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abstract

PURPOSE It is established that addition of systemic therapy to locoregional treatment for breast cancer improves
survival. However, reliable data are lacking about the outcomes of such treatment in women with breast cancer
in low middle-income countries. We compared the outcomes of treatment in patients who had received
neoadjuvant chemotherapy (NACT) or adjuvant chemotherapy and examined the factors associated with breast
cancer recurrence and survival at the National Radiotherapy Oncology and Nuclear Medicine Centre, Korle Bu
Teaching Hospital, Ghana.

METHODS This was a retrospective cohort study. The medical charts of women with breast cancer managed at
the National Radiotherapy Oncology and Nuclear Medicine Centre from 2005 to 2014 were reviewed. A total of
388 patients with a median follow-up of 48 months were included in the study. Logistic regression was used to
estimate the risk of recurrence. Survival was estimated using cox proportional hazards model. All models were
adjusted with clinicopathologic variables. A P value of , .05 was considered statistically significant.

RESULTS Fifty-nine percent received adjuvant chemotherapy. In an adjusted logistic model, no difference was
observed in locoregional recurrence between patients receiving NACT compared with those receiving adjuvant
chemotherapy (odds ratio = 1.05; 95% CI, 0.44 to 2.47). However, NACT recipients had a higher likelihood of
distant recurrence (odds ratio = 1.97; 95% CI, 1.24 to 3.15). In a multivariable analysis, no differences were
observed in overall survival between the two chemotherapy groups (hazard ratio = 1.43; 95% CI, 0.91 to 2.26).

CONCLUSION NACT yields similar outcomes compared with adjuvant chemotherapy; however, recipients of
NACT with advanced disease may have more distant failures. Early detection in a resource-limited setting is
therefore crucial to optimal outcomes, significantly limiting recurrence and improving survival.
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INTRODUCTION

Breast cancer is the most commonmalignancy among
women worldwide, representing 25% of all cancers in
women and resulting in 14% of global deaths.1 In
Ghana, breast cancer is the leading cause of cancer
mortality among women. Although no official national
registry exists in Ghana, it is estimated that in Korle Bu
Teaching Hospital (KBTH) in Accra, Ghana, breast
cancer accounts for 15.4% of all malignancies, and
33.9% in Kumasi.2,3 The Accra Cancer Registry, which
is population-based, reports an age-standardized rate
of 28.2 per 100,000 (unpublished literature). Despite
campaigns to increase breast cancer awareness, data
from Ghana and other sub-Saharan African countries
indicate that women present late, often with more

aggressive phenotypes and adverse features.4-6 Spe-
cifically, Ghanaian women typically have a higher
proportion of triple-negative breast cancer (TNBC)
compared with their White counterparts, more often
present with stage III and IV disease, and are diag-
nosed at a younger age.7 Beyond normal barriers
existing for all women undergoing breast cancer
treatment, women in Ghana additionally face barriers
to access, the lack of a national screening program,
increased financial burden, social stigma, delay to
treatment because of utilization of alternative treat-
ment methodologies, and a lack of access to a co-
hesive medical network.8

Given that more than 50% of women in Ghana present
with advanced-stage disease, appropriate systemic
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therapy, which plays a key role inmanagement of all stages of
breast cancer, is a critical issue. In the absence of systemic
treatment, the estimated 10-year risk of relapse approaches
35% in lymph node–negative disease.9 With systemic
therapy, 10-year recurrence risk can be reduced to 20%.9

Neoadjuvant chemotherapy (NACT) and adjuvant che-
motherapy provide equivalent survival benefit, but more
women typically undergo adjuvant therapy across the
globe.10 In contrast, in Ghana, there is anecdotal evidence
that more women undergo NACT. NACT can help make
inoperable disease operable and provide important infor-
mation on the risk of future recurrence10; for example,
women without a pathologic complete response to NACT
have an increased risk of breast cancer mortality and distant
recurrence (DR) than those with a complete response.10

Despite a varied number of international trials that confirm
the equivalent survival of NACT versus adjuvant chemo-
therapy, no current data exist comparing the general
outcomes of treatment in women with breast cancer in
Ghana11 following NACT as compared with adjuvant che-
motherapy. In addition, no study exists on factors associ-
ated with recurrence and survival. Without these data, it is
impossible to compare outcomes with treatment elsewhere
to determine the effectiveness of our treatment. Addition-
ally, NACT is likely to be offered to more advanced disease
relative to adjuvant treatment. To fill this critical gap, the
present study examines the outcomes of treatment in
patients who had received NACT and adjuvant chemo-
therapy and determines the factors associated with breast
cancer recurrence and survival at the Korle Bu Teaching
Hospital, Accra, one of the highest-volume tertiary care
hospitals in sub-Saharan Africa.

METHODS

This was a retrospective cohort study of female patients
with breast cancer treated from 2005 to 2014 at the

National Radiotherapy Oncology and Nuclear Medicine
Centre, KBTH.

Patients with biopsy-proven breast cancer treated at the
National Radiotherapy Oncology and Nuclear Medicine
Centre between 2005 and 2014 were considered in the
study. Of a total of 2,674 patients with breast cancer who
were diagnosed during the study period, 388 met the in-
clusion criteria. Of those who did not meet the inclusion
criteria, majority had metastatic disease. The inclusion
criteria were as follows: (1) age 30-70 years, (2) T stages T1-
T4, (3) all N stage, (4) invasive ductal or lobular carcinoma,
and (5) must have undergone either NACT or adjuvant
chemotherapy as part of their treatment. The following
categories of patients were excluded from the study: (1) all
male patients, (2) non-Ghanaians, (3) patients with meta-
static disease, (4) patients with noninvasive cancer, (5)
other breast cancer histopathologic subtypes, and (6) pa-
tients who did not complete their course of treatment, in-
cluding chemotherapy and/or radiotherapy (RT).

The American Joint Committee on Cancer 8th edition was
used to categorize patients into clinical and pathologic
stage groups. Cancer groups IA-IIIA are categorized as early
stage and IIIB and IIIC as advanced stage. Patients who
were not in routine follow-up were contacted via telephone
for updated disease status, and if deceased, to ascertain
cause and date of death.

For this study, all patients who had started with at least one
or more cycles of chemotherapy prior to surgery, and
continued with adjuvant chemotherapy after surgery or
completed NACT prior to surgery, were categorized as
having had NACT. Patients who had chemotherapy solely
after surgery were categorized as those who had adjuvant
chemotherapy. Adjuvant chemotherapy usually consisted
of six to eight cycles of chemotherapy dependent on the
regimen given for NACT.

CONTEXT

Key Objective
We compared the outcomes of treatment in patients with breast cancer who had received neoadjuvant or adjuvant che-

motherapy and examined factors associated with recurrence and survival at the Korle Bu Teaching Hospital, Ghana.
Despite international trials that confirm the equivalent survival of neoadjuvant chemotherapy (NACT) versus adjuvant
chemotherapy, no current data exist comparing the general outcomes of breast cancer treatment in Ghana.

Knowledge Generated
NACT yielded similar outcomes compared with adjuvant chemotherapy; however, recipients of NACT with advanced disease

had more distant failures. Although many women present with advanced-stage breast cancer in Ghana, outcome after
trimodal therapy is reasonable for extent of disease.

Relevance
Despite significant resource constraints in Ghana, survival and recurrence rates for women with breast cancer treated with

standard-of-care trimodal therapy are similar to those for patients in high-income countries. This study reinforces that early
diagnosis and treatment of breast cancer is crucial to survival.
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Breast-conserving therapy (breast conservation surgery plus
RT) was offered to all patients who had wide local excision.
Majority of patients who had radical modified mastectomy
had indications for adjuvant RT and proceeded to have
external beam RT. Indications for RT included T3/T4
disease, ≥ 4 positive nodes or . 20% positive nodes,
positive deep resection margins, and following breast con-
servation surgery. The sequence of treatment was routinely
NACT, followed by surgery and adjuvant chemotherapy (if
not administered earlier) or following a few cycles (up to 2-4
cycles) of NACT and RT where appropriate. All patients with
estrogen receptor–positive (ER+) and/or progesterone
receptor–positive (PR+) disease received hormonal therapy,
and human epidermal growth factor receptor 2 (HER2)–
positive patients who could afford anti-HER2 therapy re-
ceived trastuzumab for 9 weeks or 1 year depending on
affordability, irrespective of the stage at presentation.

The disease-free survival (DFS), overall survival (OS),
locoregional recurrence (LRR), and DR rates were calcu-
lated following data analysis. Clinicopathologic and socio-
demographic factors associated with survival and
recurrence rates were analyzed. LRR was measured as the
date of first recurrent tumor of the same histology within the
primary site or regional nodes in the absence of any prior
recurrence. DR was defined as the diagnosis of DR in the
absence of local or regional disease. OS was defined as the
time from histopathologic diagnosis to death of any cause.
DFS was defined as freedom from local recurrence, re-
gional recurrence, or DR; cancer in contralateral breast;
second primary; or death without evidence of recurrence.
All end points are referenced from a start date of October
2016 as the baseline corresponding to the date of com-
mencement of the study.

All data were analyzed using SAS 9.4 and SPSS version 22
(SPSS, Chicago, IL). Where applicable, appropriate de-
scriptive statistics and frequencies were provided. Kaplan-
Meier curves were developed to determine the survival
measures, and the log-rank test was used to determine
differences in survival. Cox proportional hazards model was
used to perform univariate and multivariate analysis to
determine factors associated with breast cancer OS and
DFS. Logistic regression was performed for the variables
that were either significant in the univariate model or not
collinear with other predictors in themodel to determine the
odds of LRR and DR. The analysis plan was designed prior
to data acquisition. The study was approved by the KBTH
Institutional Review Board. The two-sided α value of , .05
was considered as statistically significant.

RESULTS

Patients’ Characteristics

Demographic and pathologic tumor characteristics of the
patient population including the NACT and adjuvant groups
are displayed in Table 1. The median age of women in-
cluded in the study was 51 years, with the largest proportion

(35.1%) between 50 and 59 years. Most women were
node-positive (73.4%). Approximately 29% of patients had
triple-negative breast cancer. ER and PR were positive in
38.9% and 35.3%, respectively. HER2 was negative in
more than half of the patients (55.9%), positive in about
17.5%, and equivocal in 4.4%. Surgical margins were
negative for majority of the patients (80.4%). Lympho-
vascular invasion and perineural invasion were present in
20.6% and 4.6%, respectively.

The two groups had comparable characteristics except that
patients who submitted to NACT had larger tumors at
presentation (P , .001) (Table 1). Fifty-nine percent
(n = 229) received adjuvant chemotherapy, whereas
41.0% (n = 159) received NACT. Most women (94.1%,
n = 365) had indications for adjuvant RT and received RT.
Overall, 18.4% (n = 67) underwent breast conservation
therapy followed by RT to a median dose of 50 Gy in 25
fractions, and 81.6% (n = 298) had a mastectomy followed
by RT to a median dose of 50 Gy in 25 fractions. Of the
patients who had NACT, 76 (47.8%) completed six cycles
of chemotherapy, which included anthracycline-based
regimens (cyclophosphamide, doxorubicin, and fluoro-
uracil [FU]) (72.2%), anthracycline followed by taxanes
(doxorubicin, cyclophosphamide, and paclitaxel) (23%), or
antifolate agents (cyclophosphamide, methotrexate, and
FU) (3.6%). Fifty-two percent (n = 83) did not complete six
cycles of NACT, either at the preference of the treating
physician, because of poor response to chemotherapy, or
financial difficulties; hence, decision was made by the
physician to proceed with surgery if tumor was resectable.

OS and DFS Rates Following NACT or

Adjuvant Chemotherapy

The median follow-up time was 48 months. The 2-, 5-, and
8-year OS rates were 95%, 91.5%, and 86.3% in the
adjuvant group and 94.6%, 84.7%, and 77% in the NACT
group, respectively (Fig 1). OS did not differ between the
two groups (P. .05) (Table 3). The 2-, 5-, and 8-year DFS
rates were 94.2%, 90.4%, and 85.2% for the adjuvant
group and 95.1%, 80.1%, and 76.5% for the neoadjuvant
group, respectively (Fig 2). This was not statistically dif-
ferent between the two groups (P = .1) (Table 3).

LRR and DR Rates Following NACT or

Adjuvant Chemotherapy

The cumulative proportion of LRR was 8.0% in the study
population (Table 1). The locoregional rate was 7.9% in the
adjuvant group compared with 7.5% in the neoadjuvant
group (P . .05) (Table 1). The DR rate was significantly
higher in the neoadjuvant group than in the adjuvant group
(42.8% v 27.5%, respectively; P , 0.002) (Table 1).

Clinical and Sociodemographic Predictors of Recurrence

and Survival

In a univariate and multivariate analysis for LRR and DR,
pathologic nodal (N) stage and clinical tumor (T) stage were
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TABLE 1. Characteristics of Adjuvant and Neoadjuvant Chemotherapy Groups
Chemotherapy Sequence Adjuvant (n = 229) Neoadjuvant (n = 159) Overall (N = 388) P

Age, years

Median 52 49 51 .05

IQR 45-59 43-56 44-58

Age category, years, No. (%)

30-39 24 (10.5) 27 (17.0) 51 (13.1) .05

40-49 71 (31.0) 54 (34.0) 125 (32.2)

50-59 80 (34.9) 56 (35.2) 136 (35.1)

. 60 54 (23.6) 22 (13.8) 76 (19.6)

Marital status, No. (%)

Married 150 (65.5) 115 (72.4) 265 (68.3) .15

Single 79 (34.5) 43 (27.0) 122 (31.4)

Unknown 0 (0) 1 (0.6) 1 (0.3)

Pathologic T stage, No. (%)

pT1 13 (5.7) 6 (3.8) 19 (4.9) .02

pT2 98 (42.8) 59 (37.1) 157 (40.5)

pT3A 79 (34.5) 46 (28.9) 125 (32.2)

pT3B-pT3C 33 (14.4) 35 (22.0) 68 (17.5)

Unknown 6 (2.6) 13 (8.2) 19 (4.9)

Pathologic N stage, No. (%)

N0 55 (24.1) 48 (30.0) 103 (26.5) .6

N1 78 (34.2) 52 (32.5) 130 (33.5)

N2 68 (29.8) 43 (26.9) 111 (28.6)

N3 21 (9.2) 11 (6.9) 32 (8.2)

NX 6 (2.6) 6 (3.8) 12 (3.1)

Clinical T stage, No. (%)

T1-T2 41 (18.0) 26 (16.2) 67 (17.3) , .001a

T3A 15 (6.6) 36 (22.5) 51 (13.1)

T3B-T3C 15 (6.6) 48 (30.0) 63 (16.2)

Unknown 157 (68.9) 50 (31.2) 207 (53.4)

TNBC, No. (%)

No 122 (53.3) 89 (56.0) 211 (54.4) .73a

Yes 69 (30.1) 42 (26.4) 111 (28.6)

Unknown 38 (16.6) 28 (17.6) 66 (17.0)

PR, No. (%)

Negative 140 (61.1) 92 (57.9) 232 (59.8) .81a

Positive 78 (34.1) 59 (37.1) 137 (35.3)

Unknown 11 (4.8) 8 (5.0) 19 (4.9)

ER, No. (%)

Negative 132 (57.6) 90 (56.6) 222 (57.2) .61a

Positive 90 (39.3) 61 (38.4) 151 (38.9)

Unknown 7 (3.1) 8 (5.0) 15 (3.9)

HER2, No. (%)

Equivocal 10 (4.4) 7 (4.4) 17 (4.4) .51a

Negative 121 (52.8) 96 (60.4) 217 (55.9)

(Continued on following page)
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associated with LRR. Increased DR was associated with
NACT use, lack of hormone therapy use, higher clinical and
pathologic T stage, node-positive disease, and lympho-
vascular invasion (Table 2). DR was significantly higher
among the neoadjuvant group (42.8%) compared with the
adjuvant chemotherapy group (27.5%) (Table 1). Inferior
OS and DFS outcomes were associated with higher path-
ologic T and N stage, but not with estrogen- and
progesterone-negative disease, and lack of hormone
therapy use (Table 3). Worse DFS was additionally asso-
ciated with the presence of lymphovascular invasion
(Table 3). Pathologic T and N stage were statistically sig-
nificantly associated with OS and DFS. On univariate
analysis, no sociodemographic factors were associated with
survival. Married women tended to have increased
locoregional recurrence and DFS. About 19% of married
women presented with locally advanced disease compared
with 14.6% of single and divorced women. There was

however no statistically significant correlation between
these two groups.

DISCUSSION

This retrospective study set out to compare the outcomes of
treatment in patients who had received NACT or adjuvant
chemotherapy and examine the factors (clinicopathologic
and sociodemographic) associated with breast cancer
recurrence and survival at the Korle Bu Teaching Hospital,
Accra, Ghana. In our study, we found that NACT was as-
sociated with a higher frequency of DR compared with
chemotherapy administered after surgery, with a 10-year
DR rate of 27.5% in the adjuvant group and 42.8% in the
NACT group. Increase in DR did not translate into a survival
disadvantage, probably because of second-line chemo-
therapy offered to these patients after documentation of
recurrence. The LRR rate was similar between both groups,
as was the OS and DFS. It is possible that a delay in

TABLE 1. Characteristics of Adjuvant and Neoadjuvant Chemotherapy Groups (Continued)
Chemotherapy Sequence Adjuvant (n = 229) Neoadjuvant (n = 159) Overall (N = 388) P

Positive 43 (18.8) 25 (15.7) 68 (17.5)

Unknown 55 (24.0) 31 (19.5) 86 (22.2)

Hormone use, No. (%)

No 125 (54.6) 82 (51.6) 207 (53.4) .58a

Yes 103 (45.0) 77 (48.4) 180 (46.4)

Unknown 1 (0.4) 0 (0) 1 (0.3)

Surgical margins, No. (%)

Close 18 (7.8) 14 (8.8) 32 (8.2) .70a

Negative 188 (82.1) 124 (78.0) 312 (80.4)

Positive 16 (7.0) 13 (8.2) 29 (7.5)

Unknown 7 (3.1) 8 (5.0) 15 (3.9)

LVI, No. (%)

Absent 171 (74.7) 107 (67.3) 278 (71.6) .21a

Present 44 (19.2) 36 (22.6) 80 (20.6)

Unknown 14 (6.1) 16 (10.1) 30 (7.7)

PNI, No. (%)

Absent 203 (88.7) 137 (86.2) 340 (87.6) .30a

Present 12 (5.2) 6 (3.8) 18 (4.6)

Unknown 14 (6.1) 16 (10.0) 30 (7.7)

LRR, No. (%)

No 207 (90.4) 146 (91.8) 353 (90.9) .881

Yes 18 (7.9) 12 (7.5) 30 (8.3)

Unknown 2 (0.9) 1 (0.6) 3 (0.8)

DR, No. (%)

Absent 166 (72.5) 91 (57.2) 257 (66.2) .002

Present 63 (27.5) 68 (42.8) 131 (33.8)

Abbreviations: DR, distant recurrence; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; IQR, interquartile range; LRR,
locoregional recurrence; LVI, lymphovascular invasion; PNI, perineural invasion; PR, progesterone receptor; TNBC, triple-negative breast cancer.

aUnknown were excluded in the estimation of P values.
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definitive locoregional treatment administered to the NACT
group or the variable number of chemotherapy cycles
administered was a contributing factor to the increase
in DR.

Additionally, the NACT group was found to have a greater
proportion of late-stage patients, which could have trans-
lated into increased DR in that group. Patients with locally
advanced disease are usually predetermined to undergo

P = .12
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TABLE 2. Logistic Regression Model to Estimate the Presence of LRR and DR

Clinicopathologic and
Sociodemographic Factors

LRRa DRb

Unadjusted Model Adjusted Modelc Unadjusted Model Adjusted Modelc

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Chemotherapy sequence

Adjuvant 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Neoadjuvant 0.89 (0.42 to 1.90) .7 1.05 (0.44 to 2.47) .9 1.87 (1.22 to 2.86) .003 1.97 (1.24 to 3.15) .004

Pathologic T staged

pT1-pT2 1 (ref) 1 (ref) 1 (ref) 1 (ref)

pT3A 0.74 (0.30 to 1.80) .5 — 2.45 (1.48 to 4.05) , .001 2.57 (1.52 to 4.36) , .001

pT3B-pT3C 1.43 (0.57 to 3.54) .4 — 4.30 (2.37 to 7.80) , .001 3.72 (1.97 to 7.02) , .001

LVId

Absent 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Present 1.13 (0.46 to 2.75) .7 — 2.67 (1.60 to 4.47) , .001 2.13 (1.22 to 3.70) .007

Hormone therapy

No 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 0.94 (0.45 to 1.98) .8 — 0.65 (0.42 to 0.99) .04 0.56 (0.35 to 0.90) .01

PRd

Positive 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Negative 1.50 (0.64 to 3.52) .3 — 1.28 (0.81 to 2.03) .2 —

ERd

Positive 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Negative 1.75 (0.75 to 4.10) .1 — 1.44 (0.92 to 2.27) .1 —

HER2d

Equivocal 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Negative 1.35 (0.17 to 10.8) .7 — 0.61 (0.22 to 1.67) .3 —

Positive 1.26 (0.13 to 11.6) .8 — 0.83 (0.28 to 2.45) .7 —

Clinical T staged

cT1-cT2 1 (ref) 1 (ref) 1 (ref) 1 (ref)

cT3A 0.15 (0.01 to 1.24) .07 0.12 (0.01 to 1.07) .05 0.88 (0.38 to 2.02) .7 —

cT3B-cT3C 0.77 (0.25 to 2.37) .6 0.71 (0.21 to 2.36) .5 4.10 (1.96 to 8.56) , .001 —

Pathologic N stage

pN0 1 (ref) 1 (ref) 1 (ref) 1 (ref)

pN1 4.02 (1.12 to 14.4) .03 4.43 (1.23 to 15.9) .02 1.71 (0.92 to 3.17) .08 —

pN2 3.33 (0.89 to 12.4) .07 3.64 (0.95 to 13.8) .05 4.00 (2.16 to 7.40) , .001 —

pN3 3.44 (0.66 to 18.0) .1 3.68 (0.69 to 19.5) .1 5.33 (2.27 to 12.5) , .001 —

pNX 3.03 (0.29 to 31.6) .3 3.60 (0.33 to 38.6) .2 1.38 (0.34 to 5.58) .6 —

TNBCd

No 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 1.64 (0.68 to 3.93) .26 — 1.16 (0.71 to 1.90) .5 —

PNId

Absent 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Present 0.65 (0.08 to 5.09) .6 — 1.32 (0.50 to 3.51) .5 —

Surgical margins

Negative 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Close 1.13 (0.32 to 3.97) .8 — 0.89 (0.40 to 1.95) .7 —

Positive 0.81 (0.18 to 3.60) .7 — 1.19 (0.54 to 2.63) .6 —

(Continued on following page)
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NACT to downstage the disease prior to surgery by the
treating physician. A study particularly showed that cir-
culating tumor cells in the peripheral blood of patients with
large operable or locally advanced breast cancer was an
independent prognostic factor for early relapse after NACT
and this could be a contributory reason for high DR in this
group.12 Another study looked at the profile of residual
breast cancer after NACT and identified dual specificity
protein phosphatase 4 deficiency as a mechanism for drug
resistance and a consequent increased incidence of re-
sidual disease culminating in a higher risk of metastatic
disease.13 This may also have contributed to the statistically
significant association between NACT and increased DR
rate, although this cannot be confirmed in the present
study.

Many of the patients in our series who were older were
either ER+ or PR+ and did not have TNBC. It is well-known
that younger patients who have TNBC benefit most from
NACT, whereas ER+ or PR+ patients derive the least
benefit.

Results from the present study demonstrate OS, DFS,
and recurrence rates comparable with larger studies in
developed countries.14 Moreover, OS and DFS were
similar between the NACT and adjuvant chemotherapy
groups, which is consistent with the recently published
Early Breast Cancer Trialists Collaborative Group (EBCTCG)
meta-analysis.15 The authors additionally found that
women undergoing NACT experienced higher LRR after
breast-conserving therapy, but DR was similar between
the two arms. As in the present study, survival was
not adversely affected by higher recurrence. Further-
more, women whose tumors responded to NACT had

improved breast cancer mortality and lower DRs than
nonresponders.15 This suggests that appropriate tumor
bed localization and RT following NACT will reduce the
likelihood of LRR.

The results of the EBCTCG meta-analysis are similar to
those of National Surgical Adjuvant Breast and Bowel
Project-18, which looked at the impact of preoperative
versus postoperative doxorubicin and cyclophosphamide
on survival of women with operable breast cancers.16 The
authors found no difference in DFS and OS between the
arms. Eight-year OS and DFS were 72% and 55% in the
adjuvant arm and 72% and 58% in the NACT arm, re-
spectively. These values are comparable with the DFS and
OS estimates in our cohort of patients. This is encouraging
given the resource limitations present in our setting. There
was a trend in favor of preoperative chemotherapy for OS
and DFS in women younger than 50 years.16 The authors
suggest that women , 50 years may benefit from preop-
erative chemotherapy, whereas those . 50 years may
benefit from postoperative chemotherapy. This may explain
why a DR benefit was observed in patients older than 50
years in our cohort. The results of National Surgical Ad-
juvant Breast and Bowel Project-18 are similar to those of
European Organization for Research and Treatment of
Cancer 10902.16 After randomly assigning women with
operable breast cancer to either pre- or postoperative FU,
epirubicin, and cyclophosphamide, there was no difference
in OS, DFS, or LRR, and NACT resulted in a higher rate of
breast conservation therapy without increasing LRR or
decreasing survival. The lack of impact on locoregional
control contrasted to the EBCTCG meta-analysis but is
similar to our present findings.

TABLE 2. Logistic Regression Model to Estimate the Presence of LRR and DR (Continued)

Clinicopathologic and
Sociodemographic Factors

LRRa DRb

Unadjusted Model Adjusted Modelc Unadjusted Model Adjusted Modelc

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Age category, years

30-39 1 (ref) 1 (ref) 1 (ref) 1 (ref)

40-49 0.78 (0.22 to 2.73) .7 — 1.01 (0.51 to 2.03) .9 —

50-59 1.21 (0.37 to 2.73) .7 — 1.20 (0.60 to 2.37) .5 —

. 60 0.98 (0.26 to 3.68) .9 — 0.74 (0.34 to 1.60) .4 —

Marital statusd

Married 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Single, divorced, or widowed 1.03 (0.47 to 2.26) .9 — 0.94 (0.60 to 1.48) .9 —

Abbreviations: DR, distant recurrence; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; LRR, locoregional recurrence; LVI,
lymphovascular invasion; OR, odds ratio; PNI, perineural invasion; PR, progesterone receptor; ref, reference; TNBC, triple-negative breast cancer.

aModel predicting the likelihood of the presence of LRR.
bModel predicting the likelihood of DR.
cORs were not reported (left as dash) for the variables that were not significantly associated with the outcome in the univariable models.
dModel estimates for unknown categories are not presented in the table.
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TABLE 3. Cox Proportional Hazard Model for the Risk of OS and DFS

Clinicopathologic and
Sociodemographic
Factors

OSa DFSb

Unadjusted Model Adjusted Modelc Unadjusted Model Adjusted Modelc

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Chemotherapy
sequence

Adjuvant 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Neoadjuvant 1.42 (0.90 to 2.21) .1 1.43 (0.91 to 2.26) .1 1.41 (0.90 to 2.20) .1 1.52 (0.96 to 2.39) .06

Pathologic T staged

pT1-pT2 1 (ref) 1 (ref) 1 (ref) 1 (ref)

pT3A 2.21 (1.31 to 3.73) .002 2.18 (1.26 to 3.76) .004 2.14 (1.27 to 3.60) .004 2.03 (1.18 to 3.51) .01

pT3B-pT3C 2.66 (1.46 to 4.84) .001 2.56 (1.36 to 4.84) .003 2.92 (1.61 to 5.27) , .001 2.82 (1.52 to 5.23) , .001

PRd

Positive 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Negative 1.94 (1.11 to 3.35) .01 1.38 (0.55 to 3.43) .4 1.94 (1.14 to 3.30) .01 1.32 (0.54 to 3.19) .5

ERd

Positive 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Negative 1.68 (1.01 to 2.79) .04 0.87 (0.34 to 2.24) .7 1.66 (1.01 to 2.74) .04 0.76 (0.28 to 2.03) .5

LVId

Absent 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Present 1.63 (0.99 to 2.70) .05 1.27 (0.75 to 2.17) .3 1.82 (1.11 to 2.98) .01 1.45 (0.87 to 2.43) .1

Hormone therapy

No 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 0.574 (0.34 to 0.87) .02 0.59 (0.19 to 1.84) .3 0.54 (0.34 to 0.87) .01 0.49 (0.15 to 1.53) .2

HER2d

Equivocal 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Negative 0.88 (0.27 to 2.86) .8 — 0.93 (0.28 to 3.03) .9 —

Positive 1.38 (0.40 to 4.75) .6 — 1.30 (0.38 to 4.48) .6 —

Clinical T staged

cT1-cT2 1 (ref) 1 (ref) 1 (ref) 1 (ref)

cT3A 0.84 (0.36 to 1.97) .6 — 0.90 (0.38 to 2.10) .8 —

cT3B-cT3C 1.55 (0.73 to 3.27) .2 — 1.70 (0.81 to 3.54) .1 —

Pathologic N stage

pN0 1 (ref) 1 (ref) 1 (ref) 1 (ref)

pN1 1.67 (0.81 to 3.45) .1 — 1.71 (0.82 to 3.52) .1 —

pN2 3.28 (1.65 to 6.51) , .001 — 3.33 (1.68 to 6.61) , .001 —

pN3 4.15 (1.79 to 9.60) , .001 — 4.46 (1.93 to 10.31) , .001 —

pNX 1.83 (0.51 to 6.59) .3 — 1.96 (0.54 to 7.07) .2 —

TNBCd

No 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 1.41 (0.86 to 2.32) .1 — 1.43 (0.87 to 2.34) .1 —

PNId

Absent 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Present 1.95 (0.84 to 4.51) .1 — 2.23 (1.01 to 4.87) .04 —

Surgical margins

Negative 1 (ref) 1 (ref) 1 (ref) 1 (ref)

(Continued on following page)
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Consistent with our finding that higher clinical T stage
and N stage are associated with worse locoregional control,
Mamounas et al17 found that age, clinical T stage and nodal
involvement before chemotherapy, and tumor response
were associated with LRR after NACT. In their study, only
patients who underwent lumpectomy received breast RT.
No postmastectomy irradiation was administered. The
cohort of patients in that study had primary operable breast
cancer. Although not directly comparable with our cohort,
their findings enforce the importance of continued early
detection of breast cancer.

One of our study objectives was to determine if any soci-
odemographic factors were associated with recurrence and
survival. No sociodemographic factors were associated with
survival. However, a higher percentage of married women
recurred locoregionally and distantly. To our knowledge,
only one other study has also examined the impact of
marital status on survival.18 The authors found that married
women were less likely to present with metastatic disease.
Although this association could be because of multiple
factors, these findings point to the importance of ac-
counting for socioeconomic and familial challenges that
may affect cancer detection, treatment, and survival in
Ghana.18

Beyond obvious limitations inherent to all retrospective
studies, most often related to incomplete documentation
and poor follow-up, our study has other limitations. Infor-
mation regarding clinical response to chemotherapy,

hormone receptor status, and tumor grade was either in-
complete or not possible to obtain. Unknown responses
under histopathologic factors were excluded from the
analysis. These may have biased the results. Reasons for
prescribing NACT were sometimes not related to clinical
factors but rather because of resource constraints and
efforts to reduce waiting time prior to surgery. Despite these
limitations, our study provides clinically relevant results on
outcomes of treatment and factors associated with breast
cancer recurrence and survival among Ghanaian women
following NACT and adjuvant chemotherapy.

In conclusion, despite significant resource constraints in
Ghana, survival and recurrence rates for women with breast
cancer treated with standard-of-care trimodal therapy in
the country are similar to those for patients in high-income
countries. However, our data indicate that women under-
going NACT experienced a higher rate of DR compared
with those undergoing adjuvant chemotherapy probably
from more advanced disease at presentation. This did not
translate into a survival disadvantage. No sociodemo-
graphic factors considered were associated with recur-
rence or survival. As is consistent with published studies,
large tumor size and nodal involvement adversely affected
survival and recurrence. This study reinforces that early
diagnosis and treatment of women with breast cancer is
crucial to survival. Continued effort should be made to
reduce the culture of late presentation and treatment de-
faults in Ghana.

TABLE 3. Cox Proportional Hazard Model for the Risk of OS and DFS (Continued)

Clinicopathologic and
Sociodemographic
Factors

OSa DFSb

Unadjusted Model Adjusted Modelc Unadjusted Model Adjusted Modelc

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Close 0.60 (0.24 to 1.50) .2 — 0.77 (0.33 to 1.78) .5 —

Positive 0.72 (0.29 to 1.79) .4 — 0.75 (0.30 to 1.87) .5 —

Age category, years

30-39 1 (ref) 1 (ref) 1 (ref) 1 (ref)

40-49 0.69 (0.33 to 1.41) .3 — 0.66 (0.33 to 1.33) .2 —

50-59 0.93 (0.46 to 1.86) .8 — 0.84 (0.43 to 1.65) .6 —

. 60 0.80 (0.36 to 1.74) .5 — 0.73 (0.34 to 1.57) .4 —

Marital statusd

Married 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Single, divorced, or
widowed

0.96 (0.59 to 1.55) .8 — 0.97 (0.60 to 1.57) .9 —

Abbreviations: DFS, disease-free survival; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; LVI, lymphovascular
invasion; OS, overall survival; PNI, perineural invasion; PR, progesterone receptor; ref, reference; TNBC, triple-negative breast cancer.

aModel predicting the risk of death.
bModel predicting the risk of poor DFS.
cHRs were not reported (left as dash) for the variables that were not significantly associated with the outcome in the univariable models.
dModel estimates for unknown categories are not presented in the table.
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