation, we evaluated the breast cancer care 

continuum in Ghana from the perception of women with breast cancer. Patient’s 

perspectives and experiences are essential in the implementation of optimal healthcare 

interventions. Our study is the first to trace women’s pathways to breast cancer diagnosis 

and treatment in detail in Ghana. We found that women go through approximately seven 

steps from symptom detection to receiving allopathic breast cancer treatment in Ghana. 

Further, the pathway is not linear, with some women looping back repeatedly to earlier 

steps or skipping steps altogether. In addition, the women frequently move among 
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different management approaches including alternative therapy (e.g. faith healing and 

traditional medicine). Based on the findings from the interviews with women who have 

been diagnosed with breast cancer, we propose a comprehensive framework showing the 

pathways of care to breast cancer diagnosis and treatment. This framework can be used to 

identify locally relevant interventions that can be implemented to improve early detection 

and timely treatment of breast cancer in Ghana. Theoretical frameworks are important as 

they provide a systematic approach to understanding heath seeking behavior by building 

on existing knowledge (135-137). However, most existing frameworks do not include the 

role of alternative therapy providers and are therefore not applicable to settings where 

patients commonly seek care from these providers. Our study showed that alternative 

therapy providers play a major role in the breast cancer care continuum in Ghana. Our 

findings indicate that alternative therapy and allopathic medicine are not mutually 

exclusive contrary to the way they are currently presented in the literature. We 

recommend integration of alternative therapy providers in breast cancer diagnosis and 

management strategies. In an integrated system, alternative therapy providers can play a 

triage role, where they refer women with breast cancer related symptoms to allopathic 

medicine and offer psychosocial support as the women receive allopathic medicine. 

Additional research is warranted to assess how incorporating alternative therapy 

providers improves early detection of breast cancer, access and adherence to treatment. 

Findings from this study may be applicable to other countries where use of traditional 

medicine and faith healing is common. 

Manuscript 2 examined factors accounting for the younger age at diagnosis 

pattern that is evident in Ghana. Similar to previous studies comparing age at diagnosis in 
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sub-Saharan Africa (SSA) to North America and Europe, we found that women in Ghana 

were diagnosed at a younger age compared to women in the US. This phenomenon has 

previously been interpreted as women in SSA being at a higher risk for breast cancer 

compared to women in Europe and North America. However, our study refutes this 

notion; we showed that the younger age at diagnosis is partly due to population age 

structure differences. Using a US historical cohort (cases diagnosed 1975-1979) we 

showed that breast cancer screening is a second factor that contributes to the average 

lower mean age at diagnosis in Ghana. We argue that cohort effects, where older women 

in Ghana have more protective breast cancer risk profiles compared to older women in 

the US, is a third factor that may also contribute to this younger age diagnosis pattern in 

Ghana. Previous research has shown that breast cancer incidence is growing rapidly in 

SSA as the population ages and prevalence of risk factors increases, and incidence rates 

in SSA will likely reach those in Western countries (1). There is an urgent need for 

increased breast cancer control interventions across the cancer continuum from screening 

to treatment and palliative care. These interventions should also include tapping into the 

expertise of alternative therapy providers who are readily available and trusted by women 

in Ghana as evidenced in Manuscript 1.  More research is needed on the impact of the 

changing risk profile in Ghana on breast cancer incidence and mortality patterns. Further, 

Manuscript 2 highlights the necessary role of population-based cancer registries in 

understanding breast cancer incidence patterns. Using data from a population-based 

cancer registry in Ghana, we were able to identify potential factors contributing to the 

patterns of breast cancer in Ghana. Population-based cancer registries are a 

comprehensive source of data necessary to describe cancer burden, etiology, treatment 
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outcomes, and for monitoring and evaluating cancer management interventions. Out of 

46 countries in SSA, only 25 have a population-based cancer registry; thus, most breast 

cancer incidence estimates are based on data from the International Association of Cancer 

Registries (IARC) GLOBOCAN database (30, 138) However, due to lack of cancer 

incidence data in most SSA countries GLOBOCAN cancer incidence rates for some SSA 

countries are derived from rates from neighboring countries (139). Limited accurate 

population-based data is a hindrance for cancer control in SSA.  

Lastly, in Manuscript 3 we examined the optimal treatment for women with 

TNBC. Black women in the US and women in West African countries like Ghana are 

more likely to be diagnosed with TNBC. We found that women treated with BCS 

followed by radiotherapy (i.e breast conserving therapy (BCT)) had a better prognosis 

than those treated with mastectomy or mastectomy and radiotherapy. These findings 

suggest that TNBC is not a contraindication for breast conserving surgery (BCS) SEER-

Medicare is the only comprehensive source of population-based cancer data in the US 

that provides treatment information and allows for long-term follow up of cancer 

patients. Using these data, we provided real-world evidence that is essential for tailoring 

surgical treatment guidelines for TNBC patients in the US. Currently, high quality 

sources of cancer treatment and outcomes data do not exist in Ghana. Given the 

epidemiologic similarities of Ghanaian women and Black women in the US, findings 

from this study may also inform treatment guidelines for patients with TNBC in Ghana 

and/or form the basis for a more definitive study. However, in considering the 

applicability of these results to Ghana, it is important to note that the study population 

was at least 66 years old and differences in treatment resources between the two countries 
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might impact treatment recommendations. Lastly, we noted that our findings of worse 

survival outcomes among women receiving mastectomy compared to BCT might be due 

to factors that differed between the two groups that were not accounted for in our 

analysis. Further confirmation of our findings, in randomized clinical trials, is necessary.   

Findings from this dissertation are timely due to the rapidly rising burden of 

breast cancer in SSA and persistant disparities in the US. The framework from 

Manuscript 1 findings is useful for designing breast cancer control programs in Ghana 

and other LMICs with similar healthcare structures or health related belief systems. 

Manuscript 2 provides insight on the younger age at diagnosis patterns in Ghana and 

highlights the need for urgent action on breast cancer control in Ghana. Manuscript 3 

findings inform treatment guidelines for triple negative breast cancer and call for quality 

data to assess treatment outcomes in Ghana.   
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APPENDICES 

 

Appendix A: Interview Guide 

Section 1 

Introduction:  

Thank you for taking the time to talk to us about your journey seeking care 

 for breast cancer. My name is (Research Assistant name) and this is Waruiru 

 who is a student. Waruiru is working on research on the pathway to breast 

 cancer care among women in Ghana. We hope that the information gathered 

 from these interviews will help us better understand Ghanaian women’s journey 

 in seeking care for breast cancer from symptom detection to treatment and ways to ensure 

 that women get the best breast cancer care soonest possible. 

We will be recording the session because we do not want to miss any of your input. 

 We know you have helpful comments and we cannot write fast enough to 

 get them all down. We will not include any names or other identifiable information  

and what you say is confidential. Do you have any questions for me? Do 

 I have your permission to start the interview? 

Icebreaker: 

What Ghanaian food do you enjoy making?  

Main question:  

Please tell us the story of your journey from when you detected  

bodily change to when you started receiving breast cancer treatment  

Below are the probes (only ask the probes if the patient did not  

provide this information)  

1. Please tell us the first change or symptom that you noticed in  

2. your breast? 

- Time of discovery  (date & year) 

- Please tell us how you discovered the symptom or change in  

- your breast?  

- What happened after the discovery? 

- What did you think the symptom was?  

- Was it a serious issue to you? 

- So what did you do after the discovery 

o Did you get any treatment related to the symptom? 

3. Please tell us what you thought was the cause of the breast symptoms?  

-  Why did you think that was the cause?  

4. Please tell us if you shared the information with anybody? 

- Who?  

- Why? 

- When?  

- What did the person tell you?  

5. Did you see a doctor about the symptom?  

- Where (facility)? Why this facility? 
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- When (date & year)?  

- Why early? Or why delay? 

- What happened at the hospital?  

- What did the doctor say?  

- What did the doctor do for you?  

- Any labs? 

- Any referral? Why, when and to where? 

6. Please can you share with me the journey from when your symptom  

7. was assessed by the doctor to diagnosis?  

o What happened? 

o What were you asked to do?  

o The various investigations requested 

o Where did you do each of these?  

o cost 

8. Were you actually told that you have breast cancer?  

- When (Date) 

- Who informed you?  And Where?  

- How did you feel 

- So what happened next? 

- Who did you inform about your breast cancer? Why? 

- Any referral? By who? When and to where?  

9. So have you received any treatment so far? 

- What type?  

- When did you start? 

- How long have you been on treatment? 

10. Please can you share with me your experiences with the treatment so far  

11. and if there are factors that have impacted your ability to continue receiving 

treatment 

- Side effects 

- Cost 

- Any insurance 

- Any labs 

- How long it takes you to get to the facility 

- Any support?  

12. (Research Assistant summarize what the patient said to check accuracy) 

13. Is there any other thing you may want to share with us. 

 

Thank you for taking the time to share your journey with us. We now have a  

short survey that we would like you to fill. Please let us know if any question  

is not clear  
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Section 2 

Qn 

No. 

Question Answers 

1 Please how old are 

you (years)? 

 

Years:  

2 What is your marital 

status 
☐   Single                                       

☐   Married/Partnered/Cohabiting  

☐   Widowed/Divorced/Separated  

 

3 What is your highest 

level of education? 
☐   Primary school                             

☐   High school                                   

☐   Technical college diploma          

☐   Bachelor degrees                         

☐   Masters                                          

☐   Other (specify)                              

4 What is your religion  ☐   Christian                              

☐   Muslim                                   

☐   Other (specify)                              

5 Are you employed? ☐   Yes  

☐   No (SKIP to question 7) 

6 If employed, who do 

you work for?  
☐  Government 

☐  Self-employed 

☐  Other (specify) 

7 Do you have health 

insurance? 
☐  Yes  

☐   No  

8 Has anyone in your 

family ever had 

cancer? 

☐   Yes  

☐   No (SKIP to question 11) 

9 Your relation to them?  ☐   Father  

☐   Mother  

☐   Grandmother 

☐   Grandfather  

☐   Sibling 

☐   Child  

☐   Husband 

10 If anyone in your 

family has had cancer, 

what type of cancer 

did they have?  

☐   Breast  

☐   Other  
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Appendix B. Cohort inclusion and exclusion criteria  

 

Criteria Total Cohort Number 

Lost 

Percent 

Lost 

Total breast cancer cases in SEER-

Medicare diagnosed between 2010-

2015 

225428 
  

Restrict to breast cancer is the only 

cancer or first of many 

204861 20567 9.12 

Restrict to female 203205 1656 0.81 

Restrict to not diagnosed by autopsy 

or death certificate 

202017 1188 0.58 

Restrict to known month of diagnosis 201267 750 0.37 

Restrict to triple negative breast 

cancer (TNBC) 

16010 185257 92.05 

Restrict to age 66 years and older at 

diagnosis 

9205 6805 42.50 

Restrict to Medicare fee for service 

(Parts A and B) and no HMO 

enrollment 12 months prior and post 

diagnosis or until death 

5194 4011 43.57 

Restrict to stage I-III 4598 596 11.47 

 

Appendix C: Radiation and surgery codes 

 
Treatment  Code type Specific codes 

Radiation  ICD 9 

diagnosis 

codes  

V58.0, v66.1, v67.1 
 

ICD 9 

procedure 

codes 

92.2, 92.20, 92.21, 92.22, 92.23, 92.24, 92.25, 

92.26, 92.27, 92.28, 92.29, 

92.3, 92.30, 92.31, 92.32, 92.33, 92.39  

92.4, 92.41 
 

ICD 10 

procedure 

codes 

3E0F304, 3E0F704, 3E0F804, 3E0G304, 

3E0G704, 3E0G804, 3E0H304, 3E0H704, 

3E0H804, 3E0J304, 3E0J704, 3E0J804, 

3E0L304, 3E0L704, 3E0M304, 3E0M704, 

3E0Y304, 3E0Y704, DBY07ZZ, DBY17ZZ, 

DBY27ZZ, DBY57ZZ,  DBY67ZZ, DBY77ZZ, 

DDY57ZZ, DDY77ZZ, DMY07ZZ, DMY17ZZ, 

DWY27ZZ, DWY37ZZ, D7040ZZ, D7050ZZ, 

D7060ZZ, DB000ZZ, DB010ZZ, DB020ZZ, 

DB050ZZ, DB060ZZ, DB070ZZ, DD050ZZ, 

DD070ZZ, DH060ZZ, DH080ZZ, DM000ZZ, 
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DM010ZZ, DW020ZZ, DW030ZZ, D71497Z, 

D71498Z, D71499Z,  D7149BZ, D7149CZ, 

D7149YZ, D714B7Z, D714B8Z, D714B9Z, 

D714BBZ, D714BCZ, D714BYZ, D71597Z, 

D71598Z, D71599Z, D7159BZ, D7159CZ, 

D7159YZ, D715B7Z, D715B8Z, D715B9Z, 

D715BBZ, D715BCZ, D715BYZ, D71697Z, 

D71698Z, D71699Z, D7169BZ, D7169CZ, 

D7169YZ, D716B7Z, D716B8Z, D716B9Z, 

D716BBZ, D716BCZ, D716BYZ, DB1097Z, 

DB1098Z, DB1099Z, DB109BZ, DB109CZ, 

DB109YZ, DB10B7Z, DB10B8Z, DB10B9Z, 

DB10BBZ, DB10BCZ, DB10BYZ, DB1197Z, 

DB1198Z, DB1199Z, DB119BZ, DB119CZ, 

DB119YZ, DB11B7Z, DB11B8Z, DB11B9Z, 

DB11BBZ, DB11BCZ, DB11BYZ, DB1297Z, 

DB1298Z, DB1299Z, DB129BZ, DB129CZ, 

DB129YZ, DB12B7Z, DB12B8Z, DB12B9Z, 

DB12BBZ, DB12BCZ, DB12BYZ, DB1597Z, 

DB1598Z, DB1599Z, DB159BZ, DB159CZ, 

DB159YZ, DB15B7Z, DB15B8Z, DB15B9Z, 

DB15BBZ, DB15BCZ, DB15BYZ, DB1797Z, 

DB1798Z, DB1799Z, DB179BZ, DB179CZ, 

DB179YZ, DB17B7Z, DB17B8Z, DB17B9Z, 

DB17BBZ, DB17BCZ, DB17BYZ, DD1597Z, 

DD1598Z, DD1599Z, DD159BZ, 

DD159CZ,  DD159YZ, DD15B7Z, DD15B8Z, 

DD15B9Z, DD15BBZ, DD15BCZ, DD15BYZ, 

DD1797Z, DD1798Z, DD1799Z, DD179BZ, 

DD179CZ, DD179YZ, DD17B7Z, DD17B8Z, 

DD17B9Z, DD17BBZ, DD17BCZ, DD17BYZ, 

DM1097Z, DM1098Z, DM1099Z, DM109BZ, 

DM109CZ, DM109YZ, DM10B7Z, DM10B8Z, 

DM10B9Z, DM10BBZ, DM10BCZ, 

DM10BYZ, DM1197Z, DM1198Z, DM1199Z, 

DM119BZ, DM119CZ, DM119YZ, DM11B7Z, 

DM11B8Z, DM11B9Z, DM11BBZ, DM11BCZ, 

DM11BYZ, DW1297Z, DW1298Z, DW1299Z, 

DW129BZ, DW129CZ, DW129YZ, DW12B7Z, 

DW12B8Z, DW12B9Z, DW12BBZ, 

DW12BCZ, DW12BYZ, DW1397Z, DW1398Z, 

DW1399Z, DW139BZ, DW139CZ, DW139YZ, 

DW13B7Z, DW13B8Z, DW13B9Z, DW13BBZ, 

DW13BCZ, DW13BYZ, D7041ZZ, D7042ZZ, 

D7051ZZ, D7052ZZ, DB001ZZ, DB002ZZ, 

DB011ZZ, DB012ZZ, DB021ZZ, DB022ZZ, 
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DB051ZZ, DB052ZZ, DB071ZZ, DB072ZZ, 

DD051ZZ, DD052ZZ, DD071ZZ, DD072ZZ, 

DM001ZZ, DM002ZZ, DM011ZZ, DM012ZZ, 

DW021ZZ, DW022ZZ, D7043ZZ, D7053ZZ, 

D7063ZZ,  DB003ZZ, DB013ZZ, DB023ZZ, 

DB053ZZ, DB073ZZ, DD053ZZ, DD073ZZ, 

DM003ZZ, DM013ZZ, DW023ZZ, D7044ZZ, 

D7045ZZ, D7054ZZ, D7055ZZ, DB004ZZ, 

DB005ZZ,  DB014ZZ, DB015ZZ, DB024ZZ, 

DB025ZZ, DB054ZZ, DB055ZZ, DB074ZZ, 

DB075ZZ, DD054ZZ, DD055ZZ, DD074ZZ, 

DD075ZZ, DM004ZZ, DM005ZZ, DM014ZZ, 

DM015ZZ, DW024ZZ, DW025ZZ, 0BH001Z, 

0BH031Z, 0BH041Z, 0BH071Z, 0BH081Z, 

0BHK01Z, 0BHK31Z, 0BHK41Z, 0BHK71Z, 

0BHK81Z, 0BHL01Z, 0BHL31Z, 0BHL41Z, 

0BHL71Z, 0BHL81Z, 0DHP01Z, 0DHP31Z, 

0DHP41Z, 0DHP71Z, 0DHP81Z, 0HHT01Z, 

0HHT31Z, 0HHT71Z, 0HHT81Z,  0HHU01Z, 

0HHU31Z,  0HHU71Z, 0HHU81Z, 0HHV01Z, 

0HHV31Z, 0HHV71Z, 0HHV81Z, 0HHW01Z, 

0HHW31Z,  0HHW71Z, 0HHW81Z, 

0HHWX1Z, 0HHX01Z, 0HHX31Z, 0HHX71Z, 

0HHX81Z, 0HHXX1Z, 0WH801Z, 0WH831Z, 

0WH841Z, 0WH901Z, 0WH931Z, 0WH941Z, 

0WHB01Z, 0WHB31Z, 0WHB41Z, 0WHQ01Z 

0WHQ31Z, 0WHQ41Z, 0WHQ71Z, 0WHQ81Z, 

0XH401Z, 0XH431Z, 0XH441Z, 0XH501Z, 

0XH531Z, 0XH541Z, CW73NZZ, CW73YZZ, 

D7Y4FZZ, D7Y5FZZ, DBY0FZZ, DBY1FZZ, 

DBY2FZZ, DBY5FZZ, DBY7FZZ, DDY5FZZ, 

DDY7CZZ, DDY7FZZ, DMY0FZZ, 

DMY1FZZ, DWY2FZZ 

D7043Z0, D7053Z0, D7063Z0, DB003Z0, 

DB013Z0, DB023Z0, DB053Z0, DD053Z0, 

DD073Z0, DW023Z0 

 
 CPT/HCPCs 

codes 

19296, 19297, 32701, 61793, 61796, 61797, 

61798, 61799, 61800, 63620, 63621, 32701, 

61793, 77373, G0173, G0251, G0339, G0340, 

0082T, 77371-77399 , 77401-77427, 77427-

77499, 77520-77525, 77750-77799  

G0173, G0174, G0242, G0243, G0251, G0338-

G0340, G6002-G6017, 0073T, 0082T 
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 Revenue 

center codes 

0330,0333 

Mastectomy ICD 9 

procedure 

codes 

85.33, 85.34, 85.4, 85.41, 85.43, 85.45, 85.47, 

85.35, 85.36, 85.42, 85.44, 85.46, 85.48 

ICD 10 

procedure 

codes 

0H0T0JZ, 0H0U0JZ, 0HTT0ZZ, 0HTU0ZZ, 

0KTH0ZZ, 0KTJ0ZZ, 0H0V0JZ, 0HTV0ZZ, 

0KTH0ZZ, 0KTJ0ZZ, 0H5T0ZZ, 0H5U0ZZ, 

0H5V0ZZ 
 CPT/HCPC 

codes 

19140, 19180, 19182, 19200, 19220, 19240, 

19260, 19271, 19272, 19300, 19303-19307 

Breast 

conserving 

surgery 

ICD 9 

procedure 

codes 

85.2, 85.20, 85.21, 85.22, 85.23, 85.24, 85.25 
 

ICD 10 

procedure 

codes 

0H5T3ZZ, 0H5T8ZZ, 0H5U3ZZ, 0H5U8ZZ, 

0H5V3ZZ, 0H5V8ZZ, 0HBT0ZZ, 0HBT3ZZ, 

0HBT7ZZ, 0HBT8ZZ, 0HBU0ZZ, 0HBU3ZZ, 

0HBU7ZZ, 0HBU8ZZ, 0HBV0ZZ, 0HBV3ZZ, 

0HBV7ZZ, 0HBV8ZZ, 0HBY0ZZ, 0HBY3ZZ, 

0HBY7ZZ, 0HBY8ZZ, 0HTY0ZZ, 0H5W0ZZ, 

0H5W3ZZ, 0H5W7ZZ, 0H5W8ZZ, 0H5WXZZ, 

0H5X0ZZ, 0H5X3ZZ, 0H5X7ZZ, 0H5X8ZZ, 

0H5XXZZ, 0HBW0ZZ, 0HBW3ZZ, 

0HBW7ZZ, 0HBW8ZZ, 0HBWXZZ, 

0HBX0ZZ, 0HBX3ZZ, 0HBX7ZZ, 0HBX8ZZ, 

0HBXXZZ, 0HTWXZZ, 0HTXXZZ 
 

CPT/HCPCs 

codes 

38790, 38792, 38900, 78800, 78801 

 

 

Appendix D: IPTW cox proportional hazards model predicting 

 all-cause mortality  
HR 95% CI P value 

Treatment 
   

BCT 1.00 (Reference) 

BCS 3.44 2.56 - 4.62 <0.0001 

Mastectomy 1.91 1.57 - 2.32 <0.0001 

Mastectomy + RT 2.21 1.65 - 2.97 <0.0001 

Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy;  

RT – radiotherapy; HR hazard ratio 
 

Appendix E: IPTW Fine-Gray Subdistribution hazard model for  

breast cancer death  

https://www.icd10data.com/ICD10PCS/Codes/0/K/T/H/0KTH0ZZ
https://www.icd10data.com/ICD10PCS/Codes/0/K/T/J/0KTJ0ZZ
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sHR 95% CI P 

value 

Treatment 
   

BCT 1.00 (Reference) 

BCS 3.25 2.45 - 4.32 <0.001 

Mastectomy 1.65 1.31 - 2.08 <0.001 

Mastectomy + RT 2.59 2.02 - 3.32 <0.001 

Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy; RT – radiotherapy; 

sHR Subdistribution hazard ratio 
 

Appendix F: Multivariate Cox proportional hazards model predicting all-cause 

mortality after excluding those who survived for only one month  
HR 95%CI P value 

Treatment 
   

BCT 1.00 (Reference) 

BCS 2.99 2.37 - 3.76 <0.0001 

Mastectomy 2.00 1.67 - 2.40 <0.0001 

Mastectomy + RT 1.76 1.41 - 2.20 <0.0001 

Tumor size  
   

≤2 cm 1.00 (Reference) 

> 2 and ≤ 5 cm 1.09 0.85 - 1.41 0.49 

> 5 cm 1.58 1.20 - 2.06 0.0009 

Stage 
   

I 1.00 (Reference) 

II 2.06 1.55 - 2.72 <0.0001 

III 4.10 3.05 - 5.51 <0.0001 

Age at diagnosis (years) 
  

66-74 1.00 (Reference) 

75-84 1.52 1.30 - 1.77 <0.0001 

85+ 2.49 2.08 - 2.98 <0.0001 

Race 
   

White  1.00 (Reference) 

Black  0.89 0.73 - 1.09 0.26 

Other 0.94 0.67 - 1.30 0.70 

Charlson Comorbidity Score 
  

0 1.00 (Reference) 

1 1.25 1.05 - 1.50 0.01 

2 1.49 1.18 - 1.89 0.001 

3+ 2.30 1.84 - 2.87 <0.0001 
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Census tract 

median household 

income 

   

<$40,000 1.00 (Reference) 

$40,001 - $50,000 1.07 0.86 - 1.33 0.54 

$50,001 - $60,000 0.98 0.79 - 1.23 0.88 

>$60,000 0.91 0.75 - 1.10 0.33 

Missing 1.03 0.78 - 1.37 0.83 

Region 
   

Midwest 1.24 1.016-1.516 0.03 

Northeast 0.96 0.785-1.165 0.66 

South 1.20 1.006-1.426 0.04 

West 1.00 (Reference) 

Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy;  

RT – radiotherapy; HR – hazard ratio 

Appendix G: Pairwise comparison - Multivariate Cox proportional hazards 

 model predicting all-cause mortality after excluding those who survived for a 

month or less 
Treatment HR 95% CI P valuea  

BCS vs BCT 2.99 2.37 - 3.76 <0.0001 

BCS vs Mastectomy + RT 1.70 1.31 - 2.20 0.0004 

BCS vs Mastectomy 1.49 1.21 - 1.84 0.0011 

Mastectomy + RT vs 

BCT 

1.76 1.41 - 2.20 <0.0001 

Mastectomy vs BCT 2.00 1.67 - 2.40 <0.0001 

Mastectomy vs 

Mastectomy + RT 

1.14 0.94 - 1.38 0.57 

a The Tukey multiple comparison test was used to compare each pair and adjust for multiple  

comparisons Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy;  

RT – radiotherapy; HR – hazard ratio. Covariates adjusted for include: tumor size, tumor stage,  

age at diagnosis, race, census tract median household income, US census region and  

Charlson comorbidity score.  

 

Appendix H: Fine-Gray Subdistribution hazard model for breast  

cancer death after excluding those who survived for a month or less  
sHR 95% CI P value 

Treatment 
   

BCT 1.00 (Reference) 

BCS 2.65 1.86 - 3.77 <0.0001 

Mastectomy 1.63 1.25 - 2.11 0.0002 

Mastectomy + RT 1.96 1.46 - 2.64 <0.0001 

Tumor size  
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≤2 cm 1.00 (Reference) 

> 2 and ≤ 5 cm 1.15 0.82 - 1.60 0.43 

> 5 cm 1.69 1.20 - 2.40 0.003 

Stage 
   

I 1.00 (Reference) 

II 3.10 2.07 - 4.65 <0.0001 

III 6.69 4.38 - 10.20 <0.0001 

Age at diagnosis (years) 
   

66-74 1.00 (Reference) 

75-84 1.11 0.90 - 1.38 0.33 

85+ 1.51 1.16 - 1.97 0.002 

Race 
   

White  1.00 (Reference) 

Black  0.73 0.53 - 1.00 0.05 

Other 0.60 0.35 - 1.03 0.07 

Charlson Comorbidity 

Score 

   

0 1.00 (Reference) 

1 0.95 0.73 - 1.24 0.71 

2 1.27 0.92 - 1.77 0.15 

3+ 1.21 0.82 - 1.79 0.33 

Census tract median 

household income 

   

<40,000 1.00 (Reference) 

40,001 - 50,000 1.02 0.75 - 1.38 0.92 

50,001 - 60,000 1.04 0.77 - 1.40 0.81 

>60,000 0.83 0.64 - 1.09 0.19 

Missing 1.01 0.67 - 1.52 0.97 

Region 
   

Midwest 1.32 1.01 - 1.74 0.05 

Northeast 0.89 0.67 - 1.18 0.4 

South 1.25 0.98 - 1.58 0.07 

West 1.00 (Reference) 

Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy;  

RT – radiotherapy; sHR Subdistribution hazard ratio 
 

Appendix I: Pairwise comparison - Fine-Gray Subdistribution hazard  

model for breast cancer death after excluding  

those who survived for a month or less  
sHR 95% CI P valuea 
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BCS vs BCT 2.65 1.86 - 3.77 <0.0001 

BCS vs Mastectomy + RT 1.35 0.91 - 2.00 0.44 

BCS vs Mastectomy 1.63 1.17 - 2.26 0.02 

Mastectomy + RT vs BCT 1.96 1.46 - 2.64 <0.0001 

Mastectomy vs BCT 1.63 1.25 - 2.11 0.001 

Mastectomy vs Mastectomy + RT 0.83 0.63 - 1.08 0.52 
a The Tukey multiple comparison test was used to compare each pair and adjust for multiple  

comparisons Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy;  

RT – radiotherapy; sHR Subdistribution hazard ratio. Covariates adjusted for include: tumor size,  

tumor stage, age at diagnosis, race, census tract median household income, US census region  

and Charlson comorbidity score.  

 

Appendix J: Continuous age and tumor size broke further - Multivariate  

Cox proportional hazards model predicting all-cause mortality   

 
HR 95%CI P value 

Treatment 
   

BCT 1.00 (Reference) 

BCS 2.93 2.33 - 3.68 <0.0001 

Mastectomy 1.98 1.65 - 2.37 <0.0001 

Mastectomy + RT 1.73 1.38 - 2.16 <0.0001 

Tumor size  
   

≤1 cm 1.00 (Reference) 

> 1 and ≤ 2 cm 1.64 1.21 - 2.22 0.002 

> 2 and ≤ 5 cm 1.62 1.13 - 2.33 0.009 

> 5 and ≤ 10 cm 2.47 1.68 - 3.64 <0.0001 

> 10 cm 2.16 1.39 - 3.36 0.0007 

Stage 
   

I 1.00 (Reference) 

II 1.94 1.47 - 2.58 <0.0001 

III 3.86 2.87 - 5.18 <0.0001 

Age at diagnosis (years) 
   

1 year 1.05 1.04 - 1.06 <0.0001 

Race 
   

White  1.00 (Reference) 

Black  0.91 0.74 - 1.11 0.36 

Other 0.97 0.70 - 1.34 0.85 

Charlson Comorbidity 

Score 

   

0 1.00 (Reference) 

1 1.25 1.05 - 1.50 0.01 

2 1.47 1.16 - 1.86 0.002 

3+ 2.27 1.82 - 2.83 <0.0001 
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Census tract median 

household income 

   

<40,000 1.00 (Reference) 

40,001 - 50,000 1.07 0.87 - 1.33 0.52 

50,001 - 60,000 0.99 0.80 - 1.24 0.96 

>60,000 0.90 0.75 - 1.09 0.28 

Missing 0.98 0.74 - 1.30 0.89 

Region 
   

Midwest 1.24 1.01 - 1.51 0.04 

Northeast 0.97 0.80 - 1.18 0.79 

South 1.22 1.03 - 1.45 0.02 

West 1.00 (Reference) 

Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy;  

RT – radiotherapy; HR – hazard ratio 
 

Appendix K: Pairwise comparison - Continuous age and tumor size broke  

further - Multivariate Cox proportional hazards model predicting all-cause 

mortality 

Treatment HR 95% CI P valuea 

BCS vs BCT 2.93 2.33 - 3.68 <0.0001 

BCS vs Mastectomy + RT 1.70 1.31 - 2.20 0.0004 

BCS vs Mastectomy 1.48 1.21 - 1.8 0.001 

Mastectomy + RT vs BCT 1.73 1.38 - 2.16 <0.0001 

Mastectomy vs BCT 1.98 1.65 - 2.37 <0.0001 

Mastectomy vs Mastectomy + 

RT 

1.14 0.94 - 1.39 0.53 

a The Tukey multiple comparison test was used to compare each pair and adjust for multiple  

comparisons Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy; 

 RT – radiotherapy; HR-  hazard ratio. Covariates adjusted for include: tumor size, tumor stage,  

age at diagnosis, race, census tract median household income, US census region and  

Charlson comorbidity score.  

 

Appendix L: Continuous age and tumor size broke further - Fine-Gray 

Subdistribution hazard model for breast cancer death  
sHR 95% CI P value 

Treatment 
   

BCT 1.00 (Reference) 

BCS 2.67 1.89 - 

3.78 

<0.0001 

Mastectomy 1.63 1.26 - 

2.11 

0.0002 

Mastectomy + RT 1.94 1.44 - 

2.61 

<0.0001 

Tumor size  
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≤1 cm 1.00 (Reference) 

> 1 and ≤ 2 cm 2.04 1.19 - 

3.50 

0.01 

> 2 and ≤ 5 cm 2.06 1.17 - 

3.62 

0.01 

> 5 and ≤ 10 cm 2.96 1.64 - 

5.36 

0.0003 

> 10 cm 3.27 1.75 - 

6.12 

0.0002 

Stage 
   

I 1.00 (Reference) 

II 2.92 1.96 - 

4.35 

<0.0001 

III 6.38 4.21 - 

9.66 

<0.0001 

Age at diagnosis (years) 
   

1 year 1.02 1.01 - 

1.03 

0.006 

Race 
   

White  1.00 (Reference) 

Black  0.75 0.55 - 

1.03 

0.07 

Other 0.65 0.38 - 

1.09 

0.1 

Charlson Comorbidity 

Score 

   

0 1.00 (Reference) 

1 0.95 0.73 - 

1.23 

0.69 

2 1.30 0.93 - 

1.80 

0.12 

3+ 1.23 0.84 - 

1.81 

0.29 

Census tract median 

household income 

   

<40,000 1.00 (Reference) 

40,001 - 50,000 1.03 0.76 - 

1.39 

0.87 

50,001 - 60,000 1.04 0.77 - 

1.40 

0.81 

>60,000 0.85 0.65 - 

1.11 

0.22 

Missing 1.01 0.67 - 

1.52  

0.98 
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Region 
   

Midwest 1.31 1.00 - 

1.73 

0.05 

Northeast 0.89 0.67 - 

1.18 

0.42 

South 1.27 1.01 - 

1.61 

0.04 

West 1.00 (Reference) 

Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy;  

RT – radiotherapy; sHR Subdistribution hazard ratio  
 

Appendix M: Pairwise comparison - Continuous age and tumor size broke 

 further - Fine-Gray Subdistribution hazard model for breast cancer death  
sHR 95% CI P valuea 

BCS vs BCT 2.67 1.89 - 3.78 <0.0001 

BCS vs Mastectomy + RT 1.38 0.93 - 2.04 0.37 

BCS vs Mastectomy 1.64 1.19 - 2.27 0.01 

Mastectomy + RT vs BCT 1.94 1.44 - 2.61 <0.0001 

Mastectomy vs BCT 1.63 1.26 - 2.11 0.001 

Mastectomy vs Mastectomy 

+ RT 

0.83 0.64 - 1.10 0.57 

a The Tukey multiple comparison test was used to compare each pair and adjust for multiple 

 comparisons Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy; 

 RT – radiotherapy; sHR Subdistribution hazard ratio. Covariates adjusted for include: tumor size,  

tumor stage, age at diagnosis, race, census tract median household income, US census region  

and Charlson comorbidity score.  

 

Appendix N: Multivariate Cox proportional hazards model predicting  

all-cause mortality including chemotherapy adjustment  
 HR 95% CI P value 

Treatment 
   

BCT 1.00 (Reference) 

BCS 2.80 2.22 - 3.51 <0.0001 

Mastectomy 1.92 1.60 - 2.30 <0.0001 

Mastectomy + RT 1.84 1.47 - 2.31 <0.0001 

    

Tumor size  
   

≤2 cm 1.00 (Reference) 

> 2 and ≤ 5 cm 1.08 0.84 -1.39 0.54 

> 5 cm 1.52 1.17 – 1.99 0.002 

Stage 
   

I 1.00 (Reference) 

II 2.29 1.73 – 3.04 <0.0001 

III 4.92 3.65 – 6.62 <0.0001 
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Age at diagnosis (years) 
   

66-74 1.00 (Reference) 

75-84 1.28 1.09 - 1.51 0.003 

85+ 1.81 1.48 - 2.22 <0.0001 

Race 
   

White  1.00 (Reference) 

Black  0.88 0.72 - 1.07 0.21 

Other 0.96 0.70 - 1.33 0.82 

Charlson Comorbidity 

Score 

   

0 1.00 (Reference) 

1 1.24 1.04 -1.49 0.02 

2 1.43 1.13 - 1.81 0.003 

3+ 2.17 1.74 - 2.71 <0.0001 

Census tract median 

household income 

   

<40,000 1.00 (Reference) 

40,001 - 50,000 1.03 0.83 - 1.28 0.78 

50,001 - 60,000 0.96 0.77 - 1.20 0.72 

>60,000 0.89 0.74 - 1.08 0.22 

Missing 0.98 0.73 - 1.30 0.87 

Region 
   

Midwest 1.19 0.97 - 1.45 0.09 

Northeast 0.96 0.79 - 1.17 0.69 

South 1.17 0.98 - 1.39 0.08 

West 1.00 (Reference) 

Chemotherapy   

Yes 1.00 (Reference) 

No 1.71 1.45 – 2.02 <0.0001 

Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy; 

 RT – radiotherapy; HR – hazard ratio 
 

Appendix O: Pairwise Comparison - multivariate Cox proportional  

hazards model predicting all-cause mortality including chemotherapy  

adjustment 

Treatment HR 95% CI P valuea 

BCS vs BCT 2.80 2.22 - 3.51 <0.0001 

BCS vs Mastectomy + RT 1.52 1.17 – 1.97 0.009 

BCS vs Mastectomy 1.46 1.19 - 1.80 0.002 

Mastectomy + RT vs BCT 1.84 1.47 - 2.31 <0.0001 

Mastectomy vs BCT 1.92 1.60 - 2.30 <0.0001 
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Mastectomy vs Mastectomy 

+ RT 

1.05 0.85 - 1.27 0.98 

a The Tukey multiple comparison test was used to compare each pair and adjust for multiple 

 comparisons Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy;  

RT – radiotherapy; HR – hazard ratio. Covariates adjusted for include: tumor size, tumor stage,  

age at diagnosis, race, census tract median household income, US census region, Charlson  

comorbidity score and chemotherapy.  

 

Appendix P: Fine-Gray Subdistribution hazard model for breast cancer death 

including chemotherapy adjustment  
 sHR 95% CI P value 

Treatment 
   

BCT 1.00 (Reference) 

BCS 2.61 1.83 - 3.73 <0.0001 

Mastectomy 1.61 1.24 - 2.09 0.0004 

Mastectomy + RT 1.97 1.47 - 2.66 <0.0001 

Tumor size  
   

≤2 cm 1.00 (Reference) 

> 2 and ≤ 5 cm 1.15 0.82 - 1.60 0.42 

> 5 cm 1.67 1.18 - 2.36 0.004 

Stage 
   

I 1.00 (Reference) 

II 3.11 2.07 - 4.68 <0.0001 

III 6.91 4.50 - 10.61 <0.0001 

Age at diagnosis (years) 
   

66-74 1.00 (Reference) 

75-84 1.10 0.88 - 1.36 0.41 

85+ 1.41 1.05 - 1.90 0.02 

Race 
   

White  1.00 (Reference) 

Black  0.74 0.54 - 1.01 0.06 

Other 0.64 0.38 - 1.07 0.09 

Charlson Comorbidity 

Score 

   

0 1.00 (Reference) 

1 0.96 0.74 - 1.24 0.74 

2 1.29 0.93 - 1.78 0.13 

3+ 1.21 0.82 - 1.78 0.34 

Census tract median 

household income 

   

<40,000 1.00 (Reference) 

40,001 - 50,000 1.02 0.75 - 1.40 0.88 

50,001 - 60,000 1.02 0.76 - 1.38 0.89 
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>60,000 0.84 0.64 - 1.10 0.21 

Missing 1.00 0.66 - 1.51  0.99 

Region 
   

Midwest 1.31 0.99 - 1.72 0.05 

Northeast 0.89 0.67 - 1.18 0.41 

South 1.26 0.99 - 1.59 0.05 

West 1.00 (Reference) 

Chemotherapy   

Yes 1.00 (Reference) 

No 1.12 0.88 – 1.43 0.36 

Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy;  

RT – radiotherapy; sHR Subdistribution hazard ratio 
 

Appendix Q. Pairwise comparison -  Fine-Gray Subdistribution hazard model 

 for breast cancer death including chemotherapy adjustment  
sHR 95% CI P valuea 

BCS vs BCT 2.61 1.83 - 3.73 <0.0001 

BCS vs Mastectomy + RT 1.33 0.89 – 1.98 0.51 

BCS vs Mastectomy 1.62 1.17 - 2.27 0.02 

Mastectomy + RT vs BCT 1.97 1.47 - 2.66 <0.0001 

Mastectomy vs BCT 1.61 1.24 - 2.09 0.002 

Mastectomy vs Mastectomy 

+ RT 

0.82 0.62 - 1.07 0.46 

a The Tukey multiple comparison test was used to compare each pair and adjust for multiple 

 comparisons Abbreviations: BCS – breast conserving surgery; BCT – breast conserving therapy;  

RT – radiotherapy; sHR Subdistribution hazard ratio. Covariates adjusted for include: tumor size, 

 tumor stage, age at diagnosis, race, census tract median household income, US census region,  

Charlson comorbidity score and chemotherapy.  
 

 

 

 

 

 


