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Background: Early adjuvant chemotherapy improves the outcomes of breast cancer patients 
by increasing the benefit provided by the cytotoxic systemic therapies. Despite these, the 
recommended time to adjuvant chemotherapy and its predictors is very limited. Therefore, 
this study was determining the time to adjuvant chemotherapy and its predictors among 
women with breast cancer at the University of Gondar Comprehensive Specialized Hospital.
Methods: An institution-based retrospective follow-up study was conducted at the 
University of Gondar Compressive Specialized Hospital from January 2015 to 
February 2019 among all women with breast cancer. Stata version 14 was used for data 
analysis. A stratified Cox regression model was fitted to identify the potential predictors. The 
adjusted hazard ratio (AHR) with a 95% confidence interval (CI) was reported to show the 
strength of the association. Cox–Snell residual test was used to check the goodness of fit.
Results: In this study, the median time to adjuvant chemotherapy was 67 days with an 
interquartile range of 34–102 days. More than three-fourth (79.9%) of patients received 
chemotherapy after 30 days. Of the total, 96.6% of patients with co-morbidity received 
adjuvant chemotherapy after 30 days. Regarding surgical complications, 97.0% of the 
patients with a surgical complications were received adjuvant chemotherapy after 30 days. 
Older patients (AHR= 0.34, 95% CI: 0.16,0.71), presence of co-morbidity (AHR= 0.43, 95% 
CI: 0.29, 0.62), positive surgical margin (AHR= 0.40, 95% CI: 0.25, 0.64), and presence of 
surgical complication (AHR= 0.55, 95% CI: 0.34, 0.88) were significantly associated with 
delayed time to adjuvant chemotherapy.
Conclusion: In this study, time to adjuvant chemotherapy among women was longer. Age, 
co-morbidity, surgical complications, and margin status were significant predictors of time to 
adjuvant chemotherapy. Close follow-up is important for women with surgical complica
tions, co-morbidities, elder patients, and patients with a positive margin.
Keywords: adjuvant chemotherapy, breast cancer, survival analysis, Gondar

Background
Globally, breast cancer (BC) is the most common malignant tumor in women and 
causes about 1.7 million new cases (11.9% of total cancer cases) and over half 
a million deaths annually. In developing countries, the incidence of BC has gradu
ally increased.1–4 According to 2016 global cancer statistics, it is the most common 
type of cancer and the second leading cause of death in women.5
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In Ethiopia, cancer contributes about 5.8% of the total 
deaths. Breast cancer is the leading cause of cancer and 
contributes to 30.2% of cancer cases.1 In Tikur Anbessa 
Specialized Hospital a total of 16,622 new cases of cancer 
were registered between 1997 and 2012. Of these, about 
20.8% of new cases were BC patients with an annual 
incidence of 216 cases.6

Adjuvant chemotherapy (AC) is commonly used to 
improve outcomes of patients with breast cancer particularly 
to patients with large primary tumors, estrogen receptor (ER) 
negative, high-grade tumors, and with the invasion of lymph 
nodes.3,7,8 Adjuvant chemotherapy is routinely recom
mended to 60–80% of breast cancer patients after surgery9 

and decreases 30–40% risk of death.10

The time between surgery and the first adjuvant che
motherapy would appear to have an impact on overall 
survival (OS) and disease-free survival (DFS) in patients 
with BC.3,7,8,11–18 However, the selected cutoff points for 
the definition of early and delayed start of adjuvant che
motherapy were differed. For example, studies showed 
that a three-month or longer delay between surgery and 
adjuvant chemotherapy can decrease the survival of 
patients with BC.7,14–16,18 On the other hand, an interval 
between surgery and the start of chemotherapy >60 days 
was associated with poor outcomes of breast cancer.11,17 

Moreover, a recent meta-analysis showed that a 4-week 
increase in TAC was associated with an increase of 4–8% 
of death among BC patients.19 Another systematic review 
and meta-analysis indicated that a 4-week increase in time 
to initiation of AC led to a significant decrease of 15% of 
overall survival of breast cancer patients.9 Although the 
optimal time to adjuvant chemotherapy administration for 
patients with breast cancer is not precisely defined, early 
initiation of AC improves the survival of BC patients 
through increasing the benefit provided by cytotoxic sys
temic therapies by preventing accelerated growth of 
micro-metastases, increased tumor angiogenesis, or devel
opment of primary resistance has been hypothesized.3,7,20

According to different pieces of literature lack of finan
cial issues, lack of knowledge of breast cancer, late pre
sentation or trying to access affordable medical care,1,21 

age,21–24 residence,14,21,25,26 body mass index,23,27 marital 
status,14,24 year of diagnosis,22,25 type of surgery,14,24,26 

stage of cancer,14,22,24 co-morbidities,14,21–23,27 number of 
excisions,21,23 tumor grade,23 surgical complication,21 and 
surgical margin status21 were predictors of TAC.

Despite there are several studies in developed nations, 
still there is a limited information on time to adjuvant 

chemotherapy and its predictors in developing countries 
including Ethiopia. Moreover, previous studies done on 
TAC and its predictors were focused on the categorical 
outcome that does not show the exact time to AC, but this 
study is able to determine time to adjuvant chemotherapy.

Methods
Patients and Data Collection
An institution-based retrospective follow-up study was 
conducted among all women with breast cancer and who 
underwent surgery and treated at the University of Gondar 
Compressive Specialized Hospital between January 1, 
2015, and February 1, 2019. The Hospital is located in 
the North Gondar administrative zone, Amhara National 
Regional State, which is 180 km far from Bahir Dar (the 
capital city of the region) and 727 Km from Addis Ababa, 
which is the capital city of Ethiopia. In Ethiopia next to 
Tikur Anbessa Specialized Referral Hospital, the 
University of Gondar Compressive Specialized Hospital 
is the second oldest Hospital by starting cancer treatment 
and follow-up service. The Hospital was started cancer 
treatment and follow-up service since January 2015. It 
has outpatient and in-patient departments to provide the 
service.

Medical records with incomplete data on date of sur
gery or date of the first dose of adjuvant chemotherapy and 
patients treated with neoadjuvant chemotherapy before 
adjuvant chemotherapy were excluded from this study 
(Figure 1).

Three BSC degree public health officers collected the 
data and one medical doctor and principal investigator 
supervised the overall process. Initially, breast cancer 
patients were identified from other types of cancer patients 
using medical records/cancer registers. Then, data extrac
tion was made using an English version extraction check
list from all eligible women with breast cancer. Adjuvant 
chemotherapy was defined as systemic cancer-directed 
chemotherapy given after surgery and before any 
recurrence.

Variables Definitions
The response variable was time to adjuvant chemotherapy 
which is defined as a time in days between surgery to the first 
dose of chemotherapy. Independent variables included in this 
study were: type of surgery (breast conserving surgery (BCS) 
and mastectomy), age at diagnosis, body mass index (BMI; 
<18.5 kg/m2 “underweight”, 18.5–25 kg/m2 “normal”, 
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>25 kg/m2 “overweight”), American Joint Committee on 
Cancer stage at diagnosis (TMN) criteria28 was used to 
classify stage of cancer as I, II, III and stages IA and IB 
were categorized as stage I, stages IIA and IIB was collapsed 
as stage II, and stages IIIA, IIIB and IIIC were collapsed as 
stage III, number of lymph nodes involved (0, 1–3, >3); co- 
morbidity was defined as the presence of one of the condi
tions (congestive heart failure, respiratory diseases, acute 
myocardial infarction, liver disease, diabetes, renal disease, 
HIV/AIDS or another type of cancer) was denoted as “yes‟, 
while the absence of these conditions was denoted as “no‟, 
which was collected using the Charlson co-morbidity 
index,29,30 residence, marital status, histological grade, year 
of diagnosis, margin status, number of excision was defined 
as the number of ipsilateral excisional procedures performed 
on separate days before initiation of adjuvant chemotherapy 
(1 and 2), and surgical complication was defined as the 
presence of one of the seroma, hematoma, lymphedema or 
surgical wound infection was recorded as “yes” and absence 
of these conditions was recoded as “no”.

The event was defined as women with breast cancer 
who take either cyclophosphamide, 5-fluorouracil, 
Adriamycin, or combination of cyclophosphamide and 
Adriamycin during follow-up period. Breast cancer 
patients who did not take any form of adjuvant chemother
apy at the end of the follow-up period and those who died 
lost to follow-up, and transfer to another care unit during 
the study before taking adjuvant chemotherapy were 
defined as censored.

Statistical Analysis
Data was entered into Epi-data version 3.1 software and 
transferred to Stata version 14 for statistical analysis. 
Descriptive statistics were performed and presented using 
tables, graphs, and texts. Time to adjuvant chemotherapy 

was calculated by subtracting the date of surgery from the 
date of the event occurred (adjuvant chemotherapy 
started). Time to adjuvant chemotherapy was measured 
and coded as 1 for event and 0 for censored.

Kaplan–Meier survival curve was used to estimate the 
overall survival and comparison among groups was made 
by the Log-rank test. Variables with p-value <0.2 in the bi- 
variable analysis were included in the multivariable analy
sis. The adjusted hazard ratio (AHR) with a 95% confidence 
interval (CI) was reported to show the strength of associa
tion. The Cox-proportional hazard model assumption was 
checked by graphical methods and Schoenfeld residual 
tests. However, in the Schoenfeld residual test number of 
excision violated the proportional hazards assumption. 
Then, the model was stratified by the number of excisions. 
Hence, stratified Cox regression with interaction and with
out interaction was compared by log-likelihood test and 
parsimonious model was selected. Cox–Snell residual test 
was used to check the goodness of fit. Finally, the Stratified 
Cox regression model without interaction was fitted to 
identify the predictors of adjuvant chemotherapy. In this 
study, a hazard ratio (HR) >1 for a particular group indicates 
that chemotherapy was initiated earlier in that group com
pared with the reference, whereas a HR <1 indicates that 
chemotherapy was delayed in that group compared with the 
reference category.

Results
Background Characteristics of the Study 
Participants
In this study, a total of 202 BC patients were included in the 
final analysis. The mean age of participants at the time of 
diagnosis was 48.17 years with SD ± 15.02 years. Of all, 
147 (72.77%) of patients were married and 163 (82.3%) 
were orthodox by religion. More than two-thirds, 141 

Excluded from study

All breast cancer patients who 
were follow up (N=264) Clients had not undergone surgery=26

Had neo adjuvant chemotherapy=15

Clients who have incomplete data=8

Whose medical charts were not found=8

Male clients=5
Total number of BC included in 
a study (n=202)

Figure 1 Flowchart of medical record abstraction procedure.
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(69.8%) of the women were at clinical stage III breast 
cancer at the time of diagnosis. The majority, 181 
(89.60%) of patients had mastectomy surgery. Fifty-nine 
(29.21%) of the women with breast cancer were living 
with additional co-morbidity. Of these, 44.1% of them had 
cardiovascular diseases which followed by respiratory 
diseases (27.1%). Thirty-three (16.3%) of the study partici
pants had a surgical complication. Of these, around two- 
thirds (63.5%) of them had surgical wound infections 
(Table 1).

Time to Adjuvant Chemotherapy and 
Comparison Survival Functions Among 
Different Categories of Breast Cancer 
Patients
Kaplan–Meier survival function was used to show the exis
tence of survival difference between categorical variables. 
Accordingly, the KM curve plots for BC patients with co- 
morbidity were higher than patients without co-morbidity. 
These showed that BC patients with and without co- 
morbidity had different survival experience (Figure 2). 
Breast cancer patients with and without surgical complica
tions had different survival experiences (Figure 3).

The median time to adjuvant chemotherapy among BC 
patients was 67 days (95% CI 55.76, and interquartile 
range of 34–102). A Log-rank test was performed to test 
the equality of survival among the groups. In this study, 
the survival time among categories of co-morbidity, surgi
cal complication, surgical margin status, age, type of sur
gery, and lymph node involvement were significantly 
different. Of the total, 96.6% of patients with co- 
morbidity received adjuvant chemotherapy after 30 days. 
Regarding surgical complications, 97.0% of patients with 
surgical complications were received adjuvant chemother
apy after 30 days (Table 2).

Assessing the Proportional Hazard 
Assumption
A Cox PH model assumes that the hazard ratio comparing 
any two specifications of independent variables is constant 
over time. Equivalently, this suggests that the hazard for one 
category is proportional to the hazard for any other category, 
where the proportionality constant is independent of time.

To assess the PH assumption plot of -ln [- ln(survival 
probability) versus ln of survival time was done for co- 
morbidity and number of excision. As it is observed from 
the graph of co-morbidity, the hazards did not cross and 

which means that the proportional hazard assumption was 
satisfied (Figure 4). On the other hand, the graphs cross each 
other between categories of a number of excisions. This indi
cated that the proportional hazard assumption was not satisfied 
(Figure 5). Even if the hazard functions do not cross, it is 
possible that the PH assumption is not satisfied. The goodness 
of fit (GOF) approach provides a single test statistic for each 
variable being assessed. Therefore, the global test of the pro
portional-hazards assumption based on the Schoenfeld resi
duals was done. A significant p-value suggests that the PH 
assumption is not met. Based on GOF, all variables except 
a number of excisions (P=0.04) satisfies the proportional 
hazard assumption (Table 3).

Model Selection
After the proportional hazard assumption was checked the 
most parsimonious model was chosen using the Log- 
likelihood ratio test. Since the number of excisions vio
lated the proportional hazards assumption (p=0.04), the 
models were stratified according to the number of excision 
variable. Hence, stratified Cox regression model with and 
without interaction was compared by the log-likelihood 
test and the parsimonious model was selected. Based on 
the comparison technique used the Stratified Cox regres
sion model without interaction was found to be the appro
priate model (p=0.052 at a degree of freedom=1). 
Interpretations and conclusions were thus being based on 
the stratified Cox model with no interaction assumption.

In multivariable model age, co-morbidity, margin status, 
and surgical complications were found to be significant pre
dictors for TAC among BC patients at a 5% level of signifi
cance. The hazard of starting adjuvant chemotherapy was 
decreased by 66% (AHR= 0.34, 95% CI: 0.16–0.71) among 
age >70 BC patients than the age<40 BC patients. The hazard 
of starting adjuvant chemotherapy was decreased by 57% 
(AHR= 0.43, 95% CI: 0.29, 0.62) among BC patients with 
co-morbidity than BC patients without co-morbidity. The 
hazard of starting adjuvant chemotherapy was decreased by 
45% (AHR= 0.55, 95% CI: 0.34, 0.88) among BC patients 
with surgical complications than BC patients without surgi
cal complications. The hazard of delay of adjuvant che
motherapy was increased by 60% (AHR= 0.40, 95% CI: 
0.25, 0.64) among women with a positive surgical margin 
than those women with a negative surgical margin (Table 4).

Goodness of Fit
To check the goodness of fit, the Cox–Snell residuals 
(together with their Nelson-Aalen cumulative hazard 

Zeleke Alem et al                                                                                                                                                   Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                           

Breast Cancer: Targets and Therapy 2020:12 100

http://www.dovepress.com
http://www.dovepress.com


function) were obtained from fitting stratified Cox model. 
The figure shows that the plot of the Nelson–Aalen cumu
lative hazard function against Cox–Snell follows the 45° 
line closely. Hence, the graph showed that Cox–Snell 
residual was satisfied with the overall model fitness 
(Figure 6).

Discussion
In this study, the median time to start adjuvant chemother
apy was 67 days (95% CI 55.76). Age, co-morbidity, 
surgical complication, and margin status were predictors 
of time to adjuvant chemotherapy among BC patients. 
This finding is higher than studies conducted in Egypt 
(35 days),21 United States (46 days),7 Turkey (21 
days),13 New Zealand (49 days),25 Italy (38 days),12 and 
Canada (44 days).31 The possible explanations for this 
difference could be an increase in cancer incidence with 
disproportionately smaller increases in resources for can
cer treatment and differences in healthcare. Even though 
the burden of cancer cases is increasing in Ethiopia, the 
health systems in the country have traditionally concen
trated on the control of communicable diseases. The coun
try has few cancer specialists and treatment centers. This 
makes it difficult for a great majority of the population to 
access cancer treatment services, which results in a long 
waiting time to get the service.6 Another possible explana
tion could be more than one-fourth (27%) of breast cancer 
patients in this study could not pay for chemotherapy 
because of the expensiveness of the treatment since the 
service was not exempted.

However, this study had a shorter duration of com
mencement of adjuvant chemotherapy compared with 
a study conducted in Brazil (137 days).32 This could be 

Table 1 Characteristics of Women with Breast Cancer at the 
University of Gondar Compressive Specialized Hospital

Variables Frequency Percent

Residence
Urban 100 49.5

Rural 102 50.5

Religion
Orthodox 163 82.3
Muslim 30 15.2

Protestant 5 2.5

Marital status
Single 30 14.8
Married 147 72.8

Divorced 8 3.9

Windowed 17 8.5

Stage
I 22 10.9
II 39 19.3

III 141 69.80

Histological grades
Well-differentiated 42 20.8

Moderately differentiated 79 39.1
Poorly differentiated 81 40.1

Co-morbidity
No 143 70.8

Yes 59 29.2

Margin status
Positive 32 15.8

Negative 170 84.2

Number of excisions
One 183 90.6
Two 19 9.4

Surgical complication
No 169 83.7

Yes 33 16.3

Type of surgery
BCS 21 10.4

Mastectomy 181 89.6

Number of LN involved
0 47 23.3
1–3 85 42.1

>3 70 34.6

Body mass index
Underweight 39 19.5
Normal 117 58.5

Overweight 44 22.0

(Continued)

Table 1 (Continued). 

Variables Frequency Percent

Year of diagnosis
2015 21 10.6

2016 37 18.7
2017 67 33.8

2018 69 34.8

2019 4 2.1

Ability to pay for treatment

No 54 26.7
Yes 148 73.3
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due to the majority of breast cancer women were diag
nosed with advanced-stage (stage III) in this study, but in 
Brazil, most of the women were stage I. In fact, stage 
I BC patients were more likely to have delays in adjuvant 
chemotherapy administration.7 Even though the optimal 
timing of chemotherapy initiation is controversial, find
ings from systematic and meta-analysis recommended 
that adjuvant chemotherapy should preferably start within 
30 days.9,19 Integrating the multidisciplinary team primar
ily in the process of diagnosis and treatment of breast 
cancer patients would reduce the time to initiating 

adjuvant chemotherapy. This evidence was supported by 
asystematic review which showed that a multidisciplinary 
team caring for the patient optimizes the work and 
improves the outpatient and Hospital management.33

Advanced age (>70 years) was a significant predictor 
for delayed adjuvant chemotherapy. This is in line with 
previous studies conducted from the National 
Comprehensive Cancer Network databases showing that 
older patients are less likely to receive adjuvant 
chemotherapy.14,22,23 Besides, another study conducted in 
China showed older age has resulted in delayed initiation 

Figure 2 Kaplan–Meier survival curves for women with BC among co-morbidity categories.

Figure 3 Kaplan–Meier survival curves compare TAC in women with BC among surgical complication categories.
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Table 2 Survival Time and Log Rank Test for Different Categorical Variables of Breast Cancer Patients at University of Gondar 
Compressive Specialized Hospital from Jan 2015 to Feb 2019

Variables Adjuvant Chemotherapy Median time in days (95% CI) Log-rank p-value

Event 
N (%)

Censored N (%) <30 days 
N (%)

≥31 days 
N (%)

Age
<40 75(85.2) 13(14.8) 33(37.5) 55(62.5) 51 (35-63) <0.001

40-54 43(95.5) 2(5.5) 3(6.7) 42(93.3) 60 (48-74)

55-70 48(92.3) 4(7.7) 7(13.5) 45(86.5) 85 (59-99)

>70 11(64.7) 6(36.3) 1(5.9) 16(94.1) 129(115- -)

Residence
Urban 89(89.0) 11(11.0) 20(20.0) 80(80.0) 71 (58-88) 0.41

Rural 93(91.2) 9(8.8) 23(22.5) 79(77.5) 60 (50-75)

Marital status
Single 25(83.3) 5(16.7) 11(39.3) 17(60.7) 68 (37-106) 0.53

Married 130(88.4) 17(11.6) 26(17.6) 122(82.4) 65 (52-75)

Divorced 7(87.5) 1(12.5) 5(27.8) 13(72.2) 74 (11- -

Windowed 15(88.2) 2(11.8) 1(12.5) 7(87.5) 88 (29-129)

Stage
I 20(90.9) 2(9.1) 5(22.7) 17(77.3) 76 (34-93)

II 32(86.5) 7(13.5) 12(30.8) 27(69.2) 47 (36-75) 0.19

III 125(88.7) 16(11.3) 26(18.4) 115(81.6) 69 (59-86)

Histological grades
Well-differentiated 36 (85.7) 6(14.3) 12(28.6) 30(71.4) 50 (36-76) 0.68

Moderately differentiated 69(87.3) 10(12.7) 14(17.7) 65(82.3) 59 (47-75)

Poorly differentiated 72(88.9) 9(11.1) 17(21.0) 64(79.0) 77 (62-88)

Co-morbidity
No 127(88.8) 16(11.2) 41(28.7) 102(71.3) 49 (41-60) <0.001

Yes 50(84.7) 9(16.3) 2(3.4) 57(96.6) 101 (82-121)

Margin Status
Positive 28(87.5) 4(12.5) 2(6.3) 30(93.7) 99 (75-142) <0.001

Negative 149(87.6) 21(12.4) 41(24.1) 129(75.9) 58 (48-70)

Number of Excisions
One 159(86.9) 24(13.1) 40(21.9) 143(78.1) 61 (51-74) 0.19

Two 18(94.7) 1 (5.3) 3(15.8) 16(84.2) 107 (86-121)

Surgical complication
No 150(88.8) 19(11.2) 42(24.8) 127(75.6) 56 (47-67) <0.001

Yes 27(81.8) 6(18.2) 1(3.0) 32(97.0) 115 (88-129)

Type of surgery
BCS 17(90.0) 4 (10.0) 9(42.9) 12(57.1) 39 (29-56) 0.02

Mastectomy 160(88.4) 21(11.6) 34(18.8) 147(81.2) 70 (60-82)

Number of LN involved
0 39(83.0) 8(17.0) 16(34.0) 31(66.0) 48 (36-74) 0.03

1-3 75(88.2) 10(11.8) 16(18.8) 69(81.2) 67 (52-80)

>3 63(90.0) 7 (10.0) 11(15.7) 59(84.3) 86 (59-102)
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of adjuvant chemotherapy on breast cancer survival.24 

This finding is also in agreement with a study conducted 
in Egypt.21 This could be due to advanced age may be 
related to a higher prevalence of postoperative complica
tions and co-morbidities. Another plausible explanation 
may be due to financial issues. This study result revealed 
that only 47.0% of elderly (>70 years) patients could pay 
for treatment, but more than three-fourth (78.4%) of 

patients <40 years could pay for treatment and limited 
mobility of elderly patients.

In this study, co-morbidity was a significant predictor 
associated with delayed TAC. This finding is in line with 
retrospective studies conducted in the United States22,23 

and Egypt.21 This could be due to patients with co- 
morbidities are challenged for decision-making regarding 
the use and selection of adjuvant chemotherapy34 and the 

Figure 4 Proportional hazard plot by co-morbidity categories among women with BC.

Figure 5 Proportional hazard plot by number of excision among BC patients.
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financial burden from health care costs and fear of burden 
of pill burden from both conditions that make the treat
ment duration is longer among patients with additional co- 
morbidities. Moreover, BC patients with co-morbidities 
are more likely to need an increased time to recover 
from surgery.

The presence of surgical complications was another 
predictor associated with a delayed time of adjuvant che
motherapy. This finding is comparable with a retrospective 
study conducted in Egypt.21 This could be chemotherapy 
could affect the blood-forming cells of bone marrow, 
which decreases immunity by minimizing white blood 
cell counts.

Women with positive surgical margin was another pre
dictor significantly associated with delayed time to adju
vant chemotherapy. This finding is supported by 
a retrospective study conducted in Egypt.21 This could be 
breast cancer patients with positive surgical margins were 
more likely to undergoes surgery to remove any remaining 
cancerous cells.

This study may give insight for future researchers and 
policymakers on TAC and its predictors among breast 
cancer patients to avoid unnecessary delay. Assessment 
of predictors of delay of adjuvant chemotherapy is impor
tant; they may indicate areas to be targeted for interven
tions aimed at improving outcomes for women with 
breast cancer. The limitation of this study was breast 
subtype, educational status, and wealth index which 
were significant in other studies were not assessed due 
to the retrospective nature of the data. Besides, this study 
does not address the effect of timing of initiation of 

adjuvant chemotherapy over survival outcomes in breast 
cancer that is important for clinicians and public health 
experts.

Conclusion
Time to adjuvant chemotherapy was longer. Advanced 
age, presence of co-morbidity, presence of surgical com
plications, and positive margin status were predictors of 
delayed time to adjuvant chemotherapy. It is better to 
emphasize surgery to reduce surgical complications and 
to avoid remaining cancerous cells’ positive margins. It is 
better to give greater attention to breast cancer patients 

Table 3 Test of Proportional Hazard Assumption Based on 
Schoenfeld Residuals for the Covariates Among Breast Cancer 
Patients at University of Gondar Compressive Specialized 
Hospital from Jan 2015 to Feb 2019

Variables Rho chi2 Df Prob>chi2

Age 0.00780 0.01 1 0.9182
Number lymph node 0.00370 0.00 1 0.9593

Surgery type 0.04724 0.42 1 0.5182

Residence 0.08083 1.25 1 0.2642
Stage −0.02865 0.15 1 0.6963

Co-morbidity 0.08290 1.16 1 0.2815
Margin Status −0.00251 0.00 1 0.9730

Number of excision 0.14730 4.13 1 0.0421*

Surgical complication 0.06091 0.72 1 0.3950
global test 11.51 10 0.3195

Note: *PH assumption not satisfied.

Table 4 Bi-Variable and Multivariable Stratified Cox Regression 
Analysis of Women with Breast Cancer Patients at University of 
Gondar Compressive Specialized Hospital from Jan 2015 to 
Feb 2019

Variables CHR (95% CI) AHR(95% CI)

Age
<40 1 1

40–54 0.81(0.55–1.18) 1.06(0.72–1.57)

55–70 0.62(0.43–0.90) 0.95(0.63–1.44)
>70 0.20(0.10–0.40) 0.34(0.16–0.71)**

Residence
Urban 1 1

Rural 1.36(1.01–1.84) 1.22(0.88–1.68)

Stage
I 1 1
II 1.40(0.80–2.46) 0.96(0.47–1.92)

III 0.98(0.61–1.58) 1.02(0.61–1.71)

Co-morbidity
No 1 1

Yes 0.39(0.27–0.55) 0.43(0.29–0.62)**

Margin status
Negative 1 1
Positive 0.42(0.27–0.65) 0.40(0.25–0.64)**

Surgical complication
No 1 1

Yes 0.45(0.30–0.68) 0.55(0.34–0.88)*

Type of surgery
BCS 1 1

Mastectomy 0.55(0.33–0.91) 0.96(0.51–1.78)

Number of LN involved
0 1 1
1–3 0.67(0.46–1.01) 1.06(0.64–1.74)

>3 0.58(0.38–0.87) 0.77(0.46–1.29)

Notes: *P value<0.05. **P value<0.01
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with co-morbidity and older patients to reduce the delay of 
adjuvant chemotherapy.

Abbreviations
AC, adjuvant chemotherapy; BMI, body mass index; BC, 
breast cancer; BCS, breast-conserving surgery; NCCN, 
National Comprehensive Cancer Network; TAC, time to 
adjuvant chemotherapy.
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