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LIST OF ABBREVIATIONS AND RELEVANT DEFINITIONS 

ABR ABR form (General Assessment and Registration form) is the application 

form that is required for submission to the accredited Ethics Committee 

(in Dutch: ABR = Algemene Beoordeling en Registratie) 

AE Adverse Event 

AR Adverse Reaction 

BIQ Body Image Questionnaire 

CA Competent Authority 

CCMO Central Committee on Research Involving Human Subjects 

CDM Clinical Data Management 

CV Curriculum Vitae 

DSMB Data Safety Monitoring Board 

EDC Electronic Data Capture 

EMS ERAS Mobility Scale 

ERAS Enhanced Recovery After Surgery 

EU European Union 

EudraCT European drug regulatory affairs Clinical Trials  

GCP Good Clinical Practice 

IB Investigator’s Brochure 

IC Informed Consent 

LOS Length Of Stay in hospital 

IMP Investigational Medicinal Product  

IMPD Investigational Medicinal Product Dossier  

METC  Medical Research Ethics Committee (MREC); in Dutch: Medisch Ethische 

Toetsing Commissie (METC) 

SAE Serious Adverse Event  

PONV PostOperative Nausea and Vomiting 

SPC Summary of product Characteristics (in Dutch: officiële productinfomatie 

IB1-tekst) 

Sponsor The Sponsor is the party that commissions the organization or 

performance of the research, for example a pharmaceutical company, 

academic hospital, scientific organization or investigator. A party that 

provides funding for a study but does not commission it is not regarded 

as the sponsor, but referred to as a subsidising party. 

SUSAR Suspected Unexpected Serious Adverse Reaction 
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WBP Personal Data Protection Act (in Dutch: Wet Bescherming 

Persoonsgevens) 

WMO Medical Research Involving Human Subjects Act (in Dutch: Wet Medisch-

wetenschappelijk Onderzoek met Mensen) 
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SUMMARY 

 

Rationale: Recent developments in major liver surgery include the introduction of 

laparoscopy and enhanced recovery programmes. However, randomized controlled trials 

comparing laparoscopy with the standard open surgical approach for hemihepatectomy or 

parenchymal sparing postero-superior liver segment resection have never been conducted.  

Objective: The ORANGE II PLUS - Trial aims to provide evidence on the merits of 

laparoscopic surgery in two separate patient populations: either patients undergoing 

hemihepatectomy or patients having parenchymal sparing resection of the postero-superior 

liver segments. 

Study design: The international multicentre ORANGE II PLUS - Trial is a prospective, 

double blinded, randomized controlled study of two separate and independent patient 

populations, each producing two arms (open versus laparoscopy) with a parallel registry. 

These populations involve patients undergoing left or right hemihepatectomy and patients 

having parenchymal preserving resection of one or two postero-superior liver segments 

(involving one or two of segments 4a, 7 or 8).  

Study population: All patients - 18 years and older - with anatomic benign and/or malignant 

lesions requiring a hemihepatectomy with or without the need for one additional hepatic 

wedge resection or metastasectomy, or patients in need for a parenchymal sparing resection 

of postero-superior liver segments (involving one or two of segments 4a, 7, 8) that the 

multidisciplinary team feel is technically feasible and safe by either the laparoscopic or open 

approach. 

Intervention:  

a) Open or laparoscopic hemihepatecomy (with or without the need for one additional  

hepatic wedge resection or metastasectomy), stratified for centre and 

hemihepatectomy side (left or right). 

b) Open or laparoscopic parenchymal sparing resection of postero-superior liver 

segments (one or two of segments 4a, 7, 8), stratified for centre and tumour size 

(smaller or larger than 3 cm). 

All patients will participate in an enhanced recovery programme.  

Main study parameters/endpoints: The primary endpoint is time to functional recovery. 

Secondary endpoints are length of stay in hospital (LOS), intraoperative blood loss, operation 

time, resection margin, time to adjuvant chemotherapy initiation, readmission percentage, 

(liver specific) morbidity, quality of life (QOL), body image, reasons for delay of discharge 

after functional recovery, long term incidence of incisional hernias, hospital and societal costs 

during one year, overall five-year survival.  
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Nature and extent of the burden and risks associated with participation, benefit and 

group relatedness: The burden and risks associated with the intervention (laparoscopic 

liver surgery) are comparable with the normal treatment (open liver surgery). Both 

laparoscopic hemihepatectomy and laparoscopic postero-superior liver resections have 

demonstrated to be feasible with good efficacy and safety in expert hands. Besides being 

blinded to the intervention, patients have to complete a patient diary during admission. 

Quality of life and body image questionnaires are obtained preoperatively and at 4 times 

during follow-up (10 days, 3 months, 6 months and 12 months after discharge), whereas 

cost-questionnaires will be requested 3 times (at 3 months, 6 months and 12 months after 

discharge). Ultimately, patients will receive an ultrasound to exclude incisional hernia at 12 

months after discharge.   

 

Clinicaltrial.gov identification number: NCT01441856 

 

 

 

https://clinicaltrials.gov/ct2/show/NCT01441856


NL36215.068.11  ORANGE II PLUS – Trial  Version 12.0 | 2017, March 30 

  12 of 65 

1. INTRODUCTION AND RATIONALE 

Liver resection for colorectal metastasis is a potential curative therapy and has become the 

standard of care in appropriately staged patients, offering five-year survival rates ranging 

from 38 up to 61% in selected cases, with approximately 30% of patients surviving ten years 

or more, compared to five-year survival rates of less than 5% for patients not amenable to 

resection.[1-14] Liver surgery is also a widely accepted treatment for symptomatic benign 

lesions and those of uncertain nature or large size. Whilst the survival figures are a vast 

improvement on the past, there is still a need to refine the treatment of these patients, 

including surgical technique. Open hepatectomy is the current standard of care for the 

management of primary and secondary tumours. Both open hemihepatectomy and open 

postero-superior liver segment resection require a large incision to achieve adequate access 

and proper control during resection. This has a significant impact on patient’s recovery and, 

in cases of small resections, this access may represent the major component of surgical 

trauma. Advances in surgical technique and expertise now permit these operations to be 

performed with minor incisions by using the laparoscopic approach. Although the feasibility of 

laparoscopic hepatectomy has been established, only select centres use this technique as 

their primary modality.[15-17] 

 

Laparoscopic liver resection was first reported in 1991.[18-22] Over the past decades, the 

method has gained wide acceptance for various liver resection procedures.[23-25] Multiple 

retrospective case series, patient cohorts, systematic reviews and meta-analyses have 

compared open with laparoscopic liver surgery and indicate the laparoscopic approach to be 

safely applicable for the resection of both malignant and benign liver lesions.[26-31] 

Laparoscopic liver resection has been associated with shorter hospital length of stay, 

reduced intraoperative blood loss, less postoperative pain and earlier recovery.[29, 32-34] 

Despite this, concerns remain over operative times, the ability to control haemorrhage 

laparoscopically and long-term oncological outcomes. 

 

Initially, the left lateral segments of the liver were chosen for anatomic laparoscopic 

resection, with good results. Many liver centres worldwide currently use laparoscopy for 

resection of the anterior liver segments. Whilst case control studies would now seem 

sufficient to allay such concerns in the context of minor liver resections and left lateral 

sectionectomies, the adoption and dissemination of laparoscopy by hepatobiliary oncologic 

surgeons for major hepatectomies and resections of postero-superior segments has been 

restricted.[23, 24, 26, 33, 35] Besides the relatively low volume of patients, major 

laparoscopic liver resections are technically demanding, have a significant learning curve, 
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are time consuming, are thought to hold an increased morbidity risk and lack in evidence. 

Nevertheless, a new impulse for the laparoscopic management of major liver lesions came 

after the first reports of laparoscopic hemihepatectomies, which demonstrated that in expert 

hands major anatomical laparoscopic liver resections are feasible with good efficacy and 

safety.[36-38]  

 

When comparing surgical procedures, one of the easiest to measure and often used 

outcomes is the length of hospital stay; the time it takes for a patient to be discharged from 

the hospital after an operation. On the whole, a median hospital length of stay of 6.0 to 13.1 

days and 3.5 to 10.0 days have been observed after open and laparoscopic hepatic 

resections in European centres respectively.[39] For major surgery in expert centres, median 

duration of hospital admission varied between 6 to 12.5 days for open surgery and 4 to 8.2 

days for laparoscopic resections.[16, 38, 40-43] Concentrating on postero-superior liver 

segment resections, the median hospital stay is 6 days (3-44 days) for those undergoing 

open compared with 4 days (1-11 days) for those having laparoscopic resections.[44] 

Besides the immediate benefits to the patient, such as decreased intraoperative blood loss, 

diminished postoperative pain, earlier recovery and reduced hospital length of stay, 

laparoscopic liver surgery may also have the potential to improve outcomes in the longer 

term by reducing complications, enhancing quality of life, improving cosmesis, ensuring early 

commencement and completion of adjuvant therapies.[29, 32-34] However, level-1 evidence 

on all outcomes is still to be presented.[16, 17, 42, 43, 45, 46]  

 

At the international consensus conference on laparoscopic liver surgery in Morioka in 2014, it 

was concluded that laparoscopic resections of postero-superior liver segments should be 

considered ‘major’ liver surgery; while parenchymal sparing resection of lesions in the 

postero-superior segments of the liver are often minor in terms of the resected liver volume, 

they are technically major due to the anatomical location of these segments. At that same 

conference, it was stated that major laparoscopic liver surgery (including hemihepatectomies 

and postero-superior liver segment resections amongst others) is to be regarded as an 

innovative procedure, still in its exploration or learning phase (IDEAL 2b) and ought to be 

introduced with great caution. Furthermore, as the quality of the available studies comparing 

open with laparoscopic major liver resections was generally designated to be low, there was 

a strong recommendation to organise higher quality studies.[46] 

 

Besides improvements in major laparoscopic liver surgery, enthusiasm has also arisen for 

standardization of the perioperative care in the form of fast-track recovery protocols over the 

past decades, such as the Enhanced Recovery After Surgery (ERAS®) programme. This 
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fast-track recovery programme, derived from Kehlet’s 1990’s pioneer work in the multimodal 

surgical care field, involves optimization of several aspects of the perioperative management 

of patients undergoing major abdominal surgery (see appendix 1). In liver surgery, it was 

demonstrated that functional recovery and hospital length of stay after open and 

laparoscopic liver resection could be reduced when patients were managed within the 

multimodal ERAS® programme.[47, 48] Functional recovery can be regarded as the moment 

in time when it is medically justified to discharge a patient from hospital care. It is important 

to emphasize the discrepancy between hospital length of stay (LOS) and the time to 

functional recovery, which is influenced by tertiary (out-of-hospital) problems such as patient 

insecurity, problems in homecare support or logistic problems.[49] Scoring functional 

recovery instead of hospital length of stay may thus be an adequate, more reliable and better 

comparable outcome measure. 

 

An evaluation of the benefits of the laparoscopic approach in patients undergoing major liver 

surgery, either hemihepatectomy or parenchymal preserving resection of postero-superior 

liver segments, is both timely and necessary and will inform clinical practice. Within the 

framework of optimized perioperative care, broader indications for hepatic surgery and 

further adoption of laparoscopic liver resections, there is a clear need for a randomized trial. 

Therefore, the multicentre and international ORANGE II PLUS – Trial has been designed to 

provide evidence on the merits of laparoscopic versus open hemihepatectomy and 

parenchymal preserving postero-superior liver segment resection within an enhanced 

recovery programme in terms of time to functional recovery, hospital length of stay, 

intraoperative blood loss, operation time, resection margin, time to adjuvant chemotherapy 

initiation, readmission percentage, (liver specific) morbidity, quality of life, body image, 

reasons for delay of discharge after functional recovery, long term incidence of incisional 

hernias, hospital and societal costs during one year and overall five-year survival.  
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2. OBJECTIVES 

Hypotheses:  

• For patients undergoing a laparoscopic left or right hemihepatectomy (with or without  

the need for one additional hepatic wedge resection or metastasectomy), time to 

functional recovery is reduced by 2 days in comparison with patients undergoing the 

open procedure.  

• For patients undergoing parenchymal preserving laparoscopic resection of postero- 

superior liver segments, time to functional recovery is also reduced by 2 days 

compared with the open procedure.  

 

Primary objective: to provide evidence on the merits of laparoscopic compared with open 

liver surgery, for standard indications and within an enhanced recovery programme in terms 

of time to functional recovery in: 

• Patients undergoing either left or right hemihepatectomy (with or without the need for 

 one additional hepatic wedge resection or metastasectomy).  

• Patients undergoing parenchymal preserving resection of postero-superior liver  

 segments. 

 

Secondary objectives: to provide evidence on the benefits of laparoscopic compared with 

open surgery, for standard indications and within an enhanced recovery programme in terms 

of hospital length of stay, intraoperative blood loss, operation time, resection margin, time to 

adjuvant chemotherapy initiation, readmission percentage, (liver-specific) morbidity, quality of 

life, body image, reasons for delay of discharge after functional recovery, long term incidence 

of incisional hernias, hospital and societal costs during one year and overall five-year survival 

in: 

• Patients undergoing either left or right hemihepatectomy (with or without the need for 

 one additional hepatic wedge resection or metastasectomy).  

• Patients undergoing parenchymal preserving resection of postero-superior liver  

 segments. 
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3.  STUDY DESIGN 

The international and multicentre ORANGE II PLUS - Trial is a prospective, double blinded, 

randomized controlled study of two separate and independent patient populations, each 

producing two arms (open versus laparoscopy) with a parallel registry. These populations 

involve patients undergoing left or right hemihepatectomy and patients having parenchymal 

preserving resection of postero-superior liver segments (involving one or two of segments 

4a, 7 or 8). All patients will be participating in an enhanced recovery programme. For daily 

guidelines of the pre-, intra- and postoperative care of patients undergoing major liver 

resection in the ERAS® programme, see appendix 2. 

 

Baseline values of the primary and secondary outcomes are established before surgery. 

Next, data is gathered during surgery, while the patient is admitted and when the patient is 

discharged. Follow-up moments are planned at 10 days, 3, 6, 12 months and 5 years after 

discharge. Please see appendix 3 for the trial flowchart and appendix 4 for the SPIRIT 

flowchart.[50]  
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4.  STUDY POPULATION 

4.1 Population (base)  

Patients are considered for hemihepatectomy (with or without the need for one additional 

metastasectomy or wedge resection) or parenchymal sparing postero-superior liver segment 

surgery only after careful evaluation by a multidisciplinary board that includes surgeons, 

radiologists, pathologists, hepathologists, oncologists and radiotherapists. At these 

multidisciplinary meetings, all specific in- and exclusion criteria for trial participation are 

assessed. Patients are approached for trial participation only if the multidisciplinary team feel 

the operation is technically feasible and safe by either the laparoscopic or open approach.   

 

Trial candidates are informed of the study by their treating surgeon. Only after the patient has 

consented to be further informed about the study, he or she will be approached by the 

principal investigator, the authorized researcher, an informed surgical resident or a research 

nurse at the outpatient clinic of the surgical departments. After 1 week of reflection, a 

definitive personal written informed consent will be obtained by the principal investigator, the 

authorized researcher or the research nurse. All patients ineligible for randomization are 

asked to participate in the prospective registry. The number of ineligible patients and the 

reasons for randomization ineligibility are registered in screening logs.  

 

4.2 Inclusion criteria 

-  Either: patients requiring left or right hemihepatectomy, with or without the need for one 

additional hepatic wedge resection or metastasectomy for accepted indications. 

- Or: patients requiring a parenchymal sparing liver resection (including wedge 

resections and full segmentectomies) involving one or two of segments 4a, 7, 8 for 

accepted indications . A segment 6/7 resection would also be eligible. 

- Able to understand the nature of the study and what will be required of them.  

- Men and non-pregnant, non-lactating women aged 18 years and older.   

- BMI between and including 18-35. 

- Patients with ASA physical status I-II-III. 

 

4.3  Exclusion criteria 

-  Inability to give (written) informed consent. 

-  Either: patients requiring another resection than left or right hemihepatectomy, with or 

without the need for one additional hepatic wedge resection or metastasectomy. 
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-  Or: patients requiring other liver surgery than a parenchymal sparing resection 

involving one or two of segments 4a, 7, 8.   

- Patients requiring parenchymal sparing liver resection involving segment 1. This is due 

to the high level of technical difficulty. 

-  Patients with hepatic lesion(s), that are located with insufficient margin from vascular or 

biliary structures to be operated laparoscopically. 

-  Patients with ASA physical status IV-V. 

-  Repeat hepatectomy. 

 

4.4  Sample size calculation 

4.4.1 Hemihepatectomy. 

Since laparoscopic liver surgery focuses on accelerated recovery, time to functional recovery 

is used as the primary outcome parameter. In a prospectively collected database of three 

European, two U.S. and one Australian centre, a median hospital length of stay of 6.0 days 

(SD: 4.5) was observed after major laparoscopic hepatic resection. In European centres, the 

median LOS was significantly longer compared to the non-European hospitals (8.5 versus 

5.9 days; p = 0.0001).[16] In a single centre report, of which data were also used in the 

previous reference, 22 laparoscopic and 50 open major liver resections were evaluated. This 

demonstrated a mean hospital length of stay of 8.2 days (SEM 1.1, SD = 5.1) after major 

laparoscopic hepatectomy.[51] A large analysis of Jarnagin et al. showed a mean duration of 

admission after open major liver resection of 11.1 days.[52] Based on these reports, mean 

LOS and SD after a laparoscopic hemihepatectomy in Europe can be estimated to be 8.5 

and 5.0 days, respectively. Therefore, an average reduction in hospital length of stay of 2 

days seems feasible.  

 

We assume that in patients undergoing laparoscopic left or right hemihepatectomy, time to 

functional recovery is reduced in comparison to patients undergoing the open procedure. We 

aim at a reduction in time to functional recovery of 2 days. If we assume a standard deviation 

of 5.0 days for time to functional recovery, the implied effect size d will be 0.40 (2/5). If we 

also take into account a drop-out rate of 10% and a loss in degrees of freedom for estimating 

covariate effects (participating centres, left/right hemihepatectomy), a total sample size of 

250 patients (125 per arm) can demonstrate a 2-day reduction in functional recovery with a 

level of significance alpha = 0.04, two-tailed and a power of 80% (see the calculation below). 
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4.4.2 Hemihepatectomy sample size at interim analysis 

Revisiting the results at interim analysis (N = 112, 13 patients less than expected due to 

drop-outs), the effect size was lower than anticipated (d = 0.34). Also the amount of 

randomising centres is more than was calculated for. Based on the decreased effect size and 

the extra participating centres, we recalculated the sample size. A total sample size of 350 

patients (175 per arm) can demonstrate a 2-day reduction in functional recovery with a level 

of significance alpha = 0.04, two-tailed and a power of 80% (see the calculation below).  

 

 

 

 

 

 

 

 

2-day difference in functional recovery, 5 participating centres. 

 

Effect size (d) = 2/5 = 0.40 

Power = 80% → Zbeta = 0.84 

Alfa = 4% → Zalfa = 2.05 

n per arm = 2*((Zalfa + Zbeta)/d)**2 

X = 2*((2.05+0.84)/(0.40))**2 

X = 2*((2.89/0.40)**2 

X = 105 

N total = 105+105 = 210 

 

* Corrections for loss in degrees of freedom, random effects, fixed effects: 5% 

 N total = 210*1.05 = 221 

* Corrections sequential analyses (O’Brien & Fleming), K = 2, factor 1.00625 

 N total = 221*1.00625 = 222 

* 10% drop-out 

 N total = 222*(100/90) = 247  

 

This number was rounded to 250 patients.  
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4.4.3 One or two postero-superior liver segments 4A, 7, 8. 

In a multicentre propensity score-matched analysis of laparoscopic versus open resections of 

postero-superior liver segments, patients operated with the conventional open procedure 

approach, the median hospital stay was 6 days (3-44 days) compared to 4 days (1-11 days) 

of that of patients undergoing laparoscopic liver resections.[44] Based on this information, an 

average reduction in hospital length of stay of 2 days (SD = 5) seems feasible and safe for 

patients undergoing laparoscopic surgery, in comparison to patients undergoing the open 

procedure. The sample size calculation would thus be identical to those for the 

hemihepactomy patients: a total sample size of 250 patients (125 per arm) can demonstrate 

a 2-day reduction with a level of significance α=0.04, two-tailed and a power of 80%. Note 

that a 3-day reduction in functional recovery days would give a total sample size of 125*(2/3)2 

= 56 patients per arm.   

Recalculated sample size: 2-day difference in functional recovery, 15 participating centres, effect 

size is 0.34 instead of 0.40. 

 

Effect size = 0.34 

Power = 80% → Zbeta = 0.84 

Alfa = 4% → Zalfa = 2.05 

n per arm = 2*((Zalfa + Zbeta)/d)**2 

X = 2*((2.05 + 0.84)/(0.40)**2 

X = 2*((2.89/0.34)**2 

X = 2*72 = 144 

N total = 144 + 144 = 288 

 

* Corrections for loss in degrees of freedom, random effects, fixed effects: 5% 

 N total = 288*1.05 = 302 

* Corrections sequential analyses (O’Brien & Fleming), K = 2, factor 1.00625 

 N total = 302*1.00625 = 305 

* 10% drop-out 

 N total = 305*(100/90) = 338  

*  10 extra centres: +10 = 348 

 

This can be rounded to 350 patients. 
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5. TREATMENT OF SUBJECTS 

In this interventional study we will evaluate the impact of laparoscopic and open 

hemihepatectomy (with or without the need for one additional hepatic wedge resection or 

metastasectomy) and laparoscopic and open parenchymal sparing postero-superior liver 

segment resection. All subjects will be treated within an enhanced recovery after surgery 

(ERAS®) programme. For both hemihepactectomy and parenchymal preserving postero-

superior liver resections the open and laparoscopic surgical procedures as well as the 

ERAS® programme already exist as interventions that are part of current practice in the 

participating international centres.   

 

5.1 Investigational product/treatment 

All patients will be included within an ERAS® programme. Patients are only considered for 

randomization if the multidisciplinary team feel is technically feasible and safe by either 

approach for: 

a) Hemihepatectomy (with or without the need for one additional hepatic wedge resection 

 or metastasectomy).   

b) Parenchymal sparing resection involving one or two of liver segments 4a, 7, 8. A  

 segment 6/7 resection would be eligible as well. 

 

If patients agree to participate in the trial, they will be randomized for the surgical intervention 

type. The patient will remain blinded up to and including postoperative day 4 (POD 4). Only 

in case of strong treatment preference from the operating surgeon, the patient can be 

included in a prospective registry and will not be blinded. This prospective registry will be 

maintained for both the hemihepatectomies and the postero-superior resections. Due to the 

administrative burden, the required time and the associated costs, the centres in Germany, 

Norway and the United Kingdom have decided not to add patients to the registries. 

 

5.2 Use of co-intervention  

Not applicable 

 

5.3 Escape medication  

Not applicable  
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6. INVESTIGATIONAL MEDICINAL PRODUCT 

Not applicable. 

 

6.1 Name and description of Investigational Medicinal Product 

Not applicable. 

 

6.2 Summary of findings from non-clinical studies 

Not applicable. 

 

6.3 Summary of findings from clinical studies 

Not applicable. 

 

6.4 Summary of known and potential risks and benefits 

Not applicable. 

 

6.5 Description and justification of route of administration and 

dosage 

Not applicable. 

 

6.6 Dosages, dosage modifications and method of administration 

Not applicable. 

 

6.7 Preparation and labelling of Investigational Medicinal Product 

Not applicable. 

 

6.8 Drug accountability 

Not applicable. 
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7. NON-INVESTIGATIONAL PRODUCT 

Not applicable. 

  

7.1 Name and description of Non-Investigational Medicinal 

Product(s) 

Not applicable. 

 

7.2 Summary of findings from non-clinical studies 

Not applicable. 

 

7.3 Summary of findings from clinical studies 

Not applicable. 

 

7.4 Summary of known and potential risks and benefits 

Not applicable. 

 

7.5 Description and justification of route of administration and 

dosage 

Not applicable. 

 

7.6 Dosages, dosage modifications and method of administration 

Not applicable. 

 

7.7 Preparation and labelling of Non-Investigational Medicinal 

Product 

Not applicable. 

 

7.8 Drug accountability 

Not applicable. 
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8. METHODS 

8.1 Study parameters/endpoints 

8.1.1 Main study parameter/endpoint 

The primary endpoint of the ORANGE II PLUS – Trial is time to functional recovery. A patient 

is considered functionally recovered if the five following criteria are met. A patient needs: 

- to have adequate pain control with oral analgesics; 

- to be independently mobile; as objectified with an ERAS® Mobility Score (EMS) of 8 or  

 higher (see appendix 5); 

- to tolerate solid food; 

- to have a normal or decreasing TB (total bilirubin), ALT (alanine aminotransferase), 

 AST (aspartate aminotransferase) and a normal INR (international normalized ratio)  

 or an INR of at least 80% of its normal value; 

- to be independent of intravenous fluid administration. 

It is medically justified to discharge patients when the criteria for full functional recovery are 

satisfied and if the patient is willing to go home (see appendix 6). The individual criteria are 

further specified in paragraph 8.3.1. 

8.1.2 Secondary study parameters/endpoints  

- Hospital length of stay 

- Intraoperative blood loss 

- Operation time 

- (Liver specific) morbidity 

- Readmission percentage 

- Resection margin 

- Quality of life 

- Body image and cosmesis  

- Reasons for delay of discharge after functional recovery 

- Long term incidence of incisional hernias 

- Hospital and societal costs during one year  

- Time to adjuvant chemotherapy initiation 

- Overall five-year survival 

8.1.3 Other study parameters 

Not applicable   
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8.2 Randomization, blinding and treatment allocation 

The international multicentre ORANGE II PLUS - Trial is a prospective, double blinded, 

randomized controlled study of two separate and independent patient populations, each 

producing two arms (open versus laparoscopy) with a parallel registry (see appendix 3). 

These populations involve patients undergoing left or right hemihepatectomy and patients 

undergoing parenchymal preserving resection of one or two postero-superior liver segments 

(involving one or two of segments 4a, 7 or 8). All patients will be participating in an enhanced 

recovery programme. Participating centres (appendix 7) need to be able to perform and have 

adequate experience with the open and laparoscopic surgical techniques. To assure the 

quality of a procedure, surgeons can be allocated for proctoring. 

 

Trial candidates who meet the inclusion criteria are informed of the study by their treating 

surgeon at the outpatient clinic of the surgical departments. Only after the patient has 

consented to be further informed about the study, he or she will be approached by the 

principal investigator, the authorized researcher, an informed surgical resident or a research 

nurse at the outpatient clinic of the surgical departments. After 1 week of reflection, a 

personal written informed consent will be obtained by the principal investigator, the 

authorized researcher or the research nurse. All patients ineligible for randomization are 

asked to participate in the prospective registry. The number of ineligible patients and the 

reasons for randomization ineligibility are registered in screening logs.  

8.2.1 Randomization 

The randomization procedure is performed with internet-based randomization software 

(TENALEA®, online randomization module, maintained by the Clinical Trial Center 

Maastricht). Randomization is based on minimization and will be stratified according to 

centre and either side (for hemihepactectomies: left or right) or tumour size (for parenchymal 

sparing postero-superior liver segment resections: tumours larger or smaller than 3 

centimeters). 

 

8.2.2 Blinding 

The patient, ward physicians and nurses will be blinded to the type of intervention using a 

large abdominal dressing that covers the surgical incisions until postoperative day 4. Besides 

physical blinding, the operating schedules and surgical reports are also adjusted by the 

principal investigators to prevent any preliminary unblinding before day 4. The medical and 

nursing staff can be unblinded if this is necessitated by patients’ condition, for instance 

because of severe wound leakage, infection or any other adverse event that requires 
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immediate medical attention. All unblindings and reasons for unblinding will be registered. 

The trial’s blinding adequacy will be tested at the second day after surgery by asking the 

patient if open or laparoscopic surgery has been performed. Theoretically, a 50% correct 

overall score will be obtained if blinding has been executed perfectly.  

 

8.3 Study procedures 

8.3.1 Functional recovery 

The primary endpoint of the ORANGE II PLUS – Trial is time to functional recovery. A patient 

is considered functionally recovered if the five following criteria are met. A patient needs: 

- to have adequate pain control with oral analgesics; 

- to be independently mobile, as objectified with an ERAS® Mobility Score (EMS) of 8 or  

 higher; 

- to tolerate solid food; 

- to have a normal or decreasing TB (total bilirubin), ALT (alanine aminotransferase), 

 AST (aspartate aminotransferase) and a normal INR (international normalized ratio)  

 or an INR of at least 80% of its normal value; 

- to be independent of intravenous fluid administration. 

It is medically justified to discharge patients when the criteria for full functional recovery are 

satisfied and if the patient is willing to go home (see appendix 6). 

 

Adequate pain control with oral analgesics 

Postoperative pain will be systematically recorded twice daily using the validated verbally 

administered 0-10 NRS-11 (11 points numeric rating scale).[53-55] Members of a specialized 

pain team ask patients to rate the intensity of their current pain on a scale of 0 (“no pain”) to 

10 (“worst possible pain”).  A score of 1-3 will be considered to be mild, 4-6 to be moderate 

and 7-10 to be severe.[56]  

 

Tolerance for solid food 

Fluid and solid food intake will be monitored and must be returned to normal tolerance level. 

Tolerance is considered normal when oral intake of water or normal food is resumed and 

continued for at least 24 hours. Furthermore, the postoperative nausea and vomiting 

(PONV), which obviously influences the intake, will be prophylactically countered (antiemetic) 

and also be registered postoperatively (until the 6th day after surgery) by use of a scale 

ranging from 0 (“no nausea”) to 10 (“worst possible nausea”). 
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Mobile at preoperative level 

In order to report the difference between pre- and postoperative level of mobility, the EMS 

(see appendix 5), which is inferred from the ´Groningen activity restriction scale’, was 

developed.[57] The EMS utilizes ten items of basic actions to compare the level of mobility 

before and after surgical intervention. When patients are able to perform 8 out of 10 items, 

they are considered independently mobile. Patients will have to report whether they are able 

to fully and independently perform these basic actions or not. Twice a day the assessment 

will be repeated and compared to the preoperative baseline score until mobility at an 

independent level is achieved.  

 

8.3.2 Surgery 

The intraoperative surgical technique in this study will not be standardized. Surgeons in the 

participating centres performing hemihepatectomies and parenchymal preserving postero-

superior liver resections are free to use their preferred open and laparoscopic techniques 

and devices to gain intra-abdominal access, perform parenchymal transection and maintain 

vascular control. Intraoperative blood loss, vascular occlusion methods, Pringle time and 

total operation time will be monitored. 

 

8.3.3 Laboratory 

Preoperatively, venous blood samples will be drawn and analysed for blood group (Rhesus 

factor, irregular antibodies), haemoglobin, leucocytes, platelets, PT, aPTT, INR, renal 

function (Na+, K+, Urea, Creatinine), liver function (AF, Y-GT, AST, ALT, LDH, Bilirubin), 

CRP, CEA and AFP. In the postoperative days (PODs), venous blood samples will be drawn 

on POD 1, 2, 3, 5 and 7 (additional testing can be considered if indicated). Postoperative 

blood tests are identical to the preoperative samples, except the tumour marker 

concentrations will not be determined.  

 

8.3.4 Morbidity 

Patients’ preoperative morbidity status is measured using the American Society of 

Anesthesiologists (ASA) physical status classification system. The Satava classification 

(appendix 8) adapted for liver surgery will be used to score unfavourable intraoperative 

incidents.[58, 59] Postoperative morbidity is rationally predictable; haemorrhagic 
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complications occurring predominantly during surgery or in the early postoperative phase, 

and biliary complications, intra-abdominal abscess or liver failure in the later postoperative 

phase. Also, wound infection and sepsis will be complications to monitor. All morbidity will be 

classified according to the Accordion Severity Grading System of Surgical Complications 

(see appendix 9)  as described by Strasberg et al. and registered as adverse or serious 

adverse events.[60, 61] 

8.3.5 Liver resection specific composite endpoint 

In this trial, we have chosen to use a well-defined liver surgery-specific composite endpoint, 

as suggested by van den Broek et al.[62] This endpoint is a parameter composed of a 

combination of procedure-specific complications and considered as a single, dichotomous 

outcome: operative mortality, intra-abdominal haemorrhage, ascites, bile leakage, intra-

abdominal abscess and postresectional liver failure. These components, which are all 

specific to liver surgery and have substantial clinical relevance, reflect Dindo grade 3-5 

complications. 

 

8.3.6 Pathology 

Resection margin will be defined in both millimetres and status (R0 – R2) in all resected 

specimens as a secondary endpoint. The resected non-tumorous liver parenchyma will be 

analysed by an experienced pathologist in each participating centre for underlying liver 

disease. Level of fibrosis, inflammation and steatosis will be determined. The METAVIR 

score will reflect fibrosis (F0-F4) and inflammatory activity (A0-A3).[63] In addition, the level 

of steatosis (Grade 0 to 3) and presence of chemotherapy-induced hepatopathy (Sinusoidal 

Obstruction Syndrome = SOS, Chemotherapy-Associated Steatohepatitis = CASH) will be 

defined. This will enable stratification for underlying liver disease during data analysis. 

 

8.3.7 Quality of life 

To assess quality of life in patients undergoing laparoscopic surgery versus those 

undergoing open surgery, the Dutch version of the EQ-5D (EuroQol Group) status test and 

the translated EQ-5D for international centres will be used. EQ-5D (appendix 10) is a 

standardized instrument to measure health outcomes, which is divided in five dimensions 

(mobility, self-care, usual activities, pain/discomfort and anxiety/depression) with three levels 

each and an EQ-VAS score (0-100).[64-66] Furthermore, the EORTC QLQ-C30 (appendix 

11) with the LM21 module (appendix 12) will be used for liver specific treatment 

measurements.[67] Assessment of the patients’ quality of life will be performed pre- and 
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postoperatively: at hospital admission, hospital discharge and at 10 days, 3, 6 and 12 months 

after discharge.  

 

8.3.8 Body image and cosmesis 

In order to evaluate differences in postoperative body image and cosmesis, the Body image 

Questionnaire (BIQ) will be used (appendix 13).[68, 69] The BIQ consists of 8 questions 

regarding body image and cosmesis. The body image assessment will be performed pre- 

and postoperatively: at hospital admission, hospital discharge and at 10 days, 3, 6 and 12 

months after discharge. 

 

8.3.9 Long term incidence of incisional hernias 

Incisional hernia after open surgery is a well-known complication with an incidence of up to 

20% after a 10-year period.[70] In patients undergoing a sigmoid resection, Anderson et al. 

found that laparoscopic resection leads to a significantly lower incidence of incisional hernia 

compared with the open surgical technique.[71] The incidence of incisional hernia after open 

liver resection is reported to be 9.2% by Ito et al.[72] A randomized controlled trial by Halm et 

al. - comparing transversal versus midline incision for upper abdominal surgery - 

demonstrated an incisional hernia incidence of respectively 1.7% and 14.5%.[73] To assess 

the incidence of incisional hernia in open and laparoscopic hemihepatectomy, patients will be 

contacted at a mean time of 1 year after resection to receive an ultrasound or CT-scan to 

exclude incisional hernia. 

 

8.3.10 Economic evaluation 

(In)direct treatment costs 

Liver surgery expenses constitute of personnel and material costs. Total operating time, 

operating theatre and material costs (e.g. disposables, monitors, endoscopic tower), 

personnel costs (surgeon, anaesthesiologist, assistants, operating nurses) and hospital stay 

will be documented. Intraoperative costs will be listed by operating nurses who will register 

the use of all instruments and other items. Unit prices will be based on prices from the 

participating hospital financial departments or, if unavailable, will be derived from general 

national guidelines for pricing. 

 

Pre-admission charges for screening are not considered, as these are equal for both surgical 

techniques. All readmission related costs will be added to the total hospital expenses. 
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Furthermore, postoperative outpatient clinic visits, general practitioner consultations, and 

home care related costs will be documented and quantified. A cost questionnaire offered at 

regular follow-up consultations (3, 6 and 12 months) will help us to assess the societal and 

individual costs due to patients’ work absence and the impact of the surgery on work and 

normal daily activities (appendix 14). 

 

Societal Costs and Cost-Utility Analysis 

For patients performing paid labour, productivity loss will be calculated using the human-

capital approach, which counts any hour not worked as an hour lost. Preoperative 

assessment will document the type of occupation and a full- or part-time employment. The 

incremental costs per Quality Adjusted Life Year (QALY) gained will be based on utility 

scores from the EQ-5D combined with the total (direct and indirect) patient costs.[64-66]  

 

8.3.11 Oncological endpoints 

When admitted, the preoperative use of neo-adjuvant treatment is registered. During follow-

up, the time frame between the liver resection and the start of adjuvant chemotherapy (if 

indicated) and the 5-year overall survival are monitored. 

 

8.4 Withdrawal of individual subjects 

Subjects can leave the study at any time for any reason if they wish to do so, without any 

consequences.  

 

8.5 Replacement of individual subjects after withdrawal 

Subjects will only be replaced after withdrawal if the withdrawal takes places before the 

patient is functionally recovered (primary endpoint). A dropout rate of 10% has been taken 

into account for the power calculation of the primary endpoint. Exceeding of the dropout rate 

will be corrected by prolonged inclusion to obtain the necessary number of participants. 

Patients will not be withdrawn from the study if the recovery is not within the anticipated time 

frame. 

 

8.6 Follow-up of subjects withdrawn from treatment 

As required by the CONSORT statement, analysis of all patients will be performed using the 

intention-to-treat (ITT) principle: all randomized patients will be analysed according to their 

initial treatment assignment.[74] For example, the small number of patients who require an 
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unplanned hand-assisted procedure, or for whom the liver resection procedure is altered 

intraoperatively, will remain in their randomization arm. Moreover, the surgical procedure 

itself may be stopped or even cancelled after randomization (e.g. due to unforeseen 

extrahepatic metastases); these patients will be regarded as ITT. In addition, also whenever 

the blinding cannot be continued until POD 4, patients will be seen as ITT. All ITT patients 

will be included in the final data analysis with proper methods for handling missing data.  

 

8.7 Premature termination of the study 

Reasons for a premature termination of the trial are the inability to randomise patients, 

significant differences between two groups during interim analysis or significant differences 

between the groups regarding the occurrence of serious adverse events.   

 

8.8 Section 10 WMO event 

In accordance with section 10, subsection 1, of the WMO, the investigator will inform the 

subjects and the reviewing accredited METC if anything occurs, on the basis of which it 

appears that the disadvantages of participation may be significantly greater than was 

foreseen in the research proposal.  The study will be suspended pending further review by 

the accredited METC, except if a suspension would jeopardise the subjects’ health. The 

investigator will take care that all subjects are kept informed.  

 

8.9 AEs, SAEs and SUSARs 

8.9.1 Adverse events (AE’s) 

Adverse events are defined as any undesirable experience occurring to a subject during a 

clinical trial, whether or not related to the investigational drug. All adverse events reported 

spontaneously by the subject or observed by the investigator or clinical staff will be recorded 

for one year according to the Accordion Severity Grading System of Surgical Complications 

(see appendix 9).[60, 61] 

 

8.9.2 Serious adverse events (SAEs) 

Adverse events are regarded serious if they: 

- lead to death; 

- are life threatening (e.g. intensive care admittance);  

- lead to and admission longer than 10 days; 
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- lead to a readmission within 30 days after surgery, 

- lead to permanent or serious invalidity.  

All serious adverse events are announced within 24 hours to the coordinating investigator of 

the Maastricht University Medical Center+ by fax or email and will be reported through the 

web portal ToetsingOnline to the research ethics committee. SAEs that result in death or are 

life-threatening should undergo expedited reporting. The expedited reporting will occur not 

later than 7 days after the responsible investigator becomes aware of the adverse reaction. 

This is for a preliminary report with another 8 days for completion of the report. 

 

The responsibilities of investigators in participating centres as well as of the coordinating 

investigator (Sponsor) in this multicentre study are outlined below. 

 

 Responsibility to: 
Responsible 
Party: 

If Responsibility is 
delegated, name the 
body / individual that 
it is delegated to: 

Adverse events 

 

 

a) Maintain detailed records of all 
 adverse events as specified in 
 the protocol.  

Sponsor and 
local 
organization 

Local Clinical Trials 
Unit (on behalf of 
Sponsor) 

b) Report adverse events as 
 agreed in the protocol and to 
 legal requirements and in 
 accordance with local 
 organization policy.  

Sponsor and 
local 
organization 

Local Clinical Trials 
Unit (on behalf of 
Sponsor) 

c) Ensure that procedures are in 
 place for emergency unblinding 
 of the randomization code. 

Sponsor Local Clinical Trials 
Unit (on behalf of 
Sponsor) 

d) Promptly inform regulatory 
 authorities, ethics committees 
 and investigators of any urgent 
 safety measures taken to 
protect  participants in the study. 

Sponsor Local Clinical Trials 
Unit (on behalf of 
Sponsor) 

e) Ensure that annual safety 
reports  and end of study reports are 
 generated and submitted to the 
 regulatory authority and 
relevant  ethics committee 
within the  required 
timeframes. 

Sponsor Local Clinical Trials 
Unit (on behalf of 
Sponsor) 

f) Ensure that all investigators 
are,  at all times, in possession of 
the  current relevant safety 
 information of the Study. 

Sponsor Local Clinical Trials 
Unit (on behalf of 
Sponsor) 

 

Either party may suspend their involvement in the study pending the outcome of an 

investigation of a serious adverse event or otherwise on grounds of participant safety.  
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8.9.3 Suspected unexpected serious adverse reactions (SUSARs) 

Not applicable.  

 

8.10  Annual safety report 

Not applicable. 

 

8.11  Follow-up of adverse events 

All adverse events will be followed until they have abated, or until a stable situation has been 

reached. Depending on the event, follow-up may require additional tests or medical 

procedures as indicated, and/or referral to the general physician or a medical specialist. The 

reporting requirement for SAEs affecting participants applies for all events occurring up to 30 

days post-surgery. 

 

8.12  Data Safety Monitoring Board (DSMB) 

For this trial a DSMB is appointed that consists of three members: a chair, a statistician and 

a medical specialist. In a concerted effort a DSMB Charter has been developed and all three 

members have signed a non-competing interest form. The main responsibility of the DSMB is 

to safeguard the interests of trial participants, assess the safety and efficacy of the 

interventions during the trial, and monitor the overall conduct of the clinical trial. 
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9. STATISTICAL ANALYSIS 

9.1 Descriptive statistics 

Time to functional recovery and hospital length of stay are presented in days (mean, median, 

standard deviation, range). Morbidity will be classified according to the Accordion Severity 

Grading System of Surgical Complications and defined as a dichotomous composite 

endpoint. Readmission percentage will be given as a mean with standard deviation. All other 

outcomes and baseline characteristics will be summarized by descriptive statistics per 

treatment arm of the RCT. This procedure will be repeated for the non-randomized study 

part, using significance tests of baseline group differences to detect the most important 

candidate confounders. 

 

9.2 Inferential analysis 

The primary outcome measure “time to functional recovery” will be measured in days and will 

be analysed with fixed effects linear regression, taking into account treatment, centre, 

hemihepatectomy side (hemihepatectomies), tumour size (parenchynmal sparing postero-

superior liver segment resections), patient age and gender, and using α = 0.04 two-tailed for 

the treatment effect in view of the interim analysis. All other outcomes will be similarly 

analysed with regression (linear for quantitative outcomes, logistic for binary outcomes), 

applying a two-tailed alpha = 0.01 to adjust for multiple testing. Repeatedly measured 

outcomes will be analysed with mixed regression for repeated measures in order to include 

persons with missing data. Morbidity will be classified following the Accordion Severity 

Grading System of Surgical Complications and will only be presented as raw data since the 

required sample size for intervention effects on morbidity is much larger than the calculated 

sample size for this trial.[75] 

 

Treatment by covariate interactions will be explored and - if found - will lead to subgroup 

analyses. These are secondary analyses however, in view of the lower power for interaction 

effects and the increased risk of type I errors due to multiple testing. 

 

Finally, all analyses will be repeated for the hemihepatectomy and postero-superior liver 

segment resection registries and the results will be compared with those from the RCT. 
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9.3 Interim analysis 

An interim analysis of the primary outcome and mortality will be performed after inclusion of 

50% of the sample, using two general stopping rules and one specific stopping rule for the 

parenchymal sparing postero-superior liver segment resections:  

9.3.1 Stopping for significance, 2-day difference in functional recovery 

The trial will be stopped if an interim analysis after 50% of the needed randomized sample 

size (N = 125) shows a significant difference between both trial arms with respect to the 

primary outcome, time to functional recovery, at a two-tailed alpha of 0.01. Otherwise, the 

trial will be continued. 

9.3.2 Stopping for safety 

The trial will be stopped if the mortality after liver surgery in patients with a normal liver is 

greater than 5% or greater than 10% in cirrhotic patients at interim analysis when 50% of the 

needed randomized sample size (N = 125) has been included (irrespective of the trial arm).  

9.3.3 Stopping for significance, 3-day difference in functional recovery (postero-

superior liver segment resection only) 

The trial will be stopped if there is a significant difference between both trial arms of the 

postero-superior liver segment resection cohort of the trial after 100% of the needed 

randomized sample size needed for a 3-day difference in functional recovery (N = 110, see 

sample size calculation). Otherwise – and if the trial should not be stopped for any of the 

other two reasons - the trial will continue randomization to N = 250, which is the sample size 

based on a 2-day difference in functional recovery.   

 

The primary goal is to look for a 2-day reduction in functional recovery, but this setup gives 

the freedom to stop the trial if it is very successful, e.g. if the reduction to functional recovery 

turns out to be 3 days instead of 2 days.  
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10. ETHICAL CONSIDERATIONS 

10.1  Regulation statement 

This study will be conducted according to the principles of the Declaration of Helsinki (Seoul, 

2008) and in accordance with the Medical Research Involving Human Subjects Act (WMO). 

 

10.2  Recruitment and consent 

Patients are considered for hemihepatectomy or parenchymal sparing postero-superior liver 

segment resection only after careful evaluation by a multidisciplinary board that includes 

surgeons, radiologists, pathologists, hepathologists, oncologists and radiotherapists. At these 

multidisciplinary meetings, all specific in- and exclusion criteria for trial participation are 

assessed.  

 

Trial candidates who meet the inclusion criteria are informed of the study by their treating 

surgeon at the outpatient clinic of the surgical departments. Only after the patient has 

consented to be further informed about the study, he or she will be approached by the 

principal investigator, the authorized researcher, an informed surgical resident or a research 

nurse at the outpatient clinic of the surgical departments. After 1 week of reflection, a 

personal written informed consent will be obtained by the principal investigator, the 

authorized researcher or the research nurse. All patients ineligible for randomization are 

asked to participate in the prospective registry. The number of ineligible patients and the 

reasons for randomization ineligibility are registered in screening logs.  

 

10.3  Objection by minors or incapacitated subjects  

Not applicable. 

 

10.4  Benefits and risks assessment, group relatedness 

The risks associated with participation in the trial concerning the intervention (laparoscopic 

liver surgery) are comparable with the normal treatment (open liver surgery). As outlined in 

the introduction, when performed in expert centres, both laparoscopic hemihepatectomy and 

postero-superior liver resections have proven to feasible with good efficacy and safety 

outcomes.  

 

Potential risks for the participating subjects, besides the standard surgical risks of infection, 
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bleeding and injury / perforation of an adjacent organ, are mostly related to the procedure: 

 

- Postoperative pain from the abdominal incisions. A dedicated pain team will monitor 

 the patients daily while they are in-patients; 

- The carbon dioxide, used to inflate the abdomen for the laparoscopic procedure could  

 lead to shoulder or back pain. Rest and analgesia will reduce this pain; 

- Postoperative fatigue and reduced strength. A liver resection is a major surgical 

 procedure and the human body needs time to fully recover to a preoperative level; 

- Postoperative liver failure. Although every patient will be discussed in a 

 multidisciplinary oncology meeting to ensure the feasibility of the hepatic resection. In 

 case of a hemihepatectomy (thus not in case of a parenchymal preserving postero- 

superior liver segment resection) the remnant liver could be insufficient in volume and 

function, and this could potentially lead to liver failure; 

- Conversion. In case of intra-operative complications, such as bleeding and insufficient  

 progress, a laparoscopic procedure sometimes needs to be converted to an open 

 procedure; 

 

Several measures have been taken to reduce potential risks for participants in this study: 

-   The predefined in- and exclusion criteria ensure that patients are not subjected to 

  increased risk of developing postoperative morbidity or mortality. These criteria  

  clearly describe the eligible population; 

-   All participating centres are renowned hospitals for liver surgery and all operating 

   surgeons have extensive experience with both minor, major, laparoscopic and open 

   liver surgery (thus including hemihepatectomies and parenchymal preserving postero- 

  superior liver segment resections); 

-   All patients are discussed preoperatively in a multidisciplinary team with surgeons,  

  radiologists, pathologists, hepathologists, oncologists and radiotherapists;  

-   All perioperative care is standardized according to an evidence-based enhance  

  recovery programme; 

-   During admission, patients will be more intensively monitored compared with standard  

  care. Not only will we perform additional blood analyses from clinical blood samples  

  during the first 9 postoperative days, nurses and physicians will also closely monitor  

  the recovery of the patient applying the standardized functional recovery criteria and  

  postoperative milestone checklists; 

-   All adverse events will be monitored and all SAEs will be reported to both the local and  

  central research ethical committees; 
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-   A DSMB has been formed to safeguard the interests of trial participants, assess the 

   safety and efficacy of the interventions during the trial, and monitor the overall conduct 

   of the clinical trial; 

-   Study contracts between each participating centres have been signed to ensure  

   adequate delegation of responsibilities and liability. 

 

The burden for participating subjects, which consists of blinding, completing quality of life, 

body image, cost questionnaires and having an additional ultrasound is in proportion with the 

potential value of this particular study. 

 

10.5  Compensation for injury 

The Sponsor/investigator has a liability insurance which is in accordance with article 7, 

subsection 6 of the WMO. A copy of the insurance certificate is available at the METC of the 

Maastricht University Medical Center+. Participating national and international centres will 

provide their patients with their own insurance, which as been subject to a local feasibility 

test according to the guidelines for External Audit. 

 

The Sponsor (also) has insurance, which is in accordance with the legal requirements in the 

Netherlands (Article 7 WMO and the Measure regarding Compulsory Insurance for Clinical 

Research in Humans of 23rd June 2003). This insurance provides cover for damage to 

research subjects through injury or death caused by the study. 

1. € 450.000,-- (i.e. four hundred and fifty thousand Euro) for death or injury for each 

subject  who participates in the Research; 

2. € 3.500.000,-- (i.e. three million five hundred thousand Euro) for death or injury for all 

subjects who participate in the Research;  

3. € 5.000.000,-- (i.e. five million Euro) for the total damage incurred by the organization 

for all damage disclosed by scientific research for the Sponsor as ‘verrichter’ in the 

meaning of said Act in each year of insurance coverage. 

 

The insurance applies to the damage that becomes apparent during the study or within 4 

years after the end of the study. 

  

10.6 Incentives  

Not applicable. 
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11. ADMINISTRATIVE ASPECTS AND PUBLICATION 

11.1 Handling and storage of data and documents 

Data concerning patient characteristics, functional recovery, surgical/ anaesthesiological 

parameters, morbidity, length of stay, quality of life, patient compliance and costs will be 

prospectively collected using OpenClinica® (Ikaza Research, Cambridge, Massachusets, 

USA) and stored in a secured Oracle database (Oracle Corporation, Redwood Shores, CA, 

USA). OpenClinica is an open source clinical trial software platform, that uses e-CRF’s, for 

electronic data capture (EDC) and clinical data management (CDM), validated and stored in 

compliance with good clinical practice (GCP) guidelines. All patient data is encoded to 

ensure the patient’s anonymity. Data will be kept for at least 15 years after the end of the 

study.  

 

11.2  Monitoring and Quality Assurance 

A DSMB will monitor; 

- patient safety 

- quality of performance within the trial (trial conduct)  

- stopping rules evaluation (superior / inferior effect) 

 

The DSMB will evaluate the report after every 50 (randomized) patients and the interim 

analysis. Specific details regarding the monitoring and quality assurance can be found in the 

DSMB Charter. In addition, some participating countries also require local monitoring of the 

trial. Any report or decision from other monitoring bodies will be made available to the DSMB. 

 

11.3  Amendments  

Substantial changes to the research protocol have to be assessed by the accredited METC 

and may only be implemented after the METC has approved the changes.  

 

All non-substantial amendments will be notified to the METC. 

 

11.4  Annual progress report 

The Sponsor/investigator will submit a summary of the progress of the trial to the accredited 

METC once a year. Information will be provided on the date of inclusion of the first subject, 

numbers of subjects included and numbers of subjects that have completed the trial, serious 

adverse events, other problems, and amendments.  
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11.5  End of study report 

The investigator will notify the accredited METC of the end of the study within 8 weeks. The 

end of the study is defined as the last patient’s last visit.  

In case the study is ended prematurely, the investigator will notify the accredited METC, 

including the reasons for the premature termination. 

 

Within one year of the end of the study, the investigator/Sponsor will submit a final study 

report with the results of the study, including any publications/abstracts of the study, to the 

accredited METC.  

 

11.6  Public disclosure and publication policy 

All data, positive and negative will be published. After extensive discussion within the Trial 

group and considering the international publication policy guidelines of the EORTC, IMCJE 

and CONSORT, the authorships have been distributed as follows. However, the final 

authorship division may be bound by journal regulations. All author staff involved per centre 

will at least be listed as ‘collaborator in PubMed’. Secondary authors are allocated by the 

centres themselves. 

 

 

 

1st  author:    Principal Investigator major contributing center  

Shared 1st author:    ORANGE PLUS team study coordinator  

2nd author:    Principal Investigator second contributing center 

3rd  author:   Principal Investigator third contributing center 

4th author:   ORANGE PLUS team study coordinator  

 

First row authors: Principal Investigators of the centres ranked according to the 

contribution (4th, 5th, 6th etc.) 

Second row authors:  Secondary authors ranked according to the contribution (if 

>15 patients randomized and depending on journal 

regulations) 

Third row authors:  Trial unit members coordinating centres   

 

Shared last author:   ORANGE PLUS team Principal Investigator  

Last author:   ORANGE PLUS study initiator and Principal Investigator  
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12. STRUCTURED RISK ANALYSIS 

12.1  Potential issues of concern 

a. Level of knowledge about mechanism of action 

 Not applicable. 

b. Previous exposure of human beings with the test product(s) and/or products 

 with a similar biological mechanism 

 Not applicable. 

c. Can the primary or secondary mechanism be induced in animals and/or in ex-

 vivo human cell material? 

  Not applicable. 

d. Selectivity of the mechanism to target tissue in animals and/or human beings 

  Not applicable. 

e. Analysis of potential effect 

  Not applicable.  

f. Pharmacokinetic considerations 

  Not applicable.  

g. Study population 

  Not applicable.  

h. Interaction with other products 

  Not applicable.  

i. Predictability of effect 

  Not applicable.  

j. Can effects be managed? 

  Not applicable. 
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13. SYNTHESIS 

Optimising patient recovery is something both laparoscopic surgery and multimodal 

enhanced recovery programmes aim to achieve. One and the other may actually 

complement each other, possibly resulting in an additive or even synergistic effect. 

Laparoscopic liver resection is supposed to hold many benefits over conventional open liver 

resection, such as less postoperative pain and analgesic requirements, faster recovery, 

shorter hospital length of stay, smaller scars with preservation of the abdominal wall, lower 

transfusion requirements, and fewer postoperative adhesions.[45] High-volume liver surgery 

expert centres in the United Kingdom, France, Norway and United States of America already 

perform up to 60% of their hepatic resections laparoscopically.[45, 76] Therefore, it is 

attractive to centres with limited experience in the laparoscopic approach to adopt this 

technique. However, laparoscopic liver surgery should be implemented cautiously, as it also 

has considerable learning curves and seems more expensive.[77-79] 

 

At the first international consensus conference on laparoscopic liver resections (ICCLLR) in 

2008 in Louisville, laparoscopic left lateral sectionectomies were considered standard 

practice, whereas major laparoscopic liver resections were only to be reserved for 

experienced surgeons in high volume expert centres. In the following years, multiple studies 

indicated that major laparoscopic liver resections could be performed safely, although higher 

level evidence was required to value patient and economic outcomes, major hepatectomy-

specific and long-term oncologic outcomes. This necessity was stressed again 6 years later 

at the second ICCLLR in Morioka in 2014, where the development of randomized trials for 

major laparoscopic surgery was strongly recommended.[46] 

 

Despite the necessity to conduct an RCT in major laparoscopic liver surgery has been 

accentuated, its feasibility has been questioned by many publications, stating it to be too 

difficult to conduct, to be logistically not attainable, to be impractical or to just take too much 

time to complete.[80]  Nevertheless, RCT’s in liver surgery have actually proven to be 

plausible, if rightly timed  and with properly chosen endpoints.[81, 82]  

 

Indeed, a trial focussing on hepatic surgery-related mortality or morbidity as its primary 

endpoint seems futile due to the enormous sample size that would be required. In this light, 

hospital length of stay is a frequently used alternative outcome parameter, yet an endpoint 

that is difficult to use in a multicentre trial, as the gap between the moment a patient is 

functionally recovered and actual hospital discharge is prone to variation.[49, 83] This is why 

the ORANGE II PLUS – Trial opts for time to functional recovery as its primary outcome 
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measure; with clearly defined prerequisites and less external influences it is a more reliable 

and relevant outcome. Hospital length of stay is thus part of the secondary outcomes. Other 

secondary outcomes include intraoperative surgical parameters such as operation time and 

blood loss and more oncologically orientated results like resection margins, time needed to 

first adjuvant chemotherapy, disease free survival, overall survival and quality of life.  

 

Formally, a randomized controlled trial requires standardization of the intervention and its 

environment. These preconditions can be hard to recreate in a surgical trial and thus may 

need to be addressed in a more pragmatic way. For instance, even though all participating 

hospitals are qualified and high-volume liver surgery centres with proficient practice in open 

and laparoscopic hemihepactomies and parenchymal preserving postero-superior liver 

segment resections, surgical experience and technique between surgeons and centres will 

vary. On the contrary, this setup will actually reflect current day surgical practice more 

precisely and is thus likely to strengthen the trial’s generalisability.   

 

Recapitulating all, the international multicentre ORANGE II PLUS - Trial is a prospective, 

double blinded, randomized controlled study of two separate and independent patient 

populations, each producing two arms (open versus laparoscopy) with a parallel registry. 

These populations involve patients undergoing left or right hemihepatectomy and patients 

having parenchymal preserving resection of one or two postero-superior liver segments 

(involving one or two of segments 4a, 7 or 8). The trial has been designed to compare the 

clinically relevant ‘time to functional recovery’ as its primary outcome and to assess multiple 

intra- and postoperative secondary outcomes including complications, a composite endpoint 

of liver-specific morbidity, oncological outcomes, quality of life and costs. The parallel 

prospective registries of patients who are ineligible for or refusing randomization is appended 

to increase the external validity. 
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15.  APPENDICES 
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Appendix 2: Daily guidelines of care for patients undergoing 

hepatectomy in the ERAS® program 

 



NL36215.068.11  ORANGE II PLUS – Trial  Version 12.0 | 2017, March 30 

  50 of 65 

Appendix 3: ORANGE II PLUS – Trial flowchart 
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Appendix 4: SPIRIT flowchart 
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Appendix 5: ERAS® Mobility Score (EMS) 
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Appendix 6: Functional recovery checklist 
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Appendix 7: ORANGE II PLUS –  Trial participating centres 
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Appendix 8: Satava classification adapted for liver surgery 
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Appendix 9: Accordion Severity Grading System of Surgical 

Complications 

 



NL36215.068.11  ORANGE II PLUS – Trial  Version 12.0 | 2017, March 30 

  57 of 65 

Appendix 10: EQ5D 

Appendix 10.1: EQ5D part 1 
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Appendix 10.2: EQ5D part 2 
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Appendix 11: EORTC QLQ-C30  

Appendix 11.1: EORTC QLQ-C30 part 1 
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Appendix 11.2: EORTC QLQ-C30 part 2 
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Appendix 12: EORTC QLQ-LM21 
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Appendix 13: Body Image Questionnaire 
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Appendix 14: Cost questionnaire 

Appendix 14.1: Cost questionnaire part 1 
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Appendix 14.2: Cost questionnaire part 2 
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Appendix 14.3: Cost questionnaire part 3 

 

 

 

 

 

 

 


