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Abstract
Background  Fluorescence-guided surgery can provide surgeons with an 
imaging tool for real-time intraoperative tumor detection. SGM-101, an anti-CEA 
antibody labelled with a fluorescent dye, is a tumor-specific imaging agent that 
can aid in improving detection and complete resection for CEA-positive tumors. 
In this study, the performance of SGM-101 for the detection of colorectal and 
pancreatic liver metastases was investigated.

Methods  In this open-label, non-randomized, single-arm pilot study, patients 
were included with liver metastases from colorectal origin and intraoperatively 
detected liver metastases from pancreatic origin (during planned pancreatic 
surgery). SGM-101 was administered two to four days before the scheduled 
surgery as a single intravenous injection. Intraoperative fluorescence imaging 
was performed using the Quest Spectrum® imaging system. The performance 
of SGM-101 was assessed by measuring the intra-operative fluorescence signal 
and comparing this to histopathology.

Results  A total of 19 lesions were found in 11 patients, which were all suspected 
as malignant in white light and subsequent fluorescence inspection. Seventeen 
lesions were malignant with a mean tumor-to-background ratio of 1.7. The re-
maining two lesions were false-positives as proven by histology.

Conclusion  CEA-targeted fluorescence-guided intraoperative tumor detec-
tion with SGM-101 is feasible for the detection of colorectal and pancreatic liver 
metastases.

Introduction

Tumor-targeted near-infrared (NIR) fluorescence imaging is a surgical technique 
that allows real-time detection of malignant tissue to aid surgeons in the per-
operative decision making.1 The added value of tumor-targeted fluorescence 
imaging is twofold: identification of novel, mostly small malignant lesions and 
prevention of tumor-positive resection margins.2,3

Achieving a complete resection is of utmost importance during oncologic 
surgery. Especially for colorectal liver metastases, in which a tumor-positive 
resection margin (<1 mm) is one of the main factors associated with limited 
overall survival.4 Unfortunately, margin-positive resections are found in 12%-
28% of the patients after liver metastasectomy.5-7 In pancreatic cancer, intra-
operative detection of occult liver metastases immediately translates into a 
change in treatment strategy, mostly palliation.8,9 Therefore, adequate pre- and 
intraoperative staging is important in this vulnerable patient population to avoid 
a futile high-risk resection.

Preoperative imaging modalities, such as computed tomography (CT), posi-
tron emission tomography (PET), and magnetic resonance imaging (MRI), used 
for the detection of possible liver metastases lack sensitivity for subcentimeter 
and (sub)capsular lesions.10-12 Intraoperative detection, by means of palpa-
tion, visual inspection, and ultrasonography (in case of deep-seated tumors) 
is therefore of great importance. With this in mind, real-time intraoperative 
fluorescence imaging can be a useful tool for surgeons, as it is known to have a 
high sensitivity in identifying small, superficially located malignant lesions in the 
liver.13-15 Additionally, due to the growing use of minimally-invasive procedures, 
fluorescence imaging can be beneficial as it enhances the visual inspection, 
thereby compensating for the lack of tactile feedback.

The carcinoembryonic antigen (CEA) is overexpressed in more than 90% of 
colorectal and 70% of pancreatic adenocarcinomas.16,17 SGM-101 (SurgiMab, 
Montpellier, France) is a chimeric antibody targeting CEA, labelled with a fluo-
rescent dye, making it a promising tumor-targeted agent for imaging of CEA-
positive cancers. Recent publications have shown promising results in the field 
of fluorescence-guided surgery using SGM-101.3,18,19 In complex colorectal can-
cer, fluorescence imaging with SGM-101 resulted in the additional identification 
of malignant lesions in 43% of the patients.3 These lesions were not detected by 
preoperative imaging or with the naked eye during surgery and were only de-
tected with fluorescence imaging, resulting in a change in treatment strategy 
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in 35% of the patients.3 Moreover, the intravenous injection of SGM-101 was 
considered safe as no related (serious) adverse events were reported in these 
patients.3 SGM-101 was further evaluated in additional patients with pancreatic 
ductal adenocarcinoma and primary and recurrent colorectal cancer to assess 
the safety, efficacy and optimal dose of SGM-101. The aim of this study was to 
assess the performance of SGM-101 for the detection of colorectal and pancre-
atic liver metastases.

Methods

The study was an open-label, non-randomized, single-arm pilot study performed 
in eleven patients with colorectal or pancreatic adenocarcinoma metastasized to 
the liver, to evaluate the performance of SGM-101 for the detection of these liver 
metastases. In the pancreatic cancer patients, the liver metastases were found 
during the explorative phase of the surgical procedure and were not diagnosed 
upfront by routine imaging techniques.

Four of these 11 patients have previously been described.3,18 The study was 
a collaborative effort between SurgiMab (Sponsor; Montpellier, France), the 
Centre for Human Drug Research (CHDR; Leiden, the Netherlands) and the 
Department of Surgery of Leiden University Medical Center (LUMC; Leiden, 
the Netherlands). The study was approved by a certified medical ethics review 
board (Stichting BEBO, Assen, the Netherlands) and performed in accordance 
with the laws and regulations on drug research in humans of the Netherlands. 
The study is registered in ClinicalTrials.gov under identifier NCT02973672 and 
aimed to include patients with primary and recurrent colorectal cancer and 
primary pancreatic cancer. For the current analysis only patients with liver 
metastases were subtracted from the total group to determine the potential of 
CEA-targeted fluorescence imaging for liver metastases.

Patients were included in the study after evaluation in a multidisciplinary 
team meeting and met the following inclusion criteria: aged over 18 years with 
elevated serum CEA levels (>3 ng/ ml) and scheduled for a surgical resection of 
colorectal liver metastases or exploration of pancreatic ductal adenocarcinoma 
with possible subsequent resection of the primary tumor. The exclusion criteria 
ruled out pregnancy, history of (severe) allergic reactions, impaired renal or 
hepatic function, and a diagnosis of another malignancy in the last 5 years. All 
subjects provided written informed consent to the investigators prior to the 
start of any study-related procedure.

SGM-101 is a CEA-specific chimeric antibody conjugated to a NIR emitting fluoro-
chrome with a fluorescence peak around 705 nm.20 Intravenous administration of 
SGM-101 (5-15 mg over 30 min) was performed at the CHDR, where patients were 
admitted 2e4 days before their scheduled surgery. After infusion, patients were 
observed for at least 6 hours for safety and tolerability assessments. Plasma CEA 
levels were determined before and after administration of SGM-101.

All patients underwent the scheduled surgical procedure at LUMC ac-
cording to standard of care by certified HPB surgeons who were familiar with 
fluorescence imaging. First, the surgical field was explored under white light 
using standard visual and tactile methods and subsequently completed with 
ultrasound imaging based on the surgeon’s preference. Next, fluorescence 
imaging was performed, using the Quest Spectrum® (Quest Medical Imaging 
BV, Middenmeer, The Netherlands). This imaging system can measure at two 
different wavelengths. For this study, the tissue was illuminated with 680 nm 
laser light and visualized at approximately 710 nm.

Every liver lesion was recorded as 1) suspect or not suspect for malignancy 
as assessed on preoperative imaging 2) suspect or not suspect for malignancy 
as assessed with the naked eye under white light during surgery and 3) suspect 
or not suspect for malignancy as assessed with fluorescence imaging. It was 
the surgeon’s decision whether resection of the suspected liver lesion was 
feasible (which applied to both fluorescent and non-fluorescent lesions) and if 
intraoperative frozen sections (e.g. in case of pancreatic cancer) were needed 
for histologic confirmation.

Images obtained with the Quest Spectrum® were viewed and processed 
with the use of the Architector Vision Suite (version 1.8.3; Quest Medical Imaging, 
Middenmeer, the Netherlands). For every fluorescent lesion, an intraoperative 
tumor-to-background ratio (TBR) was calculated, using ImageJ (version 1.51j8; 
National Institute of Health, MD, USA). The TBR was calculated by dividing the 
quotient of the signal intensity of a region of interest (ROI) selected in the tu-
morous tissue with an ROI located in the directly surrounding liver parenchyma.

Due to the exploratory nature of the study, the sample size was not based on 
statistical considerations. For statistical analysis, IBM SPSS Statistics (Version 
25, La Jolla, CA, USA) was used. To explore a possible TBR difference between 
the different dosing groups a Kruskal-Wallis test was conducted. P < 0.05 was 
considered as significant.

All resected lesions were assessed at the Department of Pathology using 
a standardized pathology manual designed for fluorescence-guided surgery 
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studies, including immunohistochemistry analysis with haematoxylin and eosin 
(H&E) staining and CEA staining on 4 mm formalin-fixed, paraffin-embedded 
sections. These tissue sections were scored for expression of CEA using the 
total immunostaining score (TIS), by multiplying the percentage score (PS) and 
intensity score (IS) found. The PS represented the percentage of positively 
stained cells and ranged between 0 and 4 (0: none, 1: <10%, 2: 10-50%, 3: 51-
80%, 4: >80%). The IS represented the intensity of the stained cells and ranged 
between 0 and 3.

(0: no staining, 1: mild, 2: moderate, 3: intense). The calculated TIS was then 
defined as negative (0), weak (1-4), moderate (6-8) or intense (9-12).

For all lesions, the definitive histological diagnosis was compared with the 
clinical white light assessment and the fluorescence imaging data to determine 
concordance. A confirmed malignant lesion which was fluorescent during sur-
gery was considered a true-positive. A malignant lesion without fluorescence 
during surgery was a false-negative. Benign lesions without fluorescence dur-
ing surgery were considered as true-negative and finally, benign lesions that 
emitted fluorescence during surgery were considered as false-positive.

Results

From January 2016 to January 2019, a total of 11 patients (9 males and 2 females; 
median age 70 years) were included in this study (Table 1). Eight patients had 
highly suspect liver metastases from colorectal origin and three patients were 
scheduled for an exploration and potential resection for pancreatic ductal ad-
enocarcinoma. All patients received SGM-101 and underwent the scheduled 
surgery (10 open procedures, 1 laparoscopic procedure). Patients were sched-
uled for a liver metastasectomy for colorectal metastases (n = 6), exploration and 
potential pancreatoduodenectomy (n = 3), sigmoid resection with synchronous 
liver metastasectomy (n = 1) and low anterior resection with synchronous liver 
metastasectomy (n = 1; Table 1). All serum CEA-levels decreased after injection 
with SGM-101. No adverse events (AEs) or serious adverse events (SAEs) were 
reported that were directly related to SGM-101.

Table 1  Patient characteristics.

Demographics SGM-101 dosing Diagnosis

ID Age Sex CEA serum level
pre-injection 

(μg/L)

Dose 
(mg)

Interval 
(days)

CEA serum level
post-injection 

(μg/L)

Primary 
carcinoma

In situ Executed 
procedure

1 71 M 10.6 5 2 1.1 Pancreas Yes Aborted PS (o)

2 68 M 23.5 7.5 2 1.0 Pancreas Yes Aborted PS (l)

3 71 M 41.1 7.5 4 13.9 Pancreas Yes Aborted PS (o)

4 64 M 9.1 7.5 4 1.5 Sigmoid Yes Sigmoid resec- 
tion with LM (o)

5 72 M 49.9 10 4 U Sigmoid No LM (o)

6 70 F 5.3 10 4 2.5 Sigmoid No LM (o)

7 76 M 5.0 10 4 0.4 Colon No LM (o)

8 61 F 46.2 10 4 44.2 Sigmoid No Aborted LM (o)

9 59 M 147.8 10 4 30.9 Rectal Yes LM (o)

10 44 M 140.7 12.5 4 U Sigmoid Yes Low anterior 
resection with 

LM (o)

11 73 M 11.5 15 4 U Rectal No LM (o)

Abbreviations: CEA carcinoembryonic antigen, M Male, PS pancreatic surgery, o open, LM liver 
metastasectomy, F Female, l laparoscopic, U unknown.
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Table 2  Intraoperative and pathology results.

Intraoperative Pathology IHC

ID Lesion Location 
(segment)

WLS IOUS NIR TBR Histopathology Size 
(mm)

Tumor 
free

margin 
(mm)

Concor- 
dance

IS PS TIS

1 1 2 + NA + 1.37 Adenocarcinoma NA NA TP 3 4 12

2 2 2 + NA + 1.41 Adenocarcinoma NA NA TP 1 1 1

3 3 + NA + 1.19 Adenocarcinoma NA NA TP 3 4 12

3 4 4 + NA + 2.39 Adenocarcinoma NA NA TP 3 4 12

5 4 + NA + 2.00 Adenocarcinoma NA NA TP 3 4 12

4 6 2/3 + + + 1.55 Adenocarcinoma 17 4 TP 3 4 12

7 4B + + + 1.72 Adenocarcinoma 13 15 TP 3 4 12

8 6 + + + 1.43 Adenocarcinoma 11 5 TP 3 4 12

5 9 8 + + + 1.55 Calcified nodule NA NA FP 0 1 0

10 6 + + + 1.99 Adenocarcinoma 22 7 TP 3 4 12

11 6/7 + + + 1.46 Adenocarcinoma 14 12 TP 3 4 12

6 12 6 + + + 2.03 Adenocarcinoma 38 R1 TP 3 4 12

7 13 7/8 + + + 2.10 Adenocarcinoma 28 6 TP 3 4 12

8 14 6 + + + 1.31 Adenocarcinoma NA NA TP 3 4 12

9 15 8 + + + 1.80 Adenocarcinoma 85 3 TP 3 4 12

16 8/9 + + + 2.04 Adenocarcinoma 32 3 TP 3 4 12

10 17 8 + + + 1.32 Adenocarcinoma 7 1 TP 3 4 12

11 18 6 + + + 1.31 Liver parenchyma NA NA FP 0 1 0

19 2/3 + + + 1.15 Adenocarcinoma 16 80 TP 3 4 12

Abbreviations: IHC immunohistochemistry, WLS White Light Suspect, IOUS intraoperative ultrasound, 
NIR Near Infrared Suspect, TBR Tumor-to-background ratio, mm milli- meter, IS Intensity Score, PS 
Percentage Score, TIS Total Immunostaining Score, U unknown, + Positive, NA not applicable, TP 
true-positive, FP false-positive.

Lesions
A total of 19 lesions were resected (Table 2). All lesions were suspected for ma-
lignancy under white light and with intraoperative ultrasound, as well as with 
fluorescence imaging (figure 1 and figure 2). Seventeen lesions were confirmed 
malignant by histological evaluation. These 17 lesions had a mean TBR of 1.7 
(range 1.2-2.4) with the highest median TBR of 2.0 found in the group dosed with 
10 mg 4 days before surgery (figure 3, p = 0.235). The two false-positive lesions 
were a calcified nodule with inflammation and steatosis (lesion 5, TBR 1.6) and 
normal liver parenchyma (Lesion 11, TBR 1.3).

Radicality assessment was possible in 11 lesions, as lesion 1-5 and 14 were 
intraoperative frozen sections of which radicality could not be evaluated with 

certainty. Of the evaluated lesions, one lesion was irradically resected with 
microscopic tumor invasion of the resection margin (Lesion 12). The planned 
surgical procedure (Whipple or pancreatic tail resection) was aborted in all 
patients with pancreatic ductal adenocarcinoma immediately after histological 
confirmation with intraoperative frozen section analysis of the liver metastases. 
In one patient with colorectal liver metastases (patient ID 8), multiple small le-
sions in different segments of the liver were detected (both in white light and 
with fluorescence) and were confirmed malignant at frozen section analysis 
leading to a non-curative situation as decided by the surgeon.

figure 1  Fluorescence evaluation of a colorectal liver metastasis (Patient 4, Lesion 8). 
a. Intraoperative fluorescence imaging shows clear fluorescence at the tumor site (liver 
segment 6, TBR 1.4). Note the intense auto-fluorescence signal from the surgical gloves. 
b. Ex vivo breadloafs from the lesion in A show co-localisation of fluorescence with visual 
tumor localisation. c. Staining with hematoxylin and eosin (H&E) and for carcinoembryonic 
antigen (CEA). Total immunostaining score (TIS) of 12, the CEA pattern corresponds to the site 
containing tumor cells visible on H&E staining.
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figure 2  Fluorescence evaluation of a liver metastasis from a pancreatic ductal 
adenocarcinoma (Patient 3, Lesion 4).  
a. Intraoperative fluorescence imaging showed clear fluorescence at the tumor site (liver 
segment 4, TBR 2.4). b. Ex vivo back table image from the lesion in A shows co-localisation  
of fluorescence with visual tumor localisation. c. Staining with hematoxylin and eosin (H&E) 
and for carcinoembryonic antigen (CEA). Total immunostaining score (TIS) of 12, the CEA 
pattern corresponds to the site containing tumor cells visible on H&E staining.

figure 3  Scatter plot of the tumor-to-background ratios of all malignant lesions.  
Every true-positive lesion is presented as an individual point. The median per dose is presented 
with a horizontal line (p ¼ 0.235).

Immunohistochemistry
Sixteen out of 17 true-positive lesions had a maximum TIS of 12 (Table 2). One 
true-positive lesion was weak for CEA expression (TIS 1, TBR 1.4). Both false-
positive liver lesions were negative for CEA-expression (TIS 0, TBR 1.5 and 1.3).

Discussion

This study describes the first series of intraoperative fluorescence imaging for 
the detection of liver metastases using a tumor-targeted agent. SGM-101 en-
abled detection of all liver metastases of pancreatic and colorectal origin and 
resulted in an 89% accuracy rate without any false-negative lesions.

A limitation of this study is the small sample size of 11 patients. This is a conse-
quence of the decision to analyse 2 subgroups (liver metastases and peritoneal 
metastases) separate from the main study population (primary and recurrent 
colorectal cancer and primary pancreatic cancer).3,18,19 Moreover, we decided 
to combine the results from colorectal and pancreatic liver metastases, as both 
entities are CEA-positive in most cases, to show the potential of CEA-targeted 
fluorescence imaging in these patients.
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The current marketing information on SGM-101 is insufficient to elaborate on the 
cost of the procedure and the possible subsequent financial benefit. The costs 
for fluorescence-guided surgery in general are incurred through the one-time 
purchase of an imaging system and the use a fluorescent agent. These costs 
will, most likely, be compensated by a reduction in complications and improved 
patient outcomes.

The majority of the resected liver metastases in this study were true-
positives (17 out of 19). Only two lesions were reported as false-positives but 
were also suspected as malignant under white light. However, both these false-
positive lesions did not show any CEA expression with immunohistochemistry, 
making it plausible that fluorescence was triggered by other factors, such as 
auto-fluorescence which is known to be more common for this wavelength 
(700 nm).21 Another explanation may be the enhanced permeability retention 
effect, in which macromolecular drugs (such as antibodies) tend to accumulate 
in tissue with hypervascularisation and compromised lymphatic drainage.22

During fluorescence imaging intraoperative TBR measurements should be 
considered leading, as tissue resection and decision making occurs during sur-
gery, while the tissue is still inside the patient. However, current commercial-
ly available imaging systems cannot calculate the TBR in real-time. Therefore, 
TBRs are calculated after the procedure. In this study, a mean intraoperative TBR 
of 1.7 was found, which is relatively high given the fact that SGM-101 is cleared by 
the liver. This is most likely a consequence of the relatively long interval from in-
jection till surgery, as the mainstream of patients were administered with SGM-
101 4 days before surgery, which potentially lowers the background in the liver 
and thus increases the TBR. Previously, Cetuximab-IRDye800, a NIR fluorescent 
agent, targeting the epidermal growth factor receptor (EGFR), was used for the 
intraoperative detection of pancreatic cancer.23 Interestingly, liver metastases 
were detected by negative contrast. This might be a consequence of the relative 
high dye/protein ratio (1.8) of Cetuximab-IRDye800 and a higher EGFR expres-
sion in healthy hepatocytes compared to the tumor cells. The dye/protein ratio 
for SGM-101 is 1.6, which is approximately the same as for Cetuximab-IRDye800. 
Nevertheless, CEA-expression in the tumor surrounding hepatocytes was not 
detected, explaining the clear contrast found in our cohort.

Immediate back table imaging of resected liver lesions can be used to iden-
tify positive resection margins. Additionally, these images can be compared 
to the intraoperative images of the wound bed to recognize any remaining 
fluorescence and thus a potential margin-positive resection, which can be 

addressed immediately. Given the margin-positive resection rate of up to 28% 
in liver metastasectomy patients, identification of remaining malignancy at the 
wound bed can lead to a direct re-resection and change an R1 resection into a 
R0 resection.5 In this patient series, in 1 out of 11 assessable lesions, the resection 
margin was positive for tumor. Unfortunately, assessment of fluorescence at 
the wound bed was not recorded in this study.

In 2009, Ishizawa et al., described the results of indocyanine green (ICG) for 
the detection of liver metastases and primary liver malignancies.24 ICG causes 
a fluorescent rim, due to the accumulation of ICG in the tumor surrounding 
hepatocytes. Our group previously reported the identification of additional liver 
lesions using ICG in approximately 12% of patients.13-15 The current study with 
SGM-101 did not show detection of additional liver lesions, which might be a 
consequence of the small study population and the inclusion of four patients 
with irresectable disease (patient ID 1-3 and 8). However, SGM-101 is, opposed 
to ICG, tumor-specific. As a CEA-targeting antibody, SGM-101 has the possibil-
ity to detect other types of metastases (eg. peritoneal), as well as the primary 
tumor. Therefore, SGM-101 seems to be a promising alternative or adjunct to 
ICG, especially in those patients who still have their primary tumor in situ or 
have a high probability of synchronous metastases (i.e. liver or peritoneal me-
tastases). A larger study is currently being prepared and expected to start in 
the first quarter of 2021, to assess the added value of SGM-101 for the detection 
of additional liver metastases and tumor-positive resection margins, potentially 
in combination with ICG. A benefit of the combination SGM-101 and ICG, is that 
these agents work on different wavelengths (700 nm and 800 nm, respectively) 
and provide tumor detection with a different mechanism. With the use of a NIR 
camera system that has the ability to image both wavelengths independently, 
one can switch between those wavelengths without interference.

Conclusion

All liver metastases from colorectal and pancreatic origin were fluorescent with 
SGM-101, administered 2-4 days prior to surgery. These results warrant further 
research to determine the added value of this technique.
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