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Abstract: Malnutrition, particularly under-nutrition, is highly prevalent among adult patients with a diagnosis 
of gastrointestinal (GI) cancer and negatively affects patient outcomes. Malnutrition is associated with clinical 
and surgical complications for patients undergoing therapy for GI cancers and the costs associated with those 
complications is a high burden for the US health system. Our objective was to identify high-quality evidence for 
nutrition support interventions associated with cost savings for patient care, followed by a complex economic 
value analysis to project cost savings for the US health system. A narrative literature search was conducted in 
which combined keywords in the areas of therapeutic nutrition (nutrition, malnutrition), a specific therapeutic 
area [GI cancer (esophageal, gastric, gallbladder, pancreatic, liver/hepatic, small and large intestine, colorectal)], 
and clinical outcomes and healthcare cost, to look for nutrition interventions that could significantly improve 
clinical outcomes. Medicare claims data were then analyzed using the findings of these identified studies and 
this modeling exercise supported identifying the cost and healthcare resource utilization implications of specific 
populations to determine the impact of nutrition support on reducing these costs as reflected in the summary of 
the evidence. Eight studies were found that provided clinical outcomes and health cost savings data, 2 of those 
had the strongest level of evidence and were used for Value Analysis calculations. Nutrition interventions such 
as oral diet modifications, enteral nutrition (EN) supplementation, and parenteral nutrition (PN) have been 
studied especially in the peri-operative setting. Specifically, peri-operative immunonutrition administration 
and utilization of enhanced recovery pathways after surgery have been associated with significant improvement 
in postoperative complications and decreased length of hospital stay (LOS). Utilizing economic modeling of 
Medicare claims data from GI cancer patients, potential annual cost savings of $242 million were projected by 
the widespread adoption of these interventions. Clinical outcomes can be improved with the use of nutrition 
interventions in patients with GI cancers. Healthcare costs can be reduced as a result of fewer in-hospital 
complications and shorter lengths of hospital stay. The application of nutrition intervention provides a positive 
clinical and economic value proposition to the healthcare system for patients with GI cancers
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Introduction

Malnutrition is an epidemic that plagues patients with a 
diagnosis of gastrointestinal (GI) malignancies, as reported 
in the US and the international setting (1). The incidence of 
severe malnutrition in patients with GI cancers ranges from 
9% to 20% (2). Further, studies estimate a 70% prevalence 
of malnutrition in upper GI cancers and pancreatic cancer, 
and 40% in colorectal cancer patients (1). Malnutrition in 
cancer patients is multifactorial and is caused by a myriad of 
physiologic and mechanical problems especially in patients 
with GI malignancies (3-7). See Table 1.

Malnutrition is associated with increased morbidity 
and mortality in patients undergoing surgery for GI 
malignancies (8-11). Poor nutrition among surgical 
candidates has emerged as a prominent modifiable pre-
operative risk factor that negatively impacts postoperative 
complication rates and severity of illness. Additionally, 
malnourished patients are at increased risk for prolonged 
length of hospital stay (LOS), infectious complications, 
need for hospital readmission, and early death after 
surgery (9-11). Surgical complications in cancer patients 
are particularly devastating as they can delay or preclude 
the administration of adjuvant therapy, negatively impact 
tumor biology, inflammation, and host immune response. 
Some complications may also negatively impact nutrition 
status (e.g., GI leak or fistula). Therefore, an early surgical 
complication can reduce long-term survival; reductions of 
20–35% are reported in colorectal cancer, for example (12).

Emerging evidence suggests nutritional interventions 
can significantly decrease the incidence of these adverse 
outcomes (13,14). While the true economic impact of 
malnutrition in this population is difficult to calculate, it 
does contribute to excess costs for health systems (11,14,15). 
Moreover, the concept of multidisciplinary nutrition 
support teams including physicians, nurses, dietitians, 
and pharmacists has been adopted by high performing 
institutions in order to maximize the impact of nutritional 
support in patients at malnutrition risk (16-19). 

In the current environment of at-risk reimbursement 
models for hospitals and preventable patient complications, it 
is fundamental to define value in healthcare delivery (20-22).  
To this end, value analysis is one of the instruments that 
can be utilized. Value analysis is used to adjudicate potential 
cost or cost savings to a clinical intervention that focuses 
on specific clinical outcomes that go beyond immediate 
therapeutic outcomes such as quality of life and complication 
rates (23). The ASPEN Value Project was developed to 

focus on the cost savings associated with improved clinical 
outcomes (see Figure 1).

We present the study in accordance with the Narrative 
Review reporting checklist. Available at http://dx.doi.
org/10.21037/jgo-20-326. 

Methodology

The American Society for Parenteral and Enteral Nutrition 
(ASPEN) Value Project Scientific Advisory Council was 
tasked with evaluating clinical evidence and assigning 
potential cost savings that could impact healthcare delivery. 
The approach taken was to model nutrition interventions 
that could significantly improve clinical outcomes. 
Specifically, the GI cancer workgroup, a multidisciplinary 
section of the ASPEN value project, evaluated a targeted 
review of the literature which combined keywords in the 
areas of therapeutic nutrition (nutrition, malnutrition), a 

Table 1 Factors associated with malnutrition in cancer patients (1-5)

Systemic inflammatory response (with associated anorexia,  
fatigue, poor physical function, depression) 

Barriers to intake and nutrient absorption

GI tumors as physical barriers, i.e., gastric outlet obstruction or 
bowel obstruction

Reduced appetite/absorption from systemic inflammation due 
to tumors 

Side-effects of anticancer chemotherapy

Other comorbidities such as IBD, CHF, COPD, CVD, ESRD

IBD, inflammatory bowel disease; CHF, congestive heart failure; 
COPD; chronic obstructive pulmonary disease; CVD, cardiovas-
cular disease; ESRD, end-stage renal disease. 

Value of nutrition =

Outcomes
↑ Quality of life
↓ Infectious complications
↓ Noninfectious complications
↓ Length of stay in hospital
↓ Hospital readmissions

Costs of care 

Nutrition + general healthcare

Figure 1 Value analysis of nutrition support equation.
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specific therapeutic area of GI cancers, study parameters 
(clinical outcomes, healthcare costs) previously conducted 
by the Value Project team, the complete list of terms used 
is in Table 2 (24). This search was conducted using PubMed 
and Google Scholar in 5-year look-back period, for human 
trials and papers in English, published in both her US & 
International. The GI cancer workgroup, then searched 
for more recent [2018–2019] high-evidence papers [meta-
analyses of randomized controlled trials (RCTs), narrative/
systematic reviews of RCTs, recent individual RCTs], 

using human studies, and papers in English. A literature 
assessment rubric that was developed by the ASPEN Value 
Project group was used to evaluate each article identified 
in the search to select publications for inclusion in the final 
analysis (24). The rubric, consisted of 4 domains with a 
point-based scoring system: (I) level of evidence using the 
GRADE evidence scale (1 to 5), (II) outcomes of interest 
(0 to 3), (III) type of nutrition intervention (0 to 4), (IV) 
scalability (1 to 4) (24). The initial ASPEN Value Project 
search 2012–2018 yielded 10 qualifying studies in this 

Table 2 Specific terms query

Disease state/condition Nutrition/nutrition outcomes

1. Gastrointestinal cancer Outcomes AND

Carcinoma, squamous cell 1. Infection

2. Anal cancer 2. Length of stay OR LOS

Anus neoplasms 3. Readmission

3. Colorectal cancer 4. In-hospital AND mortality

Colorectal neoplasms 5. Malnutrition

4. Esophageal cancer 6. Post-operative mortality

Esophageal neoplasms Healthcare OR resource AND

Esophagectomy 1. Utilization

5. Pancreatic cancer 2. Avoidable

Pancreatic neoplasms 3. Cost

AND Polymorphism, single nucleotide 4. Cost-benefit analysis

6.Stomach OR gastric cancer Nutrition OR Medical Nutrition AND

Gastrectomy 1. Care

Stomach neoplasms 2. Intervention

3. Enteral

4. Parenteral

5. Oral AND

Nutrition supplements

6. Delivery

7. Services

8. Support

9. Therapy

10. Assessment

11. Screening

Sarcopenia and cachexia 
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population, 7 of which used oral nutrition supplements 
(ONS), enteral nutrition (EN), or parenteral nutrition (PN), 
as nutrition support (23,24). The additional search in 2019 
yielded one additional clinical trial (25) (Figure 2). Narrative 
analysis of the qualifying papers was performed. Of the 
eleven papers only 2 received the highest marks across the 
4 domains and were selected to be used in the Medicare 
claims data analysis described below. 

Value analysis methodology

An analysis of potential cost savings of nutrition interventions 
for the Medicare population was conducted using the 
methodology published previously by our group (24); initially 
the papers with the strongest evidence for cost savings were 
selected and analyzed. The objective of the analysis was 
to model the effects of the specific nutrition interventions 
studied on the specific GI cancer population. This modeling 
exercise consisted on identifying the cost and healthcare 
resource utilization implications on the GI cancer population, 
with the goal of determining the impact of nutrition support 
on reducing these costs as reflected in the summary of the 
evidence, and identify the maximum potential savings to 
the Medicare program as demonstrated by modeling the 
findings described in the studies if all patients with the 
diagnoses of GI cancers received the beneficial nutrition 
intervention, annualized savings were projected (24). The 

Medicare data Source was Avalere Health, a Washington, 
DC-based health policy firm who on behalf of ASPEN 
obtained the appropriate human participant approvals to 
analyze the Medicare fee-for-service Parts A and B claims 
5% sample dataset according to Medicare requirements (24). 
These claims include information on procedures, diagnoses, 
and payments organized by individual beneficiary. The 5% 
sample is recognized as being statistically representative of 
the entire Medicare population and can be roughly adjusted 
to the full 100% population by multiplying raw results by 
20 (24). Relevant ICD-10 codes were used for the different 
GI cancer diagnosis. For each included study, findings were 
applied to the defined population and savings associated with 
reduced adverse outcomes or healthcare resource utilization 
were measured [such as, shorter length of stay (LOS) or 
reduced complications]. 

Results 

Evidence narrative review

The literature search of nutrition support, GI cancers, 
and clinical outcomes yielded 7 usable papers through 
2018 and one additional trial published since then. For 
the value analysis modeling articles were excluded where 
studies reported on conditions, procedures, or populations 
that could not be observed in the Medicare claims data 
or focused on an outcome like mortality or nonspecific 
complications that cannot be accounted for in the Medicare 
claims. Other studies that compared and contrasted EN 
vs. PN interventions were excluded as well because this 
analysis was focused on the impact of singular intervention 
approaches (Figure 2). Table 2 summarizes the study findings 
relevant to this analysis. The literature is presented based 
on three types of nutrition interventions, ONS, EN, and 
PN. Patients also received nutrition in the pre-operative 
period, post-operative, or both. In a few studies, they also 
received supplemental nutrients, primarily those that have 
been shown to be immunomodulating, while other studies 
examined therapy timing with early vs. later in the post-
operative period. 

In reviewing the 8 studies (Table 3), the following 
was observed. Oral supplements including those with 
immunonutrition decreased hospital LOS as compared to 
standard care (25,26). In those receiving EN via feeding 
tube, those that received an enriched formula had decreased 
mortality rate in the short term (27). When EN was provided 
early in the post-operative period, LOS and hospital 

Potential Relevant Articles 
ASPEN Value Project (n=44)

Qualifying Articles for GI 
cancer (n=11)

Included articles for GI cancer 
and Potential Medicare Claims 

Analysis (n=8)

Included Articles for GI cancer 
and Underwent Medicare 

Claims Analysis (n=2)

Excluded Articles-Therapeutic 
areas other than GI cancers 

(n=33)

Excluded Article- Studies 
Compared Nutrition Support 

Therapies Against Each Other
 (n=3)

Excluded Article-Inability to 
Extract Data for Medicare 

Claims Analysis (n=6)

Figure 2 Targeted literature search design.
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expenditures were decreased (27,28). When EN was compared 
to PN in these patients with GI cancer, several factors were 
examined including pre-operative EN vs. PN (29), standard 
EN vs. immunonutrition EN vs. PN (29,30), post-operative 
EN vs. PN (31) and early EN vs. early PN in the post-
operative period (32). In all of these studies, EN was associated 
with improved clinical outcomes including better GI function, 
fewer post-operative complications, and shorter LOS. 

Value analysis

Specific cost savings from all of the reviewed literature 

cannot be fully ascertained as the papers do not provide 
specific financial data. With the reduction in complications 
and LOS with specific nutrition interventions, cost savings 
can be assumed as demonstrated in the two modeled studies 
below (24,26,28). See Table 4. 

Discussion

GI malignancies and impaired nutritional intake with 
related malnutrition has been associated with poor surgical 
outcomes such as infections, increased postoperative 
complication, prolonged hospital stays and increased 

Table 3 Summary of the literature review

Study type and authorNutrition intervention Patient population Results

Oral nutrition

Challine 2019 (25), 
Cohort study

Post-op immunonutrition vs. 
standard oral diet

1,771 GI cancer patients Patients receiving preoperative oral immunonutrition 
had significantly decreased the LOS in hospital 

Yeung 2017 (26),  
prospective cohort

Oral Supplement vs.  
conventional care

115 patients with resections for 
colorectal cancer 

Total protein intakes were significantly higher in the 
oral supplement and they had shorter LOS and  
fewer total infectious complications 

Enteral nutrition

Klek 2017 (27),  
RCT

Post-op enriched EN formula 
vs. standard EN formula

99 patients with gastric cancer Outcome endpoint was mortality. Patients who 
received enriched EN formula had less short-term 
mortality as compared to standard EN 

Wang, 2015 (28),  
RCT

Post-op early EN vs. late EN 208 patients with  
esophagec-tomy 

Early EN group had the lowest LOS and  
hospitalization expenses and the incidence of  
pneumonia was highest in late EN group. 

Enteral vs. parenteral nutrition

Chen 2017 (29),  
RCT

Pre-operative EN vs. PN 68 patients with gastric outlet 
obstruction primarily due to GI 
cancer

Patients receiving pre-operative EN had better 
post-operative GI function and post-operative LOS 
as compared to PN 

Yan 2017 (30),  
meta-analysis of 30 
RCTs

Post-operative standard EN vs. 
immunonutrition EN vs. PN

3,854 patients with GI cancer Use of enteral nutrition (both immunonutrition and 
standard) significantly reduced the postoperative 
complications and shortened the length of  
hospital stay as compared to PN, immunonutrition 
was better 

Zhao 2016 (31),  
meta-analysis of 18 
RCTs 

Post-operative EN vs. PN 2,540 patients who had  
major abdominal surgery  
for GI cancer 

Patients who received EN had significantly shorter 
lengths of hospital stay, but no significant difference 
in postoperative complications, such as  
anastomotic leakage,
fistula, intra-abdominal infection or mortality rates 
between the two groups 

Van Barneveld 2016 
(32), RCT

Post-operative early EN vs. 
early PN 

123 patients with rectal cancer Early enteral nutrition reduced postoperative ileus, 
anastomotic leakage, and hospital LOS

Immunonutrition- arginine, glutamine, omega-3 polyunsaturated fatty acids, antioxidants, +-nucleotides. PN, parenteral nutrition; EN,  
enteral nutrition; LOS, length of stay; RCT, randomized control trial.
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readmission rates. Timely and appropriate nutrition 
support may improve nutrient intake, decrease risk of 
associated complications, and improve quality of life. Using 
the existing literature that specifically shows evidence 
that nutrition support in this population improves clinical 
outcomes, this Value Project demonstrated that modeling 
those findings using the Medicare Claims database, revealed 
potentially significant cost savings. Although is beyond our 
analysis to exhaustively review specific interventions this 
current research shows the potential cost savings associated 
with interventions and the necessity to adopt these 
interventions as a cost saving initiative in the care of cancer 

patients. In this context, value analysis for interventions 
such as early EN (within 48 h of surgical intervention) for 
patients undergoing esophagectomy for cancer, is associated 
with 3 to 6 day decrease in LOS (28) which corresponds to 
$18 million in savings, calculated as a $5,000 decrease in 
cost per patient treated. Value analyses also indicate that 
cost savings can be gained by the adoption of an ERAS 
bundle with immunonutrition ONS for colorectal cancer 
patients (26), with a decrease in LOS for patients receiving 
the intervention that corresponds to potential savings of 
$4,000 per patient, or $224 million a year for the Medicare 
program. This $4,000 per patient savings is similar to that 

Table 4 Medicare claims data modeling analysis results

Study  
author

Study intervention Study findings
Observations in Medicare 
claims data set

Analysis of effect of  
intervention

Analysis of adjusted 
savings

Wang 2015 
(28)

Post-operative EN 
at 3 points in time: 
Group 1  
(within 48 hours); 
Group 2  
(48–72 hours);  
and Group 3  
(72+ hours)

The study found 
that patients who 
received EN  
services within  
48 hours (Group 1) 
had an average  
length-of-stay (LOS) 
of 20.8 days,  
compared to  
patients who 
received EN services 
within 48–72 hours  
(Group 2) who had 
an LOS of  
23.9 days, compared  
to patients who  
received EN  
services within  
72+ hours (Group 3) 
who had an LOS of 
26.9 days

700 patients were identified 
as being diagnosed with GI 
Cancer and who received EN 
services. Of these patients, 
487 patients had a surgical 
procedure (70%); Modeling 
analysis showed that the 
average cost of care for a 
GI Cancer patient receiving 
surgery and treated with EN 
was approximately $36,000

Modeling analysis showed 
that when adjusted for the 
full Medicare population, 
the number of GI Cancer 
patients with a surgical 
procedure, as well as any 
EN treatment, would equal 
approximately 3,540  
patients per year. The total 
Medicare spend decreased 
by approximately $5,000 per 
case associated with a 22% 
decrease in length-of-stay

 Modeling analysis 
showed that reducing 
the length-of-stay for 
post-surgical GI cases 
via an early EN diet 
would save the  
Medicare program  
approximately  
$18 million in a  
single year

Yeung  
2017 (26) 

Conventional 
group of patients 
versus enhanced 
recovery after 
surgery group who 
received ONS

The study found that 
the LOS in the  
hospital for the  
conventional group 
was 9.7 days  
compared to the 
ONS group LOS, 
which was 6.5 days

231 patients identified with 
diagnosed with GI cancer 
and who received a surgery 
and ONS services; modeling 
analysis showed that the 
average cost of care for a 
GI Cancer patient receiving 
surgery and ONS services 
was approximately $21,000

Modeling analysis showed 
that when adjusted for the 
full Medicare population, the 
number of GI cancer  
patients not receiving  
nutrition would equal  
approximately 56,000 
patients per year. The total 
Medicare spend decreased 
by approximately $4,000 per 
case associated with a 33% 
decrease in length-of-stay

Modeling analysis 
showed that a  
reduction in the  
length-of-stay for GI 
cases via an applied 
ERAS bundle and 
ONS after a surgical  
procedure as 
reflected in the 
study could save the 
Medicare program 
approximately  
$224 million in a  
single year
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reported for immunonutrition alone by Mauskopf et al. 
Using a national inpatient data sample, they estimated 
immunonutrition use resulted in $1,200 to $6,300 (2008 US 
dollars) hospital costs reduction per patient depending on 
GI cancer patient population (upper vs. lower GI) and the 
analysis methodology used (33).

Our cost savings estimates likely underappreciate 
the true impact of nutrition, as reductions in surgical 
complications may result in improved quality-adjusted 
life-years for patients that are not quantified in our 
analysis. Recent Washington State data demonstrated 
that oral immunonutrition supplements reduced average 
hospitalization costs by $2,500 per patient during the 
surgical hospitalization but continued to demonstrate value 
benefits after hospitalization. After 180 days, patients who 
received preoperative immunonutrition had overall less 
healthcare costs $5,300 than patients who did not (34). 

Similar calculations could be performed for each of the 
reviewed studies with the overarching concept behind this 
value analysis being to provide the clinicians that are on 
the “front-lines” taking care of patients with GI cancers, 
with hard numbers that can help articulate the need for 
nutritional interventions for cancer patients. 

Patients with GI malignancies have significant metabolic 
challenges and associated increased metabolic demands 
where the need for nutrition intervention becomes even 
more pronounced (4,6). A principal goal of nutrition therapy 
is to provide adequate calories and protein to support 
optimal metabolic function and immune response (4). 
Immunonutrients have been shown to produce remarkable 
effects beyond nutritional value (35,36). There is emerging 
consensus on the benefits associated with nutrient mixtures 
that include glutamine, arginine, omega-3 fatty acids, 
as well as nucleotides addition, used to address immune 
defects and improve metabolic derangements (37,38). 
Depleted glutamine stores may lead to severe post-surgical 
impediments hindering healing and increasing infectious 
complications. Arginine supports blood flow, protein 
metabolism, and wound healing while nucleotides help 
rebuild cells. Replicating cells support immune function and 
cell growth. Omega-3 minimizes inflammatory response and 
increases immune response by enhancing lymphocyte action, 
while decreased availability of nucleotides is associated with 

impaired T-cell function and weakened killer cell activities 
(37,38). These formulas of immunonutrient combinations 
appear to significantly improve outcomes through decreased 
complications, improved immune function, improved healing 
and decreased hospital stays (27,38,39).

Despite an abundance of l iterature, widespread 
malnutrition can be found in patients with GI malignancies 
(5). One of the myths that has limited more aggressive 
nutritional therapy in cancer patients is the concept of 
“feeding the cancer” (40). The misnomer that nutritional 
supplementation will increase tumor burden, impedes 
the more significant improved oncologic outcomes 
with the implementation of nutrition support (40,41). 
Another potential inhibitor of widespread adoption of 
immunonutrition interventions is the cost. Clinicians need 
to understand the cost/benefits of enhanced nutrition 
therapies and feel empowered to advocate for what  
organizations may perceive inappropriately as “expensive” 
therapies (24,42).

This targeted literature review and modeling analyses 
combined with national and international guidelines 
demonstrates interventions that will significantly impact 
cancer patient care. Translating these findings and guidelines 
to inventions in everyday clinical practice is critical.

Clinical application

ASPEN and ESPEN are two internationally recognized expert 
groups with published guidelines to assist with consistent and 
appropriate intervention to help ameliorate risk of malnutrition 
among vulnerable cancer patients (3). Current ASPEN 
and ESPEN guidelines cover most aspects of nutritional 
support therapy for patients with malignant diagnoses. These 
recommendations are included in Table 5 (3,41).

Summary

This paper demonstrates the value that nutrition support 
therapy provides in improving clinical outcomes in patients 
with GI cancers. The model creates cost savings when 
nutrition support is appropriately used. Clinicians caring 
for patients with GI cancer should always consider nutrition 
support as a routine therapeutic tool. 
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Develop post-discharge nutrition care plan and support for recovery 

Refer for post-discharge nutrition as palliative/supportive care when needed
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