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Abstract
Purpose  In our previous phase 2 trial, patients with locally advanced (LARC) or locally recurrent rectal cancer (LRRC) 
received SGM-101, a CEA-targeted fluorescent agent, to enable real-time near-infrared fluorescence (NIRF) guided surgery. 
This study demonstrated that SGM-101 enabled additional tumor removal in some patients and supported less invasive sur-
gery in others. Despite this positive intraoperative effect, the impact on long-term tumor control is unknown. Therefore, in 
this article we report the long-term outcomes of all rectal cancer patients that participated to the trial.
Procedures  For all 29 LARC and LRRC patients that participated in the SGM-101 phase 2 trial, follow-up data were col-
lected. Main outcome measure was 5-year local tumor control.
Results  The median follow-up of all patients was 5.0 years (IQR 4.5–5.5). Of the 12 LARC patients, three (25%) patients 
developed a local recurrence. The two patients in whom NIRF-guided surgery resulted in less invasive surgery remained 
locally recurrence-free. Among the 17 patients undergoing curative surgery for LRRC, 11 (65%) patients developed a local 
re-recurrence. Of the three patients who had an R0 instead of R1 as a direct result of SGM-101 guided surgery, one patient 
developed a local re-recurrence (33%), while the other two remained local recurrence-free.
Conclusions  This is the first study to report follow-up data on patients undergoing tumor-targeted NIRF-guided surgery. 
Although SGM-101 resulted in warranted changes in surgical management intra-operatively, no improved long-term benefit 
could be observed for the entire cohort. However, the subset of patients whose surgical approach was modified based on 
NIRF – either by performing less invasive surgery or removing additional malignant tissue—showed favorable long-term 
outcomes. Results from ongoing large trials are awaited.
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Introduction

In locally advanced rectal cancer (LARC) and locally recur-
rent rectal cancer (LRRC) surgery, surgeons commonly 
encounter challenges in achieving complete tumor resec-
tions (R0). Amongst other things, this can be attributed to 
the intricate anatomy of the small pelvis, fibrosis caused by 
neoadjuvant chemoradiotherapy, and in the case of LRRC, 
altered anatomy as a result of previous total mesorectal exci-
sion (TME) surgery. Consequently, the R1 ratio is 10–20% 
in LARC and approximately 45% in LRRC, with certain 
subgroups reaching levels as high as 72% [1–5]. For both 
LARC and LRRC tumor positive resection margins (R1) 
are associated with increased local recurrence rates and 
decreased overall survival [1, 2, 4, 6–8]. These, local (re-)
recurrences are accompanied by high morbidity such as pain, 
gastro-intestinal symptoms, urinary and sexual dysfunction 
and lower limb musculoskeletal pain and weakness [9]. 
Thus, obtaining complete tumor removal is of the utmost 
importance.

Near-infrared fluorescence (NIRF) guided surgery is a 
technique that can be used to visualize tumor tissue [10]. It 
involves the administration of a fluorescent agent that selec-
tively accumulates within or around the tumor. Subsequently 
the signal can be detected and displayed in real-time by a 
dedicated NIRF camera system [10].

Recently, we published results of a phase 2 clinical 
trial that was conducted from 2016–2018 involving 29 
patients undergoing elective surgery for LARC or LRRC 

with NIRF using SGM-101 [11, 12]. The investigational 
drug SGM-101 consists of the fluorophore BM-104 cova-
lently bound to a chimeric monoclonal antibody targeting 
carcinoembryonic antigen (CEA). CEA is a well-known 
tumor marker, overexpressed in colorectal cancer [13]. 
The trial showed that intra-operative use of SGM-101 led 
to significant alterations in the surgical plan for 7 out of 
29 patients. In five of these cases (all LRRC), SGM-101 
fluorescence revealed residual malignant tissue in the pel-
vic cavity that would have otherwise remained undetected. 
The consequent additional resections were confirmed 
malignant by pathology and improved margins from R1 
to R0 in three of the patients (See Fig. 1 for illustration). In 
two LARC patients, the absence of fluorescence allowed 
for less invasive surgery than initially planned [11, 12]. 
Despite the significant alterations in these seven patients, 
in five patients additional small-sized false positive resec-
tions were performed (fluorescent, not malignant) [11, 
12]. An overview of the above findings is summarized in 
Fig. 2. A more detailed description per case can be found 
in Table 1 of the supplementary file.

Despite an increasing number of successful tumor-
targeted NIRF phase 2/3 clinical trials that show intra-
operative benefit, up to our knowledge none of them have 
assessed the long-term benefit for patients so far. There-
fore, the aim of this study is to assess the long-term impact 
on rectal cancer patients who underwent tumor-targeted 
NIRF-guided surgery using SGM-101 as part of the phase 
2 trial.

Fig. 1   Intra-operative fluores-
cence imaging after resection of 
locally recurrent rectal cancer 
(LRRC) clinically assessed as 
clear margins (R0), but SGM-
101 imaging revealed positive 
margins (R1). A RGB-image 
with fluorescent overlay show-
ing LRRC-specimen express-
ing strong fluorescence at the 
resection margin, suggestive 
of positive margins (R1). B 
Corresponding monochromatic 
fluorescent image. C Two 
remaining small fluorescent 
hotspots confirmed as malignant 
after re-resection. D Cor-
responding monochromatic 
fluorescent image
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Patients and Methods

Patients

All patients that underwent resection of LARC or LRRC 
with SGM-101 (SurgiMab, Montpellier, France) as part of 
the phase 2 clinical trial at the Leiden University Medical 
Center (LUMC) or Catharina Hospital Eindhoven (CZE) 
between January 2016 and June 2018 were included in the 
analysis (NCT02973672) [11, 12]. Participating patients 
received dosages of 5–15 mg, 2–6 days before surgery. The 
protocol was approved by the institutional review board 
and participants provided written informed consent. The 
study design and patient selection have been described in 
detail previously [11, 12]. Conforming to Dutch guide-
lines, follow-up of these patients involved abdominal and 
thoracic CT imaging and blood CEA measurements at set 
times, in all patients.

Data Collection and Definitions

Patient characteristics, surgical outcome (R0/R1), change 
of surgical plan due to NIRF and pathology results were 
already available as this data was collected during our phase 
2 trial. For this study additional parameters and follow-up 
data from the electronic health record (EHR) were collected: 
local (re-)recurrence during the follow-up; time to local (re-)
recurrence in months from surgery to its first visualization 
on CT-scan, MRI-scan or PET-CT-scan; manifestation of 
metastatic lesions; time to metastases in months from sur-
gery to first visualization on CT-scan, MRI-scan or PET-
CT-scan; mortality; disease-related mortality; time to dis-
ease-related mortality in months. Additionally, the variable 
‘response to neoadjuvant therapy’ was collected from the 
pathology report. In cases where this information was not 
reported, the response rate from the pre-operative re-staging 
MRI was used.

Fig. 2   Overview SGM-101 phase-2 cohort and alterations in surgical 
plan, divided by type of cancer (LARC or LRRC), significant or no 
significant alteration in surgical plan and the type of surgical altera-
tion. Patients were classified as having a "significant alteration based 
on fluorescence-guided surgery" if their surgical plan was exclusively 
modified due to NIRF and resulted in a substantial outcome, defined 

as: 1) removal of additional malignant tissue; or 2) less invasive sur-
gery.  All fluorescence-guided false positive additional resections 
(fluorescent, benign) were minor in size and did not lead to post-oper-
ative morbidity higher than expected.  1 One patient had both a false 
positive additional resection as two true positive additional resections
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A complete (R0) resection was defined as a resection mar-
gin > 1 mm in LARC patients [14] and > 0 mm in LRRC 
patients [15]. LARC was defined as a rectal or rectosig-
moid T3/T4 tumor with involved mesorectal fascia on pre-
neoadjuvant radiologic assessment. LRRC was defined as a 
local recurrence of a rectal, rectosigmoid or distal sigmoid 
cancer in the pelvic area. Patients are classified as having 
a “significant alteration based on NIRF” when their surgical 
plan was modified exclusively due to NIRF and resulted in 
a substantial different outcome, defined as: 1) removal of 
additional malignant tissue (true positive; fluorescent and 
malignant, while clinically not suspect) or 2) less invasive 
surgical treatment, defined as treatment that is less extensive 
than initially planned because of the absence of fluorescence 
at a previously suspected area. Patients were categorized 
as “no significant alteration based on NIRF”  when NIRF 
had either no impact on the surgical plan or when any NIRF-
related additional resection was false positive (fluorescent 
but benign tissue).

Statistical Analysis

All analyses were performed using the Statistical Package 
for Social Sciences (SPSS, IBM Corporation, Armonk, 
NY, USA). In this study continuous data are presented as 
median with interquartile range, while categorical data are 
reported as count with percentage. For continuous data with 
only three values or less, the median is presented alongside 
the corresponding values enclosed within brackets. Overall 
survival and local recurrence-free survival were calculated 
by the method of Kaplan–Meier.

Results

For all 29 LARC and LRRC patients from the phase 2 trial, 
follow-up data until August 3rd 2023 could be obtained, 
encompassing 12 LARC and 17 LRRC patients. Median fol-
low-up until last oncologic assessment for patients that were 
alive at the time of analysis was 5.0 years (IQR 4.5–5.5). 
Baseline patient characteristics, tumor characteristics, local 
(re-)recurrence rates and survival outcomes are summarized 
in Table 1. Among LARC patients, the local recurrence rate 
was 25% (3/12), 58% (7/12) developed metastases and 33% 
(4/12) deceased related to the disease. One patient deceased 
2 months after surgery due to a non-disease related cause. In 
the LRRC cohort, 65% of patients (11/17) were diagnosed 
with a local re-recurrence, 71% (12/17) developed metasta-
ses and 53% (9/12) deceased related to the disease.

Overall 5-year local (re-)recurrence-free survival was 
35% (95% CI 4,8–65,2) for LARC patients and 24% (95% CI 
3,3–43,7) for LRRC patients, while overall 5-year survival 

was 50% (95% CI 21,8–78,2) and 53% (95% CI 29,2–76,6) 
for LARC and LRRC respectively.

In 7/29 patients, there was a significant alteration in sur-
gical plan due to NIRF (LARC n = 2 and LRRC n = 5). 
Follow-up results are shown below accordingly and are sum-
marized in Fig. 3.

Follow‑up Patients with Significant Alteration 
in Surgical Plan

LARC (n = 2)

Of the two patients that had less invasive surgical treatment 
due to SGM-101, one patient, who did not undergo IORT 
on the sciatic nerve and turned out to have a pathological 
complete response, passed away two months after surgery 
due to an event unrelated to the disease. Consequently, no 
follow-up data could be obtained for this patient. The second 
patient, in which tissue around the lateral piriformis could 
be preserved with subsequently sparing of the internal iliac 
artery and vein (R0 at pathology), was locally recurrence-
free at the last follow-up 63 months post-surgery. This 
patient was diagnosed with a colorectal lung metastasis 30 
months after surgery which was curatively resected. See 
Fig. 3 for further details.

LRRC (n = 5)

Of the three patients that underwent an R0 resection instead 
of R1 due to NIRF-guided resection of additional malignant 
tissue, one patient (33%) developed a unifocal local re-recur-
rence in the pelvis five months after surgery. The other two 
patients (67%) did not develop a local re-recurrence until 
they deceased 31 and 32 months after surgery, respectively, 
due to disseminated disease. Their last oncological assess-
ments were conducted at 24 and 31 months, respectively. 
The two patients with a NIRF-guided additional resection 
that still resulted in an R1 resection, developed a local re-
recurrence at 4 and 23 months, respectively. Moreover, 
they developed distant metastases at 18 and 28 months and 
deceased 42 and 62 months after surgery, respectively. Addi-
tional details are summarized in Fig. 3.

Follow‑up Patients Without Significant Alteration 
in Surgical Plan

LARC (n = 10)

Eight patients had no alteration of the surgical plan and 
two patients had a minor, additional, false positive (fluo-
rescent but benign) resection based on NIRF (all patients 
R0). Three patients (30%) developed a local recurrence 
(8, 11 and 45 months, respectively), five (50%) patients 
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Table 1   Demographics, pre/peri-operative characteristics, pathology and 5-year follow-up of 29 patients who underwent SGM-101 guided rectal 
cancer surgery from 2016–2018

LRRC​ locally recurrent rectal cancer, LARC​ locally advanced rectal cancer, NIRF near-infrared fluorescence, IORT intraoperative radiotherapy, 
R0 = margins negative for tumor cells, R1 margins positive for tumor cells, N.A. not applicable
True positive NIRF-guided resection = additional resection performed during surgery solely based on fluorescence, that turned out to be malig-
nant at pathology assessment
False positive NIRF-guided resection = additional resection performed during surgery solely based on fluorescence, that turned out to be benign 
at pathology assessment
NIRF-guided less invasive surgical treatment = less extensive surgical treatment than initially planned because of the absence of fluorescence at 
a previously suspected area
For continuous data with only 3 values or less, the median is presented alongside the corresponding values enclosed within brackets
1  One patient had both a false positive additional resection as two true positive additional resections
2  In nine patients, data was missing for the variable ‘response to neoadjuvant therapy’ at histology assessment, for these cases the response rate 
from the pre-operative re-staging MRI was used

Patient characteristics, pathology and follow-up results

LARC​ LRRC​ Total

Total, n 12 17 29
Patient characteristics Age at time of operation, y, med (IQR) 65 (59—69) 59 (55—65) 62 (57—68)

Women, n (%)) 5 (42) 7 (41) 12 (41)
ASA-score, med (IQR) 2 (2–3) 2 (2–2) 2 (2–2)
Previous surgery for LRRC, n (%) NA 1 (6%) NA

Treatment characteristics Neoadjuvant therapy, n (%)) 12 (100) 17 (100) 29 (100)
IORT, n (%) 4 (33) 17 (100) 21 (72)

NIRF-characteristics Surgical plan alteration due to NIRF, n (%) 4 (33) 7 (41) 11 (38)
True positive additional resection, n (%) 0 (0) 5 (29)1 5 (29)
False positive additional resection, n (%) 2 (8) 3 (17)1 5 (17)
Less invasive surgical treatment, n (%) 2 (17) 0 (0) 2 (7)

Pathology outcome Response to neoadjuvant therapy2

No response, n (%)
Partial response, n (%)
Complete response, n (%)

1 (8)
7 (58)
4 (33)

10 (59)
3 (18)
4 (26)

11 (38)
10 (35)
8 (28)

pT stage, n (%)
T0, n (%) (complete response)
T1, n (%)
T2, n (%)
T3, n (%)
T4, n (%)

4 (33)
1 (8)
2 (17)
5 (42)
0 (0)

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

pN stage, n (%)
N0, n (%)
N1, n (%)
N2, n (%)

9 (75)
2 (17)
1 (8)

NA
NA
NA

NA
NA
NA

Mucinous, n (%) 1 (8) 2 (12) 3 (10)
R0, n (%) 12 (100) 13 (77) 25 (86)

Follow-up local (re-)recurrence, n (%) 3 (25) 11 (65) 14 (48)
Time to local (re-)recurrence in months, med (IQR) 8 (8;11;45) 14 (5–24) 14 (6–28)
Multifocal, n (% of local recurrences) 1 (33) 6 (55) 7 (50)
Metastases, n (%) 7 (58) 12 (71) 19 (66)
Time to metastases in months, med (IQRs) 7 (5–29) 7 (4–16) 7 (5–17)
Metastases location,
Liver, n (%)
Lung, n (%)
Peritoneum, n (%)
Distant lymph nodes, n (%)
Central nervous system, n (%)
Other, n (%)

6 (50)
3 (25)
0 (0)
1 (8)
0 (0)
0 (0)

2 (12)
8 (47)
5 (29)
5 (29)
2 (12)
2 (12)

8 (28)
11 (38)
5 (17)
6 (21)
2 (7)
2 (7)

Mortality (disease related), n (%) 4 (33) 9 (53) 13 (45)
Time to death in months (disease related), med (IQR) 47 (28–58) 34 (30–40) 35 (30–53)
Mortality (non-disease related), n (%) 2 (0) 0 (0) 2 (6.8)
Time to death in months (non-disease related), med (IQR) 30 (2;58) N.A 30 (2;58)
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developed distant metastases after a median of 8 months 
(IQR: 7–32) and four patients (40%) deceased after a 
median of 47 months (IQR 28–58).

LRRC (n = 12)

In total 12 patients with LRRC had no significant altera-
tion of the surgical plan (10/12 (83%) R0). In two of these 
patients a false positive (fluorescent but benign) additional 
resection was performed of remaining fluorescence in the 
wound bed. These resections were all minor in size and did 
not lead to post-operative morbidity higher than expected. 
Eight patients (67%) developed a local re-recurrence (R0 
75%) after a median of 16 months (IQR: 8–34) and 7 
patients (58%) developed distant metastases after a median 
of 8 months (IQR: 6–15), as shown in Fig. 3. Four patients 
(33%) deceased after a median of 34 months (IQR: 14–51).

Balance of Potential Drawbacks and Benefits 
SGM‑101

Figure 4 illustrates the potential advantages and disadvan-
tages of SGM-101. There were no reported adverse events 
or side effects related to the infusion of SGM-101. However, 
in five patients, false positive additional resections were 
performed (fluorescent but benign tissue). These resections 
were all minor in size and did not lead to post-operative mor-
bidity higher than expected levels. One of the false positive 
NIRF-based minor additional resections occurred in patient 
4 (Supplementary Table 1), in whom also two true positive 
(fluorescent and malignant tissue) additional resections were 
performed.

Concerning the potential benefits of SGM-101: in five 
patients the imaging agent accurately identified additional 
true positive tissue, resulting in R0 resections in three 
patients, of whom two patients remained free from local 

Fig. 3   follow-up results stratified based on significant alteration or 
no significant alteration using near-infrared fluorescence-guided sur-
gery with SGM-101. For continues data with > 3 values the median 
is presented alongside the corresponding interquartile range (IQR) 

enclosed within brackets. For continuous data with only 3 values 
or less, the median is presented alongside the corresponding values 
enclosed within brackets
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(re-)recurrence in the follow-up. In two patients less invasive 
surgery was performed. One of these patients, with a patho-
logical complete response, deceased non-disease related two 
months after surgery. The other patient did not develop a 
local recurrence and is still alive.

Discussion

During the NIRF-guided phase 2 trial in LARC and LRRC 
patients [11, 12], SGM-101 resulted in additional resections 
of malignant tissues in a subset of patients while enabling 
less invasive surgery in others. While the use of SGM-101 
led to improved intra-operative surgical outcomes, we could 
not prove long-term oncological benefit for the whole cohort. 
However, the subset of patients whose surgical approach was 
rightfully modified based on NIRF – either by performing 
less invasive surgery or extending the surgical resection—
showed favorable long-term outcomes.

There is an increasing number of trials evaluating tumor-
targeted fluorescence imaging. Up to our knowledge, none 
of these trials have evaluated long-term impact so far. This 
could be attributed to the fact that the majority of these 
trials were conducted relatively recently. Nevertheless, 

investigating long-term patient outcome is crucial in deter-
mining the potential benefit of NIRF-guided surgery. For 
this reason, the SGM-LARRC-trial (NCT04642924), cur-
rently enrolling a total of 203 patients with LARC or LRRC, 
is powered to assess both intra-operative benefit as long-
term outcomes. Unfortunately, the long-term results of this 
trial are not expected soon. Therefore, despite its limiting 
sample size, this is a first study to evaluate long-term impact 
of intra-operative tumor-targeted fluorescence imaging.

Similar to the objective of the current trial, in recent 
decades, new techniques and treatment regimens have been 
evaluated to enhance local tumor control in patients with 
rectal cancer. The Dutch TME trial showed that the addition 
of neoadjuvant radiotherapy in rectal cancer patients had a 
positive impact on local recurrence rate [16]. Similarly, the 
German CAO/ARO/AIO-94-trial showed that neoadjuvant 
instead of adjuvant chemoradiotherapy, decreased the local 
recurrence rate [17]. Additionally, intraoperative radiother-
apy (IORT) may have an effect to enhance local tumor con-
trol [18]. Within our relatively small cohort, the application 
of NIRF imaging resulted in the identification of additional 
malignant tissue in five patients, thereby achieving an R0 
instead of an R1/R2 in three patients. During follow-up of 
these three patients a re-recurrence rate of 33% (1 out of 

Fig. 4   Balancing the clinical disadvantages of the usage of SGM-101 (left side) and the potential advantages (right side)
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3 patients) was observed. If these patients had remained 
R1, the anticipated re-recurrence rate, based on historical 
cohorts, were likely to approach 70–100% (15). Hence, 
despite the limited number of patients, a positive effect on 
local control for these patients is suggested. Unfortunately, 
this trend could not be observed for the entire cohort: a 
5-year local (re-)recurrence rate of 65% for LRRC patients 
and 25% for LARC patients was observed. These numbers 
are slightly higher than historical cohorts, reporting 49–62% 
and 7%−23.5% local (re-)recurrence rates at 5-year follow-
up, respectively [17, 19, 20]. Despite the possibility of a 
small sample size influence, it might be explained by the 
surgeries taking place in specialized last resort rectal cancer 
surgery centers. Overall 5-year survival rates for this cohort 
were 53% for LRRC patients and 50% for LARC patients, 
reflecting historical cohorts with 5-year survival rates of 
31% – 41% for LRRC patients and 52%−66% for LARC 
patients [2, 3, 6, 21–24].

To further assess the potential value of NIRF-guided 
surgery with SGM-101 in rectal cancer, an overview of the 
potential drawbacks and benefits are illustrated in Fig. 4. 
Although SGM-101 infusion did not lead to adverse 
events, a potential drawback was observed in five patients 
where false positive (fluorescent but benign tissue) addi-
tional resections were performed. All excisions were small 
sized and did not lead to post-operative morbidity exceed-
ing expected levels. On the other hand, in five patients, 
true positive (fluorescent and malignant) tissue was 
removed solely based on the fluorescence signal of SGM-
101, resulting in an R0 resection in three patients, two of 
whom remained local re-recurrence free. In two patients 
NIRF-guided surgery resulted in significant less invasive 
surgical treatment and still were R0. Unfortunately, one 
of these patients, in whom IORT on the sciatic nerve was 
omitted, passed away two months after surgery due to an 
event unrelated to the disease. However, this patient had a 
pathological complete response, indicating that SGM-101 
accurately identified the justification for a surgical down-
grade. The other patient is still alive and did not develop 
a local recurrence. Given that the potential drawbacks are 
minor in comparison to the potential benefits in achieving 
complete tumor removal, the overall impact is considered 
positive.

Conclusion

This is the first study reporting on follow-up data of patients 
that underwent surgery with the guidance of tumor-targeted 
near-infrared fluorescence. Although SGM-101 resulted in 
warranted changes in surgical management intra-operatively, 
no improved long-term benefit could be observed for the 
entire cohort. However, the specific subset of patients in 

whom surgical management was modified based on NIRF 
imaging—either through downstaging of the surgical treat-
ment or the resection of additional malignant tissue that 
would have otherwise been missed—demonstrated favorable 
long-term outcomes. Moreover, when balancing the poten-
tial disadvantages and advantages of SGM-101 FGS, the net 
effect is considered positive. Given the small sample size, 
results of the larger ongoing multicenter trials (SGM-clin03 
(NCT03659448) and SGM-LARRC (NCT04642924)) are 
awaited. The data associated with this study are presented
in the paper.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11307-​025-​02021-4.

Acknowledgements  We thank prof. H. Putter, full Professor at the 
Department of Medical Statistics and Bioinformatics at LUMC, for 
reviewing the methodology and statistics of this study.

Author Contributions  MIW, ALV and DEH designed the study; 
MIW, DMJC, MK, KCMJP, FAH, PJWAB, HJTR and CV performed 
the data collection and curation; MIW and HP performed the for-
mal analysis; MIW, CV, ALV and DEH interpreted the results and 
wrote the initial manuscript; DMCJ, MK, KCMJP, FAH, JSDM, 
FC, PJWAB, JB, HJTR, CV, ALV and DEH did review and editing; 
all authors contributed to and approved the final manuscript. MW: 
Conceptualization, Methodology, Formal analysis, Investigation, 
Data curation, Writing original draft, Writing review & editing, 
Visualization, Project administration. DC: Data curation, Writing 
review & editing. MK: Data curation, Writing review & editing. 
KP: Data curation, Writing review & editing. FH: Data curation, 
Writing review & editing. JM: Writing review & editing. FC: Writ-
ing review & editing. JWAB: Writing review & editing. JB: Writing 
review & editing. HR: Data curation, Writing review & editing. 
CV: Writing review & editing, Supervision. AV: Conceptualiza-
tion, Methodology, Writing review & editing, Supervision. DH: 
Conceptualization, Methodology, formal analysis, Investigation, 
Data curation, Writing review & editing, Supervision. All authors 
have participated substantially to the study and approved the final 
version of the manuscript.

Funding  None.

Data Availability  The data associated with this study are presented in 
the paper. Additional imaging data from this study are available upon 
request to the Corresponding Author.

Conflict of interest  F. Cailler is employed by SurgiMab, which owns 
the SGM-101 conjugate. F. Cailler is part of the SurgiMab founders 
and is stockholder. All other authors declare no competing interests.

Ethical Approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.

Informed Consent  Informed consent was obtained from all individual 
participants included in the study.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 

https://doi.org/10.1007/s11307-025-02021-4


637Molecular Imaging and Biology (2025) 27:629–637	

provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 PelvEx Collaborative (2018) Factors affecting outcomes following 
pelvic exenteration for locally recurrent rectal cancer. Br J Surg 
105:650–657

	 2.	 Kusters M, Dresen RC, Martijn H et al (2009) Radicality of resec-
tion and survival after multimodality treatment is influenced by 
subsite of locally recurrent rectal cancer. Int J Radiat Oncol Biol 
Phys 75:1444–1449

	 3.	 Dresen RC, Gosens MJ, Martijn H et al (2008) Radical resec-
tion after IORT-containing multimodality treatment is the most 
important determinant for outcome in patients treated for locally 
recurrent rectal cancer. Ann Surg Oncol 15:1937–1947

	 4.	 Collaborative P (2019) Surgical and survival outcomes fol-
lowing pelvic exenteration for locally advanced primary rectal 
cancer: Results from an international collaboration. Ann Surg 
269:315–321

	 5.	 Debove C, Maggiori L, Chau A, Kanso F, Ferron M, Panis Y 
(2015) Risk factors for circumferential R1 resection after neoad-
juvant radiochemotherapy and laparoscopic total mesorectal exci-
sion: a study in 233 consecutive patients with mid or low rectal 
cancer. Int J Colorectal Dis 30:197–203

	 6.	 Nielsen M, Rasmussen P, Pedersen B, Hagemann-Madsen R, 
Lindegaard J, Laurberg S (2015) Early and late outcomes of sur-
gery for locally recurrent rectal cancer: A prospective 10-year 
study in the total mesorectal excision era. Ann Surg Oncol 
22:2677–2684

	 7.	 Alberda WJ, Verhoef C, Schipper ME et al (2015) The importance 
of a minimal tumor-free resection margin in locally recurrent rec-
tal cancer. Dis Colon Rectum 58:677–685

	 8.	 Tilney HS, Rasheed S, Northover JM, Tekkis PP (2009) The influ-
ence of circumferential resection margins on long-term outcomes 
following rectal cancer surgery. Dis Colon Rectum 52:1723–1729

	 9.	 Harji DP, Griffiths B, Velikova G, Sagar PM, Brown J (2015) 
Systematic review of health-related quality of life issues in locally 
recurrent rectal cancer. J Surg Oncol 111:431–438

	10.	 Mieog JSD, Achterberg FB, Zlitni A et al (2022) Fundamentals 
and developments in fluorescence-guided cancer surgery. Nat Rev 
Clin Oncol 19:9–22

	11.	 de Valk KS, Deken MM, Schaap DP et al (2021) Dose-finding 
study of a CEA-targeting agent, SGM-101, for intraoperative 
fluorescence imaging of colorectal cancer. Ann Surg Oncol 
28:1832–1844

	12.	 Boogerd LSF, Hoogstins CES, Schaap DP et al (2018) Safety 
and effectiveness of SGM-101, a fluorescent antibody targeting 
carcinoembryonic antigen, for intraoperative detection of colo-
rectal cancer: a dose-escalation pilot study. Lancet Gastroenterol 
Hepatol 3:181–191

	13.	 Gutowski M, Framery B, Boonstra MC et al (2017) SGM-101: An 
innovative near-infrared dye-antibody conjugate that targets CEA 
for fluorescence-guided surgery. Surg Oncol 26:153–162

	14.	 Zwart WH, Hotca A, Hospers GAP, Goodman KA, Garcia-Aguilar 
J (2022) The multimodal management of locally advanced rectal 
cancer: Making sense of the new data. Am Soc Clin Oncol Educ 
Book 42:1–14

	15.	 Burger; JWA, Nordkamp S (2020) PelvEx II: Multicentre, open-
label, randomised, controlled, parallel arms clinical trial of induc-
tion chemotherapy followed by chemoradiotherapy versus chemo-
radiotherapy alone as neoadjuvant treatment for locally recurrent 
rectal cancer.

	16.	 van Gijn W, Marijnen CA, Nagtegaal ID et al (2011) Preopera-
tive radiotherapy combined with total mesorectal excision for 
resectable rectal cancer: 12-year follow-up of the multicentre, 
randomised controlled TME trial. Lancet Oncol 12:575–582

	17.	 Sauer R, Liersch T, Merkel S et al (2012) Preoperative versus 
postoperative chemoradiotherapy for locally advanced rectal 
cancer: results of the German CAO/ARO/AIO-94 randomized 
phase III trial after a median follow-up of 11 years. J Clin Oncol 
30:1926–1933

	18.	 Liu B, Ge L, Wang J et al (2021) Efficacy and safety of intraop-
erative radiotherapy in rectal cancer: A systematic review and 
meta-analysis. World J Gastrointest Oncol 13:69–86

	19.	 van der Meij W, Rombouts AJ, Rütten H, Bremers AJ, de Wilt JH 
(2016) Treatment of locally recurrent rectal carcinoma in previ-
ously (chemo)irradiated patients: A review. Dis Colon Rectum 
59:148–156

	20.	 Okamura R, Itatani Y, Fujita Y et al (2023) Postoperative recur-
rence in locally advanced rectal cancer: how does neoadjuvant 
treatment affect recurrence pattern? World J Surg Oncol 21:247

	21.	 Hagemans JAW, van Rees JM, Alberda WJ et al (2020) Locally 
recurrent rectal cancer; long-term outcome of curative surgical 
and non-surgical treatment of 447 consecutive patients in a ter-
tiary referral centre. Eur J Surg Oncol 46:448–454

	22.	 Radwan RW, Jones HG, Rawat N et al (2015) Determinants of 
survival following pelvic exenteration for primary rectal cancer. 
Br J Surg 102:1278–1284

	23.	 Ferenschild FT, Vermaas M, Verhoef C et al (2009) Total pelvic 
exenteration for primary and recurrent malignancies. World J Surg 
33:1502–1508

	24.	 Ishiguro S, Akasu T, Fujita S, Yamamoto S, Kusters M, Moriya Y 
(2009) Pelvic exenteration for clinical T4 rectal cancer: oncologic 
outcome in 93 patients at a single institution over a 30-year period. 
Surgery 145:189–195

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/

	Long-term Local Control Following CEA-targeted Fluorescence-guided Surgery in Patients With Locally Advanced and Recurrent Rectal Cancer
	Abstract
	Purpose 
	Procedures 
	Results 
	Conclusions 

	Introduction
	Patients and Methods
	Patients
	Data Collection and Definitions
	Statistical Analysis

	Results
	Follow-up Patients with Significant Alteration in Surgical Plan
	LARC (n = 2)
	LRRC (n = 5)

	Follow-up Patients Without Significant Alteration in Surgical Plan
	LARC (n = 10)
	LRRC (n = 12)

	Balance of Potential Drawbacks and Benefits SGM-101

	Discussion
	Conclusion
	Acknowledgements 
	References


