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Abstract:

Esophageal cancer (EC) is a relatively rare cancer but highly fatal cancer due to delayed diagnosis
and its malignant aggressive nature. Chemotherapy, radiotherapy, and esophagectomy are the main
treatments for EC. However, recently, another complementary treatment has emerged in EC care:
nutrition therapy.

Nutrition therapy utilizes diet and supplements to ensure that patients have enough nutrition to
undergo treatment with minimal side-effects and long-term consequences by increasing treatment
efficacy, vulnerability of EC cells, and reducing recurrence. The purpose of this study is to identify
various EC-causing factors, pre- and post-operative circumstances & dietary habits that influence
their development, along with the clinical steps that can be taken to improve EC care through
nutrition therapy. We also emphasize the role of various nutritional components and supplements in
EC prevention, cancer treatment efficacy, and rates of overall survival (OS) and recurrence.We
found that several substances, including 5-fluorouracil, beta-carotene, and moringa, have anti-tumor
properties, whereas vitamin C, and zinc also have the ability to boost the efficacy of treatment.
Supplemental nutrition, such as glutamine, zinc, and omega-3 fatty acids, also decreased toxicity
and stopped muscle deterioration after initial therapy.

On the other hand, we found that alcohol, smoking, red meat, excessive hot beverages, and self-
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diagnosing supplements like B12 can all lead to increased risk of developing EC. Hence,
individualized nutrition can minimize side effects, preserve muscle mass, and avert malnutrition.

Keywords: esophageal cancer; nutritional supplement; dietary factors

1. Introduction

With approximately 550,000 patients worldwide, esophageal cancer has become the eighth most
common and the sixth deadliest cancer (1). With its malignant nature, most patients have an estimated
survival rate of between 15 to 25%.Both esophageal adenocarcinoma and esophageal squamous cell
carcinoma account for 90% of esophageal cancers (EC). The less frequent of the two globally, except in
the US, esophageal adenocarcinoma (EA), mostly develops in distal areas(2). However, a decrease in
Squamous cell carcinoma has recently been observed with an increase in esophageal adenocarcinoma in
the US (3). EA commonly affect whites, while SCC’s is often associated with African Americans (3).
Although EC makes up for 1% of the total cancers in the US, it is much more common in other Asian
countries like China, Iran, southern Africa, and India (4).

While SCC's are engendered as a result of lifestyle-related factors-smoking, alcohol, genetics, poor
oral hygiene and obesity- EA's are often reported to follow up after a long-term history of acid reflux
along with obesity (5, 6). Men also had a much higher rate of esophageal cancer when compared to
women (1).However, tobacco is a factor regardless of the type of esophageal cancer because of the
carcinogens and nitrosamines it contains(7). Recently, however, there's been an increasing focus on
the role of food and prevention/treatment of cancer.For instance, a prospective clinical study (n=136)
revealed that green tea extract supplements reduced the risk of colorectal cancer (8). Additionally,
another cohort study (n=77,126) found that B-carotene supplementation increased the incidence of
lung cancer by 18% (9). Therefore, supplementation and diet can play a cardinal role in determining
a person's health throughout their life.

Similarly, food can play a significant part in the treatment experience even after diagnosis. A
systematic review concluded that aloe vera mouthwash helped reduce oral mucositis in head and neck
cancer patients that may arise due to radiation (10). This is also observed in a cell study that found
white button mushroom extract to be a potential chemopreventive and therapeutic agent. They found
that it mainly helps against prostate cancer cells as it decreases levels of prostate-specific antigens
and hinders tumor growth (11). Additionally, a prospective clinical study (N=18) found that
supplements that promote protein synthesis—f-hydroxy-B-methyl butyrate, arginine, and
glutamine—helped reverse cachexia observed in cancer patients whose disease had advanced
significantly (12).However, the role played by diet and nutrition continues beyond this. In fact,
analysis shows that various foods and supplements may positively or negatively affect the efficacy
of cancer treatment and overall survival rates of patients. They may have a positive effect, as seen in
a phase 2 trial (n=60) where they observed that B-Blockade in combination with propranolol
administered before operation helped reduce various metastasis biomarkers in breast cancer patients
(13). In some studies, it was observed that triple-negative breast cancer cells were less likely to
migrate through the ROS/INK pathway when carotenoid lutein supplementation was present(14, 15).
Similarly, a retrospective clinical study (n=22) found that a ketogenic diet in combination with
chemotherapy and hyperthermia and hyperbaric oxygen therapy improved survival rates in patients
with stage 1111V gastric adenocarcinoma (16). Supplements may also increase efficacy as a cervical
cancer cell study observed that genistein, from soy, enhances cisplatin-based chemotherapy by
inhibiting NF-xB and Akt/mTOR pathways(17).Diet and supplements may also cause adverse effects
as explored in a clinical trial (n=1,134) which revealed that vitamin B12 and iron usage before and
during chemotherapy was linked to poorer disease-free survival and increased recurrence in breast
cancer patients (18). Therefore, diet and supplement intake have different effects based on the type
of cancer and other accumulative factors. Here, we explore the available data to ascertain the effect
of diet on esophageal cancer risk, treatment, and overall survival rates (OS), also summarized in Table
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1. We also highlight the types of ECs, the factors that lead to their development, and recommend
perioperative approaches as summarized in Figure 1.
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Figure 1: An overview of Esophageal cancers, incidence, risk factors, and effect of nutrition
therapy.

2. Prevalence and incidence rates:

2.1. Incidence

The occurrence of esophageal cancer is diverse in different areas and populations worldwide.
According to a report from 2018, around 5,70,000 human beings were diagnosed with esophageal
cancer, which was 3.2% of all diagnosed cancers (19).

According to a rough estimate ESCC and EAC constitutes 87% and 11% of all esophageal cancers
worldwide (20). The prevalence rate for both genders rises with increasing age. Esophageal cancer
affects elder people largely, as 60% of esophageal cancer cases are seen in people over 65, and 12%
of esophageal cancer cases were observed before age 55 (19, 21).

2.2. Mortality

Globally, the esophageal cancer frequency and deaths of all cancers are 3.2% and 5.3% respectively.
In 2018, around 5,08,000 human beings (3,57,000 men & 1,51,000 women) expired due to esophageal
cancer universally. The overall risk of mortality due to esophageal cancer for males and females is
1.00% and 0.36%, respectively (19, 22). Esophageal cancer leads to almost 16,000 deaths annually
in the United States (19).

2.3. Trend

Differing epidemiologic trends are seen in esophageal cancer in different geographical regions.
According to an estimate, the United States is predicted to have 15,000 new EAC cases annually by
2030 (23). The prevalence rate of esophageal cancer is increasing in Africa with the maximum disease
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occurrence in East Africa (24).

3. Diagnosis

Managing esophageal cancer is complex due to challenges in identifying high-risk patients and the
generally poor prognosis. Most cases are diagnosed at an advanced stage after symptoms like
dysphagia, making early detection rare. Only one in eight cases are found at an early stage
(T1).Common symptoms include dysphagia (50% reduction in esophagus diameter), vomiting,
weight loss, and gastrointestinal bleeding (25).

During gastroscopy, high-resolution white-light endoscopy detects mucosal irregularities. If erosions,
ulcers, strictures, or metaplasia are found, the origin must be determined as nonneoplastic or
neoplastic. Dysplastic signs include color changes, fine granulation (orange peel effect), and small
elevations and troughs in the Barrett layer (25). A prospective study investigating early neoplasia
diagnosis in Barrett's esophagus during routine endoscopy yielded three significant findings: First,
early tumors in short-segment Barrett's esophagus are primarily detected during initial endoscopy,
not surveillance. Second, nearly 40% of early neoplasia remain unseen during endoscopy,
necessitating four-quadrant biopsies for detection. Third, the detection rate of neoplasia is notably
influenced by the macroscopic tumor type (26)

4. Risk factors and major causes of esophageal cancer

4.1. Tobacco smoking and alcohol addiction.

The use of tobacco and alcohol is observed to be a strong predictor of ESCC, despite some differences
in the relative impact across different geographic regions (27-30). In normal tissue, smoking and
drinking together can cause the formation of cancer. Tobacco use has been highlighted by the
International Agency for Research on Cancer as one of the major causes of EC (esophageal cancer)
and is a risk factor for ESCC (esophageal squamous cell carcinoma) and EAC (esophageal
adenocarcinoma) globally (31, 32). The risk of ESCC was significantly greater among smokers than
non-smokers, according to a meta-analysis (33). Like ESCC, cigarette use can increase the risk of
EAC; however this link is not as significant. Smokers were almost two times as likely to get EAC.
However, compared to current smokers, the risk of EAC did not reduce among smokers after quitting
smoking (33-35). Excessive consumption of alcohol has been linked to increased risk of EC. Over
70% of ESCC patients in America had a history of alcohol use. According to studies, alcohol use
contributed to 24,000 deaths due to ESCC worldwide in 2004.(36, 37). Compared to wine or beer,
spirits may have an increased risk of cancer. Individual variations in alcohol sensitivity and tolerance
may also be a factor. For instance, according to research, changes in the alcohol dehydrogenase gene
can lower the risk of developing lung and gastrointestinal cancer. (38, 39)

4.2. Gastrointestinal disorders

Gastric atrophy and upper gastrointestinal malignancies have been linked in several studies. In a
study, it was shown that individuals with gastric atrophy may have a two- to three-fold greater risk
of esophageal squamous cell carcinoma (OSCC) and gastric cardia adenocarcinoma (GCA), but a
likely decreased risk of OAC (oesophageal adenocarcinoma) (40). The role of gastroesophageal
reflux disorder (GERD) in EAC carcinogenesis has been thoroughly researched. According to
astudy, a history of esophageal reflux, hiatal hernia, esophagitis/esophageal ulcer, and trouble
swallowing was related with a high risk of EAC (41). Another meta-analysis including five different
studies showed that frequent GERD symptoms are substantially linked to esophageal adenocarcinoma
(42).

4.3. Obesity

Another known risk factor for EAC is obesity. A study indicated that even in adults with normal BMI,
abdominal obesity was linked to an increased risk of EAC, whereas overall obesity was linked to a
greater risk of EAC and gastric cardia adenocarcinoma (43). High BMI or increased waist
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circumference appears to have a dose-dependent relationship with the risk of EAC (44, 45). Research
found that BMI is closely related to the chance of developing EAC in both men and women, those
with and without GERD symptoms. Comparing those with BMI less than 25 to those with BMI > 40,
the chance of getting EAC is doubled for those with a BMI > 40, regardless of GERD symptoms (46)

4.4. Genetic factors and family history

ESCC and other malignancies are both influenced by epigenetic changes in the form of altered DNA
methylation, histone modifications, and loss of genomic imprinting (44). More than 83% of ESCC
have TP53 mutations. ESCC include overexpression of EGFR (found in up to 76% of cases) and
CCND1 (46% of cases). EAC has been linked to CCNE1 amplification (19% of the cases), cyclin E
amplification (17% of the cases), and MGST1 mutations (44, 47). Fanconi anemia (FA), an autosomal
recessive disorder associated with genetic abnormalities, has been linked to increased risk of
esophageal cancer due to their potential of becoming solid tumors (48).Esophageal cancer risk has
been linked to a family history of various malignancies, including lung, prostate, breast, cervical, oral,
and pharyngeal cancers. EAC has also been related to a family history of hiatal hernias (49-51)

4.5. Dietary factors

A study has found that drinking shallow well and surface water, an irregular diet, intake of corn, corn
flour, pickled food, fried food, and hot food were all linked to an elevated risk of esophageal
precancerous lesions (EPL) (52). Another research suggests eating pickled vegetables can double
the risk of developing esophageal cancer (53). Most studies revealed an elevated risk of EC linked
with greater drinking temperatures of tea and coffee; however, there was minimal evidence for a
connection between the volume of consumption and EC risk. More than half of the research on other
hot meals and drinks found that consuming them at a higher temperature significantly raised the risk
of EC. Overall, the data is quite convincing that drinking hot beverages increases EC risk (54).If
consumed excessively like red meat, increasing the risk of EA (55).

Likewise, consumption of scorching drinks and beverages can induce thermal injury and increase an
individual’s risk of EC as reported in meta-analysis studies (N=5,050) (56, 57). However, consuming
green tea, as demonstrated in a population-based, case-control study in Shanghai can have a protective
effect against EC for people who aren’t smokers and alcohol drinkers (58, 59). On the other hand,
smoking, opium consumption, alcohol intake, hookah & cigarettes, and nass chewing can all increase
one's risk of ESCC (34, 60). Interestingly, even a low socioeconomic status increases the risk of
developing EC (34). Similarly, inadequate vitamins and minerals can increase one's chance of EC.
This was demonstrated in a pilot study where decreased Vitamin C, and E intake was linked to the
development of EC (61). Similarly, a province in China with high EC rates was significantly deficient
in Vitamin B2 (62)

5. Nutritional factors to decrease esophageal cancer risk:

According to research, several dietary factors are associated with EC. One study shows that increasing
the diet of fruits and vegetables may reduce the occurrence of these cancers (36). The antioxidant
properties of fruits and vegetables contribute to the protective effects by lowering oxidative stress
and inflammation. Some studies have suggested that the nutrients folate and vitamin C, in these foods,
lower the risk of esophageal cancer (63, 64).

A population-based study (N=38,790) highlighted that simply increasing fruit and vegetable
consumption, specifically cruciferous vegetables, by 100g/day was enough to induce an 11% decrease
in ESCC (65). This was further reinforced by a 32-study meta-analysis (N=10,037) (66). Similarly, a
prospective study (N=490,802) identified that consumption of apples, peaches, nectarines, plums,
pears, strawberries, and citrus fruits offered protective effects against ESCC, while spinach intake
helped prevent EAC (67).
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Interestingly, citrus fruit consumption may seem to have a negative effect in preventing EC. However,
a meta-analysis study finds that, on the contrary, citrus fruits play a protective role (68). In fact, a 100
g/day increase in citrus fruits can significantly decrease EC risk (69). Furthermore, a meta-analysis
(N=5730) identified that comparing individuals with the highest citrus fruit consumption with the
lowest consumers had a 50% reduction in the overall risk of pharyngeal and oral cavity cancers (70).
Notably, it was also found that most citrus fruits help prevent ESCC, but do not significantly
contribute to EAC (71).

5.1 Supplements

Like foods, supplementation can also have conclusive or complementary effects on the risk and
progression of EC. For instance, a meta-analysis study (N=1,958) and mouse model found that
increased consumption of various carotenoids like beta-cryptoxanthin, B-carotene, lycopene, lutein,
alpha-carotene, zeaxanthin, as well as alvocidib (flavonoid alkaloid) reduced the risk of EC (72, 73).
While beta-carotene reported defense against EA, lycopene, Alpha-carotene, and beta-cryptoxanthin
protected against ESCC. Similarly, an increased intake of zinc and iron also lowers risk. 5mg/day of
zinc supplementation is linked to a 15% reduction in the risk of EC (74). Consequently, studies show
that supplementation of Vitamin B2, C, E, A, B-carotene, and selenium have significant protective
effects against EC development alongside decreased mortality rates (75, 76). However, believing that
all supplements can have a positive effect can be detrimental. Without appropriate nutritional
counseling, consuming supplements that are not the ideal fit for an individual can be
counterproductive. For instance, a Meta-analysis shows that while Vitamin B2, B6, and B9 have a
protective effect against EC development, Vitamin B12 can actually increase the risk of EC (77).

6. Malnutrition and its impacts on esophageal cancer

6.1. Mechanism of malnutrition

Dysphagia is a frequent biological cause of malnutrition, and dietary modifications often accompany
it to avoid foods that aggravate symptoms and result in insufficient calorie intake. Dysphagia,
anorexia, reflux, and early satiety are the most common adverse effects of the surgical intervention,
frequently resulting in deficits in macronutrients and micronutrients (78-80). Malnutrition is
exacerbated in individuals who are receiving radiotherapy and chemotherapy together. Mucositis,
esophagitis, throat pain, are typical side effects of radiation(81). Pro-inflammatory chemicals secreted
by growing tumors boost cachexia by stimulating anorexia and muscular atrophy. Furthermore,
tumors release activin and the proteolysis-inducing factor, which encourage the breakdown of skeletal
muscles (82, 83)

6.2. Weight loss

Chemotherapy and radiation impact nutritional status by encouraging muscle atrophy and weight loss.
The percentage of patients needing nutritional care rose from 56 to 75% during induction
chemotherapy, and malnutrition manifested in 83.8% of patients following the completion of
radiation (84, 85). Esophageal cancer causes weight loss in addition to the effects of treatments like
radiation and chemotherapy (86)

6.3. Nutritional assessment

Clinicians employ various nutritional assessment methods to evaluate the nutritional status and needs
of esophageal cancer patients. An established measure of malnutrition is the percentage of weight
loss over a specified duration, where a weight loss exceeding 5% in the past month or 10% within 3-
6 months indicates significant malnutrition (87). Plasma proteins, including aloumin, are frequently
employed as nutritional indicators. However, due to its extended half-life (14-20 days), albumin is
unsuitable for detecting slight changes in nutritional status and has a sluggish response to dietary
interventions. Additionally, albumin levels may be affected by acute phase responses, making it an
unreliable indicator of malnutrition (88). A retrospective study found a significant correlation
between a positive response to chemoradiotherapy and weight loss of less than 10%, as well as a BMI
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greater than 18 kg/m2. Furthermore, having a BMI greater than 18 kg/m2 was shown to be a predictor
of survival, as indicated by both univariate and multivariate analyses (89)

7. Treatment strategies

7.1 Chemotherapy & Radiotherapy

Their role in cancer therapy is so critical that they may alter the treatment's efficacy. For instance,
Vitamin C enhanced the anti-tumor activity of 5-Fu and cisplatin chemotherapy by sensitizing cancer
cells to drug activated apoptosis and prevented movement of AP-1 and NF-«xB (90, 91).

In another example, a double-blind, randomized study found that when zinc was supplemented with
EC treatments, it helped improved survival rates even in patients with stages 3 or 4 of EC (92, 93).
Additionally, low-doses of flavopiridol; based on rohitukine, a chromone alkaloid; helped improve
EC cell’s response to radiation (94, 95). Likewise, supplements can also induce synergistic effects,
as in the case of p-carotene and 1,25-dihydroxy vitamin D3 which inhibit cell growth and increase
apoptosis in EC cells(96)

7.2. Surgical intervention:

Surgical interventions remain the primary choice for early-stage cancer treatment. Ablation methods,
such as laser therapy, photodynamic therapy (PDT), radiofrequency ablation, argon plasma ablation
(APC), and cryoablation, are employed to manage BE (Barrett's esophagus) lesions. (97-102). For
lesions confined to the mucosal layer (T1a) or limited to the epithelium and lamina propria, effective
treatments consist of endoscopic mucosal resection (EMR) for smaller tumors and endoscopic
submucosal dissection (ESD) for lesions of various sizes. To ensure the most suitable treatment plan,
endoscopic ultrasound (EUS) is used to accurately assess the extent of infiltration (103).

Esophagectomy is the most effective treatment for patients without adjacent organ invasion or distant
metastasis. Surgical methods are selected based on tumor size and location, with open esophagectomy
and minimally invasive esophagectomy being two common approaches. For thoracic esophageal
cancer, the three most prevalent techniques are the transhiatal approach, Ivor Lewis esophagectomy
(right thoracotomy and laparotomy), and McKeown technique (right thoracotomy followed by
laparotomy and neck incision with cervical anastomosis). It's worth noting that some studies indicate
significantly higher survival rates in patients undergoing whole-piece esophagectomy compared to
transhiatal esophagectomy. Therefore, whole-piece esophagectomy is considered superior when
dealing with tumors in the lower esophagus or the cardia (104) (105) (106). The surgical approach
for neck esophageal cancer differs significantly from that used for chest esophageal cancer. Neck
esophageal cancer requires extensive lumpectomy, involving the removal of the hypopharynx,
esophagus, larynx, thyroid gland, parathyroid gland, cervical lymph nodes, and often a permanent
tracheotomy (107). Presently, a preferable treatment involves reconstructing the esophagus using
portions of the intestines or stomach (108).

Minimally invasive esophagectomy comprises various surgical techniques aimed at reducing surgical
trauma. These techniques include thoracoscopic/laparoscopic esophagectomy (TLE), thoracoscopy/
laparotomy, mediastinoscopy/laparoscopy, mediastinoscopy/laparotomy, and robot-assisted
minimally invasive surgery (RAMIE). With continuous advancements in endoscopic equipment and
technology, minimally invasive esophagectomy has become more widespread. Studies like TIME
(109) and MIRO (110) indicate that there is no significant difference in the RO resection rate, number
of lymphadenectomy, and 3- and 5-year survival rates between patients treated with minimally
invasive esophagectomy and open esophagectomy (P>0.05). These findings suggest that both
minimally invasive esophagectomy and open esophagectomy are equally effective in providing
radical treatment for tumors.
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8. Preoperative and post-operative scenarios

8.1. Preoperative Nutrition in Esophageal Cancer

For esophageal cancer patients, nutrition optimization and care are fundamental elements for better
treatment, good quality of life, and prolonged survival. It serves as a key for improved, complete, and
quick recovery after esophagectomy (111). Optimal preoperative and peri-operative nutrition is
associated with lowered risk of post-operative problems, including both infectious as well as non-
infectious problems (112). Furthermore, perioperative management includes the preoperative, intra-
operative, and post-operative phases. Herein, we will discuss the coordination between nutrition and
preoperative and post-operative stages of esophageal cancer in detail.

8.2. Preoperative Nutrition in Esophageal Cancer

Targeting modifiable pre-surgical risk factors is an effective approach for amending post-operative
results (113). Among many risk factors, herein, we focus on improving the patient's nutritional status.
In preoperative esophageal cancer patients, the previous history and current nutritional status should
be evaluated before starting the treatment and before changing the diet of the patient. It will help in
ensuring optimal nutrition of the patient before surgery. However, this type of management and
nutritional therapies are challenging yet under discussion and requires more scientific research (111).
Herein, we will focus on the recent insights related to nutrition and esophageal cancer surgery.

8.3. Preoperative nutritional therapy

Its key purpose is to stop or treat primary malnutrition by regular diagnosis to lower the treatment-
related complications and alleviate the quality of life (114). Optimal nutrition aims to help to avoid
loss of muscle mass, improve immune response and inflammation, provision of micro and
macronutrients in adequate amounts, maintain glucose levels, lower the hypermetabolic response to
surgery, and give the strength for speedy and full recovery (115, 116). Many nutritional supplements
help in improvement by modulating anabolism (115-117). Preoperative nutritional therapy needs to
be started and completed for a different number of days in patients according to their nutritional status.
Patients having a history of mildly malnutritional status need 7-10 days of therapy, while patients
with highly malnourished status need nutritional therapy for at least 10-14 days along with resistance
exercise (118). If a patient has low physical strength, then 4-5 weeks of multimodal therapy with diet
and exercise can help because their combined effect leads to muscle protein formation (118, 119).
Still, more data is needed for finding out the best suitable duration of preoperative nutritional help in
patients with malnutritional history (116, 120). Also, the limited findings for energy requirement,
macro and micronutrients for cancer and surgical patients are limited. So, further research is required
(118, 121). Some unique and potent targets for pre-optimization of nutritional status have currently
been investigated, they are discussed below:

8.3.1 Immunonutrition

Some of the nutrients including omega-3 fatty acids, arginine, and nucleotides, are thought to be
beneficial for the immune system, encourage protein synthesis, help respond better to surgical stress,
and decrease post-surgical complications (122).

The European Society for Clinical Nutrition and Metabolism (ESPEN) suggests malnourished
patients not use the immunonutrition in the preoperative phase but use it in the intra- or at least post-
surgical phase (118). Yet, there needs to be more confidence in this guideline(122).

8.3.2 Alcohol intervention

Alcohol drinking is another risk factor for patients leading to post-surgical health problems (123-
126). Increased alcohol drinking, i.e., more than two drinks per day or more than 28 g ethyl alcohol,
leads to decreased capability of the immune system, elevated stress response through hormones,
decelerated wound healing, and lowered heart functioning (124-128), all of these collectively slow
down the post-surgical recovery. However, more findings are required to explain the suitable time,
concentration, and interval for stopping alcohol consumption (125). Alcohol sobriety for a minimum
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of 4 weeks before esophagectomy looks better in a better recovery agenda (129). In addition to only
alcohol drinking, some other factors, including malnutrition and smoking, show the harmful effect on
post-surgical morbidity rates (113).

8.3.3 Preoperative fasting and carbohydrate treatment

Previous research shows that fasting at least 6 hours for solid foods and 2 hours for clear liquids does
not enhance any risk of aspiration (130). Furthermore, extended fasting reduces energy stores in the
body (i.e., glycogen, skeletal tissue, adipose) and worsens the surgical stress response, which is
further linked to catabolism, protein muscle loss, hyperglycemia, insulin resistance, and delayed
healing (116, 118, 131-133). In this framework, preoperational (2 to 3 hours before surgery) intake
of an oral carbohydrate solution is well-thought-out as an extra intervention to enhance energy storage
and to lower post-surgical insulin resistance (116, 134, 135), and is these days suggested as a regular
practice in improved healing after surgery (118, 120, 129). Almost 400 mL of a high-dose (12.5%)
carbohydrate solution is suggested (133, 134). These pre-surgical fasting strategies, together with the
usage of preoperative carbohydrate liquids, can be used before the esophageal cancer surgery,
excluding the patients with critical dysphagia or some other obstructive indications, because these
people may have an intensified risk of aspiration (129, 136). Future studies should be projected upon
evaluating body composition, observing the loss of muscle mass, and finalizing protein, energy, and
micronutrient needs in patients of esophageal cancer to improve nutritional status.

8.3.4 Vitamin D deficiency and preoperative anemia - novel targets

Some other compounds or conditions, in addition to those mentioned earlier, have also been found to
affect the pre-optimization of diet for the control of esophageal cancer. They are novel targets for
upcoming studies and investigations; up till now, there is limited data found about them, so their
routine use is not recommended. They include vitamin D deficiency and preoperative anemia.

Critically low level of vitamin D is considered a risk factor for causing acute lung injury (ALI) and
the more serious acute respiratory distress syndrome (ARDS) (137, 138). The patients who have
inadequate critical levels of vitamin D (i.e., blood plasma 25(OH) D3 less than 20 nmol/l) showed a
higher risk (37.5%) of pre-surgical lung injury as compared to other pre-surgical esophagectomy
patients who have vitamin D levels more than 20 nmol/l. The latter showed a 15% risk (138).

Another condition is preoperative anemia. It is generally observed in esophageal cancer patients. It is
a potential leading factor for perioperative blood exchange. So, it ultimately increases illness, deaths,
and expenses (139-141). Therefore, the recognition, diagnosis, and appropriate cure of anemia are
very necessary and fundamental for preoperative management in esophagectomy patients (139).
Before surgery, iron therapy is advised for iron-deficient anemic patients (136). However, from
patients undergoing esophagectomy, limited data shows that erythropoietin during neoadjuvant
therapy enhances the hemoglobin (Hb) level and possible survival (142, 143).

Preoperative nutritional approaches for optimization of esophageal cancer patients

e Evaluate the nutritional status of the patient regularly, during neoadjuvant therapy and before
surgery.

e Make diagnostic evaluations for finding out malnutritional status: weight fluctuations, body mass
index (BMI), body composition (i.e., skeletal muscle mass), dietary consumption, physical activity,
and inflammation in the body.

e Check basal metabolic rate (BMR) in patients having abnormal body composition, and/or weight,
BMI, and/or elevated levels of swelling.

¢ Before the occurrence of metabolic problems, start the nutritional support for the patient.

¢ Motivate the patients to combine the protein-based supplements/diet with physical activity because
of their synergetic effect.
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¢ Ask the patient for alcohol abstinence four weeks before surgery.

¢ Prevent long-standing fasting before surgery: 6 hours for a solid diet and 2 hours for clear liquids,
and carbohydrate drinks up to 2 hours.

¢ Malnourished patients should be discouraged from using immune nutrition.

e Before esophagectomy, individualized advice is required on nutritional goals and targets. It
encourages the patients to maintain nutrition (111).

8.4. Post-operative Nutrition in Esophageal Cancer

An exceptional short-term and long-term focus is required for post-operative nutrition because
esophagectomy is an invasive procedure, leading to an everlasting anatomical alteration (144). In
esophagectomy patients, poor post-surgical oral intake of food adversely affected the nutritional
status as well as the whole prognosis of patients. So, it is essential to have the proper oral food intake
after surgery for esophageal cancer patients (145).

After the esophagectomy, the enteral mode of nutrition is preferred for starting the diet due to its
advantages over parenteral nutrition, including less life-threatening problems and short time stay in
the hospital (146-148). In contrast, only two nonrandomized studies deduced that initial oral feeding
is practicable, harmless, and does not enhance complications (149, 150), as well as is a way of the
shorter period of hospital stay (149), as compared to non-oral ways and tube feeding, during the first
week. However, a randomized controlled trial on the welfare and possibility of initial oral
nourishment is in progress (151).

Additionally, malabsorption can occur along with improper and reduced intake of food, in post-
operational long-term nutritional conditions. Malabsorption is assumed to lead to a complex as well
as multifactorial etiology, including bile acid malabsorption (BAM), exocrine pancreatic
insufficiency (EPI), and small intestinal bacterial overgrowth (SIBO). After vagal denervation,
exocrine pancreatic insufficiency may arise as a consequence of the loss of endogenous
neuroendocrine signals that arouse the secretion of digestive enzymes by the pancreas and may be
modified with pancreatic enzyme replacement therapy (PERT) (152, 153).

9. Nutritional intervention for prevention and treatment

Recent research reveals that dietary intake can act as a cardinal component of esophageal cancer
therapy. It is so essential that in cases of low nutritional status pre-operation, patients may be linked
to a higher tumor recurrence and worse survival rates (154, 155). A double-blinded controlled trial
(N=53) found that when the standard enteral nutrition was replaced with an eicosapentaenoic acid, a
type of omega-3 fatty acid-rich supplement, it allowed patients to sustain body mass after
esophagectomy (156, 157).

Similarly, different H-components can have varying effects. For instance, in a cell study, researchers
found that moringa oleifera extract increased DNA fragmentation, lipid peroxidation, and induction
of apoptosis to have an accumulated antiproliferative effect on esophageal cancer cells (158).
Simultaneously, the synergistic effects of 5-fluorouracil and B-carotene with therapy had anti-tumor
effects in both in vivo and invitro (159).

9.1. Side Effects & Survival

Nutritional Management can improve the nutritional standing of EC patients and help reduce the
severity and side effects of radiation by reducing depressive symptoms, skin reactions and improving
quality of life (160). An example of this would be glutamine supplementation which can protect the
immune system and prevent protein degeneration in patients (161).

Supplements like omega-3 Fatty acid-containing diets, can help reduce chemotherapy toxicity,
maintain body weight, and improve oxygen levels, all in extreme esophagectomy operations of EC
(157, 162). In addition, other micronutrients like zinc can also help reduce excessive oral mucositis
experienced in EC patients during treatment (163). Therefore, the effects of nutrition and
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supplementation are a gold mine of opportunity, allowing not only significant improvements in
preoperative and post-operative conditions but also in the treatment itself.

9.2 Nutrition Therapy in the Clinical Setting

In a clinical setting, the belief in nutritional therapy is starting to gain momentum. As demonstrated
in clinical studies, patients who underwent a complete nutritional intervention during their
chemotherapy treatment reported significant changes in albumin, proteins with improved nutritional
status (160). In fact, studies report that when complimented with nutrition, patients had reduced
toxicity, depression, skin issues, myelosuppression, fewer complications post-treatment, reduced in-
patient related costs, less severe radiation esophagitis, and may be discharged much earlier in
comparison to the control group (160, 164). Additionally, another clinical study (N=81) showed that
even patients who were administered synbiotics benefited when coupled with enteral nutrition by
experiencing reduced toxicity and symptoms like diarrhea (165). Similarly, it was found that
treatments that included supplements like omega-3 fatty acids, selenium, Vitamin E, -carotenoid,
ONS were able to not only increase patient’s OS, reduce mortality, and preserve weight, but also help
improve post-operative nitrogen balance after surgery (166-168).

A focus on perioperative nutrition will not only let us alter the long-term course of a patient’s cancer
treatment, but also allow patients to have an economical, effective support to their regular treatment.

Context Type Name Effect Reference
Food Apples Decrease Risk of ESCC (67)
Food Peaches Decrease Risk of ESCC (67)
Food Nectarines Decrease Risk of ESCC (67)
Food Plums Decrease Risk of ESCC (67)
Food Pears Decrease Risk of ESCC (67)
Food Strawberries Decrease Risk of ESCC (67)
Food Citrus fruits Decrease Risk of EC (68)
Food Spinach Decrease Risk of EAC (67)

Excessive consumption:
Food Red Meat Increase Risk of IEAC (55)
Food Corn Increase Risk of EC (52)
Food Cornflour Increase Risk of EC (52)
Food Pickled food Increase Risk of EC (52)
Food Fried food Increase Risk of EC (52)
Food Scorching Drinks Increase Risk of EC (54) (56, 57)
Food Green Tea Decrease Risk of EC (58, 59)
- Smoking/Hookah Increase Risk of ESCC (34, 60)
- Opium Increase Risk of ESCC (34, 60)
- Alcohol Increase Risk of ESCC (34, 60)
Supplement | Beta-cryptoxanthin Decrease Risk of ESCC (72)
Supplement Arginine Help reverse cachexia (12).
Supplement p-carotene Decrease Risk of EAC (72)
Supplement Lycopene Decrease Risk of ESCC (72)
Supplement Lutein Decrease Risk of EC (72)
Supplement Alpha-carotene Decrease Risk of ESCC (72)
Supplement Alvocidib Decrease Risk of EC (73)
Supplement Zeaxanthin Decrease Risk of EC (72)
Decrease Risk of EC|
. Improves Survival Rates 74) (92,93
Supplement Zinc deuce Excessive Oral | ( )(£63) :
Mucositis
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Decrease Risk of EC|
Supplement Iron Deficiency affects survival (136)
rates
Supplement Vitamin A Decrease Risk of EC (75, 76)
Supplement Vitamin B2 Decrease Risk of EC (75, 76)
. Decrease Risk of EC|
R Enhances chemothera

Anti- Supplement Vitamin C . - 4 (75, 76)

efficacy and sensitizes cancer

Cancer

cells
Side- N -

Effects Supplement Vitamin D Help prevent lung injury (137, 138)
Supplement Vitamin E Decrease Risk of EC (75, 76)
Supplement Selenium Decrease Risk of EC (75, 76)
Supplement Vitamin B12 Increase Risk of EC (77)

Help sustain body mass|
Side- Reduce therapy toxicity, (156, 157)
Supplement | Omega-3 fatty acid maintain bodyweight, (157, 162)
Effects . .
immune system, and improve (122)
oxygenation.

Anti-

cancer Supplement Moringa oleifera Antiproliferative Effect (158)

Effect

Anti- .

cancer | Supplement S-fluorouracil + - Synergistic Anti-tumor effect (159)

carotene

Effect

Anti- p-carotene + 1,25~ | o o victic Effect: inhibitcell | Wang SK

cancer Supplement dihydroxyvitamin rowth and increase anontosis (96)

Effect D3 9 pop

Side- . Protect Immune System and

Effects Supplement Glutamine Prevent Protein Degradation. (12)
Side- B-hydroxy-- .

Effects Supplement methyl butyrate Help reverse cachexia (12)
Side- Eicosapentaenoic Preserve Body mass post-

Effects Supplement acid surgery (156, 157)
Side- Carbohydrate Preserve Body mass post-

Effects Supplement Solution surgery (129,136)

Table 1: A summary of various foods and supplements and their interaction with esophageal
Cancer. The data is divided into 1) Risk: The component increases or decreases risk of Esophageal
Cancer (EC), 2) Anti-cancer Effects: The component helps fight off the cancer, and 3) Side-Effects:
The component helps combat a side-effect of EC therapy.

10. Conclusion

To summarize, we find that nutrition therapy can have far-reaching effects in preventing esophageal
cancer and improving treatment efficacy and survival rates. For instance, fruits, cruciferous
vegetables, green tea, B-carotene, zinc, iron, selenium, and various vitamins-A, B2, C, E- can help
lower cancer risk. Additionally, excessive hot drinks, alcohol, smoking, red meat consumption or
self-diagnosing supplements like B12 can increase an individual's risk of developing EC.

We find that personalized nutrition can significantly help EC patients during their treatment by
ameliorating therapy side effects, maintaining muscle mass, and preventing malnutrition. In addition,
we find that 5-fluorouracil, 1,25-dihydroxy vitamin D3, B-carotene, and moringa can have significant
anti-tumor effects. Additionally, Vitamin C, Zinc, or derivative compounds, like flavopiridol, can
help treatment efficacy by increasing the sensitivity of cancerous cells. Nutritional components like
glutamine, zinc, and omega-3 fatty acid supplementation can also help after primary treatment by
reducing toxicity, preventing mucositis and skin irritation, and helping prevent muscle degradation.
Therefore, we encourage authorities to actively integrate nutrition in perioperative stages and create
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awareness amongst patients about their overall benefits.

The data demonstrates the need for a standard set of guidelines that should be used due to their
economical nature and immense benefits. With these guidelines, cancer treatment could be furthered,
and the overall experience of cancer care immensely enhanced. We also encourage future
explorations on the link between nutrition, EC, and socioeconomic status.

Caption: Figure 2: An overview of Esophageal cancers, incidence, risk factors, and effect of nutrition
therapy.

Table 1: A summary of various foods and supplements and their interaction with esophageal Cancer.
The data is divided into 1) Risk: The component increases or decreases risk of Esophageal Cancer
(EC), 2) Anti-cancer Effects: The component helps fight off the cancer, and 3) Side-Effects: The
component helps combat a side-effect of EC therapy.

Supplementary Materials: None
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