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Abstract. Females with early‑stage metastatic, estrogen‑depen-
dent breast cancer are generally treated with surgery, radiation 
and chemotherapy, or with more targeted approaches such as 
aromatase inhibitors (anastrozole or letrozole) or anti‑estrogens 
(tamoxifen). Despite widespread successful usage of these 
agents for the treatment of breast cancer, resistance, tumor 
relapse and metastasis remain the principal causes of mortality 
for patients with breast cancer. While numerous groups have 
made major contributions toward an improved understanding 
of resistance mechanisms, the currently insufficient grasp of 
the most critical pathways involved in resistance is evident in 
the inability to adequately treat and drastically improve patient 
outcomes in females with hormone‑refractory breast cancer, 
including triple negative breast cancer. Therefore, further 
investigation of novel therapeutic approaches is paramount to 
reveal previously unconsidered agents that could be utilized 
to treat metastatic disease. Numerous naturally occurring 
phytochemicals have recently gained interest as potential 
therapeutic breast cancer agents appear to directly affect 
estrogen‑dependent and estrogen‑independent breast cancer 
cell proliferation, potentially via affecting breast cancer stem 
cell populations. While numerous natural compounds have 
exhibited promise, they are limited by their bioavailability. 
Therefore, to effectively treat future hormone‑refractory breast 
tumors, it is critical to adequately refine and formulate these 
agents for effective therapeutic use and delivery. Herein, the 
literature on the current state of phytochemicals is reviewed, 

including their limitations and potential as targeted therapies 
for breast cancer.
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1. Introduction

Breast cancer is the second leading cause of cancer mortality 
among females, with 246,660 estimated new cases and 40,450 
estimated mortalities recorded in the United States in 2016 (1). 
Today, 1/8 females (12.5%) will develop breast cancer  (1). 
According to the latest World Health Organization report in 2012, 
by 2030, the global incidence of breast cancer is projected to 
increase (2). There are four stages of breast cancer: Cancer in the 
earliest state is designated stage 0 (carcinoma in situ) and ranges 
from stage I through IV. Stage IV is the most aggressive stage of 
the disease. A higher stage implies a more advanced metastatic 
cancer. Some of the stages are further divided into sub‑stages 
designated A, B and C. When detected early, (i.e., stage  I, 
localized breast cancer), the 5‑year survival rate is 100% (3). It 
is common for cancer to spread to other organs; breast cancer 
typically spreads to the lungs, bones, liver or brain (3).

Breast cancer is classified into three main subtypes based 
on the molecular profiles: i)  Hormone receptor‑positive 
[estrogen receptor (ER)+]; ii) human epidermal growth factor 
receptor (EGFR) 2 (HER2)‑positive; and iii) triple negative 
tumors (4). Hormone receptor‑positive is a subtype of breast 
cancer in which the ER is expressed. HER2‑positive is a 
subtype of breast cancer that contains HER2, a member of 
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EGFR family. Triple negative breast cancer is a subtype of 
breast cancer lacking three classic receptors, specifically the 
ER, progesterone receptor (PR) and HER2. While there are 
various forms of treatment for breast cancer, treatment is 
primarily dependent upon the type and stage of the cancer. 
Current therapeutic strategies include surgery, radiotherapy 
and adjuvant chemotherapies and hormonal therapies.

Surgery and radiation are used to treat a number of cancers, 
including breast cancer, to remove, destroy and control the 
growth of cancer cells in a specific region. Chemotherapy 
is used as a systematic form of treatment; it is a therapeutic 
method utilizing drugs to impede the growth of cancer cells. 
Chemotherapeutic agents are administered orally or by intra-
venous/intramuscular injection, depending on the type and 
stage of cancer. Chemotherapy is used to destroy and/or control 
cancer cells throughout the body. Current treatment methods 
include: Hormone therapy, such as tamoxifen (Saltamox); 
aromatase inhibitors, such as anastrozole (Arimidex), exemes-
tane (Aromasin) and letrozole (Femara); and biologic drugs, 
including ado‑trastuzumab emtansine (Kadcyla), lapatinib 
(Tykerb), palbociclib (Ibrance), pertuzumab (Perjeta) and 
trastuzumab (Herceptin) (5). Treatment can be administered 
as a single agent or as a combination, contingent upon the 
patient's needs. One of the major problems in the treatment of 
breast cancer is the development of drug resistance, particu-
larly among hormone receptor positive breast cancer.

There are numerous potential reasons for chemotherapy 
resistance. One reason for resistance is the development of 
mutated cells from normal cells. Genetic alterations cause 
aberrant cell activity, thus producing continued mutations 
and causing cancer cells to arise. Therefore, mutations induce 
resistance to drugs designed to prevent cancer. Numerous 
studies have identified a group of genetic mutations respon-
sible for chemotherapy resistance. Cancer cells can hinder 
drugs from entering affected areas due to these mutations. 
Studies have determined that resistant cells have high levels 
of a substance called p‑glycoprotein (6). P‑glycoprotein is a 
protein present in cell membranes that functions as a pump 
to remove toxins from cells. Cells with high p‑glycoprotein 
levels are efficient at cancer drug efflux. Resistance can occur 
due to insufficient intracellular drug concentrations, which 
then lead to continued cell proliferation. Cancer cells may 
also develop mechanisms that allow them to inactivate the 
anticancer drugs. Furthermore, cancer cells may also acquire 
novel repair methods for the DNA strand breaks caused by 
certain anticancer drugs. Recently, numerous studies have 
identified a subpopulation of cells, termed breast cancer stem 
cells (CSC), which are accountable for breast cancer reoccur-
rence and metastasis (7‑10). Current research strategies involve 
identifying novel methods of targeting breast CSCs (11).

2. Phytochemicals and breast cancer

There have been advancements in chemotherapeutic agents 
over the past decade; however, there is still an urgent need 
to overcome drug resistance. Numerous studies have focused 
on phytochemicals, which are nonnutritive plant chemicals 
that have disease‑protective or ‑preventive properties (12‑14). 
These chemicals are non‑essential nutrients, meaning they 
are not required by the human body for sustaining life (15). 

Chemicals within these plants have been demonstrated to target 
molecular subtypes of breast cancer and breast CSCs (16,17). 
Phytochemicals are non‑toxic and have a wide range of biolog-
ical activity including anti‑inflammatory, anti‑proliferative, 
antioxidant and anticancer properties. In this review, we will 
discuss the current clinical status of phytochemicals and their 
potential as therapeutics for ER(+) breast cancer, TNBC and 
breast CSCs. Furthermore, this review addresses the pharma-
ceutical compounding of phytochemicals and the importance 
of bioavailability.

3. Phytochemicals and ER(+) breast cancer

About 80% of all breast cancer cases are ER(+). The current 
method of treatment for ER(+) breast cancer involves hormone 
therapies such as tamoxifen and aromatase inhibitors (18). 
Tamoxifen is a selective estrogen receptor modulator (SERM) 
that prevents cancer by blocking the ER and preventing the 
binding of hormones. Aromatase inhibitors such as anastro-
zole, exemestane and letrozole exert their activity through 
the inhibition of estrogen synthesis. Due to utilizing hormone 
therapies, the 5‑year survival rate for ER(+) breast cancer is 
~10% higher than ER(‑) breast cancer. Conversely, after five 
years the survival difference decreases and eventually disap-
pears (19,20). Following five years of treatment, female patients 
with ER(+) breast cancer develop resistance to hormonal 
therapies. Thus, numerous studies have focused on the imple-
mentation of phytochemicals as adjuvant therapies. There are 
various phytochemicals that behave as SERMs, including 
isoflavones, coumestans, lignans and prenylflavonoides. 
Studies have demonstrated that isoflavones inhibit breast 
cancer growth, metastasis and induce apoptosis via the modu-
lation of distinct signaling pathways. Daidzein and genistein 
are isoflavones that inhibit cell proliferation, angiogenesis and 
induce apoptosis via cell cycle arrest in ER(+) breast cancer 
cells (21,22). Isoflavones inhibit the ER and EGFR/HER‑2 
in breast cancer cells. Mai et al (12) revealed that genistein 
exerts synergistic growth inhibitory effects with tamoxifen 
and trastuzumab on ER(+) and HER2‑overexpressing breast 
cancer cells (23). Additionally, genistein combined with the 
synthetic isoflavone ipriflavone inhibits osteolytic bone metas-
tases and improves bone microstructure by suppressing cancer 
cell growth. The combination of isoflavones and synthetic 
isoflavones inhibits tumorigenesis (24,25).

Epigallocatechin gallate (EGCG) is a polyphenolic 
catechin, a phytochemical present in green tea (12). It has 
been demonstrated to suppress growth and angiogenesis and 
to increase apoptosis in breast cancer cells (26). EGCG also 
inhibits migration/invasion and synergizes with tamoxifen, 
resveratrol and histone deacetylase (HDAC) inhibitors to 
induce MCF‑7 cell death [ER(+) cell line] (27). Flavonols, 
including quercetin and kaempferol, are phytochemicals 
present in fruits and vegetables, which possess anti‑proliferative 
activity against breast cancer cells at certain concentrations. 
Kaempferol inhibits the proliferation of MCF‑7 cells at higher 
doses (50‑100 µM), whereas it stimulates cell proliferation at 
lower doses (5‑10 µM). Yeh et al (28) determined that a combi-
nation of quercetin and carboxyamidotriazole has a synergistic 
effect on cell death in breast cancer. Studies have demonstrated 
that phytochemicals such as resveratrol, lignans, curcumin and 
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carotenoids inhibit the proliferation and increase the apoptosis 
of breast cancer cells  (29‑36). Curcumin, a component of 
turmeric, has been demonstrated to reduce metastasis and 
interacts with various molecular targets, including NFκB 
and Wnt/β‑catenin (34,35). A number of phytochemicals are 
currently in clinical trials for their potential inhibitory effects 
against breast cancer  (36). Future studies are required in 
order to understand the role of estrogenic phytochemicals and 
their use as antineoplastic agents for estrogen‑dependent vs. 
hormone‑refractory breast cancer.

4. Triple negative breast cancer

Triple negative breast cancer (TNBC) is one of the most 
aggressive forms of breast cancer (37,38). TNBC is derived 
from epithelial cells and is further characterized by the 
absence of the ER, PR and the HER2/neu receptor. Although 
TNBC exhibits some heterogeneity, 72‑82.1% of TNBC tumors 
reportedly belong to the basal/myoepithelial breast cancer 
subgroup, which indicates that the epithelial‑mesenchymal 
transition (EMT) has occurred in these cells, and significant 
genetic alterations have occurred (39,40). TNBC cells acquire 
a basal‑like phenotype as a result of stromal‑cancer cell cross-
talk, escape death and become more invasive (41,42). Due to 
the metastatic nature of TNBC cells, there is a requirement 
for improved targeted therapies for the better management of 
metastatic breast cancer.

5. Current treatments for TNBC

At present, there are no standard guidelines for TNBC treat-
ment. The heterogeneity of TNBC gives rise to various traits 
that lead to distinct clinical behavior based on the molecular 
profile of the tumor. Current cytotoxic therapies include 
taxanes, anthracyclines and platinum agents, particularly 
cisplatin and carboplatin. Targeted therapies include antian-
giogenic agents, tyrosine kinase inhibitors, PARP inhibitors 
and EGFR inhibitors. Izabepilone and capecitabine combina-
tion therapies may also be used. Data indicate that there has 
been no substantial improvement in patient outcomes. An 
improved understanding of the tumor microenvironment is 
critical for the future treatment of cancer and the prevention 
of recurrence (43,44).

6. Phytochemicals used in TNBC treatment

Fresh low bush blueberries (Vaccinium angustifolium) were 
weighed, juiced and prepared, and expressed as gallic acid 
equivalents, as described by the Folin‑Ciocalteu method (45). 
The blueberry extract was used to treat TNBC cell lines 
and a TNBC mouse xenograft model. The results demon-
strated that the blueberry extract significantly decreased cell 
proliferation and tumor volume, and increased apoptosis, as 
indicated by the evaluation of Ki‑67 and caspase‑3 in TNBC 
cells in vitro and in vivo. The data also indicated a decrease 
in TNBC cell migration through evaluating modulation of 
the PI3K/AKT/NFκB pathway (Fig.  1). It was also noted 
that ingestion of whole blueberries significantly decreased 
tumor volume in vivo. Additionally, the data indicated that 
blueberries as daily nutraceutical (6 ounces/day) may be 

beneficial in cancer prevention (46). The anticancer activity 
of Mangifera zeylanica (MZ), and of flavonoids from the 
bark of this plant, endemic to Sri Lanka, was demonstrated in 
TNBC (47); other prior reports have also indicated the antipro-
liferative effects of flavonoids in TNBC (48). The bark extracts 
contain polyphenols and flavonoids, and were used to perform 
dose‑dependent studies to explore the cytotoxic effects of MZ. 
Caspase‑3 and ‑7 were activated in TNBC models when the 
cells were exposed to MZ, leading to apoptosis, which was 
confirmed by measuring the DNA fragmentation, the expres-
sion of pro‑apoptotic p53 and Bax, and the expression of 
anti‑apoptotic survivin (47).

Therefore, the evidence suggests that phytochemicals 
exhibit chemotherapeutic and chemopreventive properties in 
TNBC (48). Further investigations into the use of phytochemi-
cals as chemotherapeutic agents are warranted.

7. Current status and implications of phytochemicals as 
potential BCSC‑targeting therapeutics

While endocrine therapy (i.e., aromatase inhibitors and 
anti‑estrogens) has been demonstrated as an effective first‑line 
therapy for female patients with hormone‑dependent breast 
cancer, it is limited by the development of resistance, and 
the presence of a rare, sub‑population of chemotherapy‑ and 
radiation‑resistant breast cancer stem cells (BCSC) (49). As 
BCSCs are able to survive therapy, recurrence may ensue 
following the treatment of solid tumors due to the self‑renewal 
and multi‑lineage differentiation properties of the cells (50,51). 
It has been reported that standard chemotherapy can increase 
the percentage of CD44high/CD24low (BCSC markers) tumor 
cells in patients with breast cancer  (52); thus, alternative 
therapeutic strategies are critical. The drug‑resistant nature of 
BCSC has led to increased interest in the utilization of natural 

Figure 1. Schematic representation depicting the net effect of blueberry 
extract on targeting the PI3K/AKT/NF‑κB pathway in triple negative breast 
cancer. PI3K, phosphoinositide 3 kinase; AKT, protein kinase B; NF‑κB, 
nuclear factor‑κB.
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dietary supplements as alternative and/or adjuvant therapies 
for existing breast tumors (53). However, the dietary intake 
of natural agents such as certain phytochemicals, which have 
been demonstrated to act as estrogens, may be of concern 
among female patients with ER(+) breast cancer. Therefore, 
it is critical to understand the role of phytochemicals as 
BCSC‑targeting agents. Herein is presented a discussion of the 
current status and implications of phytochemicals as potential 
BCSC‑targeting therapeutics.

The in vitro mammosphere formation assay was originally 
developed by Dontu et al (54), whereby breast cancer cells are 
grown in suspension in a low‑adhesive environment. The cells 
aggregate into spheres (i.e., mammospheres or tumorspheres) 
while suspended to facilitate attachment and differentiation; 
after long‑term culture, mammospheres produce a functional 
mammary tree structure. This assay is routinely utilized to 
study mechanistic signaling pathways associated with BCSC 
and possible therapeutic intervention routes. Rhodiola is a 
perennial plant that grows in barren soil in the high tundra 
regions of Siberia and the highlands of Tibet and has been 
used in traditional eastern medicine  (55). There are ~90 
different Rhodiola plant species, all exhibiting a variety of 
health‑promoting effects. Rhodiola exhibit anticancer (54), 
cardioprotective (56,57) and antidepressant (58‑63) properties. 
Recent studies by Tu et al  (64) demonstrated R. crenulata 
induces cell death and inhibits the growth of breast cancer 
cell lines, as well as reduces the formation and maintenance 
of MCF‑7 (65) and MDA‑MB 231 tumor spheres (66). These 
studies suggested that while components of R.  crenulata 
contain estrogens, their use in the treatment of ER(+) breast 
cancer cells could still be protective.

Previous studies into the phytochemical cajanin stilbene acid 
(CSA), isolated from pigeon pea (Cajanus cajan) leaves, revealed 
antioxidant (67) and antimicrobial activity (68), as well as cancer 
cell cytotoxicity (69,70). Recently, numerous phytochemicals 
were comparatively analyzed with regard to their effects on BCSC 
viability. Shikonin, also known as Zicao (purple gromwell), the 
dried root of Lithospermum erythrorhizon and artesunate (a 
carbonyl reduced, semi‑synthetic derivative of the anti‑malarial 
compound artemisinin isolated from the sweet wormwood 
plant Artemisia annua) were compared with CSA. Two CSA 
derivatives were identified to be more effective at inhibiting the 
viability of MCF‑7 cells cultured as tumor spheres, as compared 
with MCF‑7 cells cultured as a monolayer (71). By contrast, 48 h 
following Shikonin treatment, the CD44high/CD24low cells were 
enriched in the surviving MCF‑7 cell population. The results 
demonstrated that while certain phytochemicals can specifi-
cally target the formation and viability of BCSCs, others exhibit 
initial cytotoxicity towards BCSC and then develop resistance 
following long‑term exposure.

A recent study evaluated the cytotoxic effects of five 
phytochemicals including 6‑gingerol, 6‑shogaol, 5‑hydroxy‑ 
3,6,7,8,3',4'‑hexamethoxyflavone, nobiletin and pterostilbene 
on MCF‑7 breast cancer cells and BCSCs (72). Results demon-
strated 6‑gingerol, 6‑shogaol and pterostilbene selectively 
killed the BCSC population while 6‑shogaol and pterostilbene 
induced cell necrosis‑associated events such as membrane 
injury and bleb formation in BCSC, inhibited mammosphere 
formation and increased the sensitivity of isolated BCSCs to 
chemotherapeutic drugs. Notably, 6‑shogaol and pterostilbene 

significantly increased the anticancer activity of paclitaxel. 
The underlying mechanism suggested that decreased stem-
ness could be attributed to decreased CD44 expression, 
promotion of β‑catenin phosphorylation via the inhibition of 
hedgehog/Akt/GSK3β signaling, and decreased c‑Myc and 
cyclin D1 expression. This further suggested that 6‑shogaol 
and pterostilbene‑activated β‑catenin degradation reduced 
CD44 activity, thereby affecting the maintenance of BCSCs 
and further inducing the loss of tumorigenicity.

Due to the inherently resistant nature of BCSCs and their 
involvement in metastasis, it is increasingly imperative to develop 
therapies able to directly target these cells. While it is understood 
that certain soy phytochemicals, including glyceollins, target the 
EMT (14,73) (Fig. 2), their impact on BCSCs remains unclear. 
However, phytochemicals possess anticancer properties, and 
represent a promising approach and novel paradigm for potential 
BCSC‑targeting therapeutics. It is important to develop these 
agents for use in combination with currently approved endocrine 
and/or standard chemotherapies with improved bioavailability.

8. Pharmaceutical compounding of phytochemicals

Phytochemicals are promising agents for the treatment of 
estrogen‑dependent and ‑independent breast cancer; however, 
numerous natural agents have poor bioavailability and, 
thus, require additional strategies to enhance their efficacy. 
Understanding of the principles of pharmaceutics is vital for 
the proper preparation of any drug delivery system or dosage; 
the pharmaceutical compounding of phytochemicals is no 
exception. Though the active ingredients are naturally occur-
ring, when administered they exhibit similar pharmacokinetic 
profiles to chemicals compounded for administration via the 
same route (74). First pass metabolism is of great concern 
when a drug or active ingredient is administered orally (75). 
This phenomenon results in the marked reduction of drug 
concentration due to hepatic and intestinal drug degradation. 
Much of the initial concentration is eliminated or removed 
from the blood before it ever reaches the systemic circulation.

Numerous chemotherapeutic agents are formulated for 
oral and intravenous administration. Depending on the type of 
cancer and progression of the disease, patients may be prescribed 
a single or combination drug regimen  (76). Combination 
therapies typically consist of an oral and intravenous admin-
istration of drug entities. For example, methotrexate is given 
intravenously while cyclophosphamide is orally administered. 
Conversely, phytochemicals are predominantly administered 
orally. Phytochemicals are present in high concentrations in 
fruits and vegetables; as they are consumed as part of a healthy 
diet, it is logical that compounds formulated to deliver these 
cancer‑fighting agents would utilize the same metabolic routes.

The extent of a drug's solubility in a given pharmaceutical 
vehicle affects the pharmacokinetics of the active drug moiety. 
Pharmacokinetics is the study and characterization of the 
time‑course of the absorption, distribution, metabolism and 
elimination of drugs (77). Solubility and bioavailability are 
the pharmaceutical compounding parameters of concern. If 
the compound is not soluble in the transport vehicle, this will 
affect the bioavailability of the drug or active ingredient(s) (78). 
Understanding the dynamics of these parameters is crucial 
when determining the dose regimens and avoiding toxicity.
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The potential drug release from a specific delivery system 
or dosage form can be determined via in vitro and in vivo 
experiments. In vitro testing could include the dissolution 
data of orally administered dosage forms. The United States 
Pharmacopeia's protocol for dissolution testing is a standard 
that can be utilized to customize and design the research 
procedure (79). In vivo testing should include experiments 
that provide absorption data, with consistent trends that can 
be used to further quantify the rate and degree of absorption. 
Bioavailability is the fraction of drug expected to enter the 
systemic circulation from a given dosage. This comparative 
variable is calculated using intravenous administration as 
a reference. Intravenous administration of a drug allows the 
total dose amount to enter the blood stream.

Theoretically, this is the ideal scenario for 100% bioavail-
ability, denoting intravenous delivery the gold standard. The 
area under the curve (AUC) for the dosage form in question 
and the intravenous form of the same drug are compared, with 
the intravenous form as the standard. It is imperative that the 
pharmacokinetic data are properly identified and interpreted 
to ensure accurate calculation of the bioavailability factor. 
The bioavailability factor can be expressed mathematically, as 
follows:

AUC(given dosage form)/AUC(intravenous dosage form)

This factor predicts how much of the administered drug 
will be readily available for absorption. The calculated 
bioavailability can be multiplied by the recommended dose to 
yield the quantity of the dose that is available for absorption. 
For example, if drug X has a bioavailability factor of 0.65 and 
the administered dose is 100, 65 mg of drug X is expected to 
enter the systemic circulation.

Dose x Bioavailability Factor=Drug Quantity Entering 
Systemic Circulation, 100 mg x 0.65=65 mg.

The intravenous form of the drug is the reference; therefore, 
the bioavailability factor for the intravenous administration of 
any drug is 1.

Numerous groups have reported low bioavailability from 
orally administered phytochemicals. Manach et al (80) identi-
fied that low bioavailability could be attributed to multiple 
parameters. Liver and gut metabolism, urinary excretion and the 
patient's genetic profile are among the factors that account for 
a decreased quantity of phytochemicals reaching the systemic 
circulation. If these compounds are unable to enter systemic 
circulation, the anticipated therapeutic response will not occur.

In vitro and in vivo studies demonstrate that phytochemi-
cals can increase the apoptosis of cancer cells and reduce 
metastasis (81‑84). Phytochemicals will not benefit the patient 
if they are not compounded in a manner that protects them 
from degradation. Therefore, consideration has been given 
to formulating phytochemicals in order to increase bioavail-
ability and clinical efficacy. Developing mutual prodrugs, 
orally co‑delivering phytochemicals, and administering 
phytochemicals as a topical or parental formulation are all 
attempts to provide alternatives to the current treatment 
options (85‑87).

A mutual prodrug may provide a more promising orally 
administered phytochemical. Siddiqui  and  Mukhtar  (88) 
suggested combining trastuzumab with a potent polyphenolic 
catechin as a plausible novel strategy for treating patients 
with HER2‑overexpressing breast cancer. Formulating phyto-
chemicals into nanoparticles has proven effective at increasing 
bioavailability and represents a viable targeted therapy 
option. Manzoor et al (89) reported a significant increase in 
the bioavailability of doxorubicin when thermally sensitive 
liposomes were released into a tumor. Research findings and 
advances are providing methodologies for the development of 
novel and individualized phytochemical‑based treatments for 
patients with cancer.

Figure 2. Proposed model of glyceollin‑induced reversion of EMT in letrozole‑resistant breast cancer cells. As epithelial breast cancer cells that overexpress 
aromatase are exposed to prolonged AI therapy (i.e., letrozole) they acquire AI resistance, estrogen independence and undergo morphological changes that 
are associated with EMT. Once resistance occurs, the levels of HIF‑1 are increased, which then controls the expression of ZEB1. ZEB1 expression is induced, 
which in turn suppresses E‑cadherin and induces EMT. However, when letrozole‑resistant cells are exposed to glyceollin they undergo morphological changes 
that are associated with an epithelial‑like phenotype, accompanied by a decrease in HIF‑1 expression levels. This then causes a decrease in ZEB1 expres-
sion, allowing the de‑suppression of E‑cadherin and the inhibition of EMT. EMT, epithelial to mesenchymal transition; AI, aromatase inhibitor; HIF‑1, 
hypoxia‑inducible factor‑1; ZEB1, zinc finger E‑box‑binding homeobox 1.
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Combining cancer therapies is a well‑documented practice; 
this premise is considered a plausible means to optimize the 
outcomes from phytochemical treatment. Improved therapeutic 
response, reduction in dose, and toxicity are expected due to 
multiple mechanisms being targeted (90). The ideal combina-
tion will contain active components working on different sites, 
which should reduce the possibility of acquired tolerance to the 
therapy or postpone the time before resistance is detected.

Gundala et al (91) compared the traditional (oral) route 
of administering phytochemicals to the topical and parental 
routes. The findings from this study suggest there is an increase 
in dose precision and clinical efficacy when phytochemicals 
are administered via the parental or topical route. Parental 
delivery markedly increases bioavailability while topical 
delivery boosts local activity. These attributes primarily exist 
as transport via either route of administration minimizes the 
first pass metabolism effect (92).

The various routes of administration (oral, topical, and 
parental) utilized to transport active ingredients and drug 
entities are well established. Combining the routes and dosage 
forms (capsules, creams, and liposomes) presents a number of 
options for investigation, all of which exhibit promise for the 
delivery of phytochemicals and address the requirement to 
increase bioavailability.

9. Conclusions

Despite advances in the treatment of breast cancer, there 
remains a requirement to overcome therapeutic resistance and 
develop novel treatments for metastatic breast cancer. Recent 
studies have demonstrated that BCSCs may be responsible for 
resistance. Crosstalk between the primary tumor and the stroma 
or microenvironment is reportedly potentially responsible for 
the migration and invasive nature of metastatic breast cancer. 
In order to address these concerns, attention must be focused 
on compounds that specifically affect various molecular targets 
associated with stem cells and the metastatic tumor microen-
vironment. Phytochemicals have proven effective at targeting 
numerous signaling pathways and BCSCs in breast cancer. 
Utilizing well‑formulated phytochemicals in nanoparticles, in 
combination with currently approved endocrine and/or standard 
chemotherapies, may prove a feasible method of overcoming 
resistance and targeting BCSCs in metastatic breast cancer. 
Therefore, future studies should involve varied drug delivery 
methods, including nanoparticles and liposomes, with phyto-
chemicals in combination with current methods of treatment.
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