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Abstract

Background: Nutritional management of patients with gastric cancer (GC) represents a chal-
lenge. Summary: This review provides an overview of the present evidence on nutritional
support in patients with GC undergoing surgery as well as in those with advanced disease.
Key Message: For patients undergoing surgery, the preoperative nutritional condition direct-
ly affects postoperative prognosis, overall survival and disease-specific survival. Perioperative
nutritional support enriched with immune-stimulating nutrients reduces overall complica-
tions and hospital stay but not mortality after major elective gastrointestinal surgery. Early
enteral nutrition after surgery improves early and long-term postoperative nutritional status
and reduces the length of hospitalization as well. Vitamin By, and iron deficiency are common
metabolic sequelae after gastrectomy and warrant appropriate replacement. In malnourished
patients with advanced GC, short-term home complementary parenteral nutrition improves
the quality of life, nutritional status and functional status. Total home parenteral nutrition
represents the only modality of caloric intake for patients with advanced GC who are unable
to take oral or enteral nutrition. Practical Implications: Early evaluations of nutritional status
and nutritional support represent key aspects in the management of GC patients with both
operable and advanced disease. © 2016 S. Karger AG, Basel
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Introduction

Despite its declining incidence over the last several decades, gastric cancer (GC) remains
the fifth most common malignancy in the world and the third leading cause of cancer death
in both sexes worldwide [1]. GC is often asymptomatic, or it may cause only nonspecific
symptoms in its early stages, which is one of the main reasons for the often delayed diagnosis
[2] and its relatively poor prognosis [3].

Weight loss is reported for 31-87% of patients at first diagnosis of malignancy, and the
scope of weight loss depends directly on the type of cancer [4]. In particular, a weight loss
>10% within the previous 6 months is observed in 15% of patients diagnosed with gastro-
esophageal cancer, whereas malnutrition occurs in up to 80% of GC patients in an advanced
stage [5, 6].

The anorexia-cachexia syndrome [7, 8], commonly described in patients with advanced
cancer, is characterized by decreased food intake, hypoalbuminemia, weight loss and muscle
tissue wasting and is associated with increased morbidity and mortality [9-11]. In GC patients,
this conditionis mainly caused by obstruction ofthe upperdigestive tract due to the mechanical
effects of the tumor [12]. Dysphagia, early satiety, nausea and vomiting may follow. For
patients with GC, the anorexia-cachexia syndrome is associated with shortened overall
survival [13]. Together with symptoms such as nausea, vomiting, early satiety and dysphagia
following chemotherapy, radiotherapy or surgery, this condition may contribute to cancer-
related malnutrition [14-16]. Thus, identifying and treating malnutrition early in the course
of GC is critical for improving patient outcomes.

Nutritional Treatment

The goal of the nutritional therapy is to improve the nutritional status, metabolism,
adherence to antitumoral therapies, quality of life and course of the disease [17]. Nutritional
support is recommended for both GC patients undergoing surgery and those with unre-
sectable disease and could be performed with oral, enteral (EN) and parenteral nutrition
(PN). Oral nutrition includes diet and oral supplementation. After gastrectomy, a diet based
on frequent small meals with limitation of simple carbohydrates, in order to prevent dumping
syndrome, is recommended. EN (nourishment into the gut) is variably defined and may
include diet, oral supplementation and feeding via a tube. For the present review, EN is spec-
ified as feeding by tube and includes percutaneous endoscopic gastrostomy, percutaneous
radiologic gastrostomy and percutaneous endoscopic jejunostomy. EN preserves the struc-
tural and functional integrity of the gastrointestinal tract and represents a valid nutritional
option for patients with dysphagia or obstruction when the oral intake does not satisfy the
nutritional requirements [18]. EN is safer, cheaper and more physiological than PN. However,
in patients with impaired gastrointestinal function, PN is mandatory. Although PN (nour-
ishment by central and peripheral veins) ensures optimal nutrition, it increases the risk of
infections when compared to EN [19]. Catheter-related bloodstream infection is the most
common and serious complication in adult patients receiving PN. In a systematic review of 39
studies, the overall catheter-related bloodstream infection rate ranged between 0.4 and 4.6
episodes/1,000 catheter days (median 1.3) in patients with home PN (HPN), and was mostly
related to Gram-positive bacteria of the human skin flora [20]. Thus, in terminal-stage disease
the benefit of nutritional support may be limited and associated with an increased risk of
complications. As a consequence, the recent German S3 Guidelines recommend nutritional
support only when benefits prevail over any possible complications or when desired by
patients [17].
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Evaluation of Nutritional Status

An evaluation of nutritional status, food intake and the severity of the disease should
be performed starting with first contact on a regular basis and at short time intervals (at
least every 4-8 weeks) to recognize any reduction of nutritional status as early as possible
[17]. Several questionnaires have been developed for the early detection and treatment
of malnourished hospital patients [21, 22]. In particular, increased scores on the Nutri-
tional Risk Screening 2002 (NRS 2002) tool are associated with increased rates of post-
operative complications and increased length of stay [23]. Furthermore, in a recent study
evaluating the efficacy of the Short Nutritional Assessment Questionnaire (SNAQ) in
predicting the risk of postoperative mortality after GC surgery, a SNAQ score >1 was asso-
ciated with an increased mortality rate compared to a SNAQ score of 0 (OR =5.1; 95% CI:
1.01-23.8) [24].

In a recent retrospective study on 775 patients who underwent gastrectomy for GC, the
body mass index (BMI) alone did not impact perioperative morbidity or recurrence-free or
overall survival [25]. However, patients with a BMI <18.5 and low preoperative albumin
levels had significantly decreased overall survival after gastrectomy.

Different indices have been proposed to predict the prognosis of patients with gastroin-
testinal malignancies [26, 27]. In particular, the prognostic nutritional index (PNI) has been
widely used, due to its efficiency, simplicity and convenience [28]. The PNI is calculated using
the following formula: 10 x serum albumin value (g/dl) + 0.005 x lymphocyte count in
peripheral blood. A score <45 is indicative of severe nutritional impairment, whereas a PNI
>45 is associated with normal nutritional status. In a recent meta-analysis, PNI was asso-
ciated with depth of invasion and lymph node metastasis in GC [29]. Sakurai et al. [30] showed
that in patients with GC, the preoperative PNI is an independent predictive factor for both
overall survival and disease-specific survival. Notably, the patients with UICC stage 1 and 2
disease had significantly worse outcomes in the low-PNI group than in the high-PNI group.
To sum up, the following may be stated:

e Preoperative nutritional support may improve postsurgical outcome in patients under-
going surgery for GC

e Several validated questionnaires for the early detection and treatment of malnourished
hospital patients are available

e The PNI, or the combination of a preoperative BMI <18.5 and low albumin levels, is
predictive of decreased overall survival after gastrectomy

Preoperative Nutrition

For patients undergoing major surgery, preoperative malnutrition is associated with
increased morbidity (i.e. increased infection rate, delayed wound healing and pulmonary
complications, including adult respiratory distress syndrome) and mortality [31-33]. Thus,
improving the nutritional status before surgery may ameliorate the postsurgical outcome of
GC patients. The German S3 Guidelines recommend nutritional support for all patients with
insufficient dietary intake [17]. This condition is defined as an oral food intake <500 kcal /day
or <75% of the requirement for more than 1-2 weeks [34]. In an intact gastrointestinal tract,
EN is as effective as PN [35]. EN may be performed through a nasogastric or a nasoenteric
tube for short periods, whereas direct access to the bowel such as via a jejunostomy should
be preferred if EN is given for >3 weeks [36]. Recently, a randomized controlled trial (RCT)
on 106 patients undergoing gastrectomy for GC demonstrated that preoperative EN improves
the postoperative nutritional status, alleviates the inflammatory response and facilitates the
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Insufficient dietary *
intake?

@ Yes

<—| Oral intake possible? |—>

Intact GI tract?
Oral

supplementation Yes No
IN
EN PN
Short term Long term
(<2/3 weeks) (>2/3 weeks)
| Nasoenteric tube | | PEJ |

Fig. 1. Decision algorithm for the delivery route of perioperative nutrition in patients undergoing surgery
for GC. * Oral food intake <500 kcal/day or <75% of the requirement for more than 1-2 weeks [17]. GI = Gas-
trointestinal; PE] = percutaneous endoscopic jejunostomy.

recovery of patients [37]. Nutritional support via PN may be required for patients with a
nonfunctional or inaccessible gastrointestinal tract [38].

Oral or enteral administration of a nutritional solution enriched with immune-stimu-
lating nutrients (arginine, w-3 fatty acids and nucleotides) is called immunonutrition (IN)
[39]. In a recent meta-analysis of 9 studies, the immunological impact of enteral IN was eval-
uated in patients undergoing surgery for GC [40]. Compared to standard EN, IN enhanced the
hostimmunity by increasing the level of immunoglobulins, T-helper 17 cells and natural killer
cells and decreasing the level of proinflammatory cytokines such as IL-6 and TNF-a. Another
meta-analysis based on 21 RCTs compared perioperative IN to standard EN in patients under-
going major elective gastrointestinal surgery. Perioperative IN significantly reduced overall
complications and hospital stay but not mortality [41]. Accordingly, the ESPEN Guidelines,
the German S3 Guidelines [17] for GC and the North American Surgical Nutrition Summit [42]
recommend oral/enteral IN for patients with upper gastrointestinal cancer 5-7 days before
surgery and through the postoperative period. Figure 1 displays an algorithm for the delivery
route of perioperative nutrition in patients undergoing surgery for GC.

Independently of nutritional status, the Enhanced Recovery after Surgery (ERAS) group
has recently provided recommendations for the perioperative holistic management of
patients with upper gastrointestinal tumors. They recommend a preoperative carbohydrate
loading (800 ml of a 12.5% carbohydrate drink the night before surgery and 400 ml the
following morning 2 h prior to induction of anesthesia) in order to (1) reduce the insulin
resistance and tissue glycosylation caused by the surgery, (2) help in postoperative glucose
control and (3) sustain normal bowel function [43]. Summing up, one can state the following:
e Perioperative IN reduces overall complications and hospital stay but not mortality after

major elective gastrointestinal surgery
e Preoperative carbohydrate loading during the night before surgery reduces the insulin

resistance and tissue glycosylation caused by the surgery, helps in postoperative glucose
control and sustains normal bowel function
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Postoperative Nutrition

The role of postoperative nutritional support is to maintain nutritional status in the cata-
bolic period after surgery. In a prospective study evaluating the perioperative nutritional
status of 435 patients with GC, the prevalence of severe malnutrition increased substantially
after surgery (2.3 and 26.3% before and after surgery, respectively) [44]. Older age, preop-
erative weight loss and open surgery were identified as risk factors for severe postoperative
malnutrition.

After surgical treatment, appetite and diet intake decline during recovery and nutritional
status can take up to 1 year to recover [45]. Small intestinal functions resume between 6 and
12 h after surgery, indicating that EN support could be started at that time. In line with this
notion, a study by Gabor etal. [46] showed that itis safe to begin EN 6 h after surgery. Accord-
ingly, patients undergoing upper gastrointestinal surgery are usually provided with a percu-
taneous jejunostomy tube for postoperative EN, which can be continued also after discharge
depending on a patient’s needs. Early oral nutrition after surgery for GC is safe as well, and
doesnotincrease the incidence of postoperative complications when compared to EN through
a nasogastric tube [47]. In an RCT on 105 patients undergoing surgery for gastrointestinal
cancer, early postoperative nutritional support reduced surgical trauma-related high metab-
olism, maintained the function of the intestinal mucosal barrier and decreased the incidence
ofintestinal-borne infections, improving the recovery of patients [48]. Perioperative nutrition
effectively reduces the incidence of postoperative complications in malnourished GC patients.
In another RCT, 468 moderately or severely malnourished patients with GC or colorectal
cancer were randomly assigned to 7-day preoperative and 7-day postoperative artificial
nutrition (EN or PN) and compared to a simple control group. A twofold reduction in postop-
erative complications and a threefold reduction in deaths were observed among the patients
with perioperative nutrition. The most dramatic decrease was noted in major septic compli-
cations (14.9 vs. 27.9%, p = 0.011) such as pneumonia and wound infection [49]. The total
length of hospitalization and postoperative stay of the control patients were significantly
longer (29 vs. 22 days, p = 0.014) than those of the studied patients. In conclusion, the
following may be said:

e EN can be safely initiated 6 h after surgery via a percutaneous jejunostomy tube

e Early postoperative nutrition reduces surgical trauma-related high metabolism, main-
tains the function of the intestinal mucosal barrier and decreases the incidence of intes-
tinal-borne infections, improving the recovery of patients

Nutritional Supplementation after Gastrectomy

Anemia is a frequent complication after gastrectomy, and deficiencies in iron, vitamin By,
or folate have been reported after gastric surgery. Anemia develops in 50% of patients who
undergo total gastrectomy [50]. Poor nutritional status and decreased dietary iron intake
may lead to iron depletion after gastric surgery [51]. Increased iron depletion may also result
from gastrointestinal blood loss at the anastomotic site [52] or from bacterial overgrowth in
the blind loops [53]. However, alterations in digestion and impaired iron absorption are
considered the leading factors contributing to iron deficiency after gastrectomy [54]. Malab-
sorption of dietary iron possibly results from a reduction of gastric acid secretion and
bypassing of the duodenum. Reduced gastric acidity impairs the conversion of nonheme iron
(Fe3*) into the more absorbable ferrous form (Fe?*) [55]. The reconstruction after gastrectomy
may decrease iron absorption due to bypass of the major sites of iron absorption: the
duodenum and the proximal jejunum.
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In a retrospective study on 119 patients who underwent a distal gastrectomy with
Billroth I or Roux-en-Y reconstructions for stage I GC, univariate and multivariate analyses
showed that Roux-en-Y reconstruction is the only risk factor (p = 0.0487; OR = 2.755; 95%
CI: 1.01-7.91) for a decrease in hemoglobin [56]. A higher incidence of anemia and iron defi-
ciency has also been reported after total gastrectomy compared to subtotal gastrectomy [57].

The treatment of iron-deficiency anemia after gastrectomy requires correction of the
deficit in circulating hemoglobin, replenishment of the storage deficit and correction of any
treatable source of abnormal blood loss. Also, prophylactic treatment of the anticipated defi-
ciency with simple preparations, in the form of ferrous sulfate or gluconate, is usually effec-
tive [17].

Vitamin By, deficiency can develop as early as 1 year after total gastrectomy [58]. Intrinsic
factor, which is mainly produced by parietal cells of the oxyntic gastric glands, is necessary to
absorb enteral vitamin B1; [59]. Fischermann et al. [60] demonstrated that the type of recon-
struction had no effect on vitamin By, absorption. Thus, passage of food through the duodenum
is not necessary for enteral vitamin By, absorption. However, the clinical presentation of
postgastrectomy vitamin By, deficiency has not been clearly defined, nor has the role of
supplemental vitamin B;; therapy been standardized. In the German S3 guideline [17],
supplementation with vitamin B, is recommended after surgery. Administration of vitamin
B, is effective both via the subcutaneous and the oral route [61]. Indeed, in a study by Adachi
etal. [62] oral vitamin B;; supplementation was effective in increasing the serum vitamin By,
concentration, with promptresolution of the symptoms related to vitamin B, deficiency. Kim
etal. [63] demonstrated that oral vitamin B, replacement therapy provides safe and effective
treatment for vitamin By, deficiency after total gastrectomy in GC patients. The rationale for
this approach is the presence of a second, lower efficiency transport system for vitamin By,
thatdoesnotrequireintrinsicfactor orafunctioning terminal ileum but uses passive diffusion.
Thus, prophylactic enteral vitamin By, supplementation after total gastrectomy is a good and
convenient alternative to the subcutaneous route for preventing symptoms associated with
vitamin B, deficiency.

Pancreaticinsufficiency has been proposed as apossible cause of malabsorption following
total gastrectomy [64]. Although pancreatic exocrine insufficiency has been demonstrated
after gastrectomy, the key question remains whether pancreatic enzyme supplements may
improve the clinical outcome of GC patients. In a prospective, double-blind, randomized,
parallel, placebo-controlled multicenter trial, pancreatic enzyme supplementation did not
result in a significant difference between a placebo and an enzyme-treated group regarding
bowel habits or fat malassimilation [65]. The effect of high-dose pancreatic enzyme supple-
mentation on symptoms and steatorrhea after total gastrectomy was marginal and did not
justify a routine use. In summary, one could state the following:

e Anemia develops in 50% of patients who undergo total gastrectomy

e Malabsorption of dietary iron due to a reduction of gastric acid secretion and bypassing
of the duodenum is the main cause of anemia after gastrectomy

¢ The treatment of iron-deficiency anemia requires correction of the deficit in circulating
hemoglobin, replenishment of the storage deficit and correction of any treatable source
of abnormal blood loss

e Vitamin By, deficiency can develop as early as 1 year after total gastrectomy

e  Current guidelines recommend supplementation with vitamin By, after gastrectomy

e The effect of high-dose pancreatic enzyme supplementation on symptoms and steat-
orrhea after total gastrectomy is marginal and does not justify a routine use
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Nutrition in Patients with Advanced GC

Whenever nutritional support is indicated, the oral and enteral routes are preferred to
the parenteral one. In GC patients with stenosis of the cardia or pylorus, the placement of a
stent may allow oral nutrition, improving the quality oflife. The European Society for Clinical
Nutrition and Metabolism guidelines recommend the application of PN when ‘an inadequate
food intake of less than 60% of the estimated energy intake for more than ten days can be
expected’ [19]. For patients on chemotherapy experiencing chemotherapy-related gastroin-
testinal side effects (i.e. anorexia, nausea, vomiting, constipation and diarrhea), comple-
mentary HPN is recommended for weight stabilization and therapy continuation [17].
Furthermore, based on our experience short-term complementary HPN can be provided
safely and effectively to patients with weight loss despite an adequate oral intake or oral
supplementation (i.e. cancer cachexia) as well as in cases of EN intolerance (i.e. nausea,
abdominal pain and diarrhea).

For patients with peritoneal carcinosis and severe impairment of gastrointestinal
function, total HPN is mandatory [15]. Short bowel syndrome due to extensive surgery is
another indication for HPN [66]. The success of PN depends on patient compliance, support
by a professional and committed nutritionist and cooperation between the patient, nutri-
tionist, physician and home care provider [67]. In numerous studies, PN failed to reduce the
toxicity of chemotherapy [68] and to improve the response rate [69]. Especially for patients
with advanced GC and for those who are not malnourished or hypophagic, the risks of PN may
outweigh the benefits [70]. On the other hand, in patients with advanced cancer and moderate-
to-severe malnutrition HPN improves the quality of life, nutritional status and functional
status irrespective of the tumor type [71]. The greatest benefit was seen in patients with 3
months of complementary HPN, although patients receiving HPN for 1 or 2 months also
demonstrated significant improvements. To sum up, the following can be stated:

e For patients with advanced GC who are unable to take oral nutrition or EN, total HPN is
mandatory

e In patients with advanced GC who are not malnourished or hypophagic, the risks of PN
may outweigh the benefits

¢ Inmalnourished patients with advanced cancer, short-term complementary HPN is asso-
ciated with an improvement in quality of life, nutritional status and functional status

Future Directions

Modern therapy of patients with localized GC suitable for surgery includes neoadjuvant
radiochemotherapy and perioperative chemotherapy, which represent sources of catabolic
stress and malnutrition. The role of nutritional support during neoadjuvant/perioperative
treatment of GC patients is still to be determined. In Europe, a controlled phase III study is
currently testing whether IN may improve the quality of life of patients treated with neo-
adjuvant radiochemotherapy and perioperative chemotherapy for esophagogastric cancers
(NCT01423799).
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