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Abstract

Introduction: Nutritional status is an important determinant 
of survival in patients with advanced pancreatic cancer. Howev-
er, the effects of protein intake on nutritional status are largely 
unknown. This analysis examined the influence of guideline-
consistent protein intake over 13 weeks on clinical outcomes 
(survival, adverse events, modification of chemotherapy re-
gimes) and nutritional status (body weight, phase angle, hand-
grip strength, prealbumin, albumin, and C-reactive protein) in 
patients with advanced pancreatic cancer. 

Methods: 15 patients in the PANUSCO study received nutri-
tional counselling and some received additional parenteral nu-
trition. Patients were retrospectively divided into two groups: 
high protein (n=7) (≥1.5 g/kg body weight (including parenteral 
nutrition)) and normal protein (n=8) (<1.5 g/kg body weight (in-
cluding parenteral nutrition)) over time.

Results: There were no differences in clinical outcomes and 
no differences or changes in nutritional status between groups. 
Only C-reactive protein showed a decrease in normal protein 
group (p=0.031) and mGPS an improvement in high protein 
group (p=0.048) over time. There was a correlation between a 
lower mean protein intake and an increase in the modification 
of chemotherapy regimes (p=0.002). 

Conclusion: Although, protein intake above the guideline 
recommendations may not have further beneficial effects on 
clinical outcomes and nutritional status, we could stabilize nu-
tritional outcome parameters in both groups. 
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Malnutrition; Cachexia; Survival.
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Introduction

Patients with advanced pancreatic cancer are often char-
acterized by weight loss [1,2] tumor cachexia [3] malnutrition 
[4-7] and systemic inflammation [8]. This weight loss is associ-
ated with poor treatment outcome and survival time [9-14]. In 
addition, weight loss and malnutrition lead to reduced quality 
of life [13].

Common symptoms associated with weight loss in patients 
with advanced cancer are decreased body fat and lean body 
mass, decreased protein levels (especially albumin and preal-
bumin), decreased caloric and protein intake, decreased total 
caloric expenditure with increased resting caloric expenditure, 
increased inflammatory markers and other non-specific find-
ings such as pain, fatigue or edemas [15]. Furthermore, patients 
often experience loss of appetite [16].

The European Palliative Care Research Collaborative con-
firms that there is sufficient evidence to support the relation-
ship between nutritional interventions, nutritional status, and 
quality of life in people with cancer [17]. Adequate protein in-
take is considered particularly important in the prevention and 
treatment of malnutrition. Insufficient protein intake has been 
identified as an independent poor prognostic factor in patients 
with unresectable pancreatic cancer receiving chemotherapy 
(CTx) [18]. A daily protein-/amino acid intake of 1.2-1.5 g/kg of 
Body Weight (BW) is recommended for cancer patients, with up 
to 2 g/kg of BW in cases of severe inflammation [13].

In contrast, a recent RCT in mechanically ventilated nutri-
tionally high-risk patients (not exclusively cancer patients in 
intensive care unit) raised doubt in the benefits of very high-
dose protein intake. High-dose protein intake (parenteral & en-
teral) (≥2.2 g/kg/day) compared with usual-dose protein intake 
(parenteral & enteral) (≤1.2 g/kg/day) did not improve time to 
hospital discharge and no difference in 60-day mortality rate. 
A subgroup analysis showed even worse outcomes in patients 
with acute renal failure and high organ failure scores [19].

Several studies have analyzed the effect of protein intake on 
various parameters of survival and nutritional status in pancre-
atic cancer patients. A previously published observational study 
of patients with unresectable pancreatic cancer receiving CTx 
showed that daily protein intake was significantly higher in the 
surviving group (survival >12 months) than in the deceased 
group one month after the start of CTx, while baseline dietary 
intake was similar in both groups [18]. However, no parameters 
of nutritional status were obtained in addition to survival. An-
other study showed a significant increase in BW when patients 
with unresectable pancreatic cancer had a high compliance 
with a protein- and energy- dense oral nutritional supplement 
enriched with or without n-3 fatty acids [20]. Another trial of a 
protein and energy dense supplement enriched with n-3 fatty 
acids and antioxidants versus an isocaloric and isonitrogenous 
control supplement showed significant correlations in a post-
hoc-dose-response analysis between supplement intake and 
weight gain and an increase in lean body mass in the n-3 fatty 
acid enriched supplement group [21]. However, a recent review 
shows that previous studies tend to focus on a very short inter-
vention period of a few days before (two days) and after (five 
days) surgery [22].

Therefore, we aimed at investigating whether protein intake 
above the guideline recommendations over a longer period of 
13 weeks affects clinical outcomes (survival, Adverse Events 
(AE), modification of CTx regimes) and nutritional status (BW, 
phase angle, handgrip strength, prealbumin, albumin, C-Reac-
tive Protein (CRP)) in patients with advanced pancreatic cancer 
undergoing CTx. To do so, we retrospectively divided subgroups 
of an RCT according to the actual protein intake irrespective of 
how these proteins were supplied (oral, -supplements (ONS) or 
parenteral).

Materials & methods

Design and patient population

The data for this analysis are from the PANUSCO trial 
(NCT01362582). PANUSCO was a controlled, open-label, pro-
spective, randomized, phase IIIb, multicenter trial with two par-
allel arms to investigate the effects of Parenteral Nutrition (PN) 
versus best supportive nutritional care (BSNC) on event-free 
survival in patients with advanced pancreatic cancer (Supple-
mentary Figure S1) [23].

The study was terminated prematurely because the calcu-
lated sample size of 120 patients could not be achieved. In this 
secondary analysis, the available datasets from our center were 
evaluated in an exploratory way. Data sets from weekly visits 
from baseline (t1) to week 13 (t13) were analyzed. 

Patients over 18 years of age with histologically confirmed 
advanced pancreatic adenocarcinoma who had received at 
least one prior CTx (gemcitabine-based) and experienced dis-
ease progression on this prior CTx were screened for participa-
tion. At enrolment, all patients received 5-fluorouracil (5-FU), 
folinic acid (FA) and oxaliplatin as second or higher line CTx [23].

Detailed inclusion and exclusion criteria are given in Table 1.

Endpoints

Primary endpoints of this exploratory analysis were clinical 
outcomes and the nutritional status. Clinical outcomes were de-
fined as survival, AE and modification of CTx regimes. Nutrition-
al status was defined as BW, phase angle, handgrip strength, 
prealbumin, albumin and CRP. Secondary outcomes were body-
mass-index (BMI), body composition as the ratio of extracellular 
mass to body cell mass (ECM/BCM ratio), biceps size, modified 
Glasgow-Prognostic-Score (mGPS) and prognostic inflammatory 
and nutritional index (PINI). All values were assessed at week 1, 
4, 7, 10 and 13.

Nutrition of the patients

All patients received BSNC, defined as weekly nutritional 
consultation (face-to-face or by phone) and recommendation 
by experienced nutritionists (PANUSCO intervention and con-
trol group). All types of ONS were allowed. Some patients (PA-
NUSCO intervention group) received an additional PN (SMOFK-
abiven®, Omegaven®, Frekavit fat soluble®, Frekavit water 
soluble novum® and Tracitrans plus®). The infusions contained 
1150 kcal, 50 g amino acids, 125 g glucose and 43 g fat with fish 
oil, soybean oil, medium chain triglycerides and olive oil. The 
detailed compositions are given in Supplementary Table S1.
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The actual administration of PN was recorded. All patients 
received the same composition of PN, it was considered supple-
mental. The infusion frequency per protocol was six times per 
week. PN was discontinued on the day of CTx.

The nutritional intervention as well as the CTx was admin-
istered until individual discontinuation criteria were met. For 
both arms, individual stopping criteria for the nutritional in-
tervention were met if two of the following three criteria were 
present:

(1) Weight loss >2% within the last seven days or caloric in-
take ≤500 kcal expected within the next five days, 

(2) Bio impedance analysis (BIA) phase angle and BCM with 
a deterioration >10% (in both parameters) compared to 
baseline assessment, 

(3) PINI-index >10 (only in patients with no sign of acute in-
flammation) [23].

Anthropometric data

The BW was recorded independently by the patients at home 
and asked at weekly visits. BMI was calculated from weight and 
height (weight [kg] / (height [m]²)). Handgrip strength was mea-
sured using a Jamar Hand Dynamometer (Sammons Preston, 
Bolingbrook, IL). Subjects performed three maximum force tri-
als with the non-dominant hand. The maximum value of the 
non-dominant hand (in kg) was used for documentation. The 
biceps size was measured with a standard tape measure on the 
relaxed non-dominant arm at the midpoint of the upper arm 
between the acromion and olecranon. BIA was performed using 
a bioelectrical impedance analyzer (Data Input GmbH, Darm-
stadt) and conducted while patients were lying supine on a bed 
or examination table, with legs apart and arms not touching the 
torso. Electrodes were placed on the dorsum of the right foot 
and hand; the current-introducing electrodes were placed be-
yond the detector electrodes on the right hand. Resistance (R) 
and capacitance (Xc) was directly measured in ohms (0-1300) at 
50.000 kHz, 0.8 mA for the estimation of phase angle and ECM/
BCM ratio. The phase angle was calculated using the following 
equation: Phase angle = (R/Xc) x (180/Π).

Blood markers

Venous blood samples of 7.5 mls were analyzed for prealbu-
min, albumin and CRP.

PINI is a scoring system that has been used to evaluate the 
nutritional status in critically ill subjects (24). PINI was calculat-
ed with alpha 1-acid glycoprotein (AAGP (mg/l) x (CRP (mg/l)) / 
(albumin (g/l) x prealbumin (mg/l)). A score >30 indicates a life-
threatening risk. High risk is present at 21-30, medium risk at 
11-20, low risk at 1-10 and a minimal risk at less than one [25].

The mGPS is a combination of CRP and albumin levels; it 
reflects systematic inflammation and nutritional status. It has 
also been shown to have prognostic value in several tumours. A 
scoring system is used to define different score levels (26). Score 
zero is defined as CRP ≤10 mg/l, score one as CRP >10 mg/l and 
score two as CRP >10 mg/l and a albumin <35 g/L [27].

Dietary protocol

Protein and caloric intake were documented weekly by nu-
tritionists with 24-hour recall. Analysis was performed using the 
nutrition software DGE professional. Basal metabolic rate was 
calculated using the Harris/Benedict equation [28]. The basal 

metabolic rate was multiplied by a Physical Activity Level (PAL) 
factor of 1.5 to determine the estimated total caloric require-
ment.

Adverse events

The documentation of National Cancer Institute “Common 
Terminology Criteria for Adverse Events version 4.0” (CTCAE 
v4.0) was used to monitor symptomatic AE. AE were classified 
into five grades. Grade one stands for a mild AE, grade two for 
a moderate AE, grade three for a severe AE, grade four stands 
for life-threatening or disabling AE and grade 5 stands for death 
related to an AE. Independent of this classification, a Serious 
Adverse Event (SAE) was defined as one that at any dose results 
in death, is life-threatening, requires subject hospitalization or 
prolongation of existing hospitalization, results in persistent or 
significant disability/incapacity or was a congenital anomaly/
birth defect.

Sample size

A total of 31 patients were enrolled in PANUSCO at our cen-
ter, and data on protein intake were available for 27 patients. 
Data from patients who participated in the study for more than 
12 weeks were analysed. Therefore, 15 patients were included 
in this secondary analysis.

Retrospective grouping

Two cluster sample groups were formed retrospectively to 
examine the effect of protein intake above the guideline recom-
mendations on our defined outcomes. According to the ESPEN 
guideline [13], the first group (“High Protein” HP) was defined 
as ≥1.5 g protein/kg of BW on average over the 13 week analysis 
period and the second group (“normal protein” NP) as <1.5 g 
protein/kg of BW on average. 

Of the 15 analysed patients, seven patients (47%) had an in-
take of ≥1.5 g protein/kg of BW and were assigned to the HP 
group. Of these, four patients were from the original PANUSCO 
intervention group (with PN). Eight patients (53%) had an in-
take of <1.5 g protein/kg of BW and were allocated to the NP 
group. All these patients were from the original PANUSCO con-
trol group (without additional PN).

Statistical analysis

Descriptive statistics (means and standard deviations) were 
performed for all outcome parameters. Missing data were im-
puted with the last available data. The data set did not meet 
the requirement for parametric statistical procedures. Wilcoxon 
tests were performed for all nutritional status outcomes and 
for each group to show the changes over the course of the 13-
week intervention. Mann-Whitney U-Tests were performed for 
all nutritional status outcomes to show differences between 
the groups at baseline (t1), at the end of the analysis period 
(t13) and for change from t1 to t13 (delta). Mann-Whitney U-
Tests were also performed for differences between the groups 
in number of AE and SAE. Survival was estimated using a Kaplan 
Meier curve and the log rank test. Fisher’s exact tests were used 
for comparison of some patients’ characteristics and for com-
parison of the frequency distribution of the present mGPS, AE, 
SAE and modification of CTx regimes. Spearman’s rank correla-
tion test was performed to test the correlation between mean 
protein intake over time with a) the changes in all outcome 
variables of nutritional status, b) AE and c) modification of CTx 
regimes. All tests were performed with exact significance and 
were two-tailed. P<0.05 indicates statistical significance. The 
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IBM SPSS version 28.0 software, Chicago, IL, USA, was used.

Results

Patients’ characteristics

The clinical characteristics of the patients at t1 are shown in 
Table 2. There were no significant baseline differences between 
the groups in terms of gender, age, body weight, BMI and sur-
gery.

Outcomes

Clinical outcomes

Survival: A 13-week protein supplementation above guide-
line recommendations did not result in a survival benefit 
(p=0.502, Figure 1).

Adverse events: There were various AE in both groups, in-
cluding diarrhea, fatigue, nausea, anemia or vomiting. Only 
two patients (both HP) showed no AE over 13 weeks. The mean 
number of AE per person was 6.86±9.512 in HP and 8.00±4.840 
in NP. There were no significant differences between groups in 
presence of SAE (p=0.467) and AE (p=0.200). In addition, there 
were no significant correlations between the number of SAE or 
AE (grade 1-5) and the mean protein intake over time. The num-
ber of AE and SAE is shown in Table 3.

Modification of chemotherapy regimes: There was a signifi-
cant correlation between more modification of CTx with low-
er mean protein intake over time in g (p=0.031) and g/kg BW 
(p=0.002). There was a trend towards more modification of CTx 
in NP (p=0.077). There was no modification of CTx in HP. In NP, 
four patients experienced interruptions (two times) and reduc-
tions (five times) (reasons: low platelet count, toxicity, diarrhea, 
tooth extraction).

Nutritional status: The primary outcome measures of 
nutritional status are shown in Table 4.

Body weight: BW did not change in either group, and the 
development over time was not significantly different between 
groups (p=0.121).

Phase angle: Phase angle did not change in either group, and 
the development over time was not significantly different be-
tween groups (p=0.889).

Handgrip strength: Handgrip strength did not change in ei-
ther group, and the development over time was not significant-
ly different between groups (p=0.888).

Prealbumin: Prealbumin did not change in either group, and 
the development over time was not significantly different be-
tween groups (p=0.757).

Albumin: Albumin did not change in either group, and the 
development over time was not significantly different between 
groups (p=0.979).

CRP: CRP did not change in HP. In NP there was a significant 
decrease from t1 to t13 (p=0.031). The development over time 
was significantly different between groups (p=0.039). There was 
a significant correlation between a higher mean protein intake 
(g/kg BW) during t1 to t13 and an increase in CRP during t1 to 
t13 (p=0.016) (Figure 3).

All other correlations were not significant.

Secondary outcomes

In HP and NP, mean BMI showed no significant change be-
tween t1 and t13. There were no significant differences be-
tween the groups at t1 and t13 and no significant difference 
in the change of BMI (p=0.128). In HP and NP, mean ECM/BCM 
showed no significant change between t1 and t13. There were 
no significant differences between the groups at t1 and t13 and 
no significant difference in change of ECM/BCM ratio (p=0.444). 
In HP and NP, mean biceps size showed no significant change 
between t1 and t13. There were no significant differences be-
tween the groups at t1 and t13, but a trend towards a smaller 
biceps size in HP at t1 (p=0.064) and there was no significant 
difference in change in biceps (p=0.128). In HP there was a sig-
nificant worsening in mGPS from t1 to 13 (p=0.048). In NP there 
was no significant change from t1 to t13. Furthermore, there 
were no significant differences in mGPS in HP versus NP at t1 
and t13 and there was no significant difference in change in 
mGPS (p=0.221). In HP, mean PINI showed no significant change 
between t1 and t13. In NP, mean PINI showed a trend towards 
a decrease (p=0.063). There were no significant differences be-
tween the groups at t1 and t13 and no significant difference in 
the change of PINI (p=0.157).

Caloric intake from all sources 

In HP, mean caloric intake was 2601±748 kcal at t1 and 
2815±663 kcal at t13. The mean change in caloric intake from t1 
to t13 was 214±540 kcal/day. Mean difference from calculated 
energy requirement was 621±639 kcal at t1 and 796±662 kcal 
at t13. Mean change in difference to calculated energy require-
ment from t1 to t13 was 174±520 kcal/day.

In NP, mean caloric intake was 2083±725 kcal at t1 and 
2213±719 kcal at t13. The mean change in caloric intake from 
t1 to t13 was 130±838 kcal/day. Mean difference from calcu-
lated energy requirement was 28±491 kcal at t1 and 171±736 
kcal at t13. The mean change in difference to calculated energy 
requirement from t1 to t13 was 143±852 kcal/day.

Caloric intake was not significantly different between groups 
at t1 (p=0.232) and t13 (p=0.152). There were no significant 
changes in caloric intake from t1 to t13 within HP (p=0.453) and 
NP (p=0.547). The difference to calculated energy requirement 
was not significantly different, but there were trends between 
groups at t1 (p=0.094) and t13 (p=0.094). There were no signifi-
cant changes in the difference to calculated energy requirement 
from t1 to t13 within HP (p=0.375) and NP (p=0.547).

Protein intake

In HP, mean protein intake was 115.0±34.5 g at t1 and 
116.8±43.5 g at t13. The mean change in protein intake from t1 
to t13 was 1.7±17.2 g. The mean protein intake in g/kg BW was 
1.8±0.6 at t1 and 1.8±0.7 g at t13. The mean change in protein 
intake from t1 to t13 was 0.0±0.3 g/kg BW. 

In NP, mean protein intake was 87.4±36.5 g at t1 and 
79.1±26.2 g at t13. The mean change in protein intake from t1 
to t13 was -8.3±39.3. The mean protein intake in g/kg BW was 
1.3±0.4 at t1 and 1.2±0.3 g at t13. The mean change in protein 
intake from t1 to t13 was -0.1±0.6 g/kg BW. 

Protein intake in gram was not significantly different be-
tween groups at t1 (p=0.189) and t13 (p=0.152). There were 
no significant changes in protein intake from t1 to t13 with-in 
HP (p=0.938) and NP (p=0.945). Protein intake in g/kg BW was 
significantly different between groups at t1 (p=0.040) and t13 
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(p=0.036). There were no significant changes in protein intake 
in g/kg BW from t1 to t13 within HP (p=0.563) and NP (p=0.781). 

Figure 4 shows the individual protein intakes including PN. 
It is interesting to note that protein intakes varied widely over 
the 13 weeks.

The patients with PN(n=4) received this intervention 
5.05±0.92 times per week over the complete intervention pe-
riod. PN contributed to 37.3% (mean) (28.6-56.1 %) of the total 
protein intake. As PN was not taken regularly, mean values were 
calculated over the course of the 13 weeks. These values were 
added to the oral protein intake. With regard to the administra-
tion of PN, it was found that the dose described in the methods 
was not consistently given. The protocols showed deviations 
from the study protocol in the infusion frequency. This incon-
sistency is due to individual patient tolerances and adherence.

 Figure 1: Survival in days.

Figure 2: Change in body weight (kg) of both groups between t1 
and t13 (mean ± S.D.).

Figure 3: Change in CRP in correlation to mean protein intake t1 
to t13.

Figure 4: Protein intakes (incl. PN) t1-t13 (black: high protein 
group, grey: normal protein group.
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Table 1: Eligibility criteria [23].

Inclusion criteria Exclusion criteria

Written informed consent Major surgery <4 weeks prior to enrolment

Histological confirmed ad-
vanced pancreatic adenocar-
cinoma

Weight loss >2% within the last seven days or 
caloric intake ≤500 kcal expected within the 
next five days

At least one previous chemo-
therapy (gemcitabine-based)

PINI1 >10

≥18 years old Pregnancy or breastfeeding

Body weight ≥50 and ≤95 kg
>4 weeks of PN within the last 6 months 
PN <4 weeks prior to enrolment

Body-Mass-Index ≥19 kg/m²
Vulnerable populations (e.g. subjects incapa-
ble of giving consent personally)

Willingness to perform  
double-barrier contraception 
during study

Subject selection conflicts with warnings, pre-
cautions and contraindications stated for any 
investigational product

Expected life expectancy >3 months
1PINI: Prognostic Inflammatory and Nutritional Index.

Table 2: Patient characteristics (t1).

High protein
n=7

Normal  
protein n=8

P Value

Gender (M/F) 5/2 4/4 0.6081

Age (years) 67±4.4 68±6.5 0.5922

Body weight (kg) 63.3±7.7 68.5±15.3 0.7792

Body-Mass-Index (kg/m²) 21.7±2.4 24.4±2.8 0.1612

Surgery (yes/no) 5/2 6/2 1.0001

PANUSCO intervention/ control group (n) 4/3 0/8 0.0261

Ø Protein intake (g) t1-t13 125.1±20.7 84.3±22.2 0.0042

Ø Protein intake (g/kg BW) t1-t13 1.9±0.3 1.2±0.2 <0.0012

Values are given as mean ± S.D. except for gender (males (M) and fe-
males (F)) and surgery. Values for protein intake included parenteral 
nutrition. 1Pearson-Chi-Square; 2Mann-Whitney U-Test. 

Table 3: Number of adverse events.

Grade High protein (n) Normal protein (n) P Value

1 21 33 0.290

2 16 22 0.604

3 10 9 0.600

4 1 0 0.467

5 0 0 1.000

SAE 0 6 0.467
Mann-Whitney U-Test.
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Table 4: Nutritional outcome parameters.

High protein Normal protein

T1 T13 Sign.1 T1 T13 Sign.1 Sign.2 Sign. 3

Primary endpoints

Body weight (kg) 63.3±7.7 65.9±8.7 0.156 68.5±15.3 67.9±15.3 0.531 0.779 0.929

Phase angle (°) 4.6±0.6 4.8±0.5 0.344 4.6±0.9 5.0±0.6 0.453 0.956 0.761

Handgrip strength (kg) 30.9±6.6 30.1±10.1 0.563 24.9±9.2 24.8±9.7 0.938 0.161 0.447

Prealbumin (mg/L) 186±61 207±63 0.500 160±53 189±61 0.172 0.377 0.575

Albumin (g/L) 39.0±1.3 38.3±3.9 1.000 38.5±3.4 38.7±1.7 0.945 0.843 0.799

CRP (mg/L) 7.7±5.9 11.0±14.2 0.438 13.2±14.7 3.9±3.3 0.031 0.440 0.978

Secondary endpoints

BMI (kg/m²) 21.7±2.4 22.6±2.6 0.156 24.4±2.8 24.2±3.1 0.578 0.161 0.268

ECM/BCM ratio 1.3±0.2 1.2±0.2 0.156 1.4±0.4 1.3±0.3 1.000 0.955 0.867

Biceps size (cm) 24.5±3.3 25.9±3.3 0.156 27.5±2.3 25.8±4.7 0.453 0.064 0.931

mGPS 0 (n) 5 5

0.0484

4 7

0.5005 0.6086 0.3237mGPS 1 (n) 2 0 2 1

mGPS 2 (n) 0 2 2 0

PINI 1.2±1.2 2.4±4.2 0.813 4.4±8.9 0.5±0.7 0.063 0.405 0.915
Values, except mGPS, are given as mean ± S.D. 1Wilcoxon Test for changes from t1 to t13 within group; 2 Mann-Whitney U-Test for 
differences between the groups at t1; 3 Mann-Whitney U-Test for differences between the groups at t13; 4Fisher’s exact test t1 to t13 
in HP; 5Fisher’s exact test t1 to t13 in NP; 6Fisher’s exact test t1 HP vs. NP; 7Fisher’s exact test t13 HP vs. NP. 

Supplementary materials.

Supp Table 1: Nutritional composition.

Nutrition Dosing
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® was administered overnight, containing 1100 kcal in 986 ml. 986 ml emulsion for infusion contained: Amino acids (50 g), glucose (125 g) and fat (38 
g) with 30% soybean oil, 30% medium chain triglycerides, 25% olive oil and 15% fish oil. The parentally prescribed calorie intake of 1100 kcal was the 
same for all subjects in original PANUSCO intervention group and did not depend on body weight or nutritional status. This was not a total PN. The 
recommended infusion rate was 0.25 g glucose/kg body weight/hour and should not exceed 0.15 g glucose/kg body weight/hour, which was equiva-
lent to 0.75 ml SMOFKabiven® /kg body weight/hour.

Omegaven®
50 ml (=5 g fish oil) containing 50 kcal was administered together with SMOFKabiven® as an omega-three fatty acid supplement. The compatibility of 
SMOFKabiven® and Omegaven® was guaranteed by the manufacturer Fresenius Kabi Deutschland GmbH.
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®

was administered overnight together with SMOFKabiven®. For adult patients, the recommended daily dose was 10 ml (one ampoule). 10 ml emul-
sion for infusion contained: Retinol palmitate (1.941 mg) corresponding to retinol (0, 99 mg), phyto-menadione (150 mg), ergocalciferol (5 mg) and 
all-rac-α-tocopherol (10 mg). The parenteral intake of Frekavit fat-soluble® was the same for all subjects in original PANUSCO intervention group 
and did not de-pend on body weight or nutritional status. The infusion should be completed within 24 hours of preparation to avoid microbiological 
contamination. The remaining contents of the ampoules were to be discarded and not stored for later use.
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was an infusion concentrate of water-soluble vitamins. It was administered overnight together with SMOFKabiven®. The recommended daily dose 
for adult patients was the content of one ampoule. One ampoule contained: Thiamine mononitrate (3.1 mg), riboflavin sodium phosphate (4.9 mg), 
nicotinamide (40 mg), pridoxine hydrochloride (4.9 mg), sodium pantothenate (16.5 mg), sodium ascorbate (113 mg), biotin (60 µg), folic acid (0.40 
mg) and cyanocobalamin (5.0 µg). The parenteral intake of Frekavit fat-soluble® was the same for all subjects in original PANUSCO intervention group 
and did not depend on body weight or nutritional status.

Tracitrans  
plus®

was a concentrate for the preparation of an infusion solution to cover the basal to moderately increased a requirement of trace elements. The rec-
ommended daily dose of Tracitrans plus® in adult patients was 10 ml (one ampoule). 10 ml concentrate for the preparation of an infusion solution 
contained: Zn++ (100 µmol), Mn++ (5 µmol), Cu++ (20 µmol), Fe+++ (20 µmol), MoO4 - (-0.2 µmol), SeO3 - (-0.4 µmol), I- (1 µmol), F- (50 µmol), Cr+++ 
(0.2 µmol), Na+ (<65 µmol), K+ (<10 µmol) abd Cl- (351 µmol).

Supp Figure 1: Study design.

Discussion

The aim of this secondary analysis was to analyze whether 
protein intake above the guideline recommendations affects 
clinical outcomes (survival, AE, modification of CTx regimes) 
and nutritional status (BW, phase angle, handgrip strength, pre-
albumin, albumin and CRP) in patients with advanced pancre-
atic cancer undergoing CTx who were followed up for 13 weeks. 
There were no differences in clinical outcome parameters and 
no differences or changes in nutritional status parameters be-
tween the groups. However, there was a significant correlation 
between an increasing number of modification of CTx regimes 
and a lower mean protein intake over time.
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Protein intake was focused in this analysis, as this macronu-
trient is thought to contribute to improved clinical outcomes. As 
all patients received weekly nutritional consultations as BSNC 
and were allowed to supplement freely, no difference in protein 
and caloric intake could be guaranteed. Therefore, in this sec-
ondary analysis, new groups were created according to protein 
intake. So, two distinct groups could be compared.

The cut-off value of 1.5 g protein/kg BW was chosen because 
various guidelines recommend 1.2 to 1.5 g for cancer or other 
clinical conditions [13,29-31]. This is because of the increased 
whole-body protein turnover [32] and the net protein loss [33] 
(e.g. due to inactivity or inflammation) in cancer patients. How-
ever, other recommendations are even higher (1.2-2.0 g/kg 
BW) [34]. It has not yet been clarified what the actual protein 
and amino acid requirements are, or whether higher intakes are 
beneficial. In tumour patients, it is thought that the anabolic 
resistance that often occurs is due to a higher threshold for 
stimulation of the protein synthesis than in healthy individuals 
[35]. A protein intake of less than 1.2 g/kg BW is associated with 
muscle wasting during treatment [36]. Other studies using PN 
and high protein intakes (2 g/kg BW) in severely malnourished 
cancer patients also showed no negative effects on metabolism 
[37]. If renal function is normal, these high doses are consid-
ered safe [38]. An umbrella review also showed no risk to renal 
health with protein intakes above 0.8 g/kg BW (the official Ger-
man recommendation) in healthy and sick people [39]. Studies 
in weight training suggest protein intake of 0.4-0.5 g/kg BW per 
meal to build muscle mass. With 3-6 meals per day, this results 
in recommendations of 1.2-3.0 g/kg BW [40,41]. Another study 
of resistance training shows no significant difference between 
very high protein intakes (4.4 g/kg BW) and high protein intakes 
(1.8 g/kg BW) and no significant change in BW, fat mass, fat-free 
mass and body fat over an 8-week intervention [42]. This sug-
gests that pancreatic cancer patients need a high protein intake 
to stabilize muscle mass and minimize the effects of cachexia 
and weight loss.

One patient in our study had an exceptionally high protein 
intake of 3.0 g/kg BW at week four. He also showed a stable high 
protein intake at all other points of time. Beyond our analysis 
period, he showed a protein intake of 5.91 g/kg BW at week 34. 
As he was part of the original PANUSCO control group that did 
not receive PN, it must be concluded that he supplemented. 
Supplementation beyond the intervention was not recorded. 
There have been some studies with extremely high protein in-
takes (3.0-4.4 g/kg BW) in healthy, trained individuals showing 
no adverse effects [42-45], but no change in body composition 
with a mean protein intake of 2.9 g/kg BW over 16 weeks of 
intervention [44]. Therefore, it is important to record actual oral 
protein intake, rather than simply setting a protein intake target.

Clinical outcomes showed no differences. Our results are in 
line with a RCT (n=200) on this topic with a shorter intervention 
time of eight weeks [21]. The study investigated a high-protein 
and high-energy supplement enriched with omega-3 fatty acids 
and antioxidants versus an isocaloric and isonitrogenic supple-
ment. In the intervention group, significantly higher protein 
intake was achieved through improvement in dietary intake. 
No differences in survival and occurrence of AE and SAE could 
be shown. Interestingly, we found a significant correlation be-
tween an increasing number of modification of CTx regimes and 
a lower mean protein intake over time. Therefore, it could be 
an indication that there is a higher treatment tolerance with 
higher mean protein intake. This is in line with two other tri-

als showed that a nutritional intervention had a positive effect/
improvement on treatment-tolerance [46,47]. A further study 
showed a lower risk for CTx toxicity, which could be seen as an 
improvement in treatment tolerance when patients got a whey 
protein supplementation [48]. In the context of these studies, 
we can assume that our findings point in the right direction.

Outcome parameters of nutritional status also showed no 
differences between groups and did not change over time. BW, 
phase angle, handgrip strength, prealbumin and albumin re-
mained stable. Our results are in line with another RCT which 
showed no association of higher energy- and protein intake and 
improvements in body weight and hand-grip strength [49]. In 
contrast, another RCT showed a positive correlation between 
protein intake and hand grip strength [50]. Looking at paren-
teral nutrition alone, a RCT showed no weight change when 
PN (energy, macro- and micronutrients) was compared with 
an isotonic electrolyte solution in patients with pancreatic can-
cer on fasting days (3 days) in hospital [51]. In contrast, a RCT 
showed a significant difference in BW between a Home Enteral 
Nutrition (HEN) versus nutritional counselling. While patients 
with HEN remained their BW stable after two months, patients 
with nutritional counselling lost BW [52]. Due to the different 
interventions, the results are difficult to compare. However, 
CRP showed a significant decrease from t1 to t13 in NP and a 
value below 10 mg/l at t13, which does not represent an acute 
inflammatory response [53]. Furthermore, we found a signifi-
cant correlation of high protein intake and rising CRP. However, 
the observed effects might not be attributable to protein intake 
alone, but to the disease itself, acute infections, individual outli-
ers or, therapy-related. The two extreme values in Figure 3 with 
a marked increase and a marked decrease in CRP showed no 
signs of infection on further study assessment. Therefore, the 
change in values could be attributed to the disease itself. In 
contrast to our findings, a RCT in non-cancer patients showed 
that a higher protein intake compared with a normal protein in-
take led to a significant reduction in CRP [54]. This confirms our 
suspicion that there is probably no real advantage of normal 
compared to high protein intake in terms of CRP. Therefore, this 
statistical result should not be considered as clinically relevant. 
Above all, it should not be used as a basis for protein intake 
recommendations.

Looking at the secondary outcome parameters, mGPS 
showed a significant decrease from t1 to t13 in HP. Two patients 
with mGPS1 changed to mGPS2, during the intervention, which 
is considered to be a sign of worsening inflammation and nu-
tritional status. The deterioration of mGPS can be explained by 
the increase in CRP and the associated deterioration of albumin 
as a negative acute-phase protein. No changes in mGPS scores 
were observed in NP. As the mGPS score is a relevant predictor 
of desease progression and survival [55], this can be considered 
success. While this is unusual in our patient population without 
additional intervention, it might be attributable to the weekly 
BSNC.

Taken all clinical and nutritional outcomes together, our 
analysis showed that there were no significant differences and 
changes in both groups. However, we could show a stabiliza-
tion in several parameters, which could be seen as a success 
in patients with pancreatic cancer. It was probably due to the 
good Nutritional Care (BSNC) of both groups that no differences 
could be observed. Therefore, BSNC might be recommended 
for this patient group. Whether a protein intake above the cur-
rent guideline recommendations could be useful needs to be 
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investigated in a study with a larger sample and a larger differ-
ence in protein intake. A protein intake of more than 2 g protein 
/kg/BW is recommended in inflammatory conditions [13]. We 
could not form our groups according to the 2 g recommenda-
tion because there were not enough people who reached this 
target. Furthermore, in future studies, protein quality could be 
assessed in addition to protein quantity to learn whether it is 
relevant in the nutritional therapy of these patients.

A weakness of our analysis was the small sample size. Due 
to this, a possible existing effect might not have been demon-
strated. A further limitation was the recording of the BW. The 
latter was only asked at the time of measurement and was not 
measured with a defined scale. This may have led to variations 
between participants. However, this is not relevant for the lon-
gitudinal analysis, as each patient always used the same scale 
and longitudinal analysis is based on within-patient changes. 
The basal metabolic rate was multiplied by a PAL factor of 1.5 
in this analysis. This may have been a high factor. For patients 
with advanced pancreatic cancer, a PAL factor of 1.24 is recom-
mended [56]. A positive and unique characteristic of this analy-
sis was the long observation and analysis period. While most 
studies only looked at a few days before and after surgery [22], 
this analysis looked at the long-term effects of 13 weeks.

Conclusion

In summary, our 13-week analysis of patients with advanced 
pancreatic cancer revealed no benefit of protein intake above 
guideline recommendations (>1.5 g/kg BW) on clinical out-
comes and the development of nutritional status. Both groups 
stayed stable in all parameters of nutritional status, which can 
be considered as success in this patient group. Both groups 
received nutritional counselling, which might be the reason 
for this success. However, we investigated only small groups. 
Therefore, larger studies are needed to confirm our findings.
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