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Abstract Breast cancer is the leading cause of cancer-re-
lated deaths in women worldwide. GLOBOCAN estimated
about 1.7 million new cases of breast cancer diagnoses
worldwide and about 522,000 deaths in 2012. The burden
of breast cancer mortality lies in the developing low-in-
come and middle-income countries, where about 70% of
such deaths occur. The incidence of breast cancer is also
rising in low-income and middle-income countries in
Africa as trend towards urbanization, and adoption of
Western lifestyles increases. In general, the triple-negative
breast cancer (TNBC) subtype tends to be frequent in
women of African ancestry. What are the factors con-
tributing to this prevalence? Are there genetic predisposi-
tions to TNBC in African women? This review addresses
these questions and provides an update on the incidence,
survival, and mortality of breast cancer in Africans, with a
focus on sub-Saharan Africans. We have also addressed
factors that could account for ethical disparities in inci-
dence and mortality. Further, we have highlighted chal-
lenges associated with access to essential drug and to
healthcare treatment in some African countries and out-
lined alternative/herbal treatment methods that are
increasingly implemented in Africa and other developing
nations.
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Introduction

Cancer is a group of diseases characterized by abnormal
cells that grow and invade healthy cells in the body and is
amongst the leading cause of death worldwide. According
to GLOBOCAN estimates in 2012, an estimated 14.1
million new cancer cases were diagnosed and a staggering
mortality of about 8.2 million from cancer were reported
worldwide in 2012 [1, 2]. Lung cancer remains the leading
cause of cancer-related deaths worldwide, followed by
breast cancer [1]. However, breast cancer is the most fre-
quently diagnosed cancer in females and the leading cause
of death in females worldwide [1]. With nearly 1.7 million
new cases in 2012 and almost 522,000 deaths globally [3],
there is not only an urgent need for efficient and alternative
treatment methods, but also improved awareness of the
disease. Breast cancer incidence rates in women vary by
more than tenfold among continents and mortality rates
vary about fourfold. The highest rates occur in Western
Europe and North America, and the lowest rates in Africa
and Asia. Mortality rates among African American women
are the highest, whereas the lowest mortality rates exist
among Korean women [2]. Studies have shown that on
average, African American and African women for
instance develop breast cancer a decade earlier than Cau-
casians [4-7]. The age-standardized breast cancer inci-
dence rate by continent is about 70.08 in Europe, 47.50 in
the Americas, 57.5 in Oceania, 37.5, in Asia and 28.66 in
Africa, while the mortality rate is about 15.93 in Europe,
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13.94 in America, 18.07 in Oceania, 13.21 in Asia and
13.72 in Africa [2, 8, 9]. Five-year survival rates however
vary from around 80% in high-income countries to 60% in
middle-income countries and 40% in low-income countries
[10]. This review examines the current state of breast
cancer in African and African-American women, with
emphasis on breast cancer management in Africa, as well
as alternative methods used for the treatment of breast
cancer in Africa.

Breast cancer incidence and mortality in African
and African American women

Data compiled from 26 African countries in 2012 indicate
that breast cancer accounts for 25% of all cancer diagnosis
and 20% of all cancer deaths in women [3, 11]. The inci-
dence of breast cancer in sub-Saharan African women is
relatively low (less than 40 per 100,000 women), compared
with that of women from the North America and Northern
Europe (95 and 100 cases per 100,000 persons, respectively)
[3, 12]. However, there is considerable regional variation in
incidence rates in Africa, ranging from 26.8 to 30.4 per
100,000 women in Central and East Africa, to nearly 40 per
100,000 in southern African and western African countries
[12]. The incidence in sub-Saharan Africa is projected to
double by 2050 [13]. For instance, according to a report by
the national cancer prevention and control strategy for
Zimbabwe, the five most common cancers in black women
were cervical cancer (33.9%), breast cancer (9.7%), Kaposi
sarcoma (9.6%), eye (8.7%), and non-Hodgkin lymphoma
(4.1%). Zimbabwe with a population of about 13 million,
recorded 246 registered cases of breast cancer in 2005, and
this figure rose to 487 in 2013 [13]. Although only a few
African countries maintain breast cancer registries, GLO-
BOCAN data projected that about 94,000 women in Africa
developed breast cancer in 2012 [3].

Breast cancer is the most commonly diagnosed cancer
among African-American women, with an estimated
30,700 new cases and about 6310 deaths anticipated in
2016 [14]. Data from the American Cancer Society reveal
that the lifetime probability (%) of developing or dying
from breast cancer differs based on race/ethnicity in
American. 11.1% (i.e., 1 in 9 cases) of African-American
women are at risk of developing breast cancer, which is
slightly lower than the probability in White women at
13.1% (1 in 8). However, the risk of dying from breast
cancer is higher in African-American women (3.3%; 1 in
31), compared with 2.7% (1 in 37) in White women [14].
The incidence rate among African-American women has
increased steadily since the 1980s, largely due to more
frequent mammography screening [14—19]. However, a
slight decrease in the incidence rate in White women in the
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2000s was attributed to a drop-in use of hormone
replacement therapy [17].

Although the incidence rate of breast cancer is lower in
Africa than the rest of the world, the mortality rate in the
continent remains the highest [20, 21]. GLOBOCAN data
for sub-Saharan Africa in 2012 showed that 94,000 women
developed breast cancer and 48,000 died from it. In addi-
tion, the burden of breast cancer in sub-Sahara Africa is
projected to double between 2012 and 2030 due to popu-
lation aging and expansion [6, 20]. Mortality rates vary in
different African countries. Certain African countries such
as Nigeria, Egypt, and Ethiopia are reported to have the
highest mortality rates [21, 22]. Data compiled by the
Global Health Data Exchange on the total population
indicate that in Zimbabwe for example, the average annual
breast cancer mortality rate is about 2.5 per 100,000 people
[23]. Death rates for breast cancer among African Ameri-
cans based on a 2008-2012 statistics was estimated at 31
per 100,000 according to the National Center for Health
Statistics, Centers for Disease Control and Prevention as
provided by the Surveillance, Epidemiology, and End
Results Program [14, 16].

Common molecular subtypes of breast cancer
in African and African-American women

The World Health Organization (WHO) describes at least
17 distinct histological types of breast cancer. These
include invasive ductal carcinoma, invasive lobular carci-
noma, tubular carcinoma, invasive cribriform carcinoma,
medullary carcinoma, mucinous carcinoma, neuroen-
docrine carcinoma, invasive papillary carcinoma, invasive
micropapillary carcinoma, apocrine carcinoma, metaplastic
carcinoma, lipid-rich carcinoma, secretory carcinoma,
oncocytic carcinoma, adenoid cystic carcinoma, acinic-cell
carcinoma, glycogen-rich clear cell carcinoma, and seba-
ceous carcinoma [24-26]. However, studies based on gene
expression profiling identified four main intrinsic molecu-
lar subtypes of breast cancer known as luminal A, luminal
B, HER2-enriched and triple-negative breast cancer
(TNBC) [27-30] (Fig. 1). Luminal breast cancers consti-
tute about 70% of hormone receptor (HR)-+ breast cancers
and have more favorable prognosis [31]. Luminal A can-
cers express high levels of ER and progesterone receptor
(PR), and low levels of HER2 whereas, luminal B cancers
are ER+, and express high HER2 levels [31, 32]. Luminal
B cancers also display higher expression of proliferation
genes than luminal A and are therefore higher in grade
[31, 32]. HER2-enriched breast cancer constitutes 15-25%
of invasive breast cancers, and have poor prognosis. TNBC
are characterized by the absence of ER, PR and HER2
overexpression. However, the stratification of TNBC is
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Fig. 1 Reported frequencies of
TNBC, ER-negative, and basal-
like breast cancers: The graph
shows frequencies of these
cancers in some Africans and
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complex [33]. TNBC can be further classified under basal-
like 1 (BL1), basal-like 2 (BL2), immunomodulatory,
mesenchymal (M), M stem-like and luminal androgen
receptor subtypes [34]. The M group has been reported to
have the worst outcome [31, 32, 34, 35]. TNBC generally
represents approximately 15-20% of all newly diagnosed
breast cancers, but has the worse prognosis compared with
the other subtypes, accounting for a disproportionate
number of breast cancer-related deaths each year [36].
Several studies have reported a markedly higher proportion
of TNBC in indigenous African populations, accounting
for the generally poor survival reported for breast cancer
patients in Africa [21, 37, 38]. The incidence of TNBC was
also found to be higher in African American women as
well as western and sub-Saharan African women in com-
parison with American, European, and East African
women, and this was suggested to be associated with a
genetic  predisposition to mammary carcinogenesis
although no common germline mutation in women of
African ancestry has been identified [39].

Prevalence of triple-negative breast cancer
in African and African-American women

Clinicopathological characteristics of TNBCs include early
onset, large mean tumor size, high grade, and higher inci-
dence of node positivity at the time of diagnosis [40]. Thus,
the TNBC status is an independent risk factor for increased
propensity for metastases and relapse. This poor prognosis is
compounded by the fact that at the molecular level, TNBCs
are more heterogeneous compared to HER2+ and ER+
subtypes and therefore lack druggable target(s) [41].

Although adequate population-based data on breast cancer
in African countries in general are limited, where available,
various studies corroborate that the frequency of TNBCs were
significantly higher in sub-Saharan African countries, com-
pared to the western Caucasian countries [39]. It is estimated
that about half of sub-Saharan African breast cancer cases
diagnosed to be TNBC [42]. The rate of TNBC is especially
higher among the younger African women; however, the
average age of onset of breast cancer diagnosis is in the late 40s
[5-7]. TNBC was reported to account for 53.2% breast cancer
cases in Ghanaian women, 29.8% in African Americans, and
as low as 15.5% White Americans [43] (Fig. 1). TNBC fre-
quency in Ethiopians was also low at 15.0%. In a Nigerian-
based study, analysis of 82 breast cancer patients analyzed
between 2013 and 2014, revealed that 31.70% (26/82) of the
patients were triple-negative, which is about 10% higher than
the global incidence [36, 43]. In a study on Moroccan patients,
TNBC was diagnosed in 16.50% of the 152 breast cancer cases
analyzed [44]. In general, African American or West African
women from Nigeria, Mali, Senegal and Ghana, both display
higher frequencies in TNBC/ER—/BL breast cancers, com-
pared with East African countries like Ethiopia. This is can be
explained by population migration during the trans-Atlantic
slave trade era where individuals from West African countries
were transported to North America [39].

BRCA1 and BRCA2 mutations in African
and African American women
Hereditary breast cancers are known to account for 2—10% of

all cases of breast cancer diagnosis [45]. Pathogenic germline
mutations (protein-truncating, disease-associated missense,
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and splice variants) within the breast cancer-susceptible
genes, BRCAI and BRCA2 [46], especially in TNBCs, are
one of the major culprits. More than 2000 different mutations
have been reported in BRCAI and BRCA2 genes including
deletions, insertions, and numerous single nucleotide sub-
stitutions [47]. BRCAI and BRCA2 are in fact the best-
known genes linked to breast cancer risk [46]. Malone et al.
reported that BRCAI mutations are more common in Cau-
casians (2.9% of breast cancer cases) than African Ameri-
cans (1.4% of cases) [48]. The prevalence of BRCAI
mutations in Caucasian American breast cancer patients of
Ashkenazi Jewish origin is the highest at 10.2%, compared
with mutations in non-Jewish populations, which accounts
for 2.0% of all cases [48]. BRCA2 mutations on the other
hand were found to be slightly more prevalent in African
Americans (2.6%) versus Caucasians (2.1%) cases [48].
Some of the BRCAI and BRCA2 mutations are founder
mutations and the three most common founder mutations
occur in Ashkenazi Jews (Jews of Eastern European des-
cent), and include 185delAG and 5382insC (BRCAI) and
6174delT (BRCA2) [49] (Table 1). Other common BRCAI
mutations in various ethnic groups include 5382insC,
C61G and 4153delA in Polish, 2804delAA in Dutch,
1081delG in Chinese, 4153delA and 5382insC in Russian,
Q563X, 3166ins5, 1201dell and 2594delC in Swedish,
2800delAA in Scottish, 4184del4 in English, and C4446T
in French Canadian (reviewed in [50]). The 6174delT,
5573insA, 8765delAG, 2157delG, 999del5 and 4486delG
are some of the BRCA2 founder mutations in Ashkenazi-
Jewish, Dutch, French-Canadian, English and Icelandic
ethnic groups, respectively (reviewed in [50]) (Table 1).
Compared to the White population, fewer studies have
reported specific mutations in the BRCAI and BRCA2

Table 1 Examples of BRCA1 and BRCA2 founder mutations

genes in the Black population (Table 2) [51, 52]. There are
few reports on BRCAI and BRCA2 genetic testing and
limited information on mutation/genetic diversity in
BRCAI and BRCA2 genes in most African populations.
Shen et al. screened 54 African American breast cancer
patients for common mutations in the BRCAI gene and
identified one novel frameshift mutation (3331 insG) and
three missense sequence variants (A3537G, A3667G, and
C4009T) on exon 11 at low frequency [53]. None of the
Ashkenazi Jewish founder mutations were found in the
African American cohort in this study. A literature-based
study in 2003 by Olopade et al. [54] revealed that over 50%
of all BRCAI and BRCA2 mutations were unique to Afri-
cans or African Americans. The study found that recurrent
mutations were dispersed, with only two pathogenic
BRCAI mutations (943ins10 and M1775R), for example,
detected in three or more unrelated families. However,
BRCAI mutations (943ins10, 1832del5, and 5296del4)
were associated by haplotype studies and therefore could
have ancestral roots. Of particular importance, the
943ins10 mutation was associated with a single haplotype
identified in seven African-American women and is spec-
ulated to originate from one family which immigrated from
the Ivory Coast in West Africa [55]. Diez et al. reported a
novel ¢.1949_1950delTA mutation in the BRCAI gene in a
Senegalese woman with TNBC and with a family history
of breast cancer [56].

A ¢.798_799delTT BRCAI mutation identified in 11
North African families, and accounted for 22% of total
identified BRCAI mutations in genetic screening in North
African countries, including Morocco, Algeria, Tunisia,
and Libya, suggesting that this mutation may arise from a
founder allele [57]. A survey in Sudan involving 47

Population BRCALl BRCA2 References
Ashkenazi Jewish 185delAG, 532inC 617dellT [51, 54, 55]
Dutch del3,8kbEx8-13, del5, 10bpEx22, 204delAA 5573insA [125]
French Canadian R1443X, C4446T 8765delAG [52]
Icelandic 185del AG, 5454 delC 999del5, 4486delG [52]

Egypt ¢.789_799delTT 999del5 [126-128]
Morocco ND [126-128]
Western Cape of South Africa 599del4 [126-128]
Polish 5382C, C61G, 4153delA ND [52]
Chinese 1081delG ND [52]
Russia 4153delA, 5382insC ND [52]
Sweden Q563X, 3166ins5, 1201dell, 2594delG ND

Scottish/English 2800delAA/4184del4 ND/2157delG [52]

ND not determined
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Table 2 BRCAI and BRCA2 mutations reported in African and African Americans

Population BRCALI BRCA2 References

Nigeria ¢.52774480_5332+672del ND [129]

Egypt 185del AG, 5454 del C, 330dupA, 4160delAG, 2789delG, 999 del 5 [126]
5385insC, c. 4041delAG

Tunisia ¢.2551delG, ¢.5266dupC, ¢.798_799delTT 1537del4, 5909insA, c.211dupA [130, 131]

Algeria c.46_74del29, ¢.798_799delTT, c.1016dupA ND [56]

Morocco ¢.789_799delTT,c.5095C>T, c.4942A>T, c.2805delA/ ND [127, 128]
2924delA

Western Cape of ¢.1504_1508del ¢.2826_2829del, c.6447_6448dup, [132]

South Africa ¢.5771_5774DEL
Africa American 185delAG, 5382insC, 943ins10, 1832del5, 5296del4, 5999Ddel4 [56, 60, 133]

¢.1949_1950delTA

ND not determined

subjects with family history of breast cancer and 20 control
subjects (with no family history), found BRACI and
BRCA2 mutations in 51% of those with a family history,
and 20% of the control group [53]. The majority of the
BRCAI mutations detected occurred in exon 11. Only 2
BRCA2 mutations were found, and both in the control
group [53]. Genetic analysis of breast cancer samples from
North African patients led to the identification of a
potential founder allele (c.798_799delTT) that occurred in
two Algerian families and in two families from Tunisia
[58]. However, no solid founder mutations have been
identified in the few studies conducted so far which indi-
cated a high frequency of BRCAI mutations in African
women (Table 3). Given the economic constraints inherent
to some African countries, there is an urgent need for a
concerted effort to improve screening programs and indi-
vidual testing throughout the continent to determine the
impact of germ line mutations among African breast cancer
patients.

Breast screening and diagnosis

High mortality rates of breast cancer in Africa have been
linked to inadequate screening and diagnostic services
[1, 2, 59]. Most African countries are yet to implement a
national breast cancer screening program. Screening and
early diagnosis have been shown to significantly reduce the
high rate of breast cancer mortality in developed countries
[6, 60]. Three main methods are used today to screen breast
cancer worldwide: mammography, clinical breast exami-
nation by trained personnel, and self-breast examination
[56, 60]. Mammography is widely used and proven to be
the most effective method. For instance, studies conducted
in Australia, the US and some European nations showed a

clear reduction in breast cancer mortality rates when
mammogram was used for screening breast cancer patients
[56]. However, most African and less developed countries
have limited access to mammography. For example, a
study in Uganda showed that only four mammogram
machines were available for a population of 6-7 million
eligible women and the service was unaffordable for the
average Uganda women [60, 61]. Furthermore, mammog-
raphy is recommended for screening of women between 40
and 69 years [6] and not for women below the age of
35 year because the denser breast in younger women
makes it difficult to distinguish normal tissues from
abnormal tissues on the X-ray film [61]. Since breast
cancer incidence is higher among young African women,
when compared to women from Western countries, their
ineligibility for mammography puts them at a higher risk of
displaying more advanced tumors at the time of diagnosis
[6, 61].

Due to the limited access to mammography, many
African countries have resorted to the use of ultrasonog-
raphy. Ultrasonography has been shown to increase the rate
of breast cancer diagnosis especially in women that have
denser breasts or in cases where negative result was
obtained with mammogram [56]. In addition, sonography
itself is cost effective and therefore highly used in many
African countries such as Nigeria, Uganda, and Egypt
[62-65]. However, there is inadequate information on
whether the use of ultrasonography is linked to reduced
rates of breast cancer mortality [56]. A study in Malawi
concluded that clinical breast examination by trained per-
sonnel was a cost-effective method for breast cancer
screening [66]. In Morocco and Ghana, clinical breast
examination has also improved early breast cancer diag-
nosis especially among lay women and people that lack
access to mammogram and sonography [6, 67].
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Table 3 Major molecular subtypes of breast cancer

Major molecular subtypes of breast cancer

Luminal A Luminal B HER2+ Basal-like (triple-negative
or TNBC)
Characteristics ER/PR+, HER2— ER/PR+, HER2+ HER?2 overexpression ER/PR/HER— (TNBC)
Genetics erbB2/HER?2 gene BRCAI and BRCA2, etc.
amplification chromosome
17q12
Approximate 73 10 13 5
incidence (%
of cases)
Therapy Targeted Targeted Targeted Chemotherapy
Drug Tamoxifen, fulvestrant, Tamoxifen, fulvestrant, aromatase Trastuzumab/Herceptin, Cytotoxics such as
examples aromatase inhibitors inhibitors (anastrozole, letrozole, tyrosine kinase inhibitors doxorubicin, paclitaxel,
(anastrozole, letrozole, or or exemestane) and HER2-targeted (lapatinib, dasatinib, cyclophosphamide, and
exemestane) drugs imatinib, etc.) carboplatin
Prognosis Favorable Poorer than luminal A; better than ~ Aggressive, but better Aggressive and

HER?2 or TNBC

unfavorable because of
lack of target therapy

prognosis because of
availability of
combination therapy

Breast self-examination is another method that is highly
recommended by physicians in many African countries for
because it is free, painless and easy to practice [64, 68].
There is however limited information on the effect of
breast self-examination in the reduction of breast cancer
mortality. Despite the awareness of breast cancer and the
advantages of breast self-examination in Africa, only few
women are reported to conduct self-examination [68, 69].
The reluctance to perform breast self-examination by some
of these women was based on the sociocultural environ-
ment in which they live [68]. For others, it was simply
because of fear instigated by their perceptions of breast
cancer as a lethal disease [70].

Conventional breast cancer therapy

Since the late 1970s there has been a steady increase in the
number of treatment options for breast cancer [71]. Nowa-
days, there is an assortment of targeted therapies and other
strategies including surgery, radiation and chemotherapy.
The selection of a breast cancer treatment plan is based on
the identification of the molecular subtype of the patient,
which can be ER+, HER2+, or triple-negative. While var-
ious targeted treatment options are available for ER+ and
HER2+ breast cancers, TNBCs, which lack a characterized
target, can only be treated by chemotherapy. All these
therapies however can be applied as neoadjuvant or adjuvant
therapy, that is before or after surgery, respectively [71].
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ER+ targeted therapy (hormonal therapy)

Endocrine therapy for ER+ breast cancers is the most
commonly used therapy that targets the ER protein itself or
its ligand, estrogen. ER is part of the estrogen signaling
pathway. Estrogen binds to the hydrophobic pocket of ER,
inducing receptor resulting in conformational changes and
receptor-dimer formation, all of which enable ER to reg-
ulate the transcription of genes involved in cell growth and
proliferation. There are different classes of endocrine
treatments. These include selective ER modulators such as
tamoxifen, and selective ER degraders such as fulvestrant,
and aromatase inhibitors (Als) [71]. Tamoxifen is a partial
agonist that binds competitively with estrogen in the same
hydrophobic pocket in ER, but induces a different con-
formational change that suppresses the ability of the ER to
bind to its target gene [72]. Tamoxifen was approved by
the Food and Drug Administration (FDA) in 1977 as the
front-line drug for the treatment of metastatic ER+ breast
cancers. Fulvestrant is a pure antagonist that induces the
degradation of the ER protein. The drug was approved by
the FDA for the treatment of ER4 metastatic breast cancer
in 2002 [71]. Als reduce the amount of estrogen in the body
by blocking the activity of aromatase, an enzyme that
catalyzes the conversion of androgen into estrogen. Als
such as anastrozole (FDA approval, 1996) and letrozole
(FDA approval, 2005) have proven to be extremely effec-
tive in the treatment of breast cancer among post-
menopausal women [73].
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HER2+ targeted therapy

HER?2 overexpression is historically associated with poor
outcomes [74]. The development of a HER2-targeted
agent, trastuzumab (sold under the brand name Herceptin),
has considerably improved prognosis of patients with
HER2+ breast cancer [75]. The drug was approved by the
FDA in combination with paclitaxel as a first-line treatment
of HER2+ metastatic breast cancers, and as a single agent
for second and third-line therapy. Trastuzumab became the
first therapeutic antibody targeted against an oncogene to
receive FDA approval. Trastuzumab was shown to signif-
icantly improve median survival by about 5 months from
20.3 to 25.1 months [74]. Several other newer HER2-tar-
geted agents, including lapatinib, pertuzumab, and trastu-
zumab-emtansine (T-DM1), have also been clinically
beneficial in the treatment of HER2+ breast cancers
[71, 76, 77]. Neoadjuvant treatment of early-stage HER2+
breast cancers with a combination of trastuzumab and
sequential chemotherapy, followed by breast surgery,
radiotherapy (if recommended), is currently the standard
approach. This has dramatically improved survival rates in
the HER2+ subgroup to nearly 40-75% over 10 years
[78, 79].

Treatment of triple-negative breast cancers

No targeted therapies are available for TNBCs. These
cancers are typically treated with a combination of thera-
pies such as surgery, radiation therapy, and chemotherapy
[71]. Radiation therapy is also routinely given to patients
who received lumpectomy, while chemotherapeutics are
administered as neoadjuvant or adjuvant therapy [71].
According to the American Cancer Society (https://www.
cancer.org/), the most common chemotherapeutic drugs for
adjuvant and neoadjuvant treatment used in combination
therapy include: anthracyclines, such as doxorubicin
(Adriamycin) and epirubicin (Ellence); taxanes, such as
paclitaxel (Taxol) and docetaxel (Taxotere); S-fluorouracil;
cyclophosphamide (Cytoxan) and carboplatin (Paraplatin).
In cases of advanced metastasis, breast cancer drugs such
as platinum agents (cisplatin, carboplatin), vinorelbine
(Navelbine), capecitabine (Xeloda), liposomal doxorubicin
(Doxil), gemcitabine (Gemzar), mitoxantrone (No-
vantrone), ixabepilone (Ixempra), albumin-bound pacli-
taxel (nab-paclitaxel or Abraxane), and eribulin (Halaven)
are available choices.

Surgery
Limited resources for complementary neoadjuvant or

adjuvant therapy in sub-Saharan Africa has contributed to
the application of surgery as the primary modality for the

management of resectable breast cancer. Mastectomy is
considered culturally objectionable in some African coun-
tries, and therefore compliance by the patients varies from
country to country. For example, the refusal rates in
countries like Eritrea and Cameroon are fewer compared to
Nigeria for example [80]. About 35% of all breast cancer
cases reported in Nigeria are treated surgically, and this
rate is almost 100% in Cameroon for resectable cases
[12, 80]. It is reported that up to 75% of women in Africa
display very advanced disease at the time of diagnosis and
this rate is as high as 81% in the Democratic Republic of
Congo and 90% in Niger [81, 82]. About 85% of breast
cancer patients undergo mastectomy usually because of the
advanced stage of the disease or simply due to lack of other
modalities of treatment. In sharp contrast, mastectomy
rates in Europe are 30% [83]. Lack of or poor access to
radiation facilities in Africa is the rate-limiting step for
breast conservation in many African countries [12]. Even
countries in like Tunisia, where radiotherapy facilities are
available, the breast conservation rate is less than 20%
[84, 85].

Access to therapeutic drugs breast cancer treatment
in Africa

Breast cancer patients in Africa face unique challenges
beyond the pathology of the disease because of the lack of
adequate social and economic resources. Besides, there is a
steady rise in the cost of new and more effective systemic
therapies for breast cancer. These challenges are com-
pounded by inadequate allocation of funds for healthcare in
general [11]. The high cost of treatment, severe clinical
side effects, and esthetic side effects such as hair loss from
chemotherapy, greatly contribute to the elevated noncom-
pliance rates in many countries in Africa [86-88]. In
Cameroon, a third of patients are reported to delay the first
two cycles of chemotherapy because of limited financial
resources [86]. Non-adherence to chemotherapy schedules
has also been documented in Nigeria [89].

The price difference between generic and brand name
drugs is significant and this fact underscores the impor-
tance of increasing access of generic drugs to low—middle-
income countries (LMICs). Although the patents for most
chemotherapy drugs such as paclitaxel, cyclophosphamide,
carboplatin and cisplatin, carboplatin have expired, there
are considerable price discrepancies observed in the prod-
ucts. According to a report prepared for OXFAM (Oxford
Committee for Famine Relief: www.oxfam.org) by Ellen ’t
Hoen (an activist for global access to essential drugs) [90],
the drug with the highest cost per treatment is imatinib with
low, medium, and high cost per treatment of $28295,
$37259, and $46224, respectively. On the other hand, the
cost per treatment for tamoxifen, ranging from $16 to $548,
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is the lowest (Fig. 2). Although the patent for tamoxifen
expired in 2002, the drug has one of the highest price range
[91]. The buyers median price of tamoxifen is 0.0897 US$/
tablet [91]; however, the high/low ratio price of tamoxifen
can be as high as 33 (Fig. 3) [91]. Further, the indicative
cost per treatment of paclitaxel can be as low as $658 in
some regions of the world and 19 times more ($12,250) in
other areas (www.oxfam.org). These high ratio values
cannot be accounted for by the drug’s patent status alone
since the patent for tamoxifen, for example, expired in
2002, yet the drug has the highest high/low price ratio
when compared with other drugs [92]. The lower cost of
essential drugs in some nations may be attributed to gov-
ernment-imposed subsidy regulations that allow for
affordable public healthcare.

Both tamoxifen and trastuzumab used for the treatment
of ER and HER2+ breast cancers, respectively, are inclu-
ded in the WHO essential drug list [93]. However, the cost
and access to targeted therapy medication for breast cancer
is still a concern in many LMIC including many sub-Sa-
haran African countries. While generic tamoxifen is now
readily available and at very low cost or even free in some
countries, the cost of trastuzumab is still astronomically
high even for high-income countries [94] (Fig. 4). For
example, the average price for one trastuzumab injection in
South Africa is $2115, while the average UK retail price

and UK hospital price are $631 and $317, respectively. The
average cost per injection of trastuzumab in US clinic is
about $3000. The annual cost per year for trastuzumab
injections can be as high as $54,000 and $49,000 in China
and US, respectively. This treatment costs over $46,000 in
South Africa and about $25,000 in the UK (www.oxfam.
org) (Fig. 4). A lower cost of the generic drug between
$11,000 and $24,000 can be found in India where Indian
generic manufacturers, for example, Emcure Pharmaceu-
ticals Ltd., lowered the general price trastuzumab by as
much as 30% [95]. While breast cancer mortality rates in
wealthy countries are declining because of early diagnosis
and the availability of treatment opportunities, the prog-
nosis is dire in LMIC in African, where there is limited
access to and affordability of effective treatment.

Alternative treatment strategies for breast cancer
in Africa

Socioeconomic factors and the high cost of available
therapeutic drugs have largely contributed to the rising
incidence of breast cancer in Africa. However, the popu-
larization of herbal medicine for the treatment of various
ailments provides hope and urgently needed alternatives to
conventional medicine. There are reports that indicate that
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Fig. 2 Relative cost per treatment of indicated drugs ($): the low,
medium, and high cost. Reported by Global Task Force on Expanded
Access to Cancer Care and Control, and adapted from ACCESS TO
CANCER TREATMENT: “A study of medicine pricing issues with
recommendations for improving access to cancer medication.” A
report prepared for OXFAM by Ellen ’t Hoen, LLM: Medicines Law
and Policy. *Please note: Estimated costs for anastrozole, imatinib,
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not on the WHO model list of essential medicines (EML) and so the
cost of the drug per year is considerable higher than those of other
drugs on the WHO EML. The cost can be as high as $54,000 in China
and less than 20,000 in India. Adapted from Ellen "t Hoen [90]. For
additional information, also see: http://gtfccc.harvard.edu/fs/docs/icb.

some natural dietary agents in fruits, spices, and vegeta-
bles, and plant-derived phytochemicals exhibit health
promoting effects, including the ability to prevent and/or
suppress the progression of various types of cancers
including breast cancer [96-99]. Numerous plant extracts
have been tested in a variety of in vitro and in vivo model
systems against different types of cancers. These plants
have been shown to exhibit chemopreventive and

ping Herceptin price in India by 30%’ http://www.fiercepharma.com/
story/roche-droppingherceptin-price-india-30/2013-03-01; and for
Biocon launch on Herceptin biosimilar in India see: http://www.
pharmatimes.com/article/14-01-20/Biocon_to_launch_world_s_first_
Herceptin_biosimilar_in_India.aspx#ixzz3QbEB6lAv

chemotherapeutic effects due to their high levels of alka-
loids, terpenes, benzopyrans, coumarins, diarylheptanoids,
flavonoids, indoles, xanthonoids, proteins, polysaccharides,
carotenoids, and stilbenes contents [100-102]. It is esti-
mated that about 60% of breast cancer patients already use
complementary alternative therapies in combination with
conventional anti-cancer drugs [100]. Phytochemicals, for
example, are known to possess anti-oxidant activity, but at
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relatively higher concentrations can act as pro-oxidant by
generating reactive species that induce DNA fragmentation
of cancerous cells or by preventing the activation of pro-
carcinogens [103-106].

Africa is known for its large diversity of medicinal
plants for the treatment of various ailments including
cancer. The increasing use of medicinal plants has gener-
ated considerable interest, not only among members of the
scientific community, but also among the general public
[101, 102, 107]. Although many African plant extracts

Table 4 Promising plant extracts with anti-breast cancer activity

have been reported to exhibit anticancer activity, those
used for the specific treatment of breast cancer are scarce.
Table 4 contains a list of some plants whose extracts have
displayed promising results in experimental studies. These
plant extracts are administered in different forms to treat
breast cancer [102]. In Kenya for instance, the stem bark of
Tabernaemontana stapfiana is dried and pounded into
powder, mixed with alcohol and applied topically once a
day for a month [102]. The dried leaves powder of Glycine
wightii, known to have high penetrative ability, is also

Plant species  Plant Breast cancer cell Pharmacological target/mechanism of action References
part(s) or  type/animal model
type
Ganoderma Mushroom Breast cancer cell Inhibit the release of I1L-8, IL-6, MMP-2 and MMP-9; Wnt/B-catenin [121, 129]
lucidum lines; mice signaling; downregulates the ER
Azadirachta Leaves Rats — Upregulates proapoptotic genes [134]
indica — Upregulates p53, B cell lymphoma-2 protein (Bcl-2)-associated X protein
(Bax), Bcl-2-associated death promoter protein (Bad) caspases
— Upregulates phosphatase and tensin homolog gene (PTEN), as well as
c-Jun N-terminal kinase (JNK)
Hwanggeum Whole MCF-7 — Blocks Jak/STAT signaling pathways [135]
Chalh plant MDA-MB 231 — Down-regulates the expression of STATSb/IGF-1R and STAT3/VEGF
sorghum Mice — Down-regulate the expression of VEGF-R2
— Down-regulate the expression of cell cycle regulators (cyclin D, cyclin E,
and pRb)
— Induces G1 phase arrest and migration inhibition
Boswellia Gum resin  Rats — Induces cell death by inhibiting the phosphorylation of ERK-1 and ERK-2 [135, 137]
serrata exudate — Induces apoptotic pathways
Momordica Leaves Fruit — Upregulates the expression of tumour suppressor gene [138]
charantia — Modulates signal transduction
Ocimum Leaves MCEF-10 DCIS — Inhibits cell proliferation and migration [139]
sanctum — Increases ROS generation
— Causes induction of COX-2 protein
Acokanthera Stems MCF-7 Inhibit cell proliferation [102]
oppositifolia
Xanthium Stems MCF-7
Strumarium
Oncosiphon Whole MCF-7
piluliferum?® plants
Kigelina Roots MCEF-7
africana®
Parinari Whole MCF-7
capensis® plants
Sansevieria Roots MCF-7
pearsonii®
Pelargonium ~ Whole MCF-7
acraeum® plants

 Plants that showed total growth inhibition at concentration ranging from 6.25 to 8.92 pg/mL
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applied topically [102], whereas, the Tragia brevipes
powder is infused and orally taken daily [102]. It is
important to note that these practices are undertaken by
communities living in and around the tropical rainforest,
and in regions where there is limited access to any form of
surgery or to standard clinical care. This has led to a great
appreciation for alternative medicinal practices, even
though the efficacy of the products used has not been
clinically validated.

The clinical benefits of herbal medications have how-
ever been well documented in other parts of the world,
including China (for review, see [108]). For example, a
study by Piao et al. [109] demonstrated that breast cancer
patients that underwent conventional chemotherapy in
combination with the standardized aqueous mistletoe
extract from China saw significantly improved quality of
life and reduced occurrence of adverse effects in com-
parison to patients that received conventional chemother-
apy alone, or those co-treated with lentinan [110]. The
beneficial effect of this plant extract was attributed to its
ability to modulate the immune system [110]. A similar
conclusion was made when breast cancer patients were
treated with chemotherapy in combination with Shengi
Fuzheng injection [111]. The Shenqi Fuzheng injection is
formulated from two kinds of Chinese medicinal herbs
(huangqi and dangshen), and was approved by the State
FDA of the People’s Republic of China in 1999 primarily
as an anti-tumor injection [112]. Clinical trials on the use
of Shengi Fuzheng injection in combination with plat-
inum-based chemotherapy for the treatment of advanced
non-small cell lung cancer have demonstrated improved
tumor response and reduced the toxicity from standard
platinum-based chemotherapy [113]. Shenqi Fuzheng
injection combined with chemotherapy has also been
shown to be effective in the treatment of breast cancer in a
mechanism that is reported to involve improved immunity
[111, 114-116].

Other Chinese traditional herbs such as Salvia miltior-
rhiza (Danshen) and Coriolus versicolor (Yunzhi) have
also been shown to modulate the immune system in breast
cancer patients’ post-treatment [117]. Ganoderma lucidum,
also commonly known as Reishi or Lingzhi, has been used
as a potent medicinal mushroom for more than 2000 years
in China [118]. A high dietary intake of Reishi has been
found to be negatively associated with the risk of devel-
oping breast cancer [119]. Further, many studies have
reported that Reishi has anti-cancer activities in in vivo and
in vitro breast cancer models. [118, 120-132]. The results
of a case—control study in over 2000 patients in China
revealed that the intake of fresh or dried mushrooms alone
or in combination with green tea reduced the risk of breast
cancer in women and had a positive effect on suppressing
malignancy [133]. All these studies validate a potential use

of Reishi in breast cancer patients as an adjunct to
chemotherapy or radiotherapy. It has been reported that
almost all breast cancer patients in China use herbal
medicine as part of their cancer therapy to boost their
immune system [134], and to improve quality of life after
operation [135].

Conclusion and future

Breast cancer incidence in African countries is rising
[6, 101, 102, 136, 137], and it is presently considered as the
leading cause of cancer in women [138, 139]. This increase
is due to socioeconomic factors compounded by the:
(i) lack of resource and/or treatment facilities; (ii) limited
access to early detection; (iii) delay in seeking diagnosis,
which result in a high proportion of women with disease at
the late-stage; (iv) high cost of available chemotherapeutic
drugs; (v) lack of effective national awareness campaigns;
and (vi) increasing urbanization. Herbal medicine in Africa
is an under-explored alternative to treatment and its future
use as an affordable adjunctive therapy for breast cancer
will be especially beneficial for African countries and other
low-income countries.
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