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Table 2  Patient and tumor characteristics

Patient
No.

Age Type of Surgery Diagnosis Grade Primary tumor 
in situ

Suspicion 
metastatic disease

1 53 Staging open 
surgery

Serous 
adenocarcinoma

iii Yes Yes, enlarged 
suspect lns

2 68 Staging 
laparosopic

Serous 
adenocarcinoma

iii Yes No

3 68 Staging 
laparoscopic

Serous 
adenocarcinoma

iii No No

4 76 Cytoreduction 
open surgery

Clear-cell 
carcinoma

iii Yes Yes, two omental 
lesions

lns = lymph nodes

Table 3  Outcome of fluorescence imaging and histopathology 

Patient Primary tumor Lymph nodest Omentum Other biopsies
No pa Fluo. pa Fluo. pa Fluo. pa Fluo.
1 Malignant Yes* Malignant 

(16/22)**
Yes (all) Benign No Benign No

2 Malignant Yes* Benign Yes (some) Benign No Benign No
3 n/a n/a Benign Yes (some) Benign No Benign No
4 Malignant Yes* n/a n/a Malignant*** Yes (all) n/a n/a

Fluo: Fluorescent; n/a = not applicable;  
*	 a fluorescence signal arising from the uterus was seen during surgery  
**	 in 16/22 lymph nodes a macrometastasis was found;  
*** 	 two omental depositions were identified on preoperative imaging, but during surgery a third lesion was identified 	
	 by nir fluorescence imaging. Final histopathological analysis showed tumor cells in all three omental lesions. 
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dose-escalation cohort and five were reported in three (18%) of 17 patients in the ex-
pansion cohort. Five moderate adverse events were reported in three (18%) patients 
in the expansion cohort, but they were deemed unrelated to sgm-101. No changes 
in vital signs, electrocardiogram, or laboratory results were found after administra-
tion of the maximum dose of 10 mg of sgm-101 in both cohorts. A dose of 10 mg, 
administered 4 days before surgery, showed the highest tbr (mean tbr 6.10 sd 0.42 
in the dose-escalation cohort). In the expansion cohort, 19 (43%) of 43 lesions were 
detected using fluorescence imaging and were not clinically suspected before fluo-
rescent detection, which changed the treatment strategy in six (35%) of 17 patients. 
Sensitivity was 98%, specificity was 62%, and accuracy of fluorescence intensity was 
84% in the expansion cohort.

Interpretation " This study presents the first clinical use of cea-targeted 
detection of colorectal cancer and shows that sgm-101 is safe and can influence 
clinical decision making during the surgical procedure for patients with colorectal 
cancer.

research in context
Evidence before this study  A  Tumour-targeted intraoperative fluores-
cence imaging can provide surgeons with real-time feedback about the location and 
extent of tumours, which might improve patient outcomes. A well-known tumour 
marker for colorectal cancer is carcinoembryonic antigen (cea), which is overex-
pressed in the vast majority of colorectal cancer cells. Involvement of surgical mar-
gins (R+) is reported in up to 28% of primary colorectal cancer resections and up to 
50% of recurrent rectal cancer resections. Moreover, 10% of patients with colorectal 
cancer develop peritoneal metastases, for whom cytoreductive surgery with hyper-
thermic intraperitoneal chemotherapy is the recommended surgical procedure. The 
extent of cytoreduction is directly associated with survival; therefore, maximal cyto-
reduction of small and otherwise undetected tumour lesions is important. cea-tar-
geted fluorescence imaging can be of added value in both locoregional and metasta-
sised colorectal cancer. Our preclinical studies showed that a fluorescent anti-cea 
monoclonal antibody, sgm-101, binds to cea-positive tumours and its metastases 
after intravenous administration.

Added value of this study  A  This study describes the first clinical ap-
plication of sgm-101 in patients with colorectal cancer for intraoperative detec-
tion of primary, recurrent, and peritoneal metastases. We showed that intravenous 

abstract
Background " Tumour-targeted fluorescence imaging has the potential to ad-
vance current practice of oncological surgery by selectively highlighting malignant 
tissue during surgery. Carcinoembryonic antigen (cea) is overexpressed in 90% of 
colorectal cancers and is a promising target for colorectal cancer imaging. We aimed 
to assess the tolerability of sgm-101, a fluorescent anti-cea monoclonal antibody, 
and to investigate the feasibility to detect colorectal cancer with intraoperative fluo-
rescence imaging.

Methods " We did an open-label, pilot study in two medical centres in the 
Netherlands. In the dose-escalation cohort, we included patients (aged>18 years) 
with primary colorectal cancer with increased serum cea concentrations (upper 
limit of normal of >3 ng/mL) since diagnosis, who were scheduled for open or 
laparoscopic tumour resection. In the expansion cohort, we included patients 
(aged>18 years) with recurrent or peritoneal metastases of colorectal cancer, with 
increasing serum concentrations of cea since diagnosis, who were scheduled for 
open surgical resection. We did not mask patients, investigators, or anyone from 
the health-care team. We assigned patients using a 3 + 3 dose design to 5 mg, 
7.5 mg, or 10 mg of sgm-101 in the dose-escalation cohort. In the expansion co-
hort, patients received a dose that was considered optimal at that moment of the 
study but not higher than the dose used in the dose-escalation cohort. sgm-101 
was administered intravenously for 30 min to patients 2 or 4 days before surgery. 
Intraoperative imaging was done to identify near-infrared fluorescent lesions, 
which were resected and assessed for fluorescence. The primary outcome was toler-
ability and safety of sgm-101, assessed before administration and continued up to 
12 h after dosing, on the day of surgery, the first postoperative day, and follow-up 
visits at the day of discharge and the first outpatient clinic visit. Secondary out-
comes were effectiveness of sgm-101 for detection of colorectal cancer, assessed 
by tumour-to-background ratios (tbr); concordance between fluorescent signal 
and tumour status of resected tissue; and diagnostic accuracy in both cohorts. 
This trial is registered with the Nederlands Trial Register, number ntr5673, and 
ClinicalTrials.gov, number nct02973672.

Findings " Between January 2016 and February 2017, 26 patients (nine in the 
dose-escalation cohort and 17 in the expansion cohort) were included in this study. 
sgm-101 did not cause any treatment-related adverse events, although three pos-
sibly related mild adverse events were reported in three (33%) of nine patients in the 
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difficulty in distinction between fibrosis and tumour tissue after neoadjuvant thera-
py10. Globally, 10% of patients with colorectal cancer develop peritoneal metastases, 
for whom cytoreductive surgery with hyperthermic intraperitoneal chemotherapy is 
the recommended therapy, resulting in median overall survival of up to 32 months11. 
The extent of cytoreduction is directly associated with survival; therefore, maximal 
cytoreduction of the numerous and often small tumour lesions is pivotal12. With its 
potential to highlight small tumour lesions, tumour-targeted fluorescence-guided 
surgery can be of added value in both locoregional and metastasized colorectal can-
cer. Moreover, it could aid distinction between fibrosis and malignant tissue, which 
is often challenging in patients with rectal cancer who have had chemotherapy and 
re-irradiation or irradiation therapy.

Carcinoembryonic antigen (cea) is a well known tumour marker and is highly 
expressed in colorectal cancer13,14. Importantly, cea expression in healthy tissue is 
on average 60 times lower than in tumour tissue, and the antigenic concentration 
of cea on the surface of cancer cells is relatively high (105-106 antigens per cell)15. 
In this study, we describe sgm-101, a cea-specific chimeric antibody conjugated 
to a fluorophore that emits near-infrared fluorescence. Preclinical studies showed 
that sgm-101 binds to cea-positive colorectal cancer cells and its metastases after 
intravenous administration16. On the basis of these promising results with sgm-
101, translation in a clinical study in patients with colorectal cancer is a logical next 
step. Therefore, in this study, we aimed to assess the tolerability of ascending doses of 
sgm-101 in patients with primary colorectal cancer, and to determine the best per-
forming dose and dosing time for intraoperative fluorescence imaging. Additionally, 
these parameters were used in an expansion cohort of patients with colorectal cancer 
for intraoperative detection of recurrent tumours, including peritoneal metastases, 
and to assess whether sgm-101 could change patient management.

methods
Study design and patients  A  We did an open-label, pilot study in two 
centres (Leiden University Medical Center, Leiden; and the Catharina Hospital 
Eindhoven, Eindhoven) in the Netherlands. We used a 3 + 3 dose escalating study 
design for those in the dose-escalation cohort only. This study was done in accor-
dance with the Good Clinical Practice guidelines from the International Council 
for Harmonisation of Technical Requirements for Pharmaceuticals for Human 
Use, and the laws and regulations on drug research in humans of the Netherlands. 
The study was approved by a certified medical ethics review board (bebo, Assen, 
Netherlands).

administration of 10 mg of sgm-101 in patients with colorectal cancer is safe and 
tolerable, with the sensitivity needed to detect malignant lesions that would have 
otherwise been missed during surgery. Importantly, sgm-101 allowed detection of 
both superficially and more deeply seeded metastases. This study also suggests that 
intraoperative fluorescence imaging might guide surgeons to identify areas from 
which frozen sections should be obtained for intraoperative decision making.

Implications of all the available evidence  A  Application of 
cea-targeted fluorescence imaging during colorectal cancer surgery can result in 
improved demarcation and detection of otherwise undetected malignant lesions. 
Although investigated in a small pilot study, sgm-101 can influence perioperative 
clinical decision making. Larger studies are needed to assess whether improved 
colorectal cancer detection influences R0 resection rates and results in more com-
plete cytoreductive surgery, which should ultimately improve oncological outcomes.

introduction	  
A new era in the field of near-infrared fluorescence-guided oncological surgery has 
commenced with the first clinical studies using tumour-specific fluorescent tracers1. 
Fluorescence imaging can provide surgeons with real-time feedback about the loca-
tion and extent of tumours, which might increase radical resection rates and im-
prove patient outcomes. This technology uses clinically available monoclonal anti-
bodies (eg, bevacizumab or cetuximab) or new tumour-specific ligands that are con-
jugated to a fluorophore and accumulate in tumours after intravenous administra-
tion2. Subsequently, a dedicated near-infrared fluorescence imaging system enables 
detection of tumours in real-time during the procedure. Several tumour-targeted 
tracers have been tested in first-in-human studies, yielding promising results for in-
traoperative fluorescence detection of ovarian cancer, head and neck cancer, breast 
cancer, and peritoneal metastases of colorectal cancer3-6. However, no tracers have 
been investigated for fluorescence imaging of primary and recurrent colorectal can-
cer, although major advantages can be expected from this application.

The primary curative treatment for colorectal cancer is radical resection with 
clear margins (R0). Involvement of surgical margins (R+) is a poor prognostic fac-
tor for disease-free survival and overall survival, but is still reported in up to 28% 
of rectal cancer cases7,8. In surgery for recurrent rectal cancer, an R0 resection is 
equally essential; this is generally achieved in 50-60% of cases, with 5-year survival 
up to 70%9. However, these procedures are challenging because of distorted pelvic 
anatomy after previous resections, the presence of multifocal tumour tissue, and 
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sgm-101 consists of a chimeric monoclonal antibody that targets cea covalent-
ly bound to the fluorophore bm-104. The tracer was manufactured by Novasep 
(Gosslies, Belgium) and supplied by Surgimab (Montpellier, France). Additional 
information about sgm-101 is provided in the appendix (p 1). On the basis of pre-
clinical data16, a dose-escalation scheme of sgm-101 (5 mg, 7.5 mg, or 10 mg) was 
used (appendix p 1). We intravenously infused patients with sgm-101 for 30 min in 
a dedicated clinical research unit at least 2 days before surgery. Following each dose 
level, the collected data (ie, safety data and fluorescence intensity of tumour and 
background tissue using that dose of sgm-101) were reviewed jointly by the investi-
gator and sponsor before ascending the dose level.

All surgical procedures were done by experienced oncological surgeons. First, the 
surgical field was explored using standard visual and tactile methods (for which tac-
tile methods were done only during open surgery). Subsequently, the fluorescence 
imaging, which was done with the Artemis and Spectrum fluorescence imaging sys-
tem (Quest Medical Imaging, Middenmeer, Netherlands; appendix p 1)17 was used 
to identify near-infrared fluorescent lesions. All lesions identified by visual and tac-
tile methods or near-infrared fluorescence imaging were resected if it was surgically 
feasible and supported a clinical purpose (eg, adjustment in staging or treatment). 
If resection included surrounding structures, a frozen section was first assessed by 
an attending pathologist to confirm whether resection was needed. Each resected 
lesion was marked on a case report form as fluorescent or non-fluorescent, and as 
either clinically suspected for malignancy or not.

Following resection, fluorescence imaging of the wound bed was done to iden-
tify any remaining fluorescence. Fluorescence imaging of the resection specimen 
was done in the operating room and the pathology department. All resected speci-
mens were assessed for fluorescence both before and after slicing, and localisation 
of fluorescence signal was recorded on macroscopic photographs. The slice contain-
ing the peak fluorescence signal of each patient undergoing surgery at the Leiden 
University Medical Center was additionally imaged with the Pearl imager (li-cor 
Biosciences, Lincoln, ne, usa) to obtain ex-vivo tumour-to-background ratios 
(tbrs).

Additionally, we did tolerability assessments (ecg, blood pressure, pulse, periph-
eral oxygen saturation, respiratory rate, and temperature) at regular intervals starting 
directly before administration and continued up to 12 h after dosing. We repeated 
these measurements on the day of surgery, the first postoperative day, and the day of 
discharge from the hospital. Follow-up visits coinciding with clinical care took place 
at the day of discharge and the first outpatient clinic visit. Additionally, we recorded 
adverse events and the concomitant use of other medications throughout the study 

We included patients aged 18 years or older with a clinical diagnosis of primary 
colorectal cancer, with increased serum cea concentrations (=upper limit of nor-
mal uln of >3 ng/mL), who were scheduled for either open or laparoscopic sur-
gical resection in the dose-escalation cohort. Additionally, we included patients 
aged 18 years or older who were diagnosed with recurrent or peritoneal metastases 
of colorectal cancer, with increasing serum cea concentrations since diagnosis, and 
who were scheduled for open surgical resection in the expansion cohort. Staging 
of primary colon and rectal cancers was done according to standard protocol and 
included ct or mri, or both. Staging of recurrent colon and rectal cancers, as well 
as peritoneal metastases, was done with use of either ct, mri, or, when considered 
necessary, with pet-ct. No patients were excluded on the basis of preoperative im-
aging, but only patients eligible for surgical resection were included.

We excluded patients who were pregnant or breastfeeding, had a history of ana-
phylactic allergic reactions, had a serum cea concentration of 300 ng/mL or more, 
had a diagnosis of another malignancy within the past 5 years (except adequately 
treated in-situ carcinoma of the cervix and basal or squamous cell skin carcino-
ma), and had anticancer therapy (except for routine preoperative radiotherapy for 
colorectal cancer) within 4 weeks before inclusion. Additionally, we excluded pa-
tients with only colorectal cancer who had abnormal laboratory test values for as-
partate aminotransferase, alanine amino transferase, gamma-glutamyltrans ferase, 
or alkaline phosphatase concentrations that were more than five times the uln; and 
total bilirubin concentrations more than two times the uln. We excluded patients 
who had abnormal laboratory test values for serum creatinine concentrations more 
than 1.5 times the uln, absolute neutrophil counts less than 1.5 × 105 cells per L, 
platelet counts less than 100 × 109 cells per L, or haemoglobin concentrations less 
than 4 mmol/L in women or 5 mmol/L in men. We also excluded patients with a 
known positive test for hiv infection, hepatitis B surface antigen, or hepatitis C virus 
antibody; patients with untreated serious infections; and those who had any condi-
tion that the investigator considered to be potentially compromising to the patients’ 
wellbeing or the study objectives. Participants gave written informed consent to the 
investigators before screening to take part in the study.

Procedures  A  In the dose-escalation cohort, we assigned patients using a 3 
+ 3 dose design to 5 mg, 7.5 mg, or 10 mg of sgm-101. In the expansion cohort, pa-
tients received a dose that was considered optimal at that moment of the study but 
not higher than the dose used in the dose-escalation cohort. We did not mask pa-
tients, investigators, or anyone from the health-care team and did not use placebo 
treatment.
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Fluorescence in tumour and normal tissues, measured on ffpe tissue blocks with 
the Pearl imager, was compared with the paired, non-parametric t test (ie, Wilcoxon 
rank test). A p value of less than 0.05 was considered significant. Data are sum-
marised in a bar chart (mean range) and box plot (median iqr). Patients in the dose-
escalation cohort were included in the primary analysis. Patients in the expansion 
cohort were analysed separately. We did all statistical analyses and generated graphs 
using GraphPad Prism (version 7.0)	

This trial is registered with the prospective Dutch trial registry (Nederlands Trial 
Register), number ntr5673, and ClinicalTrials.gov, number nct02973672.

Role of the funding source  A  The study was designed by the investiga-
tors and approved by the sponsor, Surgimab. The funder of the study had no role in 
data collection, data analysis, data interpretation, or writing of the report. The corre-
sponding author had full access to all the data in the study and had final responsibil-
ity for the decision to submit for publication. 

results
Between January, 2016, and February, 2017, 26 patients were included in this study. 
Nine patients were included in the dose-escalation cohort and 17 patients were 
included in the expansion cohort. In two patients from the expansion cohort, the 
planned surgery was aborted because of unexpected tumour ingrowth in the anal 
sphincter in one of the patients who wanted only sphincter-saving surgery, and a 
high peritoneal carcinomatosis index in the other patient who was planned for cy-
toreductive surgery with hyperthermic intraperitoneal chemotherapy. Despite abor-
tion of the surgical procedures, fluorescence imaging in the first patient was success-
fully done via transanal inspection with a laparoscope and in the second patient dur-
ing exploratory laparotomy. Table 1 summarises the patient characteristics, surgical 
procedures, and histopathology results.

No serious adverse events were reported in the dose-escalation cohort of patients 
with primary colorectal cancer. Three possibly related mild adverse events were 
noted in three (33%) of nine patients in the dose-escalation cohort and five possibly 
related mild adverse events were reported in three (18%) of 17 patients in the expan-
sion cohort. In the expansion cohort, five moderate adverse events were reported in 
three (18%) of 17 patients that were all regarded unrelated to the dosing of sgm-101 
(Table 2). The most common serious adverse events were infections (three 60% of 
five events), paralytic ileus (one 20%), and pyelonephritis (one 20%). No changes in 

period. We also collected blood samples from participating patients before and after 
dosing of sgm-101, and serum cea concentrations were measured in these samples.

An experienced board-certified gastrointestinal pathologist did routine assess-
ment of tumour status on all resected lesions following haematoxylin and eosin 
staining. The histopathological examination was considered the reference standard. 
Tumour status was correlated with the status of fluorescence, and immunohisto-
chemistry staining was done to directly correlate cea expression to fluorescence sig-
nal in formalin-fixed paraffin-embedded (ffpe) blocks with use of the Pearl imager 
(appendix pp 2, 3). A fluorescent lesion that was tumour positive was considered a 
true positive, a fluorescent lesion that was tumour negative was considered a false 
positive, and a non-fluorescent lesion that was tumour positive was considered a 
false negative. Using these classifications, we also evaluated sensitivity, which was 
calculated by dividing the number of true-positive lesions by the total number of 
resected tumour lesions; and specificity, which was calculated by dividing the true 
negative lesions by the total number of resected lesions without tumour involve-
ment. Additionally, we evaluated the positive predictive value, which was calculated 
by dividing the number of true positives by the total number of true and false posi-
tives; and the negative predictive value, which was calculated by dividing the true-
negative lesions by the total number of true and false-negative lesions.

Outcomes  A  The primary outcome was tolerability and safety of sgm-101, 
which was assessed with the use of routine clinical measures such as treatment-re-
lated adverse events, blood pressure, heart rate, body temperature, peripheral oxygen 
saturation, respiratory rate, skin examination, and routine laboratory assessments. 
Treatment-related adverse events were defined as any adverse event associated with 
the study procedure but not necessarily related to the study intervention (ie, sgm-
101) for up to 10 days after surgery, using the National Cancer Institute Common 
Terminology Criteria for Adverse Events (version 4.03). Secondary outcomes were 
effectiveness of sgm-101 for detection of colorectal cancer, assessed by tbrs, concor-
dance between fluorescent signal and tumour status of resected tissue, and diagnos-
tic accuracy. Additionally, the amount of injected sgm-101 that was lost by binding 
to serum cea was calculated by measuring serum cea directly and after dosing in 
both cohorts.

Statistical analysis  A  Due to the exploratory nature of this study, sam-
ple size was not based on statistical power considerations. tbr for fluorescence is 
reported as mean and sd. Patient characteristics are reported as median and iqr. 



fluorescence-enhanced surgical navigation 

164 

PART Iii • chapter 10 • Fluorescence imaging of colorectal cancer using SGM-101 

165

of particles of blue ink, caused by perforation of the bowel wall during endoscopic 
marking of the tumour. None of these lesions displayed cea expression with immu-
nohistochemistry staining. The diagnostic accuracy is shown in Figure 1b.

In the expansion cohort, the first patient received a dose of 5 mg of sgm-101 and 
the second patient received a dose of 7.5 mg, administered 2 days before surgery. The 
other 15 patients received a dose of 10 mg, 4 days before surgery. 44 malignant le-
sions were resected in 17 patients, of which 43 were fluorescent with a mean intra-
operative tbr of 1.64 (sd 0.27; Table 3). The non-fluorescent malignant lesion was 
identified with a random biopsy during intraoperative analysis of a resection mar-
gin. Additional histopathological analysis of the part of the rectum where the bi-
opsy was taken showed a microscopic metastasis in the fatty tissue with strong cea 
expression.

In the expansion cohort, 19 (44%) of the 43 malignant lesions were only identi-
fied with fluorescence imaging and were not clinically suspected before fluorescent 
detection. Fluorescent tumour hotspots were located both superficially (eg, tumour 
spots in the bowel mesentery or ovary) and deeply (eg, retroperitoneal lymph nodes; 
Figure 4). 13 (68%) of the 19 lesions were detected in two patients undergoing cytore-
ductive surgery, followed by hyperthermic intraperitoneal chemotherapy. The other 
six (32%) additional malignant fluorescent hotspots were identified in four patients 
undergoing resection of recurrent colorectal cancer, mostly detected after resection 
of the tumour specimen at the pelvic wall. The original treatment strategy was al-
tered in six (35%) of 17 patients because of intraoperative fluorescent detection of 
additional, otherwise undetected, malignant tissue.

Three (18%) of 17 patients had a pathological complete response after preopera-
tive chemoradiotherapy. In two of these three patients, a fluorescent signal was still 
identified at the location of the suspected tumour (mean tbr 1.67, sd 0.19). One 
patient had a tumour mass near the left ovary, which appeared as an abscess during 
surgery. Both the abscess wall and abscess cavity were fluorescent during surgery, but 
did not contain malignant cells and were not cea positive by immunohistochemi-
cal staining. The other patient with a pathological complete response had a tumour 
mass of 24 mm in diameter near the left iliopsoas muscle, which could be clearly 
identified during ex-vivo fluorescence imaging. Histopathological analysis revealed 
extensive necrosis, with mucin-producing cells that were positive for cea, and scar 
tissue. Of the 14 patients with a malignancy, 13 had an intestinal-type adenocarci-
noma. All these malignancies showed co-localisation of fluorescence and cea ex-
pression on the malignant cells, with strong cea staining. One patient had a poorly 
differentiated sarcomatous adenocarcinoma of the sacral bone; although the tumour 
was fluorescent during ex-vivo imaging (tbr 1.68), no cea expression was found.

vital signs, electrocardiogram, or laboratory results were found after administration 
of the maximum dose of 10 mg of sgm-101 in both cohorts.

The molecular weight of cea is 2 × 105 Da and sgm-101 is 1.5 × 105 Da. The big-
gest change in serum cea concentration before and after dosing was 40 µg/L. 
Considering a circulating blood volume of 5 L, this change means a total circulating 
amount of 200 µg (ie, 1.2 × 10²0 Da or 6 × 1014 U). The total amount of injected sgm-
101 was 5 mg (ie, 3 × 10²¹ Da or 2 × 10¹6 U). Thus, the amount of sgm-101 lost by bind-
ing to circulating cea was 3%.

Of the nine patients in the dose-escalation cohort, the first three patients re-
ceived a dose of 5 mg of sgm-101, administered 2 days before surgery. Because of 
substantial background fluorescence, probably as a consequence of high concentra-
tions of the tracer in the systemic circulation, the interval between dosing and im-
aging was prolonged to 4 days. The next three patients received a dose of 7.5 mg, 
administered 4 days before surgery. The mean tbr of the resected specimens was 
4.70 (sd 0.99) in the 5 mg dose group compared with 5.70 (sd 1.27) in the 7.5 mg 
dose group. Hence, the dose was further increased and the three subsequent patients 
received a dose of 10 mg, resulting in a mean tbr of 6.10 (sd 0.42). Separate tumour 
and background signals per dose group are shown in Figure 1a.

Fluorescence imaging was used to detect malignant lesions in three patients with 
colon adenocarcinomas and six patients with rectal adenocarcinomas, including two 
pathological complete responders. In four of nine patients, a fluorescent signal aris-
ing from the primary tumour could be detected during surgery with a mean tbr of 
1.83 (sd 0.25; Table 3). These signals were all from three colon tumours (figures 2A, 
2c) and one rectal tumour that was located near the anal verge and detected with 
transanal fluorescence imaging (tbr 1.52). The remaining five patients’ rectal tu-
mours could not be detected by intraoperative fluorescence imaging of the surgical 
field. Three of these rectal tumours showed a clear fluorescent signal during ex-vivo 
imaging of the sliced specimen (figures 3a, 3b). The last two specimens showed no 
fluorescence, which were confirmed as pathological complete responses by histo-
pathological analysis.

Six metastases were detected with fluorescence imaging (mean tbr 1.74, sd 0.32): 
four colorectal liver metastases, one lymph node metastasis, and one omental lesion 
(figures 2b, 2d). All thirteen malignant primary and metastatic lesions showed co-
localisation of fluorescence with cea overexpression and tumour cells (Figure 3c). 
Immunohistochemistry staining of tumour tissues showed that cea expression was 
strong in 80-100% of all tumour cells. Two false-positive fluorescent lesions were 
identified during surgery (mean tbr 1.62, sd 0.11): one lesion was classified as dys-
plasia of the urothelial lining of the bladder and one as a peritoneal lesion consisting 
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healthy epithelium could be disadvantageous, this factor did not hinder discrimina-
tion between tumour and healthy tissue.

Histopathological analysis showed that some of the false-positive lesions detect-
ed contained mucin-producing cells, which express cea. These lesions were only de-
tected in patients with rectal cancer who had undergone re-irradiation, suggesting 
a relationship. Future immunohistochemistry studies should clarify the correlation 
between cea expression and the subtype of colorectal cancer that contains mucin-
producing cells or the effect of re-irradiation, or both. There are several hypotheses 
about why false-positive lesions appeared fluorescent during surgery. First, although 
the use of light in the near-infrared spectrum (700-900 nm) is associated with mini-
mal auto fluorescence, it is plausible that collagen-rich structures, calcified spots, or 
the sacral bone could have caused false-positive fluorescence as a consequence of au-
tofluorescence properties. Secondly, the enhanced permeability and retention effect, 
which results in accumulation of macromolecules (eg, sgm-101) as a consequence of 
hypervasculature and impaired lymphatic drainage, could play a part in false positiv-
ity21,22. This effect is also considered the most likely cause for accumulation of indo-
cyanine green in peritoneal metastases. Indocyanine green is a clinically available 
near-infrared fluorescent tracer and has been studied for intraoperative detection 
of peritoneal metastases of colorectal cancer and ovarian cancer23,24. However, this 
tracer does not specifically bind to tumour cells and, importantly, small peritoneal 
metastases (<2 mm) are still avascular and not possible to detect via the enhanced 
permeability and retention effect25. In an attempt to improve specificity, Harlaar and 
colleagues6 did a pilot study using a vegf-A-targeting tracer in seven patients un-
dergoing cytoreductive surgery for peritoneal metastases; although a high sensitivity 
was reported, specificity was only 53%.

The current dose-escalation study was done in patients with primary colorectal 
cancer. However, in both the dose-escalation and expansion cohorts, the time of ad-
ministration of sgm-101 between the dosing groups differed - eg, the 5 mg dosing 
group was done 2 days before surgery, compared with 4 days before surgery in the 
7.5 mg and 10 mg dosing groups in the dose-escalation cohort, possibly hamper-
ing a fair comparison. Moreover, the maximum tested dose was 10 mg of sgm-101, 
which did not cause any related adverse events. Higher dose concentrations need to 
be assessed in upcoming studies to investigate whether higher tbrs can be obtained 
while maintaining the good safety profile. Furthermore, not all tumours could be 
intraoperatively visualised. In three patients with rectal cancer and cT1-2 tumours, 
a fluorescence tumour signal was only visible after slicing of the resected specimen. 
Although use of near-infrared light allows detection of structures up to 1 cm in 
depth, the layer of mesorectum is apparently too thick to penetrate. In our opinion, 

Ten false-positive lesions were identified with a mean tbr of 1.62 (sd 0.27), includ-
ing lymph nodes, tissue adhered to the bowel, and at the rectal wall (marked during 
ex-vivo fluorescence imaging). Some cea positivity was found in histiocytes within 
lymph nodes, as well as in fibrotic and chronic inflamed tissue. However, four (80%) 
of five assessed false-positive lesions did not show cea expression. Ex-vivo analysis 
of ffpe blocks of all resected tissues from the expansion cohort showed a signifi-
cantly higher fluorescence intensity in tumour tissue than in normal tissue (mean 
0.51 sd 0.43 vs 0.24 sd 0.19; p<0.0001; Figure 1c). 

discussion	  
This study shows that intravenous administration of the cea-specific near-infrared 
fluorescent tracer sgm-101 is safe, and provides successful detection of primary and 
recurrent colorectal cancer as well as peritoneal metastases. Intraoperative fluores-
cence imaging led to detection of otherwise undetected malignant tissue causing the 
treatment strategy to be altered in about a third of patients. Importantly, sgm-101 
did not only identify superficially located cancer tissues (eg, small metastases in the 
omentum or bowel mesentery) but also identified more deeply seeded metastases 
(eg, retroperitoneal or para-aortic lymph nodes). 

cea is considered a favourable tumor target for colorectal cancer imaging14,18, 
because it is highly expressed on colorectal cancer tissue, and importantly, expression 
patterns in rectal cancer are not modified after preoperative chemoradiotherapy19. 
However, cea has several disadvantages as a tumour target, including expression 
on normal epithelium and the weak anchorage of cea to the cell membrane. This 
weak anchorage results in shedding of soluble cea into the bloodstream, which 
could serve as a scavenger source when injecting a cea-targeted imaging agent. By 
measuring serum cea concentrations in patients before and directly after dosing 
of sgm-101, we could conclude that 3% of the administered dose of sgm-101 was 
lost by binding to circulating cea. Hence, almost all the injected probe was avail-
able for tumour targeting. The upper limit of circulating serum cea concentration 
(300 ng/mL) as an exclusion criterion could therefore be abandoned in future stud-
ies. Assuming that increased concentrations of serum cea represent upregulation 
of this marker in colorectal cancer tissue, serum cea measurements were initially 
thought to benefit patient selection. However, a recent study20 showed that 32 of 
35 rectal cancer tissues showed intense cea expression independent of the concen-
tration of preoperative serum cea. In the expansion cohort, this inclusion criterion 
was therefore adjusted, and patients with increasing serum cea concentrations since 
diagnosis were also considered eligible. Although normal expression of cea on the 
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devices and to determine the minimal amount of tumour cells that can be detected 
using a specific device32. 

In conclusion, we showed that intravenous administration of sgm-101 is safe and 
provides successful detection of primary, recurrent, and metastasised colorectal can-
cer, leading to an altered treatment strategy in about a third of patients. Because 
completeness of tumour resection is associated with increased survival, sgm-101 
could potentially improve the clinical outcome of patients undergoing surgery for 
colorectal cancer, including cytoreductive surgery and hyperthermic intraperito-
neal chemotherapy. However, the results from this study have to be interpreted cau-
tiously because of the small population and heterogeneity in doses and timing of 
fluorescence imaging after dosing. A larger clinical study is needed to assess whether 
these changes in the operative procedure might influence radical resection rates and 
completeness of cytoreductive surgery, which could ultimately result in improved 
local control and overall survival. 

cea-targeted fluorescence imaging during colorectal cancer surgery is therefore 
mainly useful to detect local and distant metastases, as well as locally advanced rec-
tal cancers. Nonetheless, ex-vivo detection of a tumour-specific fluorescent signal 
underlines the potential added value of sgm-101 during transanal endoscopic mi-
crosurgery. Although different optical properties apply to the endoscopic situation 
compared with ex-vivo fluorescence imaging - eg, scattering and absorption of sur-
rounding tissues - our results suggest that fluorescence imaging could improve the 
limited sensitivity of endoscopic assessment for residual tumour detection26. The 
absence of fluorescence in two resected specimens with a pathological complete re-
sponse underlines the role of sgm-101 application during watch-and-wait strategies 
after neoadjuvant treatment27. 

In the expansion cohort, patients with recurrent colorectal cancer and peritoneal 
metastases of colorectal cancer were included. Although a high sensitivity was re-
ported, ten false-positive lesions were detected. An important lesson to bear in mind 
is that before substantial resections are done, frozen sections should be taken to en-
sure that there is no false positivity. sgm-101 can help surgeons to identify areas from 
which frozen sections should be obtained, which is normally very random without 
intraoperative imaging. The high negative predictive value indicates that if there is 
no fluorescence, there is no tumour if it is also clinically unsuspected. However, more 
deeply seeded tumours can be visualised only when the targeted area is first properly 
exposed. Targeted dual-modality imaging is currently being investigated to over-
come the paucity of depth penetration of near-infared light. This technique provides 
preoperative tumour detection through pet or single-photon emission ct imaging 
and intraoperative guidance towards deeper located targets via fluorescence imaging 
and the radioactive label. A recent preclinical study showed accurate preoperative 
and intraoperative detection of pulmonary micrometastases after intravenous ad-
ministration of a dual-labelled cea-targeted antibody 28. 

Although there has been a rapid increase in the number of clinical trials using 
fluorescence imaging for cancer screening and detection, several barriers must be 
overcome before the technique can be widely used in everyday clinical practice2. 
Besides funding and awareness, the translational process of tumour-targeted probes 
such as sgm-101 is a time consuming process with challenging regulatory affairs29. 
Most importantly, not all currently available imaging devices have similar detec-
tion limits, which results in a scarcity of a fair comparison between these different 
systems, hampering reproducibility. A potential method to improve intraoperative 
distinction between malignant and non-malignant tissue might be the use of cutoff 
values - eg, the use of threshold by calculation of fluorescence with use of phantoms 
or reference standards30,31. More research is needed to objectively compare imaging 
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Figure 2  In-vivo and ex-vivo fluorescence imaging of a sigmoid cancer and synchronous liver metastasis
A	 Intraoperative f luorescence imaging resulted in clear f luorescence detection of the primary tumour  

in the sigmoid. 
b	 Fluorescence detection of a synchronous liver metastasis. 
c	 Ex-vivo analysis of the primary sigmoidal cancer. 
d	 Ex-vivo analysis of the slices containing the liver metastasis, showing co-localisation of f luorescence 

with visual tumour location.

Figure 1  Outcomes of fluorescence imaging in the dose-escalation and expansion cohort
A	 Mean f luorescence intensity of tumour and background tissue per dose group of sgm-101 in the  

dose-escalation cohort. Error bars are the maximum f luorescence intensity measured. 
B	 Sensitivity, specificity, ppv, npv, and accuracy of f luorescence imaging in the dose-escalation cohort. 

All resected tissues (either detected with visual inspection or with f luorescence imaging) were included 
in this analysis. 

c	 Mean f luorescence intensity of all resected lesions in the expansion cohort. On the basis of 
corresponding haematoxylin and eosin and cea staining, regions of interest were drawn on f luorescent 
images and f luorescence between tumour and normal tissues was compared. The horizontal line in  
the box is the median f luorescence signal. The box refers to 50% of scores. Error bars are ranges. 

d	 Sensitivity, specificity, ppv, npv, and accuracy of f luorescence imaging in the expansion cohort. 
All resected tissues (either with visual inspection or with f luorescence imaging) were included in 
this analysis. au=arbitrary unit. N=total number of resected lesions. ppv=positive predictive value. 
npv=negative predictive value. cea=carcinoembryonic antigen
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Figure 4  Intraoperative fluorescence detection of additional, otherwise undetected, metastases of colorectal 
cancer. 	
A	 Identification of a f luorescent hotspot in the bowel mesentery, which was confirmed to contain 

malignant cells by frozen section analysis. 
B	 Intraoperative identification of two small additional f luorescent tumour hotspots in the omentum.
c	 Intense f luorescence signal shown in the right ovary. Although the surgeon doubted if the ovary 

contained tumour cells, histopathological analysis revealed involvement of tumour cells. 
d	 Intraoperative f luorescence detection of retroperitoneal lymph nodes. Even below a layer of overlying 

tissue, metastasised lymph nodes can still be detected.

Figure 3  Ex-vivo fluorescence imaging of a primary rectal cancer
A	 In this specimen (pT2), rectal cancer could not be detected during surgery. After cutting of the 

specimen, a clear f luorescent signal appeared. 
B	 Corresponding tumour slice, showing a f luorescence signal on the inside of the rectal wall. 
c	 Histopathological analysis of a tumour slice, showing co-localisation of tumour cells, cea expression, 

and f luorescence. cea=carcinoembryonic antigen.
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Table 2 

Dose 
escalation 
cohort 

System organ class Preferred 
term

Severity Serious 
adverse 
event

Relationship 
to sgm-101

Occurrence

5.0 mg of sgm-101
Patient 1

 day 3 Skin and subcutaneous disorders Scar pain Mild No Unrelated Single occasion

 day 6 Gastrointestinal disorders Paralytic ileus Mild No Unrelated Single occasion

 day 8 General disorders and 
administration siteconditions

Pyrexia Mild No Unrelated Single occasion

 day 17 Gastrointestinal disorders Proctalgia Mild No Unrelated Single occasion

Patient 2
 day 4 Gastrointestinal disorders Nausea Mild No Unrelated Single occasion

Patient 3
 day 20 Metabolism Dehydration Mild No Unrelated Single occasion

7.5 mg of sgm-101
Patient 4 

 day 1 Skin and subcutaneous disorders Rash Mild No Possible Intermittent

 day 5 Undetermined sirs Moderate No Unrelated Single occasion

 day 6 Vascular disorders Orthostatic- 
hypotension

Mild No Unrelated Intermittent

Patient 5
 day 6 Gastrointestinaldisorders Nausea Mild No Unrelated Single occasion

10 mg of sgm-101
Patient 7

 day 1 Nervous system disorders Headache Mild No Possible Single occasion

 day 4 Injury, poisoning, and procedural 
complications

Phlebitis Mild No Unrelated Intermittent

 day 6 Gastrointestinal disorders Nausea Mild No Unrelated Single occasion

Patient 8
 day 1 Gastrointestinal disorders Abdominal 

discomfort
Mild No Possible Intermittent

 day 6 Musculoskeletal and connective 
tissuedisorders

Muscle 
tightness

Mild No Unrelated Single occasion

Patient 9
 day 1 Musculoskeletal and connective 

tissue disorders
Finger 
deformity

Mild No Unrelated Single occasion

 day 8 Cardiac disorders Atrial-
fibrillation

Mild No Unrelated Single occasion

 day 9 Skin and subcutaneous disorders Decubitus 
ulcer

Mild No Unrelated Single occasion

 day 12 Infections Wound 
infection

Mild No Unrelated Single occasion

(continuation on next page)

Table 1  Patient and tumour characteristics

Dose-escalation 
cohort (n=9) 

Expansion cohort 
(n=17)

Sex
 Men 5 (56%) 10 (59%)
 Women 4 (44%) 7 (41%)

Age, median (range) 69 (65 - 72) 62 (55 - 67)
Median preoperative concentration of serum cea (iqr;ng/mL) 4.0 (3.0 - 5.6) 4.3 (1.9 - 19.7)
Neoadjuvant therapy

 Yes 6 (67%) 14 (82%)
 No 3 (33%) 3 (18%)

Type of surgery
 Abdominoperineal resection 2 (22%) n/a
 Low anterior resection 4 (44%) n/a
 Sigmoid resection 2 (22%) n/a
 Hemicolectomy 1 (11%) n/a

Tumour recurrence locations 
 Anastomotic recurrence n/a 2 (12%)
 Lateral recurrence* n/a 3 (18%)
 Unifocal recurrence elsewhere** n/a 4 (24%)
 Multifocal recurrence in small pelvis n/a 4 (24%)
 Peritoneal recurrence n/a 4 (24%)

Method of surgery
 Open 4 (44%) 16 (94%)
 Laparoscopic 4 (44%) 0 
 Transanal inspection 1 (11%) 1 (6%)

Additional intraoperative therapy
 Liver resection 1 (11%) 0
 Intraoperative radiotherapy 0 10 (59%)
 Hyperthermic intraperitoneal chemotherapy 0 4 (24%)

Tumour stage
 T0 2 (22%) n/a
 T1 1 (11%) n/a
 T2 1 (11%) n/a
 T3 5 (56%) n/a
 T4 0 n/a

Nodal stage
 N0 5 (56%) n/a
 N1 2 (22%) n/a
 N2 2 (22%) n/a

Data are n (%), unless otherwise specified. cea = carcinoembryonic antigen; na = not applicable 
 *	 Tumours defined as a lateral recurrence were located in the obturator compartment or around the iliac vessels.  
**	 Tumours defined as a unifocal recurrence elsewhere in the abdomen were located near the duodenal curve,  
	 between the bladder and prostate, in the rectovaginal septum or near the left iliopsoas muscle
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Table 2 (continuation of previous page)

Expansion 
cohort

System organ class Preferred 
term

Severity Serious 
adverse 
events

Relationship  
to sgm-101

Occurrence

5.0 mg of sgm-101
Patient 1
   day 3 Injury, poisoning and procedural 

complications
Scratch Mild No Unrelated Single occasion

   day 5 Gastrointestinal  
disorders

Nausea Mild No Unrelated Intermittent

   day 6 Vascular disorders Scrotal  
haematoma

Mild No Unrelated Single occasion

   day 12 Gastrointestinal  
disorders

Paralytic ileus Moderate No Unrelated Single occasion

   day 15 Infections Urinary tract  
infection

Mild No Unrelated Single occasion

   day 23 Injury, poisoning and procedural 
complications

Renal injury Moderate Yes Unrelated Single occasion

7.5 mg of sgm-101
Patient 2
   day 5 General disorders and 

administration site conditions
Flank pain Mild No Unrelated Single occasion

10 mg of sgm-101
Patient 4
   day 6 Infections Urinary tract  

infection
Mild No Unrelated Single occasion

Patient 5
   day 28 Infections Pyelonephritis Moderate No Unrelated Single occasion

Patient 7
   day 1 Nervous system 

disorders
Headache Mild No Possible Single occasion

Patient 9
   day 7 Infections Urinary tract  

infection
Mild No Unrelated Single occasion

Patient 11
   day 8 Infections Pneumonia Moderate Yes Unrelated Single occasion

   day 19 Infections Abscess Moderate Yes Unrelated Single occasion

Patient 13
   day 1 Gastrointestinal  

disorders
Abdominal 
discomfort

Mild No Possible Intermittent

   day 1 Vascular disorders Dizziness Mild No Possible Single occasion

   day 1 Gastrointestinal  
disorders

Nausea Mild No Possible Intermittent

Patient 14
   day 1 Nervous system 

disorders
Headache Mild No Possible Single occasion

SIRS = systemic inflammatory response syndrome

Table 3  Malignant lesions detected with use of fluorescence imaging 

Dose-escalation cohort In vivo fluorescence Ex vivo fluorescence 
 Primary tumours 4/7 (57%) 7/7 (100%)
 Metastases 4/7 (57%) 6/7 (86%)

Expansion cohort  
 All lesions 34/44 (77%) 43/44 (98%)

Data are n/N (%), for which N is the total number of resected lesions


