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Background and Objectives: This study aimed to evaluate the safety and efficacy of a fish oil-enriched food for 

special medical purposes (FSMP, ProSure) compared to an oncology-specific enteral nutrition product (TPF-T). 

Methods and Study Design: This multicenter, randomized, open-label, non-inferiority phase III trial 

(NCT05301556) included patients with gastrointestinal tumors scheduled for surgery and at high risk for malnu-

trition. Participants were randomized 1:1 to receive either FSMP or TPF-T as a sole nutritional source from 4±2 

days before surgery to 9±3 days postoperatively. The primary endpoint was the change in serum pre-albumin lev-

els from baseline to 9±3 days post-surgery (non-inferiority margin: 20.807 mg/L). Results: Of the 325 patients 

randomized (FSMP: n = 162; TPF-T: n = 163), FSMP demonstrated non-inferiority to TPF-T in maintaining se-

rum pre-albumin levels in the perioperative patients (least square [LS] mean difference: 6.9 mg/L, 95% CI: -5.0 

to 18.8). FSMP showed a greater reduction in serum triglycerides (LS mean difference: -0.133 mmol/L, 95% CI: 

-0.239 to -0.027, p = 0.014), while comparable changes in other lipid parameters, serum albumin, body weight, or 

grip strength from baseline to 9±3 days post-surgery, and the length of hospital stay were observed between 

groups (all p >0.05). The most common treatment-emergent adverse events were gastrointestinal disorders, in-

cluding abdominal distension (FSMP: 17.3% vs. TPF-T: 18.4%), diarrhea (21.0% vs. 11.0%), and nausea (6.8% 

vs. 5.5%). Conclusions: ProSure, an FSMP, when used as a sole nutritional source, is not inferior to TPF-T in 

maintaining perioperative nutritional status in patients with gastrointestinal tumors, demonstrating comparable ef-

ficacy and safety. 
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INTRODUCTION 

Malnutrition is a prevalent and severe complication 

among patients with gastrointestinal tumors, driven by the 

impact of both the tumor itself and the effects of anti-

tumor therapies.1 Surgical resection, the cornerstone of 

curative treatment for gastrointestinal tumors, often exac-

erbates these issues due to postoperative gastrointestinal 

dysfunction, which manifests as bowel wall edema, dys-

motility, and gut injury, further compromising nutritional 

status.2-5 The prevalence of malnutrition in this population 

is linked to adverse outcomes, including impaired quality 

of life, delayed wound healing, and increased risk of 

postoperative complications, such as in-hospital infec-

tions, prolonged hospitalization, and higher in-hospital 

mortality rates.1 Given these challenges, perioperative 

nutritional support, particularly preoperative optimiza-

tion, plays a critical role within Enhanced Recovery After 

Surgery (ERAS) protocols to reduce adverse outcomes. 

Moreover, serum pre-albumin has emerged as a reliable 

biomarker for evaluating nutritional status and serves as a 

prognostic indicator in these patients.6, 7 Therefore, opti-

mizing perioperative nutrition support strategies, includ-

ing maintaining or improving serum pre-albumin levels, 

is critical for enhancing surgical outcomes in this vulner-

able patient group.8  

Conventional nutritional strategies, including oral nu-

tritional supplements, enteral nutrition (EN), and paren-

teral nutrition, play a vital role in preventing adverse 

pathophysiological changes associated with malnutri-

tion.9, 10 Among these, early initiation of EN is particular-

ly advantageous compared with total parenteral nutrition, 

as it has been shown to shorten hospital stay, increase 

serum albumin levels,11 and decrease postoperative infec-

tion risk.12 Beyond providing essential calories and pro-

tein, advanced EN formulations enriched with long-chain 

polyunsaturated fatty acids (LCPUFAs) and non-essential 

amino acids such as glutamine have demonstrated addi-

tional benefits in surgical oncology. Meta-analyses have 

revealed that EN supplements containing omega-3 fatty 

acids and glutamine can significantly elevate levels of 

key nutritional biomarkers, including pre-albumin, im-

munoglobulin M (IgM), and immunoglobulin G (IgG), 

while also reducing the incidence of postoperative com-

plications.13-15 

Fish oil-enriched nutritional supplements have shown 

promise in improving clinical outcomes in oncology pa-

tients by enhancing acute-phase protein levels, such as 

albumin, pre-albumin, and transferrin, while simultane-

ously reducing tumor-associated factors, including tumor 

necrosis factor-alpha (TNF-alpha), and pro-inflammatory 

cytokines like interleukin-6 (IL-6). These supplements 

have demonstrated positive effects on body weight, nutri-

tional status, and quality of life, particularly in patients 

with cancer cachexia and systemic inflammation.15-18 Fur-

thermore, among surgical patients, they support both pre-

operative nutritional optimization and postoperative re-

covery.19, 20 Despite these benefits, previous studies have 

primarily assessed fish oil-enriched supplements as ad-

juncts to standard dietary intake, limiting their evaluation 

as a sole nutritional source in perioperative settings.17, 21 

Thus, the efficacy and safety of fish oil-enriched formula-

tions as exclusive enteral nutritional support in patients 

undergoing surgery for gastrointestinal tumors remain 

underexplored, particularly within the Chinese popula-

tion.  

To address this gap, we designed a multicenter, ran-

domized, active-controlled, non-inferiority clinical trial to 

assess the efficacy of an upgraded fish oil-enriched food 

for special medical purposes (FSMP) specifically tailored 

to meet the nutritional requirements and preferences of 

Chinese patients. The primary objective of this trial is to 

evaluate the safety and efficacy of a fish oil-enriched 

FSMP when used as a sole nutritional source in patients 

undergoing surgery for gastrointestinal tumors. 

 

METHODS 

Study design and participants 

This study was a randomized, active-controlled, open-

label, multicenter, non-inferiority phase III clinical trial 

conducted in patients with gastrointestinal tumors with 

risks for malnutrition and scheduled for surgical resec-

tion. Eligible patients were adults aged 18 to 75 years 

with histologically or radiologically confirmed upper or 

lower gastrointestinal tumors, a Nutritional Risk Screen-

ing 2002 (NRS-2002) score of 3 or higher, and a body 

mass index (BMI) between 18.5 and 30 kg/m². Female 

participants were required to be non-pregnant and non-

lactating, with at least 6 weeks postpartum prior to 

screening. Key exclusion criteria included a life expec-

tancy of less than 3 months, contraindications to enteral 

nutrition deemed uncorrectable by the investigator, recent 

use of parenteral nutrition, or transfusion of plasma, red 

blood cells, albumin, or amino acids within 1 week before 

screening. Patients with serum albumin levels <2.5 g/dL, 

moderate to severe anemia (hemoglobin <90 g/L), plans 

for endoscopic tumor resection or palliative surgery, or 

significant organ dysfunction, including renal, hepatic, or 

cardiac insufficiency, as well as those with recent major 

cardiovascular or cerebrovascular events within 6 months, 

were also excluded. Additionally, patients receiving tu-

mor immunotherapy or substances known to profoundly 

modulate immune function and metabolism were not eli-

gible. 

The study was conducted in compliance with the Dec-

laration of Helsinki in 1995 (as revised in Edinburgh 

2000) and the International Council for Harmonisation 

Good Clinical Practice guidelines. The study protocol 

was approved by the Ethical Committee of all participat-

ing centers (the ethical approval numbers for the leading 

site, Peking Union Medical College Hospital, are 

HS2021050 and KS2021611), and written informed con-
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sent was obtained from all participants. This trial was 

registered at ClinicalTrials.gov (NCT05301556). 

 

Procedure 

Participants were randomized in a 1:1 ratio using a dy-

namic minimization algorithm into two groups: the exper-

imental group received a fish-oil-enriched food for spe-

cial medical purpose (FSMP, ProSure, Abbott) and the 

control group received a comparable oncology-specific 

EN product registered as a drug in China (TPF-T, Frese-

nius). Randomization was stratified by tumor location 

(upper vs lower gastrointestinal tract) and the intended 

surgical approach (laparoscopic vs open surgery). Due to 

the distinct formulations of the two products (powder vs 

liquid), a non-blinded design was employed. 

Both products were administered as a single nutritional 

source through oral or tube feeding, beginning 4 ± 2 days 

before surgery and continuing until 9 ± 3 days postopera-

tively. The product used in the FSMP group provided 1.3 

kcal/ml energy density, with 28.31 g/100 g of protein, 2.1 

g/100 g of eicosapentaenoic acid (EPA) plus docosahex-

aenoic acid (DHA), and 3.19 g/100 g of glutamine. In 

comparison, TPF-T offered a similar energy density of 

1.3 kcal/mL, with 5.85 g/100 mL of protein and 0.3 g/100 

mL of omega-3 fatty acids. A detailed nutrient composi-

tion of both products is provided in Supplementary Table 

1. Energy requirements for each participant were calcu-

lated based on a target of 25-30 kcal/kg ideal body weight 

(IBW, height [cm] - 105) daily, with adjustments for age, 

gender, and physical activity level. Before surgery, TPF-

T or FSMP provided all the daily target energy needed by 

participants. During the postoperative period, participants 

received the allocated intervention at incremental energy 

targets according to postoperative tolerance: 20% of tar-

get energy intake on day 2 post-surgery, 30-80% on days 

3-5, and up to the full target intake by day 6. No energy 

target was required on the surgery day and on day 1 post-

surgery. Both products were administered from baseline 

until day 9±3 days postoperatively, after which partici-

pants were transitioned to routine nutritional support as 

determined by their clinical team.  

Concomitant use of medications and supplements that 

could influence metabolism, such as steroids, growth 

hormones, anti-inflammatory fat emulsions, and other 

omega-3 fatty acid, protein, glutamine, or arginine-

containing products, was prohibited throughout the study 

period. Postoperative parenteral nutrition was only al-

lowed for fluid replacement purposes.  

 

Endpoints 

The primary endpoint was the change in serum pre-

albumin levels from baseline to 9 ± 3 days post-surgery. 

Secondary endpoints included changes in serum pre-

albumin from baseline to 1 day before surgery/the day of 

surgery and to 1 day post-surgery, and changes in serum 

albumin, C-reactive protein (CRP), and neutrophil-to-

lymphocyte ratio (NLR) from baseline to 1 day before 

surgery/surgery day, 1 day, and 9 ± 3 days post-surgery. 

Other endpoints included changes in body weight, NRS-

2002 score, fasting blood glucose, serum triglycerides 

(TG), total cholesterol (TC), grip strength, and Eastern 

Cooperative Oncology Group performance status (ECOG 

PS) from baseline to 9±3 days post-surgery, along with 

length of hospital stay and product intake compliance. 

Product intake compliance was defined as the proportion 

of participants consuming at least 75% of their prescribed 

daily target energy for at least 7 days during the study 

period (excluding the day of surgery and 1 day post-

surgery). 

Safety endpoints included the incidence of adverse 

events (AEs) and serious adverse events (SAEs), vital 

signs, gastrointestinal tolerance (assessed using the Gas-

trointestinal Function Assessment Form), and incidence 

of feeding tube-related complications, such as nasal mu-

cosa injury, tube blockage, and stoma site infections. La-

boratory abnormalities were also monitored. Safety eval-

uations were performed at baseline, on 1 day before sur-

gery/the day of surgery, at 1 day, and 9 ± 3 days post-

surgery. 

 

Statistical analysis 

The primary analysis was based on a non-inferiority 

framework, using a non-inferiority margin of 20.807 

mg/L for the change in serum pre-albumin levels from 

baseline to 9 ± 3 days post-surgery. This non‑inferiority 

margin was predefined based on previously published 

data from a study comparing TPF-T with normal diet in 

patients undergoing surgery for gastrointestinal malig-

nancies,22 and clinical judgment regarding the minimal 

clinically meaningful difference in pre-albumin change. 

With a common standard deviation (SD) of 52.26 mg/L,22 

a sample size of 100 participants per group provided 80% 

power to detect a difference of 20.807 mg/L using a two-

sided 0.05 significance level (nQuery Advisor® Version 

7.0). To account for potential dropouts, the final sample 

size was set at a maximum of 175 participants per group. 

The full analysis set (FAS) included all randomized 

participants who received at least one dose of the study 

product. Per protocol set (PPS) comprised those in the 

FAS who adhered to the protocol without major devia-

tions and completed all required assessments, which was 

the primary analysis set for efficacy. The safety set (SS) 

consisted of participants who received at least one dose 

and underwent post-dose safety evaluations. 

Analysis of covariance (ANCOVA) was used to assess 

the primary endpoint, adjusting for baseline values, study 

site, and randomization stratification factors. Non-

inferiority was concluded if the lower bound of the two-

sided 95% confidence interval (CI) of the intergroup dif-

ference (FSMP – TPF-T) was greater than -20.807 mg/L. 

Subgroup analyses were performed for predefined factors, 

including tumor location and surgical method. Given the 

clinical importance of both systemic inflammation and 

nutritional status recovery after surgery, post hoc analyses 

focused on exploratory assessments of CRP and body 

weight across subgroups in both FAS and PPS. Other 

continuous endpoints were analyzed using ANCOVA, 

while categorical outcomes were evaluated using Chi-

square or Fisher’s exact tests as appropriate. Multiple 

imputation for missing data was performed only for the 

primary endpoint as a post-hoc sensitivity analysis, while 

no imputation was applied to other endpoints. All anal-

yses were conducted using SAS version 9.4 or higher. p-

values <0.05 were considered statistically significant. 
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RESULTS 

Baseline characteristics 

Between July 4, 2022, and January 9, 2024, a total of 337 

patients were screened, of whom 325 were randomized 

into the study. Ultimately, 253 patients completed the 

study, with AEs being the most common reason for with-

drawal (13.6%). One hundred and sixty-two participants 

in the FSMP group and 163 in the TPF-T group were in-

cluded in the FAS, with 100 participants in each group 

forming the PPS (Figure 1).  

The median age was 61 years (range: 31-75 years), and 

the majority of participants were male (65.2%). The mean 

BMI was 24.28 kg/m² (SD: 2.87). Most patients (62.8%) 

had lower gastrointestinal tumors, while 37.2% had tu-

mors located in the upper gastrointestinal tract. The vast 

majority of patients (98.2%) underwent laparoscopic sur-

gery, while only 1.8% underwent laparotomy. Nutritional 

status at baseline, as assessed by the Patient-Generated 

Subjective Global Assessment (PG-SGA), indicated that 

75.1% of patients were moderately malnourished, and 

19.7% were severely malnourished. The baseline charac-

teristics were comparable between the groups (Table 1). 

 

Pre-albumin 

On day 9±3 post-surgery, the primary endpoint analysis 

in the PPS demonstrated the mean change from baseline 

was -60.8 mg/L (standard error [SE]: 12.0) and -67.7 

mg/L (SE: 11.4) in the FSMP and control groups, respec-

tively, with a least square (LS) mean difference of 6.9 

mg/L (SE: 6.02) between the FSMP and control groups. 

The 95% CI ranged from -5.0 to 18.8 mg/L, which ex-

ceeded the pre-specified non-inferiority margin of -

20.807 mg/L, thereby confirming the non-inferiority of 

FSMP relative to TPF-T in maintaining nutrition status. 

Similarly, the LS mean difference between the two 

groups was 7.3 mg/L (SE: 5.50) with a 95% CI of -3.5 to 

18.2 mg/L in the FAS, also meeting the non-inferiority 

criteria.  

In the PPS, the mean change from baseline was 8.1 

mg/L (SE: 7.90) and 9.6 mg/L (SE: 7.47) in the FSMP 

and control groups, respectively, on the visit of 1 day 

before surgery/the day of surgery, with a between-group 

difference of -1.5 mg/L (95% CI: -8.9 to 5.8 mg/L). On 

day 1 post-surgery, the mean change from baseline was -

37.6 mg/L (SE: 7.14) in the FSMP group and -40.2 mg/L 

(SE: 6.78) in the control group, yielding a between-group 

difference of 2.6 mg/L (95% CI: -4.0 to 9.3 mg/L) (Table 

2). A post-hoc multiple imputation analysis for the prima-

ry outcome in the FAS revealed similar results (Supple-

mentary Table 2). The subgroup analysis confirmed the 

non-inferiority of FSMP to TPF-T in maintaining nutri-

tion status across various subpopulations and time points, 

including patients with upper and lower gastrointestinal 

tumors, and those undergoing laparoscopy (Supplemen-

tary Table 3). 

 

Other secondary efficacy endpoints 

The results of other secondary endpoints in PPS and FAS 

are detailed in Table 3. In PPS, the between-group differ-

ence of change from baseline in serum albumin levels 

was -0.23 g/L (95% CI: -1.10, 0.63; p = 0.599) at 9±3 

days post-surgery. Similarly, the difference in body 

weight change was 0.35 kg (95% CI: -0.14, 0.85; p = 

0.160). Furthermore, no statistically significant difference 

 

 
 

Figure 1. Patient flowchart. 
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was found in the subgroup analysis of body weight (Sup-

plementary Figure S1). NRS-2002 scores showed a simi-

lar change of 0.6 (SD: 0.87) in the FSMP group compared 

to 0.7 (SD: 0.91) in the control group (p = 0.635) (Table 

3).  

For inflammatory markers, the between-group differ-

ence of CRP increase was -3.69 mg/L (95% CI: -11.34, 

3.97; p = 0.343). For subgroup analysis, no statistically 

significant difference was found in the upper gastrointes-

tinal tumor subgroup. However, within the lower gastro-

intestinal tumor subgroup, compared with the control 

group (37.2 mg/L, SE: 10.3), the CRP increase in the 

FSMP group (21.9 mg/L, SE: 10.6) at 1 day post-surgery 

was significantly lower, and the between-group difference 

was -7.93 mg/L (95% CI: -14.72, -1.14; p = 0.022) (Sup-

plementary Figure 1). The increase of NLR was 1.75 (SE: 

0.584) in the FSMP group versus 1.68 (SE: 0.551) in the 

control group, with a between-group difference of 0.07 

(95% CI: -0.51, 0.65; p = 0.814).  

Fasting blood glucose levels showed a change of 0.49 

mmol/L (SE: 0.307) in the FSMP group versus 0.37 

mmol/L (SE: 0.290) in the control group, with a between-

group difference of 0.12 mmol/L (95% CI: -0.18, 0.42; p 

= 0.436). Notably, the reduction in serum TG was signifi-

cantly greater in the FSMP group (-0.337 mmol/L, SE: 

0.114) compared to the control group (-0.205 mmol/L, 

SE: 0.108), with a between-group difference of -0.133 

mmol/L (95% CI: -0.239, -0.027; p = 0.014). TC showed 

a similar decrease in the two groups, with a between-

group difference of -0.160 mmol/L (95% CI: -0.330, 

0.010; p = 0.065).  

The decrease of grip strength was similar between the 

FSMP group and control group, with a difference of -0.78 

kg (95% CI: -2.61, 1.05; p = 0.401). For ECOG PS, 76% 

of patients in the FSMP group maintained a score of 0 

compared to 75% in the control group at 9±3 days post-

surgery (p >0.999). Length of hospital stay was compara-

ble between the two groups in the PPS (p = 0.286), and in 

the FAS, a trend of fewer days of hospital stay was found 

in the FSMP group compared to the control group (16.8 

vs. 18.9 days, p = 0.057). When adjusted with baseline 

severity of disease (tumor stage), significantly fewer days 

of hospital stay were found in the FSMP group compared 

to the control group in the FAS (p = 0.023). Nutritional 

compliance was similar, with 83.3% in the FSMP group 

and 79.1% in the control group achieving an overall 

product intake compliance of ≥75% (p = 0.562). 

 

Safety 

The mean total accumulated perioperative product calo-

ries were 10,403.60 kcal (SD: 3968.22) in the FSMP 

group and 9,828.65 kcal (SD: 3901.71) in the control 

group (p = 0.189). The mean preoperative exposure time 

was 3.8 days for both groups (FSMP: 3.8 [SD: 1.20] vs. 

TPF-T: 3.8 [SD: 1.08]; p = 0.661). Gastrointestinal intol-

erance was also similar between groups at the final visit, 

with 79.0% of participants in the FSMP group and 78.5% 

in the control group maintaining a baseline score of 0. 

Feeding tube-related complications were infrequent in 

both groups, with a low incidence reported (FSMP: 1.2% 

vs. TPF-T: 0.6%). 

A total of 16 SAEs occurred in 14 (8.6%) participants 

in the FSMP group, all unrelated to FSMP, compared to 

30 SAEs in 29 (17.8%) participants in the control group. 

Non-SAEs were reported in 62.3% of participants in the 

FSMP group and 54.6% in the control group. The most 

frequently reported treatment-emergent adverse events 

(TEAEs) were gastrointestinal disorders (FSMP: 46.3% 

vs. TPF-T: 40.5%), including abdominal distension 

(17.3% vs. 18.4%), diarrhea (21.0% vs. 11.0%), and nau-

sea (6.8% vs. 5.5%). The incidence of TEAEs leading to 

dose reductions was similar between the FSMP and con-

trol groups (3.1% vs. 1.6%), as was the incidence of 

Table 1. Baseline characteristics of patients 
 

Characteristics Total (N=325) FSMP group (n=162) Control group (n=163) 

Age, year, median (range) 61.0 (31, 8) 62.0 (31, 8) 61.0 (34, 8) 

Male, n (%) 212 (65.2) 106 (65.4) 106 (65.0) 

BMI, kg/m2, mean (SD) 24.3 (2.87) 24.4 (2.83) 24.2 (2.91) 

Location of tumor, n (%)    

 Upper gastrointestinal tract 121 (37.2) 59 (36.4) 62 (38.0) 

 Lower gastrointestinal tract 204 (62.8) 103 (63.6) 101 (62.0) 

Type of tumor, n (%)    

 Malignant (excluding GIST) 290 (89.2) 145 (89.5) 145 (89.0) 

 Benign (excluding GIST) 12 (3.7) 5 (3.1) 7 (4.3) 

 GIST 22 (6.8) 12 (7.4) 10 (6.1) 

 Benign 12 (3.7) 7 (4.3) 5 (3.1) 

 Malignant 10 (3.1) 5 (3.1) 5 (3.1) 

 Missing 1 (0.3) 0 1 (0.6) 

Type of surgery, n (%)    

 Laparoscopy 319 (98.2) 160 (98.8) 159 (97.5) 

 Laparotomy 6 (1.8) 2 (1.2) 4 (2.5) 

PG-SGA score, median (range) 5.0 (1, 20) 5.0 (1, 20) 5.0 (1, 18) 

 Well-nourished 15 (4.6) 9 (5.6) 6 (3.7) 

 Moderately malnourished 244 (75.1) 122 (75.3) 122 (74.8) 

 Severely malnourished 64 (19.7) 30 (18.5) 34 (20.9) 

 Missing 2 (0.6) 1 (0.6) 1 (0.6) 
 

BMI, body mass index; SD, standard deviation; GIST, gastrointestinal stromal tumor; PG-SGA, patient-generated subjective global as-

sessment. 
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Table 2. Serum pre-albumin levels 
 

Outcomes FAS PPS 

FSMP group 

(n=162) 

Control group 

(n=163) 

95%CI p value FSMP group 

(n=100) 

Control group 

(n=100) 

95%CI p value 

Primary endpoint (9±3 days post-surgery)   -3.5, 18.2 0.184   -5.0, 18.8 0.255 

 Baseline, mg/L, mean (SD) 234 (55.9) 236 (57.5)   234 (46.0) 244 (58.9)   

 9 ± 3 days post-surgery, mg/L, mean 

(SD) 

171 (52.6) 165 (56.1)   176 (43.6) 173 (55.3)   

 Change from baseline, mg/L, LS mean 

(SE) 

-57.5 (11.3) -64.9 (11.1)   -60.8 (12.0) -67.7 (11.4)   

 Difference between groups, mg/L, LS 

mean (SE) 

7.3 (5.50)    6.9 (6.02)    

Secondary endpoint   -5.0, 7.0 0.737   -8.9, 5.8 0.680 

1 day before surgery/Surgery day, mg/L, 

mean (SD) 

238 (53.3) 244 (56.5)   240 (48.0) 249 (58.1)   

 Change from baseline, mg/L, LS mean 

(SE) 

9.3 (6.21) 8.3 (6.11)   8.1 (7.90) 9.6 (7.47)   

 Difference between groups, mg/L, mean 

(SE) 

1.0 (3.04)    -1.5 (3.73)    

1 day post-surgery, mean (SD) 192 (45.2) 194 (48.7) -2.5, 9.1 0.268 194 (41.0) 198 (48.9) -4.0, 9.3 0.439 

 Change from baseline, mg/L, LS mean 

(SE) 

-40.9 (5.86) -44.1 (5.77)   -37.6 (7.14) -40.2 (6.78)   

 Difference between groups, mg/L, mean 

(SE) 

3.3 (2.95)    2.6 (3.38)    

 

FAS: full analysis set; PP: per protocol; LS: least squares; SE: standard error; CI: confidence interval; SD: standard deviation. 
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Table 3. Other efficacy outcomes 
 

Outcomes FAS PPS 

FSMP group 

(n=162) 

Control group 

(n=163) 

95%CI p value FSMP group 

(n=100) 

Control group 

(n=100) 

95%CI p value 

Albumin   -1.22, 0.45 0.364   -1.10, 0.63 0.599 

 Baseline, g/L, mean (SD) 40.5 (4.05) 40.4 (3.86)   40.5 (3.90) 40.7 (4.04)   

 9±3 days post-surgery, g/L, mean (SD) 36.4 (4.62) 36.9 (4.69)   37.0 (4.09) 37.4 (4.52)   

 Change from baseline, g/L, LS mean 

(SE) 

-4.85 (0.879) -4.47 (0.863)   -5.88 (0.881) -5.65 (0.835)   

 Difference between groups, g/L, LS 

mean (SE) 

-0.39 (0.424)    -0.23 (0.438)    

Body weight   -0.34, 0.51 0.702   -0.14, 0.85 0.160 

 Baseline, kg, mean (SD) 67.9 (10.9) 68.2 (11.3)   67.4 (10.7) 69.1 (11.7)   

 9±3 days post-surgery, kg, mean (SD) 65.8 (10.5) 66.0 (10.8)   65.4 (10.6) 66.7 (11.2)   

 Change from baseline, kg, LS mean (SE) -1.22 (0.446) -1.30 (0.435)   -0.77 (0.502) -1.12 (0.476)   

 Difference between groups, kg, LS mean 

(SE) 

0.08 (0.217)    0.35 (0.252)    

NRS-2002 score    0.848    0.635 

 Baseline, mean (SD) 3.4 (0.61) 3.3 (0.55)   3.4 (0.67) 3.3 (0.48)   

 9±3 days post-surgery, mean (SD) 4.0 (0.98) 4.0 (0.96)   4.0 (0.98) 3.9 (0.97)   

 Change from baseline, mean (SD) 0.7 (0.88) 0.7 (0.92)   0.6 (0.87) 0.7 (0.91)   

CRP   -11.0, 10.2 0.945   -11.34, 3.97 0.343 

 Baseline, mg/L, mean (SD) 3.26 (6.46) 4.63 (14.5)   2.16 (2.75) 3.38 (8.03)   

 9±3 days post-surgery, mg/L, mean (SD) 35.5 (47.8) 37.3 (46.1)   24.6 (22.4599) 30.1 (32.5)   

 Change from baseline, mg/L, LS mean 

(SE) 

33.7 (10.9) 34.1 (10.8)   27.9 (7.77) 31.6 (7.43)   

 Difference between groups, mg/L, LS 

mean (SE) 

-0.374 (5.38)    -3.69 (3.88)    

NLR   -0.206, 1.067 0.184   -0.509, 0.646 0.814 

 Baseline, mean (SD) 2.17 (1.18) 2.36 (1.41)   1.95 (0.939) 2.23 (1.33)   

 9±3 days post-surgery, mean (SD) 4.03 (3.79) 3.83 (2.33)   3.38 (2.58) 3.56 (2.10)   

 Change from baseline, LS mean (SE) 1.85 (0.663) 1.42 (0.648)   1.75 (0.584) 1.68 (0.551)   

 Difference between groups, LS mean 

(SE) 

0.430 (0.323)    0.069 (0.293)    

Blood glucose   -0.28, 0.53 0.539   -0.18, 0.42 0.436 

 Baseline, mmol/L, mean (SD) 5.37 (1.15) 5.23 (0.81)   5.39 (1.31) 5.27 (0.82)   

 9±3 days post-surgery, mmol/L,mean 

(SD) 

6.15 (1.98) 5.96 (1.74)   5.87 (1.45) 5.65 (1.06)   

 Change from baseline, mmol/L, LS 

mean (SE) 

1.04 (0.421) 0.91 (0.412)   0.49 (0.307) 0.37 (0.290)   

 Difference between groups, mmol/L, LS 

mean (SE) 

0.13 (0.205)    0.12 (0.153)    

 

FAS: full analysis set; PPS: per protocol set; LS: least squares; SE: standard error; SD: standard deviation; CI: confidence interval; CRP: C-reactive protein; NLR: neutrophil-to-lymphocyte ratio; ECOG PS: eastern 

cooperative oncology group performance status. 
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Table 3. Other efficacy outcomes 
 

Outcomes FAS PPS 

FSMP group 

(n=162) 

Control group 

(n=163) 

95%CI p value FSMP group 

(n=100) 

Control group 

(n=100) 

95%CI p value 

Triglycerides   -0.187, 0.008 0.071   -0.239, -0.027 0.014 

 Baseline, mmol/L, mean (SD) 1.60 (1.14) 1.61 (1.13)   1.51 (1.00) 1.58 (0.754)   

 9±3 days post-surgery, mmol/L,mean 

(SD) 

1.28 (0.537) 1.37 (0.509)   1.25 (0.500) 1.39 (0.467)   

 Change from baseline, mmol/L, LS 

mean (SE) 

-0.287 (0.101) -0.197 (0.099)   -0.337 (0.114) -0.205 (0.108)   

 Difference between groups, mmol/L, LS 

mean (SE) 

-0.090 (0.050)    -0.133 (0.054)    

Total cholesterol   -0.257, 0.046 0.173   -0.330, 0.010 0.065 

 Baseline, mmol/L, mean (SD) 4.66 (0.985) 4.67 (0.933)   4.68 (0.976) 4.71 (0.870)   

 9±3 days post-surgery, mmol/L,mean 

(SD) 

4.09 (0.874) 4.21 (0.892)   4.15 (0.885) 4.31 (0.781)   

 Change from baseline, mmol/L, LS 

mean (SE) 

-0.552 (0.157) -0.447 (0.154)   -0.528 (0.183) -0.368 (0.173)   

 Difference between groups, mmol/L, LS 

mean (SE) 

-0.105 (0.077)    -0.160 (0.086)    

Length of hospital stay    0.057    0.286 

 Days, mean (SD) 16.8 (6.37) 18.9 (9.60)   16.7 (6.47) 18.0 (9.24)   

ECOG PS         

 Baseline, n (%)    0.392    0.390 

 0 139 (85.8) 145 (89.0)   95 (95.0) 92 (92.0)   

 1 23 (14.2) 18 (11.0)   5 (5.0) 8 (8.0)   

 9±3 days post-surgery, n (%)    0.524    >0.999 

 0 106 (65.4) 106 (65.0)   76 (76.0) 75 (75.0)   

 1 40 (24.7) 40 (24.5)   22 (22.0) 22 (22.0)   

 2 7 (4.3) 6 (3.7)   2 (2.0) 2 (2.0)   

 3 1 (0.6) 5 (3.1)   0 1 (1.0)   

 4 0 1 (0.6)   0 0   

 missing 8 (4.9) 5 (3.1)   0 0   

Grip strength   -2.22, 0.62 0.267   -2.61, 1.05 0.401 

 Baseline, kg, mean (SD) 32.2 (10.5) 31.9 (10.7)   32.0 (11.2) 33.1 (11.6)   

 9±3 days post-surgery, kg, mean (SD) 29.3 (9.78) 30.0 (9.92)   29.0 (9.57) 30.6 (10.2)   

 Change from baseline, kg, LS mean 

(SE) 

-2.67 (1.47) -1.87 (1.44)   -3.95 (1.86) -3.17 (1.76)   

 Difference between groups, kg, LS 

mean (SE) 

-0.80 (0.720)    -0.78 (0.926)    

Compliance ≥75%    0.562   - - 

 n (%) 135 (83.3) 129 (79.1)   - -   
 

FAS: full analysis set; PPS: per protocol set; LS: least squares; SE: standard error; SD: standard deviation; CI: confidence interval; CRP: C-reactive protein; NLR: neutrophil-to-lymphocyte ratio; ECOG PS: eastern 

cooperative oncology group performance status. 
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TEAEs leading to dose discontinuation (14.2% vs. 

17.2%) and study withdrawal (11.7% vs. 14.7%). 

 

DISCUSSION 

This study demonstrated that the use of ProSure, an 

FSMP, as a single nutritional source in patients with gas-

trointestinal tumors undergoing surgery at risk of malnu-

trition, was not inferior to the standard oncology-specific 

EN (TPF-T) in maintaining serum pre-albumin levels by 

day 9 ± 3 post-surgery. The findings were consistent 

across all time points, including the day of surgery and 

day 1 post-surgery, indicating comparable efficacy in 

perioperative nutritional support between ProSure and 

TPF-T. Additionally, both groups exhibited similar re-

sults in terms of other key parameters such as albumin 

levels, body weight, grip strength, and inflammatory 

markers. These results suggest that ProSure can serve as 

an effective perioperative nutritional option for patients at 

risk of malnutrition undergoing gastrointestinal tumor 

surgery. 

Surgical resection often exacerbates the gastrointestinal 

dysfunction and further compromises nutritional status in 

patients with gastrointestinal tumors. In a study evaluat-

ing nutrition support in patients undergoing gastrectomy, 

a significant postoperative decrease in pre-albumin and 

albumin levels was observed on day 3 (about 85-90 mg/L 

in pre-albumin, and 3-8 g/L in albumin), followed by an 

increase on day 5, with a decrease of about 60 mg/L and 

1.5 g/L in pre-albumin and albumin decrease from base-

line, respectively.23 In a randomized controlled trial 

comparing the efficacy of EPA-enriched EN with stand-

ard EN in patients undergoing esophagectomy, both 

groups experienced a significant decline in albumin levels 

immediately after surgery, followed by a gradual recov-

ery.16 These results mirror the pattern observed in our 

study, that both the FSMP and control groups exhibited a 

decline in serum pre-albumin levels shortly after surgery. 

The absolute decrease in pre-albumin was smaller in the 

present study compared to previous studies. This disparity 

is likely attributable to differences in nutritional proto-

cols, as evidenced by a recent trial comparing the efficacy 

of an immunonutrition formula to a standard TPF-T in 

alleviating pre-albumin reduction and body weight loss in 

a comparable patient population. However, no conclusion 

could be drawn due to the disparity in study design and 

population. As recommended by most ERAS Society 

Guidelines,24 perioperative nutrition care, as used in the 

present study, might optimize surgical recovery in pa-

tients at risk of malnutrition.25 In the meantime, the pre-

sent study demonstrated that the upgraded FSMP is com-

parable to a standard TPF-T in maintaining nutritional 

outcomes among malnourished patients with gastrointes-

tinal tumors undergoing surgery, especially a trend of 

superior nutritional supplementation efficacy with FSMP 

compared to TPF-T on surgery day in patients with upper 

gastrointestinal tumors. The secondary endpoint analysis 

also revealed comparable outcomes between FSMP and 

TPF-T in terms of serum albumin, grip strength, body 

weight, and inflammatory markers, with a significantly 

reduced length of hospital stay, underscoring their similar 

nutritional and metabolic effects during the perioperative 

period and possible clinical benefit. 

Endogenous bioactive lipids are part of a complex net-

work that modulates a plethora of cellular and molecular 

processes, including inflammation.26, 27 Studies showed 

that a high-fat and high-cholesterol diet promotes intesti-

nal inflammation.28 Considering the involvement of en-

dogenous lipids in the pathogenic inflammatory process-

es, we observed the change of lipid and inflammation 

parameters in this study. Notably, FSMP demonstrated a 

significantly greater reduction in serum TG levels com-

pared to TPF-T, suggesting a unique impact on lipid me-

tabolism. This finding is consistent with previous re-

search indicating that omega-3 fatty acid-enriched EN 

Table 4. Treatment-emergent adverse events (TEAEs) with incidence greater than 3% in any group 
 

Events, n (%) FSMP group (n=162) Control group (n=163) 

Abdominal distension 28 (17.3) 30 (18.4) 

Diarrhea 34 (21.0) 18 (11.0) 

Nausea 11 (6.8) 9 (5.5) 

Abdominal pain 7 (4.3) 8 (4.9) 

Vomiting 8 (4.9) 4 (2.5) 

Hypoproteinemia 7 (4.3) 7 (4.3) 

Hypoalbuminemia 7 (4.3) 6 (3.7) 

C-reactive protein increased 7 (4.3) 15 (9.2) 

Neutrophil count increased 7 (4.3) 6 (3.7) 

WBC counts increased 6 (3.7) 6 (3.7) 

ALT increased 5 (3.1) 6 (3.7) 

AST increased 3 (1.9) 5 (3.1) 

Pneumonia 7 (4.3) 2 (1.2) 

Abdominal infection 1 (0.6) 5 (3.1) 

Cough 10 (6.2) 8 (4.9) 

Anaemia 8 (4.9) 11 (6.7) 

Pyrexia 6 (3.7) 16 (9.8) 

Anastomotic leak 4 (2.5) 10 (6.1) 

Incision site pain 7 (4.3) 2 (1.2) 

Insomnia 6 (3.7) 13 (8.0) 

Hepatic function abnormal 3 (1.9) 7 (4.3) 
 

TEAE: treatment-emergent adverse event; ALT: alanine aminotransferase; AST: aspartate aminotransferase; WBC: white blood cell. 
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formulations can modulate lipid profiles and reduce sys-

temic inflammation. For example, a study on esophageal 

cancer surgery patients receiving EPA-enriched EN re-

ported a preservation of lean body mass and an attenua-

tion of inflammatory cytokines such as TNF-α, IL-6, and 

interleukin-8.16 Thus, the lipid-lowering effect of FSMP 

may offer additional benefits in managing dyslipidemia 

and systemic inflammation in malnourished cancer pa-

tients. Furthermore, the observed difference in CRP in-

crease between the two groups within the lower gastroin-

testinal tumor subgroup also suggests that FSMP may 

have an anti-inflammatory advantage compared to the 

TPF-T. However, parameters related to immune function 

(e.g., NLR) were comparable between the two groups, 

possibly due to an underpowered sample size for the de-

tection of differences, limited follow-up duration, and 

confounders, which need to be further validated. 

The safety profile of FSMP was comparable to the 

standard enteral nutrition product in patients undergoing 

gastrointestinal tumor surgery, with similar overall inci-

dences of AEs and SAEs in both groups. Diarrhea was 

more frequent in the FSMP group (21.0% vs. 11.0% in 

control), but most of these events were mild and self-

limiting. Interestingly, the control group showed a higher, 

albeit low, incidence of anastomotic leakage (6.1% vs. 

2.5%). Larger studies are needed to determine if these 

differences are clinically significant. Importantly, in an 

analysis of 8 clinical trials, LCPUFAs did not affect 

blood coagulation parameters and bleeding manifesta-

tions.29 Consistently, in the present study, no coagulation-

related safety concerns were noted with the high-dose 

EPA in ProSure, when using it as a sole source of nutri-

tion, which aligns with previous studies.16, 29, 30 Although 

a certain degree of gastrointestinal intolerance was ob-

served in both groups, likely attributable to surgical alter-

ations in anatomy and functional impairments following 

gastrointestinal oncology surgery, overall tolerance was 

comparable between the groups. The lipid-lowering effect 

in the FSMP group, reflected in a greater reduction in TG, 

did not result in adverse metabolic outcomes. These re-

sults suggest that ProSure is a safe option for periopera-

tive nutrition in surgical patients with a risk of malnutri-

tion. However, more studies are desired to further con-

firm its long-term safety and efficacy. 

It is important to acknowledge certain limitations of 

our study. The relatively short follow-up period may have 

precluded the detection of long-term nutritional and clini-

cal benefits, and the open-label design could have intro-

duced bias despite efforts to standardize outcome assess-

ments. Notably, blinding of participants and investigators 

was not feasible due to the study products differences in 

formulation, taste, and mode of preparation, consistent 

with previous studies using similar interventions.20, 31 

Though it may have influenced the reporting and assess-

ment of patient‑reported gastrointestinal tolerance and 

product acceptability, despite the use of standardized as-

sessment tools and objective criteria, the primary end-

point and key secondary endpoints were laboratory‑based 

or objective, which are less susceptible to expectation 

bias. The attrition rate exceeded 20%, which was similar 

with previous studies of omega-3-enriched nutritional 

interventions and largely attributable to postoperative 

TEAEs,16, 21, 32 the PPS included 100 participants per 

group as prespecified in the sample size calculation, 

thereby preserving the target statistical power. In addi-

tion, multiple imputation was performed on the FAS, 

yielding consistent results that further support the robust-

ness of our conclusions. Furthermore, our study did not 

assess immune-related biomarkers such as lymphocyte 

subsets, which have been highlighted in other studies as 

important indicators of immunomodulatory effects of 

specialized nutritional products. Future research incorpo-

rating these parameters, along with longer follow-up du-

rations, is warranted to fully elucidate the role of fish oil-

enriched FSMP in surgical oncology. 

 

Conclusion 

In this randomized controlled trial involving patients un-

dergoing surgery for gastrointestinal tumors with risk of 

malnutrition, ProSure, a fish oil-enriched FSMP, offers 

non-inferiority in overall nutritional benefits to the stand-

ard oncology-specific product, TPF-T. Importantly, the 

safety profiles of ProSure and TPF-T were similar, con-

firming ProSure’s tolerability as a sole nutritional source 

in this population. Given these findings, ProSure repre-

sents a viable and effective nutritional support option for 

patients with gastrointestinal tumors undergoing surgery, 

particularly those at risk for malnutrition, with its distinct 

taste profile also providing an alternative for individual-

ized patient choice. For patients with combined gastroin-

testinal dysfunction and poor tolerance, adjunct use of 

digestive enzymes and probiotics, along with reduced 

application of antibiotics and acid suppressants, may help 

improve tolerance and merits further investigation. 
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