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ABSTRACT

Optimum cytoreductive surgery combined with hyperthermic intraperitoneal 
chemotherapy (HIPEC) is essential for the curative treatment of peritoneal carcinomatosis 
of colorectal origin. At present, surgeons depend on visual inspection and palpation for 
tumour detection. Improved detection of tumour tissue using molecular fluorescence-
guided surgery could not only help attain a complete cytoreduction of metastatic 
lesions, but might also prevent overtreatment by avoiding resection of benign lesions.

For this non-randomised, single-centre feasibility study, we enrolled patients with 
colorectal peritoneal metastases scheduled for cytoreductive surgery and HIPEC. Twod 
days before surgery, 4·5 mg of the near-infrared fluorescent tracer bevacizumab-800CW 
was administered intravenously. The primary objectives were to determine the safety 
and feasibility of molecular fluorescence-guided surgery using bevacizumab-800CW. 
Molecular fluorescence-guided surgery was deemed safe if no allergic or anaphylactic 
reactions were recorded and no serious adverse events were attributed to bevacizumab-
800CW. The technique was deemed feasible if bevacizumab-800CW enabled detection 
of fluorescence signals intraoperatively. Secondary objectives were correlation of 
fluorescence with histopathology by back-table imaging of the fresh surgical specimen 
and semi-quantitative ex-vivo analyses of formalin-fixed paraffin embedded (FFPE) tissue 
on all peritoneal lesions. Additionally, VEGF-α staining and fluorescence microscopy 
was done. This study is registered with the Netherlands Trial Registry, number NTR4632.

Between July 3, 2014, and March 2, 2015, seven patients were enrolled in the study. 
One patient developed an abdominal sepsis 5 days postoperatively and another 
died from an asystole 4 days postoperatively, most probably due to a cardiovascular 
thromboembolic event. However, both serious adverse events were attributed to the 
surgical cytoreductive surgery and HIPEC procedure. No serious adverse events related 
to bevacizumab-800CW occurred in any of the patients. Intraoperatively, fluorescence 
was seen in all patients. In two patients, additional tumour tissue was detected by 
molecular fluorescence-guided surgery that was initially missed by the surgeons. 
During back-table imaging of fresh surgical specimens, a total of 80 areas were imaged, 
marked, and analysed. All of the 29 non-fluorescent areas were found to contain only 
benign tissue, whereas tumour tissue was detected in 27 of 51 fluorescent areas (53%). 
Ex-vivo semi-quantification of 79 FFPE peritoneal lesions showed a tumour-to-normal 
ratio of 6·92 (SD 2·47).
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Molecular fluorescence-guided surgery using the near-infrared fluorescent tracer 
bevacizumab-800CW is safe and feasible. This technique might be of added value 
for the treatment of patients with colorectal peritoneal metastases through improved 
patient selection and optimisation of cytoreductive surgery. A subsequent multicentre 
phase 2 trial is needed to make a definitive assessment of the diagnostic accuracy and 
the effect on clinical decision making of molecular fluorescence-guided surgery.
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INTRODUCTION

Colorectal cancer is one of the most common and lethal cancers worldwide, causing 
almost 700 000 deaths annually.1 Peritoneal carcinomatosis occurs in about 3–21% of 
patients with colorectal cancer and is associated with end-stage disease.2 In patients 
with metastatic disease limited to the peritoneal surface, cytoreductive surgery in 
combination with hyperthermic intraperitoneal chemotherapy (HIPEC) is deemed to be 
the only potentially curative treatment. This extensive procedure has a 5-year survival of 
up to 40% when a complete cytoreduction is achieved.3 Patients who might benefit from 
cytoreductive surgery and HIPEC have to be selected carefully because the procedure 
has a complication rate of up to 62% with a 30-day mortality of up to 7·7%.4 The most 
important prognostic factors that affect the outcome of cytoreductive surgery and 
HIPEC are the extent of the disease and the completeness of cytoreduction.5 

At present, the determination of the extent of the disease is dependent on 
preoperative and intraoperative detection of peritoneal metastases. Current preoperative 
imaging modalities like CT and MRI are unable to detect small tumour deposits, mainly 
because of their limited resolution of 0·8 mm to 1 cm, leading to inaccurate staging.6 
Intraoperatively, the surgeon is still dependent on visual inspection and palpation to 
differentiate between benign and tumour lesions, with an unknown diagnostic accu- 
racy. Consequently, clinically suspicious but benign lesions are unnecessarily resected 
and small tumour lesions, which are easily missed, might be left behind. 

During the past decade, molecular fluorescence-guided surgery has emerged as 
a promising technique for intraoperative tumour detection and margin assessment in 
oncological surgery.7,8 This technique provides real-time and tumour-specific feedback 
to the surgeon, thereby potentially enhancing surgical vision for the detection of small 
tumour deposits and enabling differentiation between benign and malignant tissue 
during surgery.8,9 

A promising target for molecular fluorescence-guided surgery in colorectal cancer 
is VEGF-A,10 an angiogenic growth factor, which is often involved in tumour-induced 
angiogenesis. VEGF-A is upregulated in 93% of the peritoneal metastasis of colorectal 
origin11 and can be targeted by the therapeutic monoclonal antibody bevacizumab. For 
optical molecular imaging applications, bevacizumab has been successfully conjugated 
to the near-infrared fluorescent dye IRDye800CW in our current Good Manufacturing 
Practice facility. Bevacizumab-800CW is currently under investigation in several clinical 
trials for molecular fluorescence-guided surgery and for molecular fluorescence 
endoscopy (ClinicalTrials.gov, numbers NCT01508572, NCT01972373, NCT02129933, 
NCT02113202, and NCT02583568). 
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In this study, we determined the safety of bevacizumab-800CW and the feasibility of 
its use in molecular fluorescence-guided surgery for patients scheduled for cytoreductive 
surgery and HIPEC for the treatment of peritoneal carcinomatosis of colorectal origin. 

METHODS

Study design and patients 
For this non-randomised, open-label, single-arm, single-centre feasibility study, we 
enrolled patients who were aged 18 years or older, had histologically proven peritoneal 
metastases of colorectal origin, were scheduled for cytoreductive surgery and HIPEC, 
and had a WHO performance score of 0–2. We carefully assessed the eligibility of 
patients with peritoneal carcinomatosis referred for cytoreductive surgery and HIPEC in 
a multidisciplinary colorectal cancer meeting at the University Medical Centre Groningen 
(UMCG), where the study was done and eligible patients were given oral and written 
information about the study and the option to participate. Exclusion criteria were the 
presence of concomitant malignancies, distant metastasis, concurrent uncontrolled 
medical disorders, pregnancy or breastfeeding, clinically significant cardiac disease 
within the past 12 months (eg, congestive heart failure, symptomatic coronary artery 
disease, and cardiac dysrhythmia or myocardial infarction), and the inability to give 
written informed consent. 

This feasibility study was approved by the local investigational review board of the 
UMCG. The study was done according to the principles of the Declaration of Helsinki and 
the International Conference on Harmonisation of Good Medical Practices. All patients 
provided written informed consent before participation in the study. We appointed 
an independent data safety monitoring board before the start of the clinical trial. We 
immediately reported serious adverse events occurring during and after surgery to 
the investigational review board of the UMCG, the data safety monitoring board, and 
the Dutch Central Committee on Research Involving Human Subjects. The protocol is 
available online. 

Procedures
Patients received 4·5 mg (1 mg/mL) of bevacizumab-800CW as an intravenous bolus 
injection 2 days before surgery (appendix p 2). Bevacizumab-800CW was produced in 
the Good Manufacturing Practice facility of the UMCG, as previously described.12 

The clinical fluorescence camera system for intraoperative use was developed by 
the Technical University of Munich (Helmholtz Centre, Munich) and subsequently by 
SurgVision BV (Explorer Air camera system, Heerenveen, Netherlands) and has been 
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described previously by Themelis and colleagues.13 A sterile transparent drape (Carl 
Zeiss Vision BV, Oberkochen Germany) covered the camera during surgery. The imaging 
device was approved for intraoperative application in man by the technical department 
of the UMCG. 

Two experienced surgical oncologists did the cytoreductive surgery and HIPEC 
procedures according to current clinical care, as previously described by Sugarbaker.14 
After exposing the abdomen, two surgeons independently determined the clinical 
peritoneal cancer index (PCI) and the fluorescence PCI (fPCI) and were blinded to each 
other’s result. To achieve blinding, one surgeon left the operating room while the other 
surgeon assessed first the clinical PCI by visual inspection and palpation and second 
the fPCI by using the intraoperative fluorescence camera system. Then the first surgeon 
left the operating room and the other returned and followed the same procedure. fPCI 
was determined by fluorescence imaging in combination with visual inspection and 
palpation. After determining the PCI and fPCI, the two surgeons achieved consensus 
and did the cytoreductive surgery together. 

After completion of the cytoreduction, the surgeons inspected the resection surface 
and abdominal cavity for remaining fluorescence signals using the fluorescence camera 
system. In case of additional fluorescence, the surgeons only took biopsy samples if they 
both judged the procedure to be safe for the patient. After the second intraoperative 
imaging, the surgeons administered HIPEC and reconstructive surgery was done 
according to current clinical practice. 

Ex-vivo specimen analyses 
To prevent possible photo bleaching, we did the handling and storage of ex-vivo 
material in a dark environment as long as this processing did not interfere with standard 
working procedures related to clinical care. 

We did back-table fluorescence imaging of the fresh surgical specimen immediately 
after cytoreductive surgery in a separate room. We inspected the complete fresh surgical 
specimen for the presence of fluorescence signals. We aimed to collect a minimum 
of ten fluorescent and non-fluorescent areas per surgical specimen, which we marked 
with coloured pins. These areas could be either clinically suspicious for peritoneal 
metastases, or fluorescent lesions that were marked to learn more about the distribution 
and localisation of the tracer. The tissue marked by the coloured pins was histologically 
assessed by a pathologist who was blinded for the fluorescence signals to enable direct 
correlation of fluorescence signals to histopathology. 

We also retrospectively assessed all peritoneal lesions to enable semi-quantification 
of the fluorescence signals in a reproducible way. On the basis of the pathology report, 
we requested, for analysis, all formalin-fixed paraffin embedded (FFPE) blocks containing 
malignant and benign but clinically suspicious peritoneal lesions of the included 
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patients. If available, we also requested FFPE blocks from peritoneal metastases and 
clinically suspicious but benign lesions that were obtained during a previous staging 
laparoscopy, to serve as control tissue that contained no tracer. We scanned all FFPE 
blocks on the Odyssey near-infrared flatbed scanner (LI-COR Biosciences Inc, Lincoln, 
NE, USA), which we subsequently sliced into 10 μm thin slices. These tissue slices were 
mounted on silane-coated slides and dried overnight at 37°C. After the 10 μm slides 
had deparaffinised, we scanned all the slides with the Odyssey near-infrared flatbed 
scanner. Subsequently, we stained all tissue slides with haematoxylin and eosin to 
enable direct correlation of fluorescence signals with histopathology on the same tissue 
slide. A blinded and experienced pathologist segmented tumour and non- tumour 
areas on these haematoxylin and eosin slides, which served as a region of interest. We 
imported these regions of interest and the completely matching Odyssey images into 
the imaging analysis software ImageJ (version 1.48) to measure the mean fluorescence 
intensity (MFI) in benign and malignant peritoneal lesions. 

We did VEGF staining on 4 μm tissue slides of all FFPE tissue blocks containing 
peritoneal metastases. We calculated the H score to determine VEGF expression 
(appendix p 4). 

We used fluorescence microscopy on 4 μm tissue slides to assess the tracer 
distribution on a microscopic level. We applied a Hoechst nucleic acid stain (33258, 
Invitrogen, Waltham, MA, USA) to the slides and mounted them under a cover glass in 
modified Kaiser’s glycerine (appendix p 5). We used an inverted microscope (DMI6000B, 
Leica Biosystems GmbH, Wetzlar, Germany) for fluorescence microscopy. For optimised 
near-infrared visualisation, this microscope was equipped with a highly sensitive near-
infrared LED light source ranging up to 900 nm (X-Cite 200DC, Excelitas Technologies, 
Waltham, MA, USA), an optimum near-infrared filter set (microscope two band- pass 
filters 850–90 m–2p and a long-pass emission filter HQ800795LP [Chroma Technology 
Corp, Bellows Falls, VT, USA]), a highly sensitive monochrome DFC365 FX fluorescence 
camera (1·4 MP CCD, Leica Biosystems GmbH), and LAS-X software (Leica Biosystems 
GmbH).

Outcomes
The primary objective of this study was to assess the safety and feasibility of molecular 
fluorescence-guided surgery using bevacizumab-800CW during cytoreductive surgery 
and HIPEC for the treatment of colorectal peritoneal carcinomatosis. Molecular 
fluorescence-guided surgery was deemed safe if no allergic or anaphylactic reactions 
were recorded and no serious adverse events were attributed to bevacizumab- 800CW. 
The technique was deemed feasible if bevacizumab-800CW enabled detection of 
fluorescence signals intraoperatively. 
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The secondary objectives were correlation of fluorescence with histopathology 
by back-table imaging of the fresh surgical specimen and semi-quantification of 
all peritoneal lesions by ex-vivo analyses of FFPE tissue. Additionally, we aimed to 
determine the tracer distribution at a microscopic level. 

Statistical analysis
We initially intended to include ten patients. We made no formal calculation of sample 
size. We did an interim analysis after five patients were recruited. The study was to be 
continued if at least three of five patients showed fluorescence signals in tumour tissue. 
Descriptive statistics were presented as a mean (SD) in case of a normal distribution, 
whereas median (range) was used in case of a skewed distribution. We did descriptive 
statistics using SPSS (version 23.0). We designed the graphs with Graphpad Prism 
(version 6.0). The trial was registered within the Netherlands Trial Register, number 
NTR4632.

Role of the funding source
The funder of the study had no role in study design, data collection, data analysis, 
data interpretation, or writing of the report. The corresponding author had full access 
to all the data in the study and had final responsibility for the decision to submit for 
publication. 

RESULTS

Between July 3, 2014, and March 2, 2015, seven patients were enrolled in the study. The 
age of the patients ranged from 26 years to 70 years (table). Four patients presented with 
metachronous peritoneal metastases and three patients presented with synchronous 

Table 1. Demographic and clinical data
Sex Age ASA TNM 

primary  
tumour

Site Differentiation  
of primary 

tumour

Presentation 
of PC

Mean
clinical 

PCI

Mean  
fPCI

Patient 1 F 67 2 T4 N0 M0 Ascending Colon Poor Metachronous 3 1.5
Patient 2 M 68 2 T4 N1 M0 Coecum and sigmoid* Well Metachronous 7.5 2.5
Patient 3 M 26 1 T4 N2 M1 Sigmoid Poor ** Synchronous 18 14
Patient 4 M 70 2 T3 N1 M0 Sigmoid Poor Metachronous 14.5 12.5
Patient 5 M 61 2 T3 N0 M1*** Rectum Well Metachronous 5 3.5
Patient 6 F 65 3 T4 N1 M1 Ascending Colon Moderate Synchronous 8.5 6
Patient 7 F 49 2 T3 N0 M1 Sigmoid Moderate Synchronous 4.5 1

M=Male; F=Female; ASA=American Society of Anaesthesiologists; TNM=Tumour Nodes Metastases
* Double tumour, 
** Signet cell tumour 
*** Curative treatment of a solitaire liver metastasis at primary presentation
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peritoneal metastases (table). All patients were given the tracer 2 days before receiving 
cytoreductive surgery and HIPEC. The planned interim analyses after recruitment of the 
first five patients showed fluorescence intra- operatively in all patients. However, in one 
patient no cancerous tissue was detected during pathological evaluation of all clinically 
suspicious lesions that were removed. Therefore, in four of five patients fluorescence 
could be detected in tumour tissue. 

No allergic or anaphylactic reactions were reported related to bevacizumab-800CW. 
Two serious adverse events were reported, both of which were attributed to cytoreductive 
surgery and HIPEC. Patient number 5 developed an abdominal sepsis at the fifth 
postoperative day, requiring a relaparotomy and antibiotic treatment. Patient number 
7 died from an asystole 4 days after cytoreductive surgery and HIPEC, most probably 
due to a cardiovascular thromboembolic event. After reporting the cardiovascular 
thromboembolic serious adverse event, the study was put on hold. The independent 
investigational review board and data safety monitoring board of the UMCG did an in-
depth investigation and decided that both serious adverse events were not attributable 
to the tracer or the imaging procedure. Because of these serious adverse events, we 
analysed the results of the seven patients included in the study, and did not enroll three 
more patients, as initially planned (appendix p 1). 

Clinical PCI and fPCI was obtained in all seven patients (table). Median clinical PCI 
was 7·5 (range 3–18) and the median fPCI was 3·5 (1–14). The mean PCI was lower in all 
patients when using molecular fluorescence imaging, compared with by normal clinical 
means by 4 points (appendix p 4). 

Figure 1 shows representative images of fluorescence signals detected 
intraoperatively. In two patients, additional tumour tissue was detected by molecular 
fluorescence-guided surgery that was initially missed by the surgeons. In one patient, a 
resection surface was visualised by molecular fluorescence but missed by conventional 
visual inspection and palpation alone; in another patient, a para-aortal lymph node 
was similarly missed by conventional visual inspection and palpation, but visualised by 
molecular fluorescence; both regions were postoperatively confirmed to be tumour 
positive by histopathology. 

During back-table fluorescence imaging, we marked and analysed a total of 80 
areas. 29 of these 80 areas were non-fluorescent while 51 were fluorescent. All of these 
29 non-fluorescent areas were histologically proven tumour-negative, while 27 (53%) of 
the 51 fluorescent areas were found to be adenocarcinoma. 

We requested a total of 79 FFPE blocks containing benign but clinically suspicious 
(n=53) and malignant peritoneal lesions (n=26) from the pathology department. Semi-
quantitative analyses showed a median MFI in peritoneal metastases of 6338 (range 
1298–13718), whereas benign lesions showed a median MFI of 748 (range 425–4728; 
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Figure 1. Intraoperative imaging by white light imaging, molecular fluorescence-guided surgery, and 
overlay images. Intraoperative detection of a peritoneal metastasis detected by visual inspection and 
palpation (A; arrow) and fluorescence-guided surgery (B and C; arrow). In the same patient, fluorescence 
detection of a tumour-positive resection surface of a recurrent sigmoid carcinoma (E, F; arrow) that was 
initially missed by visual inspection and palpation alone (D); the fluorescent dye excreted by the kidney 
within the ureter (triangle) is also depicted. (G–I) After resection of a para-aortal lymph node, three small 
fluorescent spots were detected in adjacent metastatic lymph nodes. (J–L) A clinically suspicious but non-
fluorescent benign lesion (arrow), which was confirmed by histopathology. 
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figure 2). Comparison of the MFI of peritoneal metastases to tumour-negative lesions 
revealed a tumour-to-normal ratio of 6·92 (SD 2·47). On the basis of the MFI lower limit 
of the peritoneal metastases (ie, MFI of 1298), eight false-positive lesions were identified 
ex vivo, of which four could be attributed to the presence of foreign inclusion bodies 
such as suturing material from previous surgery. The other remaining false-positive 
lesions were fibrotic or highly vascular reactive lesions. 

Tumour areas co-localised completely with fluorescence signals and VEGF expression 
in all peritoneal metastases. Furthermore, no fluorescence could be seen in the peritoneal 
metastases obtained from previous laparoscopy (n=4) without tracer injection and in 
most of the clinically suspicious but benign lesions (figure 2). VEGF expression was seen 
in all peritoneal metastases, with a median H score of 257·5 (IQR 200–285). Eight (31%) of 
the 26 peritoneal lesions showed intermediate VEGF expression, whereas the remaining 
18 (69%) showed high VEGF expression (appendix p 4). Representative examples of the 
ex-vivo histopathological analyses are depicted in the appendix (pp 2–3). 
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Figure 2. Mean fluorescent intensity of tissue slides. The cutoff mean fluorescent intensity value for 
the tumour versus non-tumour was set at 1298 (dotted line). Lesions indicated as false positives (n=8) 
were due to foreign body material such as previous suturing material or highly fibrotic and vascularised 
lesions. Patient samples of peritoneal metastases taken before tracer injection were included as control 
specimen for tumour (n=4) and non-tumour lesions (n=3).
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DISCUSSION

In patients with peritoneal carcinomatosis of colorectal origin who are eligible for 
cytoreductive surgery and HIPEC with curative intent, intraoperative assessment of the 
tumour load is important for two reasons: to carefully select patients before a potentially 
debilitating surgical procedure; and to achieve a complete cytoreduction, which is 
associated with increased overall survival.5 In the present study, we showed for the first 
time that molecular fluorescence-guided surgery using bevacizumab-800CW is safe and 
feasible, and we showed, on a macroscopic and microscopic level, that bevacizumab-
800CW accumulates in peritoneal metastases. Moreover, we found that all non-
fluorescent lesions proved to be benign. Consequently, the added value of our imaging 
technique might be that if a surgeon identifies a suspicious peritoneal lesion by visual 
inspection and palpation that is non-fluorescent, it could safely be left in situ. Therefore, 
molecular fluorescence- guided surgery could potentially prevent overtreatment in 
cytoreductive surgery and HIPEC for the treatment of peritoneal carcinomatosis of 
colorectal origin. 

At present, tumour load is estimated by the PCI on the basis of visual inspection 
and palpation alone. To our knowledge, no data exist on the diagnostic accuracy of the 
clinical PCI. Nevertheless, a PCI of 20 is deemed to be the cutoff value for the selection 
of patients that potentially could be cured by cytoreductive surgery and HIPEC. We 
expected to see a higher fPCI than we found because we reasoned more lesions would 
be detected with molecular fluorescence-guided surgery than by conventional means. 
Counterintuitively, despite finding new fluorescent lesions, the fPCI was lower than the 
clinical PCI in all seven patients because more clinically suspicious lesions were non-
fluorescent, and so could be interpreted as benign. Patients with a PCI higher than 
20 might therefore be falsely rejected for cytoreductive surgery and HIPEC in present 
clinical practice. Moreover, application of molecular fluorescence-guided surgery 
in a fluorescence laparoscopic setting might enable improved patient selection and 
thus avoid unnecessary laparotomy and potential complications. However, present 
fluorescence laparoscopy systems have to show sufficient sensitivity to detect our 
targeted tracer after microdosing. 

In cancer surgery, it is crucial to leave no residual disease. However, resection of 
multiple different organs is associated with substantial morbidity.15 In this study, back-
table imaging of the fresh surgical specimen confirmed that all non-fluorescent areas 
were indeed benign. As such, no false-negative lesions were detected. Consequently, 
if a suspicious peritoneal lesion detected by visual inspection and palpation is non-
fluorescent, the surgeon can be reasonably confident that this lesion is benign and can 
be safely left in situ. For example, in one patient, we detected intraoperatively clinically 



MOLECULAR FLUORESCENCE-GUIDED SURGERY OF PERITONEAL CARCINOMATOSIS OF  
COLORECTAL ORIGIN: A SINGLE-CENTRE FEASIBILITY STUDY

3

63

suspicious but non-fluorescent lesions on the small bowel. Conforming to present clinical 
practice, we did a partial small bowel resection. However, these non- fluorescent lesions 
proved to be benign after pathological examination (for an example of a benign lesion 
see appendix p 2). This finding is an example of an unnecessary resection of benign 
tissue that potentially will be prevented by molecular fluorescence-guided surgery in 
the future. Moreover, the detection of a tumour-positive resection surface and para-
aortal lymph node by fluorescence imaging suggests that this imaging technique is able 
to find malignant tissue that was initially missed by two experienced HIPEC surgeons. In 
the future, this intraoperative feedback could potentially lead to the direct application 
of intraoperative therapeutic measures, such as intraoperative brachytherapy in case of 
a positive resection surface. 

We recorded a false-positive rate of 47% during back-table fluorescence imaging. The 
high false-positive rate might be explained by technical limitations of the intraoperative 
camera system in distinguishing true positive signals from signals caused by, for example, 
foreign body material or scarring. The fluorescence camera system of our setup is still 
in development and improvements with regard to interpretation of fluorescence signals 
and intraoperative quantification have not been finalised yet. Improvements such as 
multispectral subtraction techniques might be useful in separating the fluorescence 
spectrum of our near-infrared dye from other fluorescence signals, such as foreign body 
inclusions. Furthermore, by improving intraoperative quantification of fluorescence 
signals, a threshold could be set to distinguish fluorescence intensities derived from 
benign and tumour lesions. An increased tracer dose has potential to help differentiate 
true-positive from false-positive fluorescence signals. At present, three clinical dose-
finding studies are ongoing, with tracer doses up to 50 mg in patients with familial 
adenomatous polyps (NCT02113202), breast cancer (NCT02583568), and pancreatic 
cancer (NCT02743975). These results will be taken into consideration when designing a 
subsequent phase 2 study. 

The present phase 1 feasibility study was underpowered to reliably determine the 
diagnostic accuracy of our imaging technique, even if all ten patients according to the 
study protocol had been included (appendix p 1). Although the small number of patients 
restricts definitive conclusions, the high number of analysed specimens provided 
sufficient data to confirm the potential of molecular fluorescence-guided surgery during 
cytoreduction and HIPEC. A sufficiently powered multicentre, phase 2 study is being 
designed under the auspices of the Dutch Peritoneal Oncology Group to determine 
the diagnostic accuracy in terms of sensitivity and specificity of molecular fluorescence-
guided surgery using bevacizumab-800CW during laparotomy and thus separately in a 
near-infrared fluorescence laparoscopic setting. 

In conclusion, our study showed that molecular fluorescence-guided surgery in 
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peritoneal carcinomatosis of colorectal origin using bevacizumab-800CW is technically 
feasible, safe, and has the potential to improve patient selection and cytoreduction 
during cytoreductive surgery and HIPEC. Although molecular fluorescence-guided 
surgery was associated with more false-positive results than initially expected, it is 
promising to see that in the absence of fluorescence no residual disease was found. 
These results have led to the design of a subsequent national, phase 2, diagnostic 
accuracy study to provide supportive data for changing the standard of care in patients 
with peritoneal carcinomatosis of colorectal cancer origin undergoing cytoreduction 
and HIPEC using molecular fluorescence-guided surgery.
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SUPPLEMENTAL INFORMATION

Motivation for deviation of study protocol 
According to the study protocol the primary objectives of this phase I feasibility 
study were to determine the safety and feasibility in terms of diagnostic accuracy (i.e. 
sensitivity and specificity) for the intraoperative detection of peritoneal carcinomatosis 
of colorectal origin by fluorescence imaging. As the protocol states, we intended to 
include ten patients in this study and to collect a minimum of ten samples per patient 
during back table imaging of the fresh surgical specimen. However, the enrolment of 
patients was stopped after seven patients for multiple reasons as described below. 

Unfortunately, one of our study patients died unexpectedly of an asystole, most 
probably based on a cardiovascular thromboembolic event. Therefore, the study was 
put on hold to perform in-depth safety analyses by the DSMB and IRB of the UMCG. 
During the four months the study was put on hol, we finalized all of the ex vivo analyses 
regarding the aims of this study. We concluded that this phase I feasibility study was 
underpowered to reliably determine the diagnostic accuracy of our imaging technique. 
Retrospectively, we underestimated the fact that we would also include patients with a 
lower tumour load. Therefore, it would not have been possible to collect sufficient data 
per patient to determine a statistically significant diagnostic accuracy, even if we would 
have included 10 patients. Furthermore, during the four months the study was put on 
hold, a critical change was made in the tracer production process at the pharmacy 
department, resulting in a second generation tracer with different optical properties. 
The modification of the tracer might have influenced imaging results, causing difficulties 
in data comparison. Moreover, the same tracer that was used in the first seven patients 
was not available anymore, which was another argument to stop the inclusion after 
seven patients. 

A sufficiently powered national multicenter phase II diagnostic accuracy study is 
being initiated under the auspices of the Dutch Peritoneal Oncology Group (DPOG), to 
determine the diagnostic accuracy in terms of sensitivity and specificity of MFGS using 
bevacizumab-IRDye800CW. 
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SUPPLEMENTARY FIGURES

Bevacizumab-IRDye800CW

2 days

A B C

Supplementary figure 1. The concept of molecular fluorescence guided surgery (MFGS). A near-infrared 
fluorophore (IRDye800CW) is conjugated to an antibody (bevacizumab) targeting VEGF-A (panel A). Two 
days prior to surgery, 4·5 mg of the GMP produced fluorescent targeted tracer was injected intravenously 
(panel B). During cytoreductive surgery, a molecular fluorescence camera system is used to provide the 
surgeon with real-time feedback on possible fluorescence signals via a monitor (panel C).
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Supplementary figure 2. Co-localization of white-light imaging (color FFPE-block), fluore-scence flatbed 
scanning of FFPE-block (NIRF FFPE-block) and 10 μm slide (NIRF 10 μm), Hematoxylin and Eosin staining 
(H/E 10 μm) and VEGF immunohistochemistry (VEGF 4 μm). Tumour areas co-localized completely 
with fluorescence signals and VEGF expression in peritoneal metastases (panels a-e). No fluorescence 
signals nor VEGF expression could be observed in a clinically suspicious but benign lesion (panels f-j). No 
fluorescence could be observed in the peritoneal metastasis obtained from previous laparoscopy without 
tracer injection (panels k-o). Tumour tissue is delineated by yellow and black lines. FFPE = Formalin-fixed, 
paraffin-embedded, NIRF = Near Infrared Fluorescence.
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Supplementary figure 3. Mesoscopic imaging and co-localization of the bevacizumab-IRDye800CW 
tracer in peritoneal carcinomatosis of colorectal origin and H/E staining for tumour segmentation. 
Conventional white light colour imaging of a FFPE tissue block (panel a). H&E staining of a 10 µm slide 
of the same PPFE block (panel b), and a 4x magnification of the same slide (panel c).  Near-infrared 
fluorescence (NIRF) imaging of the FFPE tissue block (panel a,d), subsequent 10 µm slide (panel e) and 4x 
magnification (panel f). The tumour lesion is located in the sub serosa and is segmented by a yellow line 
as based on standard H/E histopathology. NIRF signals co-localize with the tumour and its margin, but 
not with the benign microvilli of the bowel wall. FFPE = formalin-fixed, paraffin embedded. NIRF = near 
infrared fluorescence, H/E = hematoxylin and eosin staining, * = tumour tissue, white triangle = normal 
villi.
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Supplementary figure 4. Fluorescence microscopy of bevacizumab-IRDye800CW in a peritoneal 
metastasis of colorectal origin. Near-infrared fluorescence microscopy image of a 4 μm tissue slide (panel 
a: blue = Hoechst nucleic acid stain, red = NIR fluorescence channel, bevacizumab-IRDye800CW; white 
arrow indicates tumour cells) and corresponding hematoxylin/eosin stained image (panel b, black arrow 
indicates tumour cells). 
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Supplementary figure 5. Anti-VEGF immunohistochemistry of peritoneal metastases. The median 
H-value of the VEGF IHC scoring of peritoneal metastases is 257·5 (interquartile range 200 – 285; panel 
a). 31% of the peritoneal metastases showed intermediate VEGF expression, whereas 69% showed high 
VEGF expression (panel b). Panel c demonstrates a representative example of a peritoneal metastasis 
with high VEGF expression.
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 Surgeon 1 Surgeon 2   
PCI fPCI PCI fPCI Mean PCI Mean fPCI

Patient 1 2 1 4 2 3 1·5

Patient 2 8 3 7 2 7·5 2·5

Patient 3 20 14 16 14 18 14

Patient 4  13 13 12 14·5 12·5

Patient 5 6 5 4 2 5 3·5

Patient 6 8 6 9 6 8·5 6

Patient 7 4 1 5 1 4·5 1

SUPPLEMENTARY TABLE

Supplementary table 1: Inter-observer variation of the (fluorescence) Peritoneal Cancer Index

PCI=Peritoneal Cancer Index; fPCI=fluorescence Peritoneal Cancer Index.



MOLECULAR FLUORESCENCE-GUIDED SURGERY OF PERITONEAL CARCINOMATOSIS OF  
COLORECTAL ORIGIN: A SINGLE-CENTRE FEASIBILITY STUDY

3

71

SUPPLEMENTARY PROTOCOLS

A - Immunohistochemical staining protocol for VEGF (paraffin slides)
The following steps were used for VEGF-A staining. First the slides were deparaffinised 
using xylene (2x5 minutes) and air dried. After NIRF flatbed scanning, endogen peroxidase 
blocking was performed using (4·5 ml 30% H202 in 45·5 ml PBS) for 30 minutes followed 
by incubation with polyclonal rabbit anti-human VEGF-A (RB9031, ThermoScientific) 
(1:300). This was followed by poly-HRP-anti Ms/Rb/Rt IgG (BrightVision) staining (2x30 
minutes) at room temperature and the peroxidase reaction using diaminobenzidine for 
10 minutes. Between all the steps PBS was used for washing the slides except after the 
peroxidase reaction, when distilled water was used (3x5 minutes). A counterstaining was 
performed using Mayer’s hematoxylin followed by dehydration with alcohol (70%-96%-
100%). After air-drying (30 minutes), the slides were embedded using mounting media.

B - VEGF scoring
Peritoneal metastases were independently scored by two observers (MK and SJJ). 
Tissue slides of all peritoneal metastases were scored separately for staining intensity 
on a scale ranging from 0 – 3 (absent – strong VEGF staining) and the percentage of 
cells stained. Next, H-scores were calculated on a continuous scale ranging from 0 – 300 
using the following formula: 1x (percentage of cells weakly stained [1+] + 2x (percentage 
of cells moderately scored [2+]) + 3x (percentage of cells strongly stained [3+]). H-score 
categories were defined as follows: 0-100 = negative/low; 101-200 = intermediate; 201-
300 = high.

C – Hoechst staining protocol (nucleic acid stain)
The following steps were used for Hoechst staining. First the slides were deparaffinised 
using xylene (2x5 minutes) and subsequently air dried. A Hoechst solution (100 µl of 0.5 
µg/ml, stored ad 4 ºC; 33258, Invitrogen) was pipetted on the deparaffinised slide for 
15 minutes followed by three washing steps, first using (4·5 ml 30% H202 in 45·5 ml PBS) 
followed by distilled water. The stained slides were air dried in the dark and mounted 
under a cover-glass using modified Kaiser’s glycerine (preheated in a 60 ºC incubator) 
and dried overnight.
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