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Abstract Esophageal cancer demonstrates varying epidemiology across the globe.
Over the last 30 years, esophageal adenocarcinoma has overtaken esophageal
squamous cell cancer as the most common histologic variety in the Western hemi-
sphere. However, esophageal squamous cell cancer remains the predominant type in
Asia. Despite an increase in our understanding of its pathophysiology, varying
chemotherapeutic regimens have not made any significant impact on the survival
of patients with this disease. These chemotherapeutic agents have potentially severe
adverse effects which affect the patient adherence to the given treatment. As an
alternative modality of the disease treatment, various phytochemicals have been
studied as therapeutic and prophylactic entities for esophageal cancer. Most of these
agents exert their effect using antioxidant and anti-inflammatory pathways. In this
chapter, we discuss the roles of curcumin, flavonoids, and other agents in terms of
the available data. As we move towards preventative care among the high-risk
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patients with conditions such as Barrett’s esophagus, supplementation of these
phytochemicals may lead to halting and decrease in the progression towards malig-
nancy. More robust studies are needed prior to recommending their widespread
application; however, in the era of cost-effective medicine, introducing such options
in the care of patients will have a significant impact in the long run. We also briefly
discuss the current state of chemotherapeutic and immune therapeutic options for
patients with esophageal cancer.

Keywords Phytochemicals · Cancer · Esophagus · Targeted therapies ·
Pathobiology · Management · Clinical outcomes

Abbreviations

BSC Best supportive care
CD Cluster differentiation
COX Cyclooxygenase
CSC Cancer stem cells
CTLA-4 Cytotoxic T-lymphocyte-associated protein 4
EAC Esophageal adenocarcinoma
EGCG Epigallocatechin gallate
EGFR Epidermal growth factor receptor
ESC Esophageal squamous cell cancer
FDA Food and Drug Administration (USA)
FGFR Fibroblast growth factor receptor
5-FU 5-Fluorouracil
GEJ Gastroesophageal junctional carcinoma
GERD Gastroesophageal reflux disease
HER2 Human epidermal growth factor receptor 2
IL Interleukin
NF-kB Nuclear factor-kB
OR Odds ratio
ORR Objective response rate
OS Overall survival
PD-1 Programmed cell death protein 1
PDGFR Platelet-derived growth factor receptor
PD-L1 Programmed death-ligand 1
PFS Progression-free survival
PGE-2 Prostaglandin E-2
ROS Reactive oxygen species
RTK Receptor tyrosine kinase
TKI Tyrosine kinase inhibitors
VEGFR Vascular endothelial growth factor receptor
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1 Epidemiology of Esophageal Cancer

Esophageal cancer is one of the most common malignancies in the world and is the
ninth most common malignancy overall [1]. However, in the United States, it
accounts for nearly 1% of all the cancer diagnoses and is currently the 11th leading
cause of cancer-related deaths [2]. In the United States, it is diagnosed most
commonly in patients between the age of 65 and 74 years.

The two major subtypes of esophageal cancer are esophageal adenocarcinoma
(EAC) and esophageal squamous cell cancer (ESC). Although globally 95% of all
esophageal cancers are ESC, there are significant worldwide geographic differences.
EAC has overtaken ESC as the predominant type in the developed countries, while
ESC is still the most common variety in the African and East Asian countries
[3]. Although the incidence of esophageal cancer in the United States has increased
from 1975 till 2006, since then it has shown a steady decline. Both major varieties of
esophageal cancers more commonly occur in men compared to women. The current
age-adjusted annual incidence is 4.3 cases per 100,000 people [2]. This is in stark
contrast to the “esophageal cancer belt” of Northern Iran, Northern China, Kazakh-
stan, and Uzbekistan, where the incidence of esophageal cancer (predominantly
ESC) has been reported to be as high as 800 cases per 100,000 population [4].

The predominant risk factors for ESC include cigarette smoking, alcohol con-
sumption, dietary use of N-nitroso compounds, deficiency of zinc, selenium, caustic
strictures, Plummer-Vinson syndrome, and tylosis [5]. Comparatively, the predom-
inant risk factors for EAC are gastroesophageal reflux disease (GERD) and meta-
bolic syndrome since they increase the risk of Barrett’s esophagus [6]. About 40% of
the diagnosed cases have distant metastatic disease, and these patients have a 5-year
survival of 19.9%. However, the 5-year survival is much better (46.7%) in patients
with localized esophageal cancer. Despite the decline seen in the incidence of
esophageal cancer over the last decade, the mortality rate and 5-year survival have
not changed significantly. This has led to significant research to explore newer
treatment strategies, including the use of phytochemicals, for the management of
esophageal cancer.

2 The Role of Phytochemicals in the Treatment
of Esophageal Cancer

Although the localized esophageal cancer is being increasingly managed with
endoscopic resection strategies, the mainstay of the treatment for advanced esoph-
ageal cancer comprises a combination of surgery, chemotherapy, and/or radiation
[7]. Despite significant advances in the diagnosis and treatment, the 5-year survival
rate for the disease remains relatively low. The modalities in use for the treatment of
esophageal cancers are known to have numerous side effects and, at times, limited
efficacy given the usual late stage at which the disease is detected owing to the slow
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onset of symptoms, a factor that significantly contributes to the dismal survival rate
[8, 9]. Therefore, the need to identify novel treatment modalities remains high, not
only in complementing the currently available treatment options but also in playing
possible role(s) towards the prevention and management of the disease.

One such area of promise is the use of phytochemicals. The word phytochemical
is originally derived from phyto which in Greek means related to plants. Phyto-
chemicals are nonessential plant-based compounds found abundantly in fruits,
vegetables, grains, etc. [10]. Though used for various ailments over centuries, the
role of phytochemicals is only now being elucidated scientifically. Over the past few
decades, numerous studies have identified a wide array of pharmacological effects
for phytochemicals, particularly as antioxidants and anti-inflammatory agents while
also possessing significant anticancer properties [11–14].

Phytochemicals are primarily classified into five groups, namely carotenoids,
phenolics, alkaloids, nitrogen-containing compounds, and organo-sulfides
[10]. Among these, most studies have been done on phenolics and carotenoids.
The anticancer roles/properties of various phytochemicals are well documented in
peer-reviewed studies pertaining to cancers of the gastrointestinal tract [11]. Here,
we therefore discuss the role(s) of some of the most well-studied phytochemicals in
the potential treatment and management of esophageal cancer.

3 Curcumin

Turmeric is a major spice in Asian cuisines and has been used for centuries in herbal
medicine. By virtue of its antioxidant properties, it acts as an anti-inflammatory
agent; studies have documented its role(s) in lowering the incidence of cancer [12]. It
is one of the three curcuminoids in the spice, belonging to the subcategory of
phenolic acids under the group phenolics [10, 13]. Curcumin possesses a significant
anti-oncogenic profile owing to its effects on multiple molecular pathways involved
in carcinogenesis such as its regulation of an array of membrane receptors, tran-
scription factors, cytokines, kinases, and other enzymes [14–16]. The anticancer
effects of curcumin in gastrointestinal malignancies such as esophageal, gastric, and
colon cancers are well documented [11, 17–19]. Interestingly, a comparison of the
effect of curcumin and 5-fluorouracil (5-FU) on esophageal squamous cell carci-
noma found curcumin to be more effective [20].

In esophageal cancers, multiple molecular pathways are involved in the patho-
genesis and progression of the disease (Fig. 8.1). The efficacy of curcumin on
esophageal malignancies has been evaluated through various angles. Oxidative
stress produced by reactive oxygen species (ROS) plays a significant role(s) in the
development of many cancers, including those of the esophagus [21]. One study
identified curcumin to exert an antioxidant and an anti-inflammatory effect on
esophageal cell lines as a result of induction of the activity of superoxide
dismutase-1, a potent antioxidant enzyme, and inhibition of the activity of
cyclooxygenase-2, a pro-inflammatory protein, respectively [22]. Another study
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further expanded upon curcumin’s anti-inflammatory role in esophageal tumorigen-
esis by highlighting its inhibition of nuclear factor (NF)-kB activity and interleukin
(IL)-8 mRNA expression [23].

Curcumin promotes apoptosis and cell cycle arrest in esophageal cancer cells by
inhibiting the Notch signaling pathway, a process known to be upregulated in many
cases of esophageal cancers [24, 25]. In many tumors, such as esophageal squamous
cell carcinoma, cancer stem cells (CSCs) are known to contribute to the poor
prognosis of the disease [26, 27]. The CSCs differentiate into non-CSCs making
up the bulk of these tumors [28]. Moreover, CSCs have also been found to add to the
resistance of tumors towards the traditional chemo- and radiotherapies
[29]. Curcumin has shown efficacy in targeting these CSCs in esophageal
cancer [18].

4 Epigallocatechin Gallate

Besides phenolic acids from which curcumin traces its origin, another very-well-
studied subcategory of phenolics is the flavonoids [10]. Flavonoids are found
abundantly in fruits and tea [13]. Historically, green tea has been infamous in
possessing numerous health benefits, ranging from its roles as an antibacterial and
anti-inflammatory agent to its effects in cardioprotection and cancer prevention
[30]. As far as green tea’s anticancer role is concerned, researchers have identified

Fig. 8.1 Schematic representation of some of the emerging treatment options for the management
of esophageal cancer
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the catechin epigallocatechin gallate (EGCG) as the primary active agent
[31]. Although abundant in green tea, the levels of EGCG in black tea are much
lower as the catechin is oxidized during the production process of black tea leaves,
explaining the difference in the anticancer effects of the two types of teas [32]. Stud-
ies have also found EGCG to exert its anticancer effects through a myriad of
processes at the molecular level that control the development and progression of
cancers, including but not restricted to proliferation of cancer cells, angiogenesis,
metastasis, and oxidative stress [33–35] (Fig. 8.1).

Studies have identified the mechanism behind EGCG’s anticancer role in esoph-
ageal cancer to be multifaceted and a combination of its anti-inflammatory effect,
such as decreased COX-2 and PGE-2 production, and by inducing cell cycle arrest
by inhibition of cyclin D1 [36]. Other mechanisms by which EGCG was found to
inhibit progression of esophageal cancer cell lines was by blocking the phosphory-
lation of EGFR, thus leading to the inactivation of a potent growth receptor [37].

5 Isothiocyanate, Resveratrol, and Carotenoids

Besides curcumin and EGCG, other phytochemicals have also shown promise as
anticancer agents against not just esophageal cancers but other cancers as well.
Among these are the carotenoids, other flavonoids such as resveratrol and organo-
sulfide isothiocyanate, etc. A meta-analysis conducted to study the association
between the consumed amount of carotenoids and risk of developing esophageal
cancers concluded that the risk of esophageal cancers is lowered with a higher intake
of carotenoids [38]. Although the anticancer role of resveratrol for other gastroin-
testinal cancers is well established [11], recent studies have also identified its role
against esophageal cancer, possibly by upregulating cancer cell apoptosis [39]. Sim-
ilarly, isothiocyanate has also shown promise in combating esophageal cancer in
mice; however, more investigations are needed to elucidate more about the precise
molecular mechanisms involved in bringing about the effect [11, 40].

6 Lignans, Quercetin

The Western diet is rich in three phytochemicals that possess estrogenic properties,
namely lignans, quercetin, and resveratrol [41–44]. A diet rich in wine, tea, vegeta-
bles, lettuce, whole-grain bread, and tomatoes and decreased intake of milk are a
great source of all the three phytochemicals. These phytochemicals have a chemical
structure similar to female hormones resulting in being able to bind to estrogenic
receptors, and thus produce estrogenic effects [45–47]. Interestingly, in vitro studies
have found estrogenic receptors in the esophageal tissue [48]. This is intriguing
because the presence of estrogen has been postulated to be an important factor for the
lower incidence of esophageal adenocarcinoma in females when compared to men
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(women-to-men ratio of 9:1) [49]. Studies have also shown strong negative correla-
tion between a diet rich in lignans, quercetin, and resveratrol and the incidence
of various histological patterns of esophageal cancer [50]. Tea is a good source of
lignans and quercetin, and animal studies have demonstrated anticancer properties of
black tea [51]. In the European countries, whole-grain bread is found to be a good
source of lignans, and the consumption of whole-grain bread has been associated
with a relatively lower incidence of esophageal adenocarcinoma [50].

Quercetin is thought to facilitate lipolysis in adipocytes, which can further cause
cell apoptosis [52]. Animal studies lead to hypothesis that a diet rich in combined
intake of these three phytochemicals might exert antitumor properties based on this
synergistic effect on the downregulation of adipogenesis and further facilitation of
cell death [53]. A 2013 case-controlled study in Sweden consisted of 181 patients of
esophageal adenocarcinoma, 158 cases of esophageal squamous cell carcinoma,
255 cases of gastroesophageal junctional (GEJ) carcinoma, and 806 control cases
[50]. The study assessed the intake of lignans, quercetin, and resveratrol in the study
population by using simplified dietary pattern in quintiles. A diet rich in lignans,
quercetin, and resveratrol has been characterized by the high intake of lettuce, wine,
tea, tomatoes, and whole-grain bread and a low intake of milk [50]. The study
demonstrated a dose-dependent correlation between the dietary score and all varie-
ties of esophageal cancers. The adjusted odds ratio (OR) for the types of cancer was
as follows: OR 0–24 for esophageal adenocarcinoma, OR 0–31 for squamous cell
cancer, and OR 0–49 for gastroesophageal junction cancer [50]. The positive results
of the study demonstrate that a diet high in lignans, quercetin, and resveratrol may
have a protective effect in the incidence of esophageal cancer in the Swedish
people [50].

7 Pharmacologic Agents Used in the Treatment
of Esophageal Cancer (Table 8.1)

7.1 Tyrosine Kinase Inhibitors (TKIs)

Receptor tyrosine kinases (RTKs) are transmembrane glycoproteins that comprise
three parts: an extracellular domain for ligand attachment, a transmembrane domain,
and a tyrosine kinase motif [54, 55]. The extracellular domain of the RTK helps in
the identification of various subfamilies of the kinases. Binding of the corresponding
ligands to the RTKs results in their activation via phosphorylation of tyrosine
residues on the receptor and through intracellular signaling proteins [56]. The
activated RTKs play an important role in the regulation of many cellular processes,
such as cellular proliferation, adhesion, differentiation, migration, and survival
[57]. RTKs are classified into at least 21 groups, such as the vascular endothelial
growth factor receptor (VEGFR), epidermal growth factor receptor (EGFR), fibro-
blast growth factor receptor (FGFR), and platelet-derived growth factor receptor
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(PDGFR) families [58]. In cancer cells, multiple signaling processes including
cellular proliferation, differentiation, and metabolic pathways are activated by
dimerization of RTK. Studies have shown that monoclonal antibodies can inhibit
the activation and overexpression of kinases in cancer cells. Some of the RTK
inhibitors that have been approved by regulatory agencies for the treatment of
cancers include trastuzumab for advanced-stage breast cancer [59], gefitinib used
in the treatment of non-small cell lung carcinoma [60], and cetuximab for metastatic
colon cancer [61]. The benefits of targeted therapy in esophageal cancer are rather
limited. The application of molecular targeted drugs is also rather limited in esoph-
ageal cancer, and is restricted to the inhibition of EGFR, VEGFR, or HER-2.

Table 8.1 Summary of a select group of pharmacologic agents used in the treatment of esophageal
cancer

Sl.
No.

Study
authors
(year)

Drug
tested

Phase
of the
study Study population Clinical outcomes

EGFR inhibitors
1. Dutton

et al.
(2014)

Gefitinib Phase
III

Patients with esophageal
cancer progression after
chemotherapy

In all the patients, gefitinib
as a second-line therapy
did not improve the over-
all survival

2. Zhai
et al.
(2010)

Erlotinib Phase
II
pilot
study

Concurrent erlotinib and
radiation therapy in patients
intolerant to
chemoradiotherapy

Erlotinib + radiotherapy
was effective and tolerable
in esophageal squamous
cell carcinoma patients

3. Huang
et al.
(2016)

Icotinib Phase
II

Patients with pretreated
advanced esophageal squa-
mous cell cancer and EGFR
overexpression

Icotinib showed positive
results in terms of overall
survival and progression-
free survival

VEGFR inhibitors
4. Horgan

et al.
(2016)

Sunitinib Phase
II

Patients who underwent
chemoradiotherapy and
surgery for locally
advanced esophageal
cancer

Adjuvant sunitinib
resulted in median sur-
vival of 26 months and a
2-year survival rate of
52%

5. Janjigan
et al.
(2015)

Sorafenib Phase
II

Patients with
chemotherapy-refractory
esophageal carcinoma

In all the patients, the
median overall survival
was 9.7 months and
median progression-free
survival was 3.6 months
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8 EGFR Inhibitors

The EGFR is a tyrosine kinase receptor that helps in cell growth, cell differentiation,
migration of cells, and metastasis. Studies have shown that EGFR overexpression is
noticed in about 30–90% of esophageal cancers [62]. A 2004 study in patients
diagnosed with esophageal cancer has shown a correlation between the EGFRs
and overall survival (OS) [63]. In that study, the median OS was 16 months in the
EGFR-positive cases whereas the median OS was 35 months in the EGFR-negative
patients [63]. This signifies the importance of targeting EGFR in esophageal cancer,
and to that aim, various drugs have been tested such as cetuximab, panitumumab,
and gefitinib. Cetuximab has shown survival benefits in different malignancies such
as cancers such as colon cancer and head-and-neck cancers, when combined with
chemotherapy [64]. Unfortunately, it failed to produce any positive results in
esophageal cancer. Since the year 2010, many clinical trials have been conducted
regarding the efficacy of cetuximab and a meta-analysis including ten trials has
shown that cetuximab combined with chemotherapy did not have any appreciable
survival benefits in either local or advanced esophageal cancer [65]. Panitumumab is
another EGFR inhibitor that also failed to show improvement in overall survival in
phase III clinical trials [66]. Similarly, gefitinib and nimotuzumab were tested for
esophageal cancer, but these agents also failed to demonstrate any positive outcomes
in phase III trials [67, 68].

9 VEGFR Inhibitors

The VEGFRs play major role(s) in tumor angiogenesis, which helps in cancer cell
invasion and metastasis. Studies have demonstrated that up to 30–60% of advanced
esophageal cancer cases have upregulation of VEGFR [69]. Ramucirumab, a
VEGFR/HER2 inhibitor, when used as a second-line monotherapy showed promis-
ing results in gastric cancer, including gastroesophageal junction carcinoma. The
HER2 receptor is upregulated in 20% of esophageal cancers. Ramucirumab is FDA
approved as second-line therapy of advanced esophageal cancer, either as a single
agent or when used with abraxane [70]. Similarly, trastuzumab, another HER2
inhibitor, has also been approved for the first-line treatment of esophageal cancer
in combination with chemotherapy [71]. Apatinib, a VEGFR/HER2 inhibitor, has
shown positive results in terms of overall survival as well as progression-free
survival in comparison with placebo in the Asian patients with advanced GE
junction cancer [72].
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10 Immunotherapy

Immunotherapies act by boosting the body’s innate immune response by enabling
destruction of tumor cells. Cytotoxic cluster differentiation (CD) 8 T cells recognize
and destroy cancer cells through apoptosis. When cancer cells undergo mutation,
they develop immunosuppressive mechanisms that either inhibit or anergize cyto-
toxic T cells [73]. Below we summarize some of the key immunotherapeutic studies
related to esophageal and related cancers.

10.1 Immune Checkpoint Inhibitors

Programmed cell death protein 1 (PD-1) is an immune checkpoint-signaling mole-
cule, which functions as an inhibitory signaling receptor on T-lymphocytes. Studies
have demonstrated that tumor cells have overexpression of programmed cell death-
ligand 1 (PD-L1) that helps in the suppression of lymphocyte activation and further
cell destruction by T cells [74]. Targeting PD-L1 or PD-1 has demonstrated benefits
in the treatment of various cancers such as lymphomas, lung, melanoma, head and
neck, and some gynecologic malignancies [73]. Studies have shown that the major-
ity of esophageal cancers present with p53 gene mutations presumably due to the
impact of chronic gastroesophageal reflux and inflammation resulting in continuing
cell turnover, eventually resulting in tumorigenesis [75]. Furthermore, PD-L1 is
detected in around 40% of the GEJ adenocarcinomas and esophageal adenocarci-
nomas, thus making them vulnerable to the checkpoint inhibitor therapies [76].

10.2 Pembrolizumab

Pembrolizumab is a monoclonal antibody that aims to inhibit PD-1. A phase Ib trial
consisting of 39 patients (KEYNOTE-012) [77] was conducted to assess the effects
of pembrolizumab as a first-line medication in metastatic or recurrent gastric and
GEJ PD-L1-positive adenocarcinomas. In that study, pembrolizumab showed pos-
itive results in terms of objective response rate (ORR) (22%) and OS (11.4 months),
and 12-month survival rate (42%) [77].

10.3 Nivolumab

Nivolumab is a monoclonal antibody that inhibits PD-1. It was evaluated for
metastatic GEJ and gastric cancers in a randomized, phase III trial
(ATTRACTION-2) [78] that recruited patients from Asian countries including
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Japan, South Korea, and Taiwan. In that study, nivolumab’s overall response rate
(ORR) was 11.2% with an OS of 5.3 months in comparison to 4.1 months for
patients receiving placebo. In the ATTRACTION-04 phase II trial [79], the combi-
nation of nivolumab with S-1 and oxaliplatin demonstrated an ORR of 57.1%, with
progression-free survival of 9.7 months, while the combination of nivolumab,
capecitabine, and oxaliplatin had an ORR of 76.5% and a PFS of 10.6 months.
Both combinations were tolerated well and had fewer adverse events and these
combinations have been tested in a phase III trial. Nivolumab has been approved
for patients with PD-L1-positive GE junction and gastric cancer in Japan. This is
expected to receive approval for esophageal cancer therapy. Another study (Check-
Mate 032) [80] assessed nivolumab in 160 patients with metastatic esophagogastric
or advanced cancer refractory to chemotherapy. The study showed a 12% ORR and a
1-year survival rate of 39%, with a median OS of around 7 months for nivolumab
alone [80]. Interestingly, the study also concluded that the PD-L1 status did not have
a significant association with the antitumor response.

10.4 Avelumab

Avelumab is an anti-PD-L1 monoclonal antibody. A phase III trial (JAVELIN 300)
[81] evaluated the potential of avelumab in advanced gastric and GEJ cancers that
was refractory to chemotherapy. Unfortunately, results from this trial were discour-
aging as the ORR for avelumab was worse than that from the treatment with
paclitaxel (4% vs. 8%) when considered as a third-line treatment option [81].

10.5 Durvalumab

Durvalumab is a high-affinity, selective human IgG1κ monoclonal antibody that
functions by blocking PD-L1 binding to CD80 and PD-1. Studies utilizing a dose of
10 mg/kg of durvalumab administered intravenously biweekly for 12 months can
have a positive impact on gastroesophageal cancers [82]. A phase II open-label study
consisting of 23 patients is investigating treatment with 1500 mg of maintenance
durvalumab offered intravenously every 4 weeks to patients with persistent residual
esophageal cancer after definitive surgery following concurrent chemoradiation
(NCT02639065). Another ongoing study consists of a phase Ib/II study on GEJ or
gastric adenocarcinoma patients in the second- and third-line metastatic settings for
treatment with durvalumab alone, single-agent tremelimumab, or combination ther-
apy with durvalumab and tremelimumab [anti-CTLA-4 (cytotoxic T-lymphocyte-
associated protein 4)] [83].

8 Emerging Roles of Phytochemicals in the Pathobiology and Management of. . . 179



11 Combination Drugs

The CTLA-4 is a receptor located on the surface of T cells. Attachment of CTLA-4
to CD80 or CD86 results in downregulation of immune system. Ipilimumab, the
powerful anti-CTLA-4 drug, failed to show any benefits when used alone in
advanced gastric or GEJ adenocarcinomas when compared to best supportive care
(BSC) [84]. This poor response was also demonstrated by another phase II trial, this
time using a different anti-CTLA-4 monoclonal antibody (i.e., tremenumab) that was
tried as a second-line treatment for metastatic gastric and esophageal adenocarci-
noma [85]. Combination therapy consisting of anti-PD-1 (nivolumab) and anti-
CTLA-4 (ipilimumab) checkpoint inhibitors has shown efficacy in phase I and
phase II studies and this combination is currently being evaluated in a phase III
trial [86].

A non-randomized study, KEYNOTE-059 [87], assessed the efficacy of
pembrolizumab as a third-line therapy in patients with advanced and
chemotherapy-refractory gastric and GEJ adenocarcinomas. In that study, the ORR
was 11.6% for all patients. Interestingly, the drug efficacy was dependent on the
PD-L1 status; the ORR for the PD-L1-positive cases was 15.5% whereas it was only
6.4% for the PD-L1-negative cases. Furthermore, the combination of
pembrolizumab with chemotherapeutic agents (i.e., cisplatin plus 5-FU or
capecitabine) resulted in an overall response rate of 60% for all patients, with
PD-L1-positive cases again displaying higher ORR compared to the PD-L1-negative
cases (69% vs. 38%). Additionally, when the single-agent pembrolizumab was used
as a first-line treatment in patients with PD-L1-positive status, the ORR was 26%,
which was considered promising [88]; however, the medication had significant
adverse effects. Based on the results of the KEYNOTE-059 trial, pembrolizumab
was approved by the FDA as a third-line option for PD-L1-positive, metastatic, or
locally advanced gastric and GEJ adenocarcinomas [89]. Contrary to the above
results, a phase III randomized trial (KEYNOTE-061) [90] compared the efficacy
of pembrolizumab with paclitaxel in patients with advanced gastric and GEJ cancer
and a positive PD-L1 status. In that study, pembrolizumab did not show any positive
results. This finding suggested that the PD-L1 status may not serve as a reliable
prognostic biomarker for making ideal treatment choices.

Other recent trials on the efficacy of pembrolizumab in PD-L1-positive esopha-
geal squamous cell cancers include the KEYNOTE-180 phase II and KEYNOTE-
181 phase III trials. Pembrolizumab showed positive response in metastatic ESC
patients who underwent >2 lines of standard therapy, in terms of the ORR (14.3%).
For esophageal adenocarcinoma, the results were more evident in those with positive
PD-L1 status (13.8% vs. 6.3%) [91]. Later, the KEYNOTE-181 trial demonstrated
that pembrolizumab when used in metastatic ESC as a second-line treatment resulted
in a slightly improved OS when compared to chemotherapy, but this effect was not
found to be statistically significant [92]. In July 2019, pembrolizumab received FDA
approval as a second-line agent for the PD-L1-positive ESC. In addition, these
results have paved the way for further trials that worked on analyzing the
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combination of pembrolizumab and chemotherapy as a first-line treatment of
advanced esophageal cancer. Recently, a phase II trial analyzed the effects of
pembrolizumab in combination with trastuzumab, capecitabine, and oxaliplatin as
the first-line therapy for EAC. The study demonstrated positive results in terms of
ORR (83%) and progression-free survival (11.4 months) in subjects with metastatic
esophageal adenocarcinoma and positive HER-2 status [93].

12 Conclusions and Future Perspectives

Despite the ever-growing list of phytochemicals as potential novel anticancer agents,
further conclusive studies are needed to strengthen their beneficial role(s) in the
management of esophageal cancer. The lack of control groups and relatively small
sample sizes are some of the issues that need to be addressed in future studies.
Although the molecular mechanisms behind the functions of many phytochemicals
have successfully been identified, much more needs to be done in identifying the
pharmacokinetics, interactions, and side effect profiles of these substances. It can be
deduced from the current evidence that phytochemicals still have a long way to go
before ever being formally inducted as treatment options for cancers. Even their role
(s) in the prevention of cancers, at the moment, remains somewhat questionable
given the low concentration and possibly inactive forms of most of these compounds
in natural dietary sources. However, based on the studies conducted so far, the initial
results are indeed promising and warrant further translational studies that may
become more effectively implemented in clinical practice.
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