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Background: One in five people will eventually develop cancer, and one in eleven women will lose their lives to the disease. The
main aim of this study is to determinants of survival time of women with breast cancer using appropriate Frailty models.
Methods: A study involving 632 Ethiopian women with breast cancer was conducted between 2018 and 2020, utilizing medical
records from Felege-Hiwot Referral Hospital, the University of Gondar, and Dessie Referral Hospital. To compare survival, the
Kaplan-Meier plot (s) and Log rank test were employed; to assess mean survival, one-way analysis of variance and the 7 test were
utilized. The factors influencing women’s survival times from breast cancer were identified using the parametric shared frailty model
and the accelerated failure time model.

Results: The median time to die for breast cancer patients treated at FHRH, UoGCSH, and DRH was 14.91 months, 11.14 months,
and 12.32 months, respectively. The parametric model of shared frailty fit those who were statistically significant in univariate
analysis. The results showed that survival of women with breast cancer was significantly influenced by age, tumor size, comorbidity,
nodal status, stage, histologic grade, and type of primary treatment initiated. When comparing mean survival times between hospitals,
the results showed a significant difference; patients who were treated in FHRH live significantly longer than patients treated in
UoGCSH and DRH, whereas patients treated in UoGCSH have comparatively lower survival. Women with stage IV and comorbidities
have 22.4% and 27.1% shorter expected survival, respectively.

Conclusion: This finding suggests that improving the availability and accessibility of radiation therapy and surgery, eliminating
disparities between hospitals, raising awareness of early signs and symptoms of breast cancer and encouraging women to seek clinical
help, and highlighting women with comorbidities at diagnosis are important ways to increase survival time.
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Background
Breast cancer is the most common cancer in women and the main cause of death. Every minute, a woman dies from
breast cancer somewhere in the world. Every day, more than 1400 women are killed.! After cardiovascular disease, breast
cancer is the second-most common cause of death worldwide. An estimated 2,100,000 women are newly diagnosed with
breast cancer, accounting for 24% of all cancers in women, and an estimated 630,000 women have died from breast
cancer (15% of all cancer deaths).”

In Africa, breast cancer is responsible for 28% of all cancers and 20% of all cancer deaths in women. Incidence rates
are still generally low in Africa and are estimated to be below 35 per 100,000 women in most countries (compared to
over 90—120 per 100,000 in Europe or North America).?
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Although breast cancer is more common in developed countries, more than half of new breast cancer diagnoses and
about 60% of breast cancer mortality occur in developing countries, reflecting poorer survival prospects.”*

Breast cancer is becoming the most frequent cancer in Ethiopia, with significant rates of morbidity and mortality.” Breast
cancer accounts for 15,244 (22.6%) of all cancer diagnoses and 8159 (17%) of cancer deaths per year.® Cancers affecting
women, accounting for 22.6% of all cases, have significant public health and societal implications due to their prevalence in
young or middle age.” Previous studies in Ethiopia showed limited knowledge about breast cancer, including about
prevention, early detection, and treatment, among healthcare professionals’ and the general population® are an additional
risk factor. Notably, there are also studies conducted on the quality of life of breast cancer patients in the Amhara region’
reported, breast cancer care in the Amhara region is limited in terms of pathology, imaging, and the offered treatment
modalities, which need to be improved. A comparable investigation evaluates the incidence and epidemiological description
of breast cancer in this region, and it found that the incidence was increasing and becoming a major public health problem.'”

Despite the fact that the number of people living with breast cancer is increasing year after year, it has emerged as one of the
fastest-growing noncommunicable illnesses and a serious public health challenge in developing nations such as Ethiopia'' with
a consequence of chronicity, disability, and death. Although the prevalence of breast cancer is increasing in Ethiopia and the study
area, there are no explanatory studies that documented the area of risk of survival time due to breast cancer among breast cancer
patients after receiving anti-cancer treatment using survival analysis to our knowledge. Patients’ data from three distinct hospitals
in Ethiopia were used in this study: Felege-Hiwot Referral Hospital, University of Gondar Comprehensive specialty hospital, and
Dessie Referral Hospital. Using data from many hospitals can provide more precise information of determinant factors and their
impact on patient survival time.'* Those are public hospitals at a different place and there are differences in treatment facilities and
treatment teams, where event times of patients treated in the same hospital of residence are expected to be associated with each
other, possibly due to sharing common unobserved characteristics, such as place-specific differences in environment, treatment
resource or diagnosis of the patients. Furthermore, survival disparities observed across hospitals are likely to be due to variations in
access to and quality of cancer care.'” Finding variations in survival rates amongst hospitals might facilitate the development of
improved cancer control systems by revealing weaknesses in systemic policy and program delivery.'?

This study examines prognostic factors affecting breast cancer survival in Ethiopia using data from three hospitals:
FHRH, UoGRH, and DRH. The heterogeneous data structure resulting from treatment facilities and teams can affect
cluster-specific effects and predictions.

The study aims to understand these factors using the shared frailty model, which models clustered correlated data
between hospitals. We used the shared frailty model to compensate for hospital effects and estimate breast cancer patient
survival times, as well as discover the prognostic factor that affects breast cancer survival and compare survival times
between hospitals based on this appropriate model, which includes hidden factors.

In this study, survival times were examined for the patients who received treatment at Felege-Hiwot Referral Hospital,
University of Gondar Comprehensive Specialized Hospital, and Dessie Referral Hospital, and the relative contributions of
demographics, disease, and treatment factors were assessed using parametric shared frailty model. A frailty term was included to
account for the association resulting from the cluster and the unobservable random effect. The estimated variability (unobserved
heterogeneity) in the population (women breast cancer patients) of clusters (hospitals) based on the selected model.

Survival time is the most important tool for formulating cancer control strategies, prioritizing cancer control
measures, evaluating the effectiveness and cost-effectiveness of these strategies, and studying progress in cancer
diagnosis and treatment. However, there is very little evidence to support this in this region. Therefore, the results of
this study should also help to fill this information gap. To reduce the rising incidence of breast cancer in the study setting,
it is crucial to focus on modifiable risk factors and raise public awareness, for example, by promoting breast self-
examination and implementing programs to improve women’s understanding.

Materials and Methods
Study Period

The starting point for follow-up is the time between December 1%, 2018 with first confirmed diagnosis of breast cancer and the
endpoint is date of death, date of lost to follow up, date of last contact until January 30™ 2020, whichever comes first. All
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biological, clinical, pathological and treatment-related data were obtained from medical charts by review from cancer
registries. Data was collected from March 20" to May 30™, 2021.

Study Design

A facility-based retrospective follow-up study with survival analysis was conducted at FHRH, UoGCSH and DRH. All
cases of breast cancer registered from December 1%, 2018 to January 30™ 2020 in those three specialized hospitals were
followed retrospectively until the end of the study (January 30™ 2020).

Source Population
Source population all medical records of women diagnosed with breast cancer in FHRH, UoGCSH and DRH specialized
hospital attending the oncology department.

Study Population

Study populations who fulfill the inclusion criteria of the study were considered as sampled populations.

Sample Size Determination in Survival Analysis
The sample size was all women breast cancer patients (who fulfill inclusion criteria) medical records diagnosed and
treated at FHRH, UoGCSH, and DRH from December 1, 2018 to January 30, 2020.

Sampling Procedure

The following approach was followed while using the census sampling technique: profiles of all women with breast
cancer who were being followed up in FHRH, UoGCSH, and DRH between December 1, 2018, and January 30, 2020,
were first evaluated. A total of 266 patient charts were received from FHRH; of these, 31 charts were deemed unsuitable
for inclusion in the study, leaving 232 charts in total. Information on 218 patients was gathered from UoGCSH. A total of
204 of these patients were part of the research. A total of 221 patient charts were acquired by DRH; of these, 22 were
deemed unsuitable for inclusion in the study, leaving 193 charts intact. The medical record numbers of 705 patients were
located during the study period. Data collectors collected 632 medical records that met the inclusion criteria from a list of
breast cancer charts on cancer care follow-ups at the oncology department of DRH, UoGCSH, and FHRH. The data were
taken from the medical records of 632 individuals, as Figure 1 demonstrates. The phone number is absent from each
hospital’s 10, 7, and 4 patient cards, out of 632 patients with BC. A telephone interview was conducted with 561 patients
or their close relatives who are older than 18 years old, out of the 611 cards that had a phone number. The rest of the
phone call trials were not successful with three and more trials. Twenty of them did not respond for three call trials, 17
were mistaken phone numbers, and others were not functional.

Inclusion Criteria

This study includes all women of any age with BC who were diagnosed and treated at FHRH, UoGCSH and DRH cancer
treatment center, with full information including study variables of interest in the medical records or chart during the study
period were considered being eligible for the study. And we included women breast cancer patients who had received at least
two or more cycles of chemotherapy, or who received surgical therapy irrespective of receiving chemotherapy.

Exclusion Criteria

This study excludes several patient groups: First, individuals with incomplete medical charts, encompassing cases lacking
confirmation of breast cancer diagnosis or those with unspecified cancer stages. Additionally, patients whose medical records
were unattainable are excluded. Furthermore, individuals newly diagnosed with breast cancer, defined as those who had not
undergone at least two cycles of chemotherapy, are not part of this study. Also excluded are patients with a prior breast cancer
diagnosis. Finally, individuals diagnosed with breast cancer at other healthcare facilities who commenced treatment there and
were subsequently referred to FHRH, UoGCSH, and DRH for further care are not included in the analysis.
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Figure | Flowchart of the sampling procedure used to select the population, Ethiopia’s Amhara region, 2016 (n= 632).

Survival Data Analysis

Statistical techniques for examining survival data are referred to as survival analysis. The response which is the amount
of time before an event occurs is frequently referred to as a failure time, survival time, or event time. The survival time is
the amount of time that passes between an initial event and a subsequent one. Time-to-event data, which is always
nonnegative and has a positively skewed distribution, is the outcome variable of interest in survival analysis, which is
often a set of statistical processes for data analysis. Survival analysis is significant when there are censoring data.'? In
reality, the variable time captures two distinct events. The survival time for participants who actually experienced the
event in our case, death and the censored duration for participants who did not.

Accelerated Failure Time (AFT) Model

There are relatively few probability distributions for the survival time that may be employed with parametric models,
despite the fact that these models are highly useful for the analysis of survival data. For the examination of survival time
data in these circumstances, the accelerated failure time model (AFT) is an alternative to the PH model. Rather than
measuring a hazard, we examined the direct impact of the explanatory variables on the survival time under AFT models.
The fact that the parameters quantify the impact of the corresponding covariate on the mean survival time makes the
results easier to interpret.

Accelerated Failure Time Frailty Model

To account for unobserved heterogeneity, the frailty term was first introduced by'? in which it is an extension of proportional
hazards. In a shared frailty model, the lifetimes of a group of observations in the same cluster share the same level of frailty'>
that the common frailty variance measures of dependence among lifetimes within a cluster. Various studies were done on the
choice of a continuous distribution of frailty random variables such as Gamma,'* inverse Gaussian,'” log—normal,15 and
positive stable'® and few studies done on the discrete distributions.'” However, for tractability reasons, the choice of
distribution is limited to those that provide a close form expression for the frailty survivor function. For the continuous failure
time model, the Gamma and the inverse-Gaussian distributions contain frailties.
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Results and Discussions

Results

Explanatory Data Analysis

At the time of diagnosis, the mean age of the patients was 48.24 (SD=14.63) in DRH, 46.23 (13.245) in UoGRH, and 46.21
(SD=12.657) in FHRH. At the time of diagnosis, the mean age of the respondents was 46.3 years (SD=12.657). Out of
193 BC, women recruited to this study in DRH, the majority of them, 92 (47.7%) of the age group was greater than 50 years
old were, the median age being 46 (IQR=57-37) years, whereas in FHRH and UoGRH most of the patients were between the
age of 35-50 and greater than 50 years old with the median age being 46 (IQR=56-40) and 46.5 (IQR=59-39) years,
respectively. The distribution of place of residence was almost the same in all hospitals, more of the participants were urban,
and 26.0%, 27.5%, 31.6% of them were pre-menopause in respective hospitals. Concerning marital status, out of 232 patients,
majorities 94 (40%) were married in FHRH, whereas most of the patients in UoGRH 85 (41.7%) and DRH 79 (40.9) were
divorced. The study participants’ sociodemographic details are displayed in Tables 1-3 below.

The Study Participants’ Clinical, Histological, and Therapeutic Features

At the time of diagnosis, 92 women (33.2%) had advanced stages (stages III and IV) and 143 women (60.8%) had early
stages (stages I and IT) of FHRH. Of them in UoGCSH, 91 (42.7%) were in the advanced phases and 113 (51.9%) were in
the early stages. Similarly, 86 (46%) of the patients with DRH were diagnosed in the advanced stages, while 107 (54%)
of the patients were in the early stages. Twenty-one patients have comorbidity in FHRH out of which, 5 (2.1%) have
hypertension, 8 (3.4%) have renal (kidney) disease, 4 (1.7%) HIV, and the rest 4 (1.7%) have other diseases. In UoGCSH
27 patients have comorbidity out of which, 7 (3.4%) have hypertension, 8 (3.9%) renal (kidney) disease, 6 (2.9) have
HIV and 6 (2.9) other, in DRH 47 patients have comorbidity out of which, the majority have renal (kidney) disease and
hypertension. In UoGCSH 11 (5.4%) patients had been referred to another hospital, after taking more than two cycles of
chemotherapy. Similarly, 8 (3.4%) in FHR and 13 (6.4%) in DRH are referred after they had more than two cycles of
chemotherapy. A total of 66 (16.2%), 48 (20.1%), and 35 (19.7%) BC patients received breast surgery treatment in each
hospital; 61 (37.9%), 63 (29.4%), and 68 (35.8%) BC patients received chemotherapy; and roughly 58 (28.9%), 64
(40.2), and 48 (29.0%) study participants were reported to have received hormone therapy in each hospital. Twenty-nine
of patients with BC had taken radiation therapy at Tikur Anbesa Specialized Hospital from which 9 (3.8%) in FHRH, 6
(2.9%) in UoGCSH, and 14 (7.3%) in DRH. More than half, 150 (63.8%) of tumor size was less than 2.5cm on
presentation, the tumor size ranged from 0.5 cm to 8 cm in diameter with a mean of 2.6cm with (SD = 1.48 cm).

Table | Felege Hiwot Referral Hospital Survival Classification for Socio-Demographic

Covariates
Covariate Category Status (Felege Hiwot Referral Hospital)
Censored Died
Age <35 39(92.9%) 3(7.1%)
35-50 82(94.3%) 5(5.7%)
>50 92(86.8%) 14(13.2%)
Residence Urban 98(91.6%) 9(8.4%)
Rural 115(89.8%) 13(10.2%)
Menopausal status Pre-menopausal 53(86.9%) 8(13.1%)
Post- menopausal | 160(92.0%) 14(8.0%)
Marital status Single 24(82.6%) 5(17.2%)
Married 60(85.7%) 10(14.3%)
Divorced 86(94.5%) 5(5.5%)
Widowed 43(95.6%) 2(4.4%)
Breast Feeding Yes 90(91.8%) 8(8.2%)
No 123(89.8) 14(10.2%)
History of breast cancer | Yes 39(83.0%) 8(17.0%)
No 174(92.6%) 14(7.4%)
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Table 2 University of Gondar Comprehensive Specialized Hospital
Survival Classification for Socio-Demographic Covariates

Covariate Category Status (UoGCSH)
Censored | Died
Age <35 40(93.0%) | 3(7.0%)
35-50 64(88.9%) | 8(11.1%)
>50 75(84.3%) 14(15.7%)
Residence Urban 76(88.4%) 10(8.4%)
Rural 103(57.5%) | 15(10.2%)
Menopausal status Pre-menopausal 48(85.7%) 8(14.3%)
Post- menopausal | 131(88.5%) | 17(11.5%)
Marital status Single 20(76.9%) 6(23.1%)
Married 75(87.2%) 11(12.8%)
Divorced 54(91.5%) 5(8.5%)
Widowed 30(90.9%) 3(9.1%)
Breast Feeding Yes 76(86.4%) 12(13.6%)
No 103(88.8%) | 13(11.2%)
History of breast cancer | Yes 53(82.8%) 11(17.2%)
No 126(90.0%) | 14(10.0%)

Table 3 Dessie Referral Hospital Survival Classification for Socio-Demographic

Covariates
Covariate Category Status (Dessie Referral Hospital)
Censored Died
Age <35 37(94.9%) 2(5.1%)
35-50 88(89.8%) 9(10.2%)
>50 50(75.8%) 16(24.2%)
Residence Urban 78(88.6%) 10(11.4%)
Rural 88(83.8%) 17(16.2%)
Menopausal status Pre-menopausal 53(85.5%) 9(14.5%)
Post- menopausal | |13(86.3%) 18(13.7%)
Marital status Single 23(92.0%) 2(8.0%)
Married 65(82.3%) 14(17.7%)
Divorced 51(91.5%) 5(8.9%)
Widowed 27(81.8%) 6(18.2%)
Breast Feeding Yes 64(86.5%) 10(13.5%)
No 102(85.7%) 17(14.3%)
History of breast cancer | Yes 57(77.6%) 11(16.2%)
No 109(87.2%) 16(12.8%)

In UoGRH eleven (5.4%) patients had referral paper from another hospital, after taking more than two cycles of
chemotherapy. Similarly, eight (3.4%) in FHR and thirteen (6.4%) in DRH are referred after they had more than two
cycles of chemotherapy. 38 (16.2%), 41 (20.1%), and 38 (19.7%) BC patients received breast surgery treatment in each
hospital; 89 (37.1%), 60 (29.5%), and 69 (35.6%) BC patients received chemotherapy; and approximately 68 (28.1%), 82
(40.2%), and 56 (29.00%) study participants received hormone therapy in each hospital. At Tikur Anbesa Specialized
Hospital, radiation therapy was administered to 28 patients with BC, of whom 9 (3.8%) were in FHRH, 6 (2.9%) in
UoGRH, and 14 (6.9%) in DRH. At the time of presentation, less than half of the 150 tumors (63.8%) measured less than
2.5 cm in diameter. The tumors ranged in size from 0.5 cm to 8 cm, with a mean of 2.6 cm (SD = 1.48 c¢cm). The study
participants’ clinical, histological, and therapy characteristics are displayed in the tables below (Tables 4-6).
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Table 4 Felege Hiwot Referral Hospital Survival Classification for Clinical,

Histologic, and Treatment Covariates

Covariate Category Status (Felege Hiwot Referral Hospital)
Censored Died
Stage of breast cancer | | 81(97.6%) 2(2.4%)
Il 56(3.3%) 4(6.7%)
1] 54(83.1%) 11(16.9%)
v 22(81.5%) 5(18.5%)
Lymph Node Status Positive 126(88.1%) 17(11.9%)
Negative 53(93.0%) 4(7.0%)
Unknown 34(97.1%) 1(2.9%)
Co-morbidities Yes 6(28.6%) 15(71.4%)
No 207(96.7%) 7(3.3%)
The primary treatment | Surgery 24(82.6%) 5(17.2%)
C.Therapy 60(85.7%) 10(14.3%)
Hormonal 86(94.5%) 5(5.5%)
R.Therapy 43(95.6%) 2(4.4%)
> 2 Treatment | 36(92.3%) 3(7.7%)
Tumor size <25 50(94.3%) 3(5.7%)
2-5 80(92.0%) 7(8.0%)
>5 83(87.4%) 12(12.6%)
Histologic grade Grade | 47(97.9%) 1(2.1%)
Grade I 84(93.3%) 6(6.7%)
Grade |ll 82(84.5%) 15(15.5%)

Table 5 University of Gondar Comprehensive Specialized Hospital Survival

Classification for Clinical, Histologic, and Treatment Covariates

Covariate Category Status (Felege Hiwot Referral Hospital)
Censored Died
Stage of breast cancer | | 64(95.5%) 3(4.5%)
Il 43(93.5%) 3(6.5%)
1] 50(82%) 11(18.0%)
v 22(73.3%) 8(26.7%)
Lymph Node Status Positive 105(86.1%) 17(13.9%)
Negative 56(90.3%) 6(9.7%)
Unknown 18(90.0%) 2(10.0%)
Co-morbidities Yes 8(29.6%) 19(70.41%)
No 171(95.4%) 3.4(6%)
The primary treatment | Surgery 44(91.7%) 4(8.8%)
C.Therapy 53(84.4%) 10(15.9%)
Hormonal 58 (90.6%) 6(9.4%)
R.Therapy 5(85.7%) 1(14.3%)
> 2 Treatment | 18(81.8%) 4(18.2%)
Tumor size <25 27(90.0%) 3(10.0%)
2-5 81(92.0%) 7(8.0%)
>5 71(82.6%) 15(7.4%)
Histologic grade Grade | 40(100%) 0(0.0%)
Grade |l 64(84.2%) 12(15.8%)
Grade |lI 75(85.2%) 13(14.8%)

Breast Cancer: Targets and Therapy 2024:16

https:

Dove!

275


https://www.dovepress.com
https://www.dovepress.com

Fentaw et al

Dove

Table 6 Dessie Referral Hospital Survival Classification for Clinical, Histologic, and

Treatment Covariates

Covariate Category Status (Felege Hiwot Referral Hospital)
Censored Died
Stage of breast cancer | | 52(94.5%) 3(5.5%)
1l 47(90.4%) 5(9.6%)
1] 50(88.3%) 9(15.3%)
v 17(63.0%) 10(37.0%)
Lymph Node Status Positive 94(85.5%) 16(14.5%)
Negative 44(84.6%) 7(13.2%)
Unknown 26(86.7%) 4(14.3%)
Co-morbidities Yes 47(74.6%) 16(25.4%)
No 119(91.5%) 11(8.5%)
The primary treatment | Surgery 33(94.3%) 2(5.7%)
C.Therapy 59(86.8%) 9(13.2%)
Hormonal 38(79.2%) 10(20.8%)
R.Therapy 13(93.3%) 1(6.7%)
> 2 Treatment | 22(81.5%) 5(18.5%)
Tumor size <25 43 (89.6%) 5(10.4%)
2-5 76(89.4%) 9(10.6%)
>5 47 (78.3%) 13(21.7%)
Histologic grade Grade | 85(100%) 0(0.0%)
Grade I 54(90%) 6(10%)
Grade |ll 27(56.3%) 21(43.8%)

Figure 2 demonstrates that in all of the cases of breast cancer patients studied which included 235 (37.2%) from FHRH,
204 (32.3%) from UoGCSH, and 193 (30.5%) from DRH. From this 213 (33.7%) censored and 22 (3.5%) deaths in FHRH,
179 (28.3%) censored and 25 (4.0%) deaths in UoGCSH, and 166 (26.3) censored and 27 (4.3%) 178 deaths in DRH.

According to Figure 3, the survival probability of an observation lasting more than 20 months is approximately 0.85
for FHRH patients, 0.72 for 180 UoGCSH patients, and 0.75 for DRH patients. Additionally, the likelihood that a woman
with breast cancer will live for longer than 24 months is roughly 0.51 for DRH women, 0.27 for UoGCSH women, and
0.76 for FHRH women. The patients treated FHRH live significantly longer than patients treated at UoGCSH and DRH,
while patients treated in UoGCSH comparatively have less survival.

Percent (%)

40

30

20

FHRH

UoGCSH

DRH

Figure 2 Classification of breast cancer survival proportions by hospital.
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Kaplan-Meier survival estimates
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Figure 3 Kaplan—Meier estimator survival probability of the three hospitals.

Table 7 shows that the Wilcoxon test, which emphasizes early survival times, is less significant than the Log rank test,
which gives greater weight to large survival durations. Table 7 clearly shaw’s rank test for homogeneity unequivocally
demonstrates that the survival times of the three hospitals varied significantly (p = 0.0150 for the Wilcoxon test and
p = 0.0036 for the Log rank test).

Effect of Treatments on Survival Time of Breast Cancer Patients

Considering the breast cancer survival data, we are interested in knowing how long women with breast cancer will
survive after undergoing certain treatments. Treatments include surgery, radiotherapy, chemotherapy hormonal therapy,
and a combination of more than two treatments. There is no median value reported for the survival of women who
receive surgery and radiotherapy treatment, while women who are treated with hormonotherapy and combination have
a median survival of 19 and 22 months, respectively. Surgery and radiotherapy treatments in Figure 4 follow almost the
same path. For women diagnosed with breast cancer, the chances of surviving for more than 20 months are roughly 90%
if they receive surgery and 80% if they receive radiation treatments; 76% if they receive more than two treatments
combined; 62.5% if they receive chemotherapy; and 50% if they receive hormone therapy. A combination of more than
two therapies had a slower effect on survival than surgery and radiotherapy alone, according to a non-parametric survival
measure based on treatment.

The Kaplan—Meier (KM) Survival Curve for Different Groups

For every collection of variables, unique Kaplan—Meier survivor functions are constructed in order to examine any
possible differences in surviving experience between the indicated categories. It is frequently the case that the group
represented by the higher curve outlived the group represented by the lower curve when one survivorship function pattern
lies above another. The following figure displays the generated K-M survival curve based on the breast cancer dataset.
Take note that the survival time on this curve is expressed in terms of a month. Figure 5(A) below illustrates that there is

Table 7 Test of Equality of Survivor Function Between
Three Hospitals

Test Chi-Square DF P r > Chi-Square
Log-Rank 11.27 2 0.0036
Wilcoxon 8.39 2 0.0150
—2log (LR) | 5.26 2 0.0218
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Kaplan-Meier survival estimates
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Figure 5 (A) and (B) The Kaplan-Meier survival curves for age and Tumor Size categories.

a variation in age groups throughout the survival curve. According to these curves, BC patients under the age of 35 had
the longest survival times compared to those between the ages of 35 and 50 and older than 50.

Furthermore, Figure 5(B) demonstrates that the survival curve varies depending on the size of the tumor. Compared to
patients with tumor sizes less than 2 cm and 2—5 cm, patients with tumor sizes greater than 5 cm had the worst survival
times, according to the curve. Conversely, patients with tumor sizes less than 2 cm had the best survival times, compared
to those with tumor sizes between 2-5 cm and >5 cm.

There is a variation in the survival curve between histologic grades, as shown in Figure 6(A). The graph shows
that BC patients with histologic grade III have the worst survival time when compared to patients with histologic grade
I and II, and that patients with histologic grade II have a significantly different survival time when compared to patients
with histologic grade I.

Figure 6(B) indicates the survival probability by women’s lymph node status Vs time (in a month). This curve starts
at one and continues horizontally until some month, at this time, it then drops down for both women who have positive,
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Figure 6 (A) and (B) The Kaplan-Meier survival curves for histologic grade and lymph node status.

negative, and unknown lymph node status. But when time pass women who had positive lymph node status have the
shortest survival time as compared to negative and unknown lymph node status.

Figure 7(A) below shows that the existence of a difference between survival curves. The curve indicated that patients
who were stage I had longer survival time than stage II, III, and IV, while patients who were stage IV had worse than
stage II and III.

Figure 7(B) also shows that the existence of a difference between survival curves. The plot indicated that patients who
had no preexisting medical disorder had a longer survival time than those who had medical disorder (comorbidity).

Accelerated Failure Time Model Results

Model comparisons are presented in Table 8. Accordingly, it suggested that Lognormal-Inverse Gaussian shared frailty
model was selected according to AIC and BIC. This indicates Lognormal-Inverse Gaussian shared frailty mode is a more
efficient model to describe BC dataset.
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Figure 7 (A) and (B) The Kaplan-Meier survival curves for stages and comorbidity.
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Table 8 The Value of AIC and BIC for Multivariable Parametric Shared Frailty

Models
Parametric Shared Frailty Model | Gamma Inverse Gaussian
AIC BIC AIC BIC
Exponential 378.307 | 440.5915 | 3783215 | 440.606
Weibull 322.0901 | 388.8235 | 322.1201 | 388.8534
Lognormal 344.2534 | 410.9868 | 314.273 341.0064
Log-Logistic 332.2342 | 3429676 | 332.2626 | 398.996

Multivariable AFT Analysis

Multivariable AFT models of the Weibull, log-logistic, log-normal, and exponential distributions were fitted to the
survival time data by incorporating all the covariates that show significance at a 10% level of the univariate analysis. The
AIC was used to evaluate the differences in model efficiency. It is the most widely used criterion for choosing a model.
A model with the lowest AIC value was favored based on AIC. Thus, when we incorporate all the covariates that are
significant in the univariate analysis, the Log-normal AFT model (AIC = 527.674) was shown to be the best for the
survival time of the breast cancer data set among the specified alternatives. Using the backward elimination strategy,
covariates that lost significance in the multivariate analysis were eliminated from the model. So, factors including family
history, place of residence, and menopause were ignored. Finally, a 5% significance level evaluation of the interaction
factors’ impact in the multivariable log-normal AFT model showed that the effect was statistically insignificant. Table 9
below lists all AFT models along with the associated AIC values.

The output of the final log-normal AFT model is presented in Table 10, we found that the survival time of women with
breast cancer was significantly affected by age of women (35-as reference category), tumor size (2 cm-as references), co-
morbidity (no-co-morbidity-as reference category), node status (negative node status-as reference category), histologic grade
(grade I-as reference category), stage (stage I-as reference category), and type of primary treatment initiated (chemotherapy-as
reference). Under the log-normal AFT model, when the effect of other factors keep fixed, the estimated acceleration factor for
women aged 35 to 50 and above 50 years is estimated to be 0.886 and 0.872 with (95% CI: 0.772,0.991) and (95% CI:
0.0.821,0.962), respectively. Therefore, compared to women with breast cancer patients who are younger than 35, the
anticipated survival time for these patients drops by 11.4% and 13.8%, respectively, for those who are 35 to 50 and older
than 50. The p-values are low (p-value=0.041 and p-value=0.001) and the 95% confidence interval for the acceleration factors
of both age groups did not contain one, suggesting that both age groups have a substantial impact on the survival time of breast
cancer patients who are women. Another important predictor of the patients’ survival duration is the kind of primary care they
receive. In female patients receiving radiotherapy, surgery, and a combination of two or more, the estimated acceleration factor
when the effect of other factors is fixed is estimated to be 1.162 (95% CI: 1.139, 1.597), 1.185 (95% CI: 1.127, 1.467), and
1.154 (95% CI: 1.301, 1.990), respectively. This suggests that the expected survival time increases by 16.2%, 18.5%, and
15.4% in comparison to women receiving chemotherapy. The fact that all p-values are small (p = 0.0001) and that the 95%

Table 9 Comparison of AFT
Models Using AIC Criteria

Baseline Distribution | AIC
Exponential 576.456
Weibull 537913
Log-Logistic 567.974
Log- Normal 527.674
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Table 10 Summary Results of the Final Log-Normal AFT Model

Variable Category B ¢ 95% Cl ¢ SE(p) | P-value
Age >35 Ref

35-50 —0.121 | 0.886 [0.772, 0.991] | 0.293 | 0.04I

=50 —0.137 | 0.862 [0.821, 0.976] | 0.184 | 0.001

Chemo-therapy | Ref
Primary Surgery 0.073 1.185 [1.127, 1.467] | 0.162 | < 0.0001
Treatment Radiotherapy 0.065 1.162 [1.139, 1.597] | 0.170 | < 0.0001
initiated Hormonal 0.016 1.016 [0.992, 1.002] | 0.302 | 0.082

> 2 Treatment | 0.062 1.063 [1.301, 1.990] | 0.164 | < 0.0001
Tumor Size <=2 cm Ref

2-5cm —0.146 | 00.864 | [0.810,0.901] | 0.170 | 0.017

>5cm —0.179 | 0.836 [0.82, 0.899] 0.162 | 0.002
Co-morbidities No Ref

Yes —0.346 | 0.782 [0.634, 0.867] | 0.126 | < 0.001
Node status Negative Ref

Positive —0.124 | 0.883 [0.645, 0.996] | 0.170 | 0.001

unknown —0.012 | 0.988 [0.731, 1.291] | 0.162 | 0.310
Histologic grade | | Ref

Il —0.046 | 0.955 [0.863, 1.031] | 0.043 | 0.225

1] —0.143 | 0.866 [0.612,0.926] | 0.047 | < 0.000I
Stage | Ref

Il —0.125 | 0.882 [0.721, 1.167] | 0.218 | 0.061

n -0.321 | 0.725 [0.672,0.897] | 0.212 | 0.000

1\ —0.451 | 0.637 [0.578 0.745] | 0.235 | 0.000

Notes: ¢: indicates acceleration factor; 95% Cl for ¢: 95% confidence interval for acceleration factor; SE:
standard error.

confidence interval for the acceleration factor of each treatment group did not contain one suggests that the kind of primary
therapy has a significant impact on the survival time of women. When all other variables are held constant, the estimated
acceleration factor for women with breast cancer whose tumor diameters are between 2 and 5 cm and greater is estimated to be
0.864 (95% CI: 0.810-0.901) and 0.836 (95% CI: 0.825-0.899), respectively. As a result, women with breast cancer are likely
to live shorter lives than those whose tumors are smaller than 2 cm. The acceleration factor of both tumor sizes in women with
breast cancer did not have a 95% confidence interval, and the tiny p-values (p-value = 0.017 and p-value = 0.002) suggest that
the survival time is significantly influenced by both age groups. When controlling for other variables, women with co-
morbidity conditions had an estimated acceleration factor of 0.782 (95% CI: 0.634-0.867), meaning that their projected
survival time is predicted to be 21.8% shorter than that of women without co-morbidity conditions. Co-morbidity appears to
have a significant impact on the survival time of female breast cancer patients, as evidenced by the small p-value (p-value =
0.0001) and the absence of an acceleration factor in the 95% confidence range. The estimated acceleration factor for women in
positive node status is estimated to be 0.883 (95% CI: 0.645-0.996) based on observation of the node status of breast cancer
patients, holding other factors constant. In this scenario, the expected survival time decreases by 11.7% relative to women in
negative node status. The p-value is low (p-value = 0.001), suggesting that women with positive node status had a significant
impact on the survival time of women with breast cancer. The 95% confidence interval for the acceleration factor of these
women did not contain one. Furthermore, the estimated acceleration factor for patients with histologic grade III is 0.866 (95%
CI: 0.612, 0.926) when controlling for other variables. This suggests that the predicted survival time for these patients is 13.4%
shorter than that of women with histologic grade 1. Lastly, the estimated acceleration factor for stages III and IV of breast
cancer is estimated to be 0.725 (95% CI: 0.672, 306 0.897) and 0.637 (95% CI: 0.578, 0.745), respectively, based on the stages
of women with breast cancer and maintaining the influence of other factors constant. As a result, compared to stage I, the
anticipated survival time for women with breast cancer drops by 27.5% and 36.3% for those in stages I1I and IV, respectively.
The p-values are low (p-value<0.001 for both), suggesting that the tumor sizes of breast cancer patients have a major impact on
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their survival time. The 95% confidence interval for the acceleration factor of those three stages of the disease did not
include one.

Parametric Shared Frailty Model Results

The primary goal of this study is to use the parametric shared frailty model to look at risk factors related to breast cancer
patients’ survival times. Hospitals, the location where women receive their medications, were used as frailty terms to fit
the four parametric baseline distributions with Gamma and inverse-Gaussian frailty distributions for the data set of breast
cancer patients. We discovered that the frailty component significantly contributed to the mode and that the variance of
the random effect was significant for all multivariable parametric shared frailty models based on the likelihood ratio test’s
examination of unobserved heterogeneity. AIC and BIC were also used to choose the Lognormal-Inverse Gaussian shared
frailty model. This shows that the model that best describes the breast cancer dataset is the lognormal-inverse Gaussian
shared frailty model.

Table 11 shows the final results for the lognormal-inverse-Gaussian shared frailty model. Age, histologic grade, type
of treatment, stage, tumor size, co-morbidities, and node status are found to be significant at the 5% significance level,
while marital status, place of residence, menopause, breastfeeding, and family history are not significantKeeping other
factors constant, the estimated acceleration factor of women aged 35 to 50 and above 50 years with breast cancer is 0.893
(95% CI: 0.821-0.982) and 0.880 (95% CI: 0.831-0.951), respectively, according to the Lognormal inverse-Gaussian
frailty model. Thus, the expected survival time for women with breast cancer patients aged 35 to 50 years and above 50
years decreases by 10.7% and 12%, respectively, when compared to women patients aged less than 35 years. The
estimated acceleration factor for women who received surgery and radiation is estimated to be 1.084 (95% CI:
1.032,1.196) and 1.074 (95% CI: 1.025,1.186) for each, respectively, based on our observation of the primary treatment
initiated by women with breast cancer patients, holding the effect of other factors constant. This suggests the expected
survival time is 8.4% and 7.4% higher than the reference group (chemotherapy). The women who had undergone both

Table Il Summary Result for the Final Log-Normal Inverse-Gaussian Frailty Models

Variable Category B SE(B) | & 95% CI P-value
Constant 2.534 | 0.725 12.6 | [11.32, 15.463] | 0.000
Age >35 Ref

35-50 —0.113 | 0.401 0.893 | [0.821,0.982] 0.024

250 —0.127 | 0.202 0.880 | [0.831, 0.951] 0.005

Chemo-therapy | Ref
Primary Surgery 0.081 0.173 1.084 | [1.032,1.196] 0.002
Treatment Radiotherapy 0.072 | 0.812 1.074 | [1.025,1.186] < 0.001
Initiated Hormonal 0.018 | 0.318 1.018 | [0.999,1.028] 0.071

> 2 Treatment | 0.063 0.176 1.065 | [0.991, 1.102] 0.123
Tumor Size <=2 cm Ref

2-5cm —0.126 | 0.201 0.882 | [0 0.860, 0.904] | 0.035

>5 cm —0.159 | 0.181 0.853 | [0.847, 0.932] 0.012
Co-morbidities No Ref

Yes —0.316 | 0.031 0.729 | [0.684, 0.813] 0.000
Node status Negative Ref

Positive —0.136 | 0.216 0.882 | [0.724, 0.913] 0.027

Unknown —0.031 | 0.218 0.969 | [0.801 1.483] 0.056
Histologic grade | | Ref

Il —0.031 | 0.021 0.969 | [0.993, 1.021] 0.081

11l —0.123 | 0.012 0.884 | [0.672, 0.913] 0.002
Stage | Ref

I —0.112 | 0.421 0.894 | [0.729, 1.189] 0.053

1] —0.201 | 0.324 0.818 | [0.701, 0.820] 0.001

v —0.254 | 00.297 | 0.776 | [0.711, 0.809] < 0.001
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radiotherapy and surgery did not have an acceleration factor within the 95% confidence interval. The p-value for both
scenarios is small (p-value = 0.002 and p-value = <0.001), suggesting that these women had a significant impact on the
survival time of breast cancer patients. The other treatment group did not significantly vary from the baseline, though, at
the 5% level of significance. The positive sign of the coefficients suggests that women who underwent surgery and
radiotherapy did better than those who got chemotherapy, and that the anticipated time required to treat breast cancer
increases in tandem with the lognormal survival time. On the other hand, the estimated acceleration factor for women
with breast cancer patients with tumor sizes ranging from 2 to 5 and above 5 cm is estimated to be 0.882 (95% CI: 0.860—
0.904) and 0.853 (95% CI: 0.847-0.932), respectively, taking into account the tumor size and holding other parameters
constant. Thus, for women with breast cancer, the anticipated survival time is decreased by 11.8% for those with a tumor
size of 2 to 5 cm and by 14.7% for those with a tumor size larger than 5 cm, in comparison to a tumor size of 2 cm. Given
the tiny p-values (p-value = 0.035 and p-value = 0.012), it may be concluded that patients’ survival times are significantly
influenced by both tumor sizes. The estimated acceleration factor for women with positive node status is estimated to be
0.882 (95% CI: 0.724, 0.913) when we look at the node status of breast cancer patients, holding the effect of other factors
constant. This means that the expected survival time is 11.8% lower for these women than for those with negative node
status. The p-value is low (p-value = 0.027), suggesting that women with positive node status had a substantial impact on
the survival time of women with breast cancer. The 95% confidence interval for the acceleration factor of women’s
positive node status did not contain one. When co-morbidities are taken into account and other covariates are controlled
for the estimated acceleration factor for these women is 0.729 (95% CI: 0.684, 0.813), meaning that their anticipated
survival time is 27.1% shorter than that of women without co-morbidities. The length of patient survival is significantly
impacted by these females with the co-morbid illness. In contrast, the estimated acceleration factor for patients with
histologic grade III is estimated to be 0.884 [95% CI: 0.672, 0.913] for those patients, assuming that all other factors
remain constant. This suggests that the expected survival time for these patients is 11.6% shorter than that of women with
histologic grade I, while histologic grade II is negligible in comparison to grade I. Lastly, the estimated acceleration
factor for stages III and I'V of breast cancer in women is estimated to be 0.818 (95% CI: 0.701-0.820) and 0.776 (95% CI:
0.711-0.809), respectively, holding the influence of other factors constant. As a result, for women in stages III and IV of
the disease, respectively, the anticipated survival time drops by 18.2% and 22.4% when compared to stage 1. Stage III and
stage IV of breast cancer have a significant impact on the survival time of women with breast cancer compared with
patients who were in stage I, as evidenced by the small p-values (p-value = 0.001 and p-value =<0.001) and the absence
of an acceleration factor in the 95% confidence interval for those three stages of the disease. However, stage II did not
significantly vary from the reference group (stage I) at the 5% level of significance.

Discussion
In this work, we used data from three referral hospitals in the Amhara area of Ethiopia to develop parametric shared
frailty models, compare breast cancer survival times, and look at determining factors affecting breast cancer survival
times. A model with a low AIC was deemed to be the best in this study, which used the AIC criteria for comparison.'®
We first used the non-parametric Kaplan—-Meier method to analyze the breast cancer data, and then we did parametric
univariate and multivariate approaches. We modeled the data using exponential, Weibull, log-logistic, and log-normal
models in parametric survival modeling. Age, histologic grade, type of treatment received, stage, tumor size, co-
morbidities, node status, place of residence, menopause, and family history were all significant predictive factors for
survival time in all univariate analyses of the AFT model patients. However, marital status and 396 family history were
not significant at the 10% level of significance. Following a log-normal AFT analysis of the given data set, parametric
shared frailty models were fitted by assuming an inverse-Gaussian distribution for frailty terms. In general, known
variables cannot account for every variation in survival time. Frailty is the effect of unobserved variables on a patient’s
risk'? since patients in the same hospital relatively have some shared factors such as treatment methods, treatment teams,
environment, and therapeutic equipment cause a correlation between patients at each hospital. The effect of clustering
(unobserved heterogeneity) between the clusters was assessed using the likelihood ratio test, and the results revealed that
the variance of the random term is statistically significant at the 5% level of significance in all shared models with all
baselines. This showed that we have to include the effect of random terms in the models since the unobserved
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heterogeneity within regions cannot be ignored. A log-normal inverse-Gaussian distribution shared frailty model was
selected based on AIC values. The frailty model aims to assess reliance or correlation within the same hospitals in
addition to accounting for variation across various hospitals. Hospital dependence, as determined by Kendall’s tau (1)
(0.564), peaked at the highest values of (0.831). Lastly, a comparison was made between the two models: log-normal
inverse-Gaussian shared frailty and log-normal AFT. The introduction of frailty components led to modest improvement
in the parameter estimates, but overall the results from the AFT and frailty models were rather similar. Compared to the
log-normal AFT model, the log-normal inverse-Gaussian frailty model provided a superior fit for the breast cancer
dataset. The results of this study showed that patients’ age significantly influences their breast cancer survival time,
which gets shorter as they age. As controlling for other variables, the estimated survival time for women with breast
cancer patients falls by 10.7% and 12%, respectively, for those who are 35 to 50 years old and above 50 years old, as
compared to those who are 422 years old or younger. This result is comparable to a study by,?’ which demonstrates that
the anticipated survival duration of patients with breast cancer fell by 14.20% and 17.70% for women between the ages
of 31 and 49 and 50 and above 50 compared with women with patients under 30 years of age. Age bracket above 35:
Survival duration shortens. This is due to the fact that there are more opportunities for genetic harm (mutations) in the
body the longer we live. Furthermore, our bodies’ capacity to repair genetic damage decreases with age (428).%'

Our research also demonstrates that a woman’s survival time after being diagnosed with breast cancer is significantly
influenced by her cancer’s stage. The anticipated life times for patients with stages III and IV are, respectively, 18.2% and
22.4% shorter than those of the reference group (stage I) when all other parameters are held constant. This suggests that
patients in stages I, II, and I'V have shorter survival times. In this study, overall survival declines with increasing clinical
stage, which is also consistent with.** In a similar vein, studies conducted in Ghana discovered that patients with disease
in its early stages (stages I and II) at diagnosis have a better prognosis than those with later stages (III & IV).*® This
result is also similar to a study done in India;** that shows the survival time of stage I and stage II breast cancer patients
are similar, but the survival time of stage III and stage IV patients is lower. This study is similar to another one,?* which
is slightly higher but still consistent in demonstrating that, when comparing stages II, III, and IV to stage I, the expected
survival time for women with breast cancer decreases by 42.90%, 53.20%, and 60.30%. Women with breast cancer who
had tumors 2.5 cm or larger lived shorter lives than those whose tumors were smaller than 2 cm, despite the fact that
there was a negative link between tumor size and survival time. Most of the studies have reported a statistically
significant association between tumor size and survival time.”*?*> According to the study’s findings, the estimated
acceleration factor for female breast cancer patients with tumor sizes between 2 and 5 cm and larger is estimated to
be 0.882 and 0.853, holding the influence of other parameters constant. Therefore, compared to patients whose tumors
are smaller than 2 cm, the expected survival time for women with breast cancer decreases by 11.8% for tumors ranging
from 2 to 5 cm and 14.7% for tumors larger than 5 cm. This suggests that both tumor sizes have a significant impact on
the survival time of women with breast cancer. This result is also in agreement with the finding in Iran*® which notes that
the size of the tumor and the number of nodes involved are significantly associated with survival time. This is also
consistent with previous research showing that the expected survival time for breast cancer patients decreases by 8.50%
for tumor sizes between 2 and 5 cm and by 9.40% for tumor sizes larger than 5 cm when compared to women with breast
cancer patients whose tumors are smaller than 2 cm.?’** The anticipated survival time is 11.8% shorter for women with
positive node status than for those with negative node status, despite the fact that positive node status also has
a substantial impact on breast cancer. Additionally, this outcome is in line with.?* The finding that women with positive
lymph node status had a shorter survival time than those with negative node status is also in line with this; having cancer
cells in the lymph nodes under your arm suggests a higher risk of the disease spreading and a shortened survival period
for breast cancer. The study’s findings also imply that, for patients with histologic grade III, the estimated acceleration
factor is estimated to be 0.884; this means that, compared to women with histologic grade I, the expected survival time
increased by 11.6%, indicating that the survival period of these patients was prolonged. The majority of research has
shown a statistically significant correlation between patients’ histologic grades and survival times.”® As a result, co-
morbidities conditions also significantly impacted patients’ survival times; women with co-morbidities conditions may
anticipate to live 27.1% shorter lives than women without co-morbidities conditions. This is also consistent with the
findings of a prior study®’ in Canada which found that those with co-morbidities had a shorter survival duration.
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Nevertheless, we found that radiation and surgery were highly important predictors of a patient’s length of survival with
breast cancer. The anticipated survival duration increased by 7.4% and 8.4% in comparison to the chemotherapy
reference group. This finding was similar to other studies.?’-*®

A study®’ conducted at UMMC showed that women who received surgery had a longer survival period. Meanwhile,
a meta-analysis conducted in India®® also showed that surgical and radiotherapy treatment was associated with a longer
survival time. On the other hand, this study showed no evidence of a significant correlation between the patients’ survival
time with breastfeeding or family history. Most studies reported a statistical association between family history and breast
cancer survival time.?*~"*? This finding, however, is in line with the results of an earlier, comparable study carried out in
Vietnam, which discovered no meaningful correlation between family history and breast cancer survival time.*?
Breastfeeding was also insignificant in this study, this result was consistent with the results of studies conducted in
Brazil,** but this contradicts with the findings of the research in India.>* Further research using high-level methodologies
may be required to investigate the link between family history, breastfeeding, and breast cancer survival time. The
lognormal-inverse Gaussian shared frailty model also showed that menopause and place of residence were additional

covariates not significantly associated with survival time which was inconsistent with the result of.*®

Conclusions

A study found that 38.48% of 632 women who started breast cancer treatment died at the end of the study. Women with
FHRH had a higher chance of survival than those treated in UoGCSH and DRH. The study looked at different therapies,
including surgery, radiation, chemotherapy, hormone therapy and combinations of treatments. Patients who were treated
with surgery and radiation had a higher chance of survival than those who were treated with more than two treatments
together. The study found that age at diagnosis, lymph node status, histological grade, type of main therapy, tumor size,
comorbidities and stage were significant predictors of patient survival. The cluster effect, or unobserved heterogeneity
between hospitals, was a key factor in predicting survival time. This study’s limitations could be addressed by enhancing
the comprehensiveness of findings through a prospective design and conducting a follow-up study to identify additional
predictors of survival time, including financial concerns, treatment adherence, and social and healthcare-related factors.
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