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Introduction: Pancreatic resection is the only curative treatment for pancreatic cancer. Due to tumor
cachexia most patients present with a weight loss at the time of diagnosis. Postoperatively the weight
loss is often intensified. Tumor cachexia has an influence on the post-operative morbidity and mortality
and on the overall survival. Complementary nutrition has a benefit on the mentioned issues. Needle
catheter jejunostomy (NCJ) offers a well-tolerated and safe way for additional nutrition therapy. Until
today, the optimal length of postoperative supplementary nutrition has not been evaluated.
Methods and analysis: The study is designed as a randomized controlled trial to compare the effect of
complementary nutritional support until discharge and until 8-weeks after discharge for patients after
pancreaticoduodenectomy (PD). The primary endpoint is the comprehensive complications index
assessed 12 weeks postoperatively. The grading of the complications will be performed by a blinded
assessor. The secondary endpoints are: quality of life, a nutritional assessment and the assessment of
the effect on adjuvant therapies and 5-year survival. Follow-up visits are planned 1-, 3-, 6-, 12- and
60 month postoperatively. A total sample size of 140 patients was determined for the analysis of the pri-
mary endpoint. The confirmatory analysis will be performed based on the intention-to-treat principle.
Ethics and dissemination: The ethics committee of the University of Bern reviewed and approved this
study on 22.08.2016 (KEK BE 322/14). The trial was registered in the German Clinical Trial Register
(DRKS00010237) on 25.08 2016. The present trial is the first study comparing short- and long-term com-
plementary nutritional support after PD in randomized controlled study. The results will allow a postop-
erative nutritional therapy after PD based on high quality data. The results will be presented at relevant
surgical conferences and written publications of the short-term results and long-term oncologic results
are planned within surgical journals.
� 2016 The Authors. Published by Elsevier Ltd on behalf of Surgical Associates Ltd. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction tions is low, which presents the only hope for cure [3–5]. At the
Pancreatic cancer is the fourth leading cause of cancer-related
deaths in Western countries [1,2]. In 90% pancreatic cancer is diag-
nosed as an advanced disease and thus, the rate of curative resec-
time of the diagnosis most patients present with a weight loss,
which exceeds more than 10% of body weight. During the course
of their disease patients loose up to 25% of the body weight [6].
Tumor cachexia is defined as multifactorial syndrome character-
ized by an unintentional weight loss of 10% or more of the stable
weight over a period of 6 months and is present in more than
80% of patients with pancreatic cancer [6–8]. It’s an often-
underestimated symptom and associated with muscle atrophy,
fatigue, weakness and a significant loss of appetite and character-
ized by the loss of muscle- and fat mass. Cachexia has an influence
on the 30-day morbidity and mortality, survival, quality of life and
on the physical performance [9,10]. Postoperatively, delayed gas-
tric emptying occurs in 7–36% after pancreaticoduodenectomy
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(PD) [11–13]. Patients who suffer from this complication can be
expected to suffer a considerable nutritional deficit over months
of convalescence [14]. Taken together, these issues represent an
indication for complementary nutritional support. Complementary
enteral feeding is possible over a naso-jejunal tube or a needle
catheter jejunostomy (NCJ). Although studies did not show a differ-
ence regarding the nutritional supply, jejunal feeding tubes have a
higher complication rate. But the German Society for Nutritional
Medicine recommendation confirms our clinical experience, that
if performed in a standardized technique and in experienced hands
complication rates are low [15]. Furthermore the NCJ guarantees a
better long-term nutrition therapy that is well tolerated by the
patients [16]. The convalescence is as well the preparatory phase
for a possible adjuvant therapy; complications during that time
can be a reason to delay or to cancel a planned adjuvant treatment.
A routine oral supplementation for the out patient setting is not
recommended, but still revealed a benefit for the recovery of the
nutritional status, a reduction of the complication rate and an
improvement of the quality of life in patients who could not cover
their energy demand after abdominal surgery in the domestic set-
ting [17–20]. The aim of this study is to compare the effect of long-
term postoperative complementary nutritional support with short-
term support over a NCJ in patients after PD with pancreatic
cancer.

2. Methods and analysis

The study is a randomized controlled trial intended to compare
the effect of short- versus long-term nutritional support over a NCJ
after PD. The trial design allows objective assessment of the poten-
tial benefits and risks of a short-term nutritional support compared
to a long-term nutritional support.

The following hypothesis will be tested:

H0. The Comprehensive Complication Index for long-term and
short-term nutritional support is the same.
H1. The Comprehensive Complication Index (CCI) for long-term
and short-term nutritional support is different.
2.1. Trial design

The study is designed as a single center randomized controlled
trial to compare the effect of short term (until discharge) and long-
term (until eight weeks after discharge) complementary nutri-
tional support over a NCJ after PD for pancreatic carcinoma. The
trial scheme is illustrated in Fig. 1.

2.2. Study population and eligibility criteria

All patients aged over 18 years and referred to PD for suspected
pancreatic carcinoma will be screened for inclusion (Table 1).
Patients screening includes an investigation of the previous medi-
cal history, a physical examination, a standard preoperative evalu-
ation on the extent of the pancreatic disease and a standardized
nutritional assessment.

2.3. Trial location

The trial will be conducted at the Department of Visceral
Surgery, Clinic Beau-Site, Bern, Switzerland. The Beau-Site
Clinic is a center with extensive experience in pancreatic surgery.
70 pancreatic resections are performed a year by a single senior
surgeon.
2.4. Trial organization

The principal investigator (K.Z.) is responsible for the prepara-
tion of the study protocol and the case report form (CRF). The prin-
cipal investigator is as well responsible for screening, recruitment,
data collection and completion of the CRFs. All PD at the trial insti-
tution are performed by the principal investigator with an experi-
ence of >300 performed PDs. The perioperative management was
standardized prior to the creation of the study protocol.

2.5. Sample size

The sample size was determined for the primary endpoint: CCI
assessed at 90-day after surgery. The following assumptions were
made according to the data of our own department, showing a
10-point reduction (mean outcome in short-term nutritional sup-
port 30, mean outcome in long-term nutritional support 20, stan-
dard deviation 20) of the CCI in patients with long-term
nutritional support after PD compared to short-term nutritional
support. With a type I error (a) of 0.05 and power (1-b) of 0.80
63 patients in each group are needed in a superiority analysis. With
a drop-out rate of 10%, the total number needed per arm is 70,
resulting in a total patient number of 140 patients.

2.6. Trial timeline

Annually, a total of 70–90 patients with pancreatic carcinoma
are expected to be referred to the trial institution for elective PD.
We expect a recruitment rate of 70–80%. The recruitment of 140
patients is planned to be finished within 26 months. The time
interval from first patient to last patient out will be 86 months.

2.7. Randomization, allocation and blinding

Randomization will be done by a study nurse the day before the
planned discharge from the hospital. The patients will be random-
ized using an online randomization tool (http://randomizer.at).
Randomization will be stratified by the NRS-Score in blocks of
varying size with a 1:1 ratio to the first experimental and the sec-
ond experimental group. The surgical residents will perform the
study visits. Due to the nature of the intervention blinding of the
surgeon or the patient is not possible, the investigators (PCM, PP)
of the primary endpoint will be blinded when calculating (http://
www.assessurgery.com/calculator_single) the primary outcome
(CCI) from a surgical report.

2.8. Interventions

After performing a PD and before abdominal closure a NCJ
(Freka�, Fresenius Kabi, Germany) is placed in the proximal jeju-
num. Total parenteral nutrition (TPN) is delivered continuously
via central venous catheter from post-operative day (POD) 1 to
POD 7 [21]. The artificial nutrition is designed to target 30 kcal/kg/-
day. Oral food intake was allowed after the surgery and increased
according to tolerance. The NCJ is daily rinsed with water. On POD
8 complementary nutrition over the NCJ is started with Survimed�

(Fresenius Kabi, Schweiz). Survimed� is a low-molecular, balanced
supplementary enteral nutrition especially for patients with
maldigestion or malabsorption (Table 2).

2.9. Intervention group: Long-term complementary nutritional
support

To the intervention arm complementary nutritional support is
given over a NCJ from POD 8 for 8 weeks after discharge from
the hospital. 50% of the caloric requirement calculated from the
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Fig. 1. Trial scheme.

Table 1
Eligibility criteria.

Inclusion criteria Exclusion criteria

� Pancreaticoduodenectomy
for pancreatic carcinoma

� Metastatic pancreatic carcinoma,
other than lymphatic metastases

� <20% body weight loss
� AgeP 18

� Cardiac or renal diseases that prohibit
enteral nutrition

� Parenteral nutrition
� Informed consent � Secondary tumor

� Active chronic gastrointestinal
diseases

� Stop of complementary nutrition
therapy for over three days

Table 2
Contents of Survimed�.

Substance per 100 ml

Proteins (g) 4.5
Fat (g) 2.8
Carbohydrates (g) 14.3
Fibres (g) 0.08
Water (ml) 85
Energy (kcal) 100
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IBW is supplemented over the NCJ from discharge until postoper-
ative week 5. From week 5 to week 8 after discharge 30% of the
caloric requirement calculated from the IBW are supplemented
over the NCJ. The NCJ is removed 8 weeks after discharge.
2.10. Control group: Short-term complementary nutritional support

To the control arm complementary nutritional support is given
over a NCJ from POD 8 until the day of discharge from the hospital.
50% of the caloric requirement calculated from the ideal body
weight (IBW) is supplemented over the NCJ until the day of dis-
charge. The feeding tube is left in place for a possible cross over
if the general condition or the nutritional status worsens signifi-
cantly during the 8 weeks after discharge. The NCJ is removed
8 weeks after discharge.

2.11. Perioperative management, discharge, and follow up

Perioperative thrombosis prophylaxis will be performed accord-
ing to current guidelines [22]. Single-shot antibiotics (Cefuroxime
and Metronidazole) will be given 30 min before surgery. Periopera-
tive care was given according to the guidelines for enhanced recov-
ery after surgery with the difference of the above mentioned
nutrition management [23]. All patients will be followed up at an
ambulatory checkup scheduled 1, 3 and 6 months postoperatively.
The ambulatory checkupwill comprise taking themedical history, a
clinical examination, and an assessment of the primary and sec-
ondary endpoints. The follow-up at 12 and 60 months after the sur-
gery will be completed by a phone interview (see Table 3).

2.12. Primary and secondary endpoints

2.12.1. Primary endpoint
The primary endpoint will be the CCI 90 days after the

operation. The morbidity will be graded according to the
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Clavien-Dindo classification [24]. The morbidity of the patient is
assessed at study visit two (at the day of discharge), three (1 month
postoperative) and four (3 months postoperative). The type of
complication is noted in detail in the CRF and on an additional sur-
gical report by the primary investigator without grading the com-
plication. Afterwards the surgical report is sent to two independent
investigators (PCM, PP) not working at the trial conducting hospi-
tal. The assessors of the primary endpoint are blinded to the study
arm of the participants, grade the complications and calculate the
CCI.

2.12.2. Secondary endpoints
2.12.2.1. Quality of life. The quality of life is measured with the
Quality of Life Questionnaires (QLQ) from the European Organiza-
tion for Research and Treatment of Cancer (EORTC). The QLQ C30
records the quality of life of cancer patients and the QLQ PAN26
the quality of life of patients with pancreatic cancer.

2.12.2.2. Nutritional assessment. The following parameters will be
assessed: the body mass index, the nutritional-risk-screening score
(NRS-2002. Furthermore, a bioelectrical impedance analysis and
the handdynamometry are measured.

2.12.2.3. Oncological outcome. The delay or the abortion of planned
adjuvant therapies and the reason for it will be assessed. Further-
more, the 5-year survival will be evaluated by telephone inter-
views with the patients or by contacting their general practitioner.

2.13. Data management

Data will be entered in a CRF by the principal investigator or a
designated surgical resident. Participant names and collected data
are subject to medical confidentiality. In the case of resignation,
collected data may be pseudonymized unless the participant
explicitly requests that all data should be erased. A designated
study nurse will enter the data from the CRF into a database. At
the end of the trial, the original CRFs and final database will be
archived by the principal investigator for 10 years.

2.14. Safety and reporting of serious adverse events

Serious adverse events (SEAs), defined according to the guideli-
nes for good clinical practice by the International Conference on
Harmonization of Technical Requirements for Registration of Phar-
maceuticals for Human Use, will be reported from the day of first
Table 3
Flow of the trial – course of examinations.

Visit 1 2 3 4
Screening
visit

Day of
discharge

1month post-
operative

3m
ope

Past and current medical
history

X

Physical examination and
personal data

X X X X

Informed consent X
Randomization X
Blood tests X X X X
Quality of life X X X X
Nutritional Assessment X X X X
Karnofsky index X X X X
Bioelectrical impedance

analysis
X X X X

Hand dynamometry X X X X
Complications X X X
Oncologic Outcome X X X
enrollment until the regular end of the trial. All SAEs will be docu-
mented in a separate SEA-form and the CRF, and will be reported to
the principal investigator within 24 h of being noted. If the princi-
pal investigator considers a SAE as unexpected and related to the
study intervention, he will submit a report to the ethics committee
within three days. The morbidity and the SAEs will be evaluated
twice: after randomization of one-third of the patients and after
randomization of two-thirds of the patients. In case of relevant dif-
ferences between the morbidity and the SAEs between the groups,
a report will be submitted to the local ethics committee. The trial
may be terminated based on the decision of the principal investi-
gator according to the assessment of the ethics committee.
2.15. Methods for minimising bias

2.15.1. Minimising selection bias
Consecutively screened and eligible patients will be included in

the present study. Patients will be allocated concealed by postop-
erative randomization at the day before the planned discharge
using a centralized web based tool (http://randomizer.at). Block
randomization of variable sizes (6 and 12) stratified by the NRS-
Score will be performed. A sufficient number of individuals will
be recruited according to the sample size calculation in order to
prevent random error and to achieve sufficient power.
2.15.2. Minimising performance bias
All PD will be performed by the same surgeon. A standardized

postoperative management was implemented prior to the begin-
ning of the study.
2.15.3. Minimising detection bias
Blinding of the surgeon or the patient to the intervention is not

feasible. The primary endpoint (CCI) is graded and calculated by
blinded assessors based on medical records taken at study visit 2
(at the day of discharge), 3 (1 month postoperative), 4 (3 months
postoperative).
2.15.4. Minimising attrition bias
The trial will be reported according to the CONSORT statement

[www.consort-statement.org; accessed 14.04.2016]. The trial will
be registered with the Swiss National Clinical Trials Portal [www.
kofam.ch] and a WHO primary trial registry. The trial protocol with
full information about endpoints and profound explanation of
planned statistical analysis will be published according to the
5 6 7
onths post-
rative

6 months post-
operative

12 months post-
operative

60 months post-
operative

X X

X X X
X X X
X X X

X X X
X X X

http://randomizer.at
http://www.consort-statement.org
http://www.kofam.ch
http://www.kofam.ch
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SPIRIT statement (additional file 1) [www.spirit-statement.org;
accessed 14.04.2016] to avoid risk of selective reporting [25].

2.15.5. Other bias
Financial relationships with providers of medical devices or any

conflict of interest that could inappropriately influence the work
within this project will be stated explicitly.

2.16. Statistical analysis

Statistical analysis will be performed with GraphPad� Prism
version 5.00 (GraphPad Software, San Diego California USA). A
two-sided P value < 0.05 will be considered significant. For base-
line characteristics, descriptive statistics will be used. For analysis
of the primary outcome, a Mann-Whitney U tests will be applied.
For categorical secondary endpoints, chi-square statistics will be
used. To compare continuous secondary endpoints, Mann-
Whitney U tests will be applied. No interim analysis is planned
for this study.

Missing values will be replaced with the last available value
(the last observation carried forward approach). Data from patients
who withdraw from the study will be disregarded unless exclusion
is based on postoperative patient wishes and the patient agrees to
the use of the already obtained data.

The confirmatory analysis will be performed based on
intention-to-treat (ITT) patients and with respect to ITT principles.
A standard sensitivity analysis will be performed on the per-
protocol population.

2.17. Good Clinical practice

The trial was conceived and will be conducted according to all
relevant national and international rules and regulations, such as
the guidelines for good clinical practice by the ICH-GCP [26] and
Declaration of Helsinki (2013) [27].

2.18. Registration

The trial was registered in the German Clinical Trial Register
(http://drks-neu.uniklinikfreiburg.de/drks_web/) under the regis-
tration number DRKS00010237 on 25.08 2016.

2.19. Protocol version

This manuscript refers to the third version of the full study pro-
tocol issued on 22.06.2016. Protocol modifications will be reported
to all investigators, the local ethics committee, the Clinical Trials
Register, all trial participants, and the journal.

3. Discussion

Malnutrition after PD for pancreatic carcinoma is associated
with a higher rate of complications, a shorter survival and a longer
postoperative stay. Previous studies showed the positive effect of
supplementary nutrition on the above mention issues [17–19,28].
After PD patients often experience a delayed tolerance of liquid
and solid food. The optimal length of a postoperative enteral nutri-
tional support has not been evaluated. The European Society for
Clinical Nutrition and Metabolism (ESPEN) guidelines support a
regular reassessment of the nutritional status during the hospital
stay and if necessary support an additional nutritional therapy
after discharge (Grade of recommendation C (weak)) [29]. For a
long-term nutritional support a NCJ is superior to the naso-
gastric tube since the nutritional supply is equal but the NCJ is bet-
ter tolerated by the patient and is associated with little complica-
tions in experienced hands [16,30]. The study investigates the
hypothesis that long-term postoperative nutrition after discharge
is able to reduce 90-day morbidity and could have a potential pos-
itive effect on the practicability of adjuvant therapies. A recent
review on the perioperative nutritional support after pancreatic
surgery defined the effect of supplementary nutrition on adjuvant
therapies as an issue that warrants special attention [31].

90-day postoperative morbidity has been chosen as the primary
endpoint because it presents a surrogate marker for the benefits of
an improved nutritional status. Secondly, the endpoint includes the
possible downside of the additional nutrition namely complica-
tions of the NCJ, which are lost catheters in a third of the cases
[30]. Grading complications according to Clavien-Dindo and calcu-
lating the CCI summarizes all postoperative complications and is
said to be more sensitive than existing morbidity endpoints [32].

Several measures were taken to minimize bias. Selection bias is
prevented using a web based randomization. Performance bias is
minimized with a standardized perioperative treatment scheme
and all interventions are performed by the same surgeon. Grading
of the primary endpoint is performed by two blinded assessor,
which should minimize the detection bias.

For the planning, conduct and analysis of this trial no external
founding was received, also in order to prevent a possible industry
bias [33].

The present study is the first randomized controlled trial that
compares the possible benefits of long-term complementary peri-
operative nutritional support to short-term nutritional support
for patients after PD. The results of the study would have a wide
impact on the postoperative management of patients with pancre-
atic cancer after PD.
4. Ethics and dissemination

The ethics committee of the University of Bern reviewed and
approved this study on 22.08.2016 (KEK BE 322/14).

The results of the study are intended to be presented at national
and international medical congresses on corresponding fields of
interest (hepatobiliary surgery, abdominal surgery, nutrition).
Written publications of the short-term results (until 1 year after
the surgery) and long-term oncologic results are planned within
surgical journals. The authorship for written publications has to
be confirmed by all lead investigators and will only be granted in
the case of substantive contributions to the design, conduct, data
analysis, and interpretation. After completion of the full study
report, anonymized participant-level datasets and the statistical
code for generating results will be available by contacting the prin-
cipal investigator.
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