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Introduction

Small intestinal neuroendocrine tumours (SI-NETs) are rare
lesions with a prevalence of 1 per 100000 patients per year™.
They typically grow slowly and without initial symptoms,
resulting in the majority of patients presenting with advanced
local disease, multiple primary tumours, and distant
metastases®™. Staging of SI-NETs is of paramount importance,
as curative surgery is indicated only for patients with resectable
disease. In general, tumour resection is not commonly
undertaken in asymptomatic patients with unresectable
metastatic disease®.

Small peritoneal or lymph node metastases, or multiple
primaries can be too small to be detected with preoperative
imaging and can therefore be missed. Therefore, the European
and North American guidelines®® state that curative surgery
should be carried out via a laparotomy in order to allow
palpation of the whole abdominal cavity before proceeding with
curative resection. Despite this extensive procedure to optimally
select patients for curative surgery, recurrence is common.
Recurrence rates of 9 per cent after 1 year and over 50 per cent
after 10 years have been reported’. Most disease recurrence
develops in the liver or peritoneum, with a small proportion of
patients developing recurrence in the small bowel®. This may
indicate that, with the current staging protocol, small tumour
deposits are still being missed.

Near-infrared (NIR) fluorescence imaging can be used to improve
visualization of tumours and vital structures during surgery’.
Methylene blue (MB) is a blue dye that has been used off-label for
fluorescence imaging purposes. The aim of this study was to
investigate whether SI-NETs can be detected with intraoperative
fluorescence imaging using MB as a fluorescent contrast agent.

Methods

This study was reviewed and approved by the medical ethical
committee of the Erasmus Medical Centre (MEC-2021-0021) and
was conducted according to the declaration of Helsinki (10th
version, Fortaleza, 2013). The trial was registered in the
International Clinical Trials Registry Platform (ICTRP registration
code NL9305; https://trialsearch.who.int). Seventeen patients
undergoing open surgery for SI-NETs were included. MB was
administered intravenously during surgery, after which NIR
fluorescence imaging was performed for 10-15 min. MB doses of
0.5 and 1.0 mg/kg were studied. The primary endpoint of this
study was the in vivo tumour-to-background ratio (TBR) of the
primary tumour. A TBR of 1.5 or higher was defined as
fluorescence-positive'®. Secondary endpoints were the TBR of
occult multiple primaries and metastatic lesions, and the optimal
dose of MB. Fluorescence imaging was performed with a Quest
Spectrum V2 fluorescence camera (Quest Medical Imaging®,
Middenmeer, the Netherlands). Full methods (including
intraoperative set-up) are available in the supplementary material.

Results

The study comprised 12 men and 5 women with a median age of
60 (i.g.r. 50-72) years. Patient, surgical, and pathological
characteristics are shown in Table S1.

Primary small intestinal neuroendocrine tumours

Seventeen primary tumours were detected in 16 patients by
preoperative  imaging and  subsequently = confirmed
histopathologically as SI-NETs. Median TBR of the primary
tumours was 1.10 (1.q.r. 1.00-1.13) (Fig. S1). None of the primary
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a Small bowel mesentery

Fig. 1 Representative images of metastases

Images of metastases in a small bowel, b liver, and ¢ greater omentum shown in white light (left panels) and gradient fluorescence overlay (right panels).

tumours met the predetermined criterion (TBR 1.5 or higher) for
fluorescence-positive.

Multiple primaries

Six additional primary lesions were identified during surgery in
four patients after inspection and palpation of the abdominal
cavity. Median TBR was 1.16 (1.04-1.18) and none had a TBR of
1.5 or higher. No occult additional primaries were detected by
fluorescence imaging. After histopathological assessment of the
resected bowel, 37 occult primaries (median 4, range 2-20) were
detected in five patients. One of these five patients also had
additional primary lesions detected during surgery.

Metastatic lesions

One hundred and fifteen lesions suspected to be metastases were
resected or biopsied from 15 patients, of which 109 lesions were

histopathologically proven SI-NETs. Of the 109 confirmed SI-NET
metastases, 101 (92.6 per cent) were detected by fluorescence
imaging with a TBR over 1.5 (true-positives) (Fig. 1). Median TBR
for all metastatic SI-NET deposits was 1.90 (1.71-2.01) (Figs S2 and
S3). For the eight metastatic lesions with a TBR of less than 1.5
(false-negatives), the median TBR was 1.36 (1.31-1.47). Fourteen
liver metastases were detected in two patients, of which 13 (93
per cent) were fluorescence-positive. Four patients had a total of
82 peritoneal metastases, of which 76 (94 per cent) were
fluorescence-positive. In three of the patients with peritoneal
metastases, fluorescence imaging showed additional lesions that
did not affect the surgical strategy (Fig. 1). One benign peritoneal
lesion was suspected clinically to be a peritoneal metastasis, but
was fluorescence-negative (true-negative) (Fig. S4). Table 1
provides an overview of all lesions and their characteristics,
stratified by lesion type.
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Table 1 Fluorescence characteristics of all tumour sites stratified by lesion type
No. of patients® No. of lesions TP FN FP TBRt+ Occult lesions identified with ~ Figure
FLI*
Primary tumours 16 (94) 17 0(0) 17(100) 0(0) 1.10(1.00-1.13) 0(0) S1
Multiple primaries 8 (47) 43 0(0) 43(100) 0(0) 1.16 (1.04-1.18) 0 (0) -
Peritoneal 4 (24) 82 76 (94) 5 (6) 0(0) 1.88(1.70-2.05) 3(18) 1
metastases
Liver metastases 2(12) 14 13 (93) 1(7) 0(0) 2.13(1.89-2.46) 0(0) 1
Mesenteric masses 13 (76) 13 11(85) 2(15) 0(0) 1.91(1.60-2.12) 0 (0) S3
Lymph nodes 4 (24) 6 1(17) 0 (0) 5(83) 1.78 1(6) S5

Values are n (%) with respect to lesions unless indicated otherwise; *values in parentheses are percentage of patients; tvalues are median (i.q.r.). {Benign lesions
(false-positives) were excluded from tumour-to-background ratio (TBR) analysis. Note: As clinically unsuspected, fluorescence-negative tissue was not biopsied,
true-negatives could not be assessed. TP, true-positives; FP, false-positives; FN, false-negatives; FLI, fluorescence imaging.

Methylene blue dose

There was no difference in median TBR of the primary tumours at
either 0.5 or 1.0mg/kg MB (1.00 versus 1.11; P=0.554). For
metastatic lesions, median TBR was higher in patients who
received 1.0 mg/kg MB (1.54 versus 1.91; P=0.016) (Fig. S5).

Discussion

In this study, primary SI-NETs and multiple primaries could not
be detected with NIR fluorescence imaging using MB as a
contrast agent. Conversely, peritoneal and liver metastases
had an excellent fluorescence signal. Of all metastatic lesions,
93 per cent had a positive fluorescence signal (TBR 1.5 or more)
and fluorescence allowed the identification of additional
(occult) metastases in three patients. One clinically suspected
peritoneal lesion that was fluorescence-negative was proven
benign (true-negative). Although this was only one lesion, it
suggests that MB selectively stains malignant lesions and not
benign peritoneal lesions. It appears, therefore, that there is a
role for NIR fluorescence imaging with MB for improved
staging of SI-NET peritoneal and liver metastases, especially
considering that the majority of disease recurrences present in
the liver or peritoneum® Using this technique, small occult
metastases could potentially be detected during operation to
guide the surgeon’s operative strategy. These results also
confirm that multiple primaries are common and, even after
extensive preoperative imaging, inspection and palpation of
the complete small bowel, these lesions are challenging to
identify. Eight patients (47 per cent) had multiple primaries, in
five of whom these lesions were not detected before or during
the operation. Two of these five patients had surgery with
curative intent.

As the MB compound could not be traced in the ex vivo
specimens, the mechanism behind tumour-specific imaging of
MB in SI-NET metastases remains unclear. The authors
hypothesize that the enhanced permeability and retention (EPR)
effect could be responsible for the targeting mechanism.
Because of a lack of specific binding, a common issue with the
EPR effect is that no residual tracer can be detected after ex vivo
tissue processing.

For a laparoscopic approach to be feasible, identification of
primary tumours is vital and needs to be improved. Promising
results were recently published for a somatostatin receptor
2-specific tracer that might improve intraoperative identification
of SI-NETs'!. As this tracer is labelled to an 800-nm fluorophore,
dual-wavelength imaging with MB (approximately 700 nm) is
feasible, adding complementary value. In contrast to other
fluorescent contrast agents (for example indocyanine green), MB

is not excreted through the liver, potentially allowing detection
of hepatic metastases after intraoperative administration.

In conclusion, NIR fluorescence imaging with MB improves
intraoperative detection of metastatic lesions from SI-NETs.
Detection of the primary tumour and occult multiple primaries
is not possible with this contrast agent. There is a need for
development and clinical validation of tumour-targeted tracers
to improve the intraoperative identification of SI-NETs.
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