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ABSTRACT 

Objective Patients with locally advanced rectal cancer (LARC) who obtain a pathological 
complete response (pCR) after neoadjuvant chemoradiotherapy may benefit from 
a watchful waiting strategy. Conventional restaging modalities lack sensitivity and 
specificity to optimally identify patients with a pCR. We aimed to study whether novel 
quantitative fluorescence endoscopy (QFE) could aid in clinical response assessment by 
identifying residual tumor in patients with LARC after neoadjuvant chemoradiotherapy.

Design In 25 patients with LARC, we investigated QFE with the fluorescent tracer 
bevacizumab-800CW, targeting vascular endothelial growth factor A (VEGFA), for tumor 
response evaluation. QFE measurements were correlated to gold standard: pathological 
staging of the surgical specimen.

Results Tumor tissue showed higher fluorescence compared to normal rectal tissue and 
fibrosis, with an area under curve of 0.925. When correlating QFE and conventional 
clinical restaging modalities with pathological staging of the surgical specimen, we 
observed an initial positive predictive value of 95% for QFE vs 87.5% for MRI and 90% 
for white-light endoscopy; and accuracy of 92% for QFE vs 84% for MRI and 80% for 
white-light endoscopy.

Conclusion QFE would have changed the restaging diagnosis correctly in four patients 
(16%), indicating QFE as promising tool to aid response assessment in combination 
with MRI and white-light endoscopy after neoadjuvant chemoradiotherapy in patients 
with LARC.  To realize this strategy, QFE needs further evaluation in a larger prospective 
cohort. ClinicalTrials.gov (NCT01972373). 
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INTRODUCTION

The management of locally advanced rectal cancer (LARC) has evolved in recent 
decades. Currently, patients receive neoadjuvant chemoradiotherapy (nCRT) followed 
by total mesorectal excision (TME) to achieve local disease control. In 15-27% of the 
patients the neoadjuvant treatment alone results in a pathological complete response 
(pCR), which is defined as no residual cancer present on histological examination of the 
TME specimen (i.e. ypT0N0).[1-3] Since pCR is associated with superior disease-free and 
overall survival, regimens that could further increase the pCR rate in patients with LARC 
are gaining interest.[2-4] Moreover, the observed high pCR rate (approximately 15-27%) 
has led to a growing interest in organ-preserving strategies as an alternative to TME 
surgery.[5] Non-operative management for clinical complete responders (cCR) following 
nCRT is associated with high survival rates, reduced long-term morbidity and improved 
functional outcomes.[6-10] However, correct identification of cCR is difficult: white-light 
endoscopy provides only morphological information of the superficial rectal mucosa, 
while magnetic resonance imaging (MRI) cannot always distinguish viable tumor from 
fibrosis. For example, studies of patients with suspected residual tumor following MRI 
and white-light endoscopy have shown that 9%-16% did not have tumor in the resection 
specimen.[11-13] And studies of patients categorized as cCR (i.e. no signs of residual 
tumor on MRI and white-light endoscopy) have shown that 31% still develop an early or 
late local or pelvic recurrence.[14] Therefore, imaging techniques that improve clinical 
response assessment in LARC patients will help support accurate selection of patients 
who would benefit from organ-preserving strategies.[15] 

Quantitative Fluorescence Endoscopy (QFE) is a novel endoscopy technique that 
visualizes and quantitatively measures the presence of targeted fluorescent tracers 
in tissue. In this study, we used the fluorescent tracer bevacizumab-800CW, targeting 
vascular endothelial growth factor A (VEGFA), to visualize locally advanced rectal 
tumors. VEGFA is involved in the upregulation of tumor-associated angiogenesis and is 
highly upregulated in the microenvironment of many solid tumors, including colorectal 
cancer.[16] In the present study, we investigate whether VEGFA-targeted QFE could 
identify the presence of residual tumor and aid in clinical response assessment in 
patients with LARC after nCRT.
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METHODS

Summary of the study design
Patients with LARC were given a single dose of bevacizumab-800CW intravenously and 
QFE was performed after the completion of nCRT, at day of surgery. Optionally, patients 
underwent QFE also at baseline. Tracer uptake in LARC was compared to normal tissue 
at both timepoints. Tracer uptake was evaluated to detect residual tumor and aid clinical 
response assessment after completion of nCRT. Patients also underwent conventional 
clinical restaging (MRI and white-light endoscopy). All results were compared to the 
gold standard: pathological staging of the TME specimen. 

Study population 
A total of 25 patients with proven LARC were enrolled between October 2013 and 
December 2016, in this non-blinded, prospective, single center feasibility study. Patients 
were required to have histopathologically confirmed adenocarcinoma, with the lower 
margin within 16 cm from the anal verge. The pelvic MRI indicated at least one of the 
following criteria: cT4a, cT4b, N2, presence of tumor cells in the vasculature beyond 
the muscularis propria –extramural venous invasion (EMVI)–, presence of tumor or 
lymph node <1 mm from the mesorectal fascia (MRF) or positive lateral lymph nodes. 
Patients were eligible only if the multidisciplinary team decided on long-course nCRT. 
The sample included patients who were also included in the RAPIDO trial (ClinicalTrials.
gov Identifier NCT01558921). Key exclusion criteria were concurrent uncontrolled 
medical conditions and pregnancy or breast-feeding. Eligible patients were identified 
during the multidisciplinary colorectal cancer meeting at the University Medical Center 
Groningen (UMCG, Groningen, the Netherlands). All patients gave written informed 
consent for participation in the study before inclusion. The study protocol was approved 
by the Medical Ethics Committee of the UMCG and registered with ClinicalTrials.gov 
(NCT01972373).

Patient and Public Involvement  
The study was supported by the Dutch Cancer Society. There was no patient involvement 
in study design, interpretation of results or writing of the manuscript.

Clinical procedures
Neoadjuvant treatment 
Patients underwent nCRT before surgery, consisting of 28 doses of 1.8 Gy and oral 
capecitabine (825 mg/m2 twice daily during radiotherapy course or 1000 mg/m2 twice 
daily during 2 cycles of 14 days during radiotherapy course) or according to the study 
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arm of the RAPIDO trial (n=2): 5 doses of 5 Gy, followed by 6 courses every 3 weeks of 
oxaliplatin intravenously (130 mg/m2) at day 1 and oral capecitabine (1000 mg/m2) twice 
daily for 14 days starting at day 1 of the course. Dose adjustments were made in the 
event of side effects. No post-operative chemotherapy was administered, in line with 
our national guideline.[17] 

Clinical restaging
All patients underwent radiological restaging after nCRT, which consisted of a computer 
tomography (CT) scan of chest and abdomen and a diffusion-weighted MRI scan of the 
pelvis. Tumor (T), lymph node (N) and metastasis (M) stage were assessed, together with 
EMVI and MRF, according to the TNM classification off the American Joint Committee 
on Cancer (5th edition).

Surgical resection
After the restaging CT and MRI, the TME plan was formulated. Surgery consisted of 
abdominoperineal resection, low anterior resection or a more extended procedure 
like partial or full pelvic exenteration in order to reach a tumor-free circumferential 
resection margin. Although watchful waiting is not part of standard clinical care in our 
institution, two patients requested this even though MRI and white-light endoscopy 
were inconclusive. Both showed tumor regrowth. One patient who chose watchful 
waiting underwent surgical resection of the regrown tumor 9 months after the final 
radiotherapy dose, and QFE was performed on the day of surgery. The second patient 
received QFE at the first restaging and underwent surgical resection 5 months after the 
final radiotherapy dose. 

Pathological examination
Standard pathologic tumor staging of the resected specimen was performed by 
dedicated gastrointestinal cancer pathologist blinded for QFE results. The pathologic 
stage (ypTN) was recorded according to the fifth edition of the TNM classification, the 
clinical standard for the Netherlands. Circumferential resection margin involvement 
and lymphovascular invasion status were documented. pCR was defined as absence of 
viable adenocarcinoma cells in the surgical specimen (ypT0N0). 

Study procedures
QFE procedures were scheduled at two time points: the first at baseline (prior to the 
start of nCRT) and the second after nCRT. The baseline QFE was optionally, as many 
patients were referred to our tertiary center after receiving nCRT at a regional hospital. 
The second QFE procedure was planned after nCRT, preferably at the day of the surgery, 
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enabling direct correlation with the current clinical standards: radiological restaging 
(cTNM), white-light video endoscopy and the pathological outcome of the surgical 
specimen (ypTNM). 

Tracer production and administration
The monoclonal antibody bevacizumab (Roche, Hertfordshire, United Kingdom) 
was labeled under cGMP conditions with the near-infrared fluorophore IRDye800CW 
(IRDye800CW-NHS ester; LI-COR Biosciences, Lincoln, NE) at the Department of Clinical 
Pharmacy and Pharmacology of the UMCG.[18] This was originally performed in a 4:1 
dye-to-protein molar ratio. After the first 6 patients, the dye-to-protein molar ratio was 
changed to 2:1 to improve long term stability. No changes were seen in immunoreactivity 
tests. Patients received 4.5 mg of bevacizumab-800CW in accordance with microdosing 
limits as defined by the FDA.[19] Tracer was administered via intravenous bolus injection, 
2 to 3 days prior to the QFE procedure, the optimal time-to-imaging interval based 
on experience with 89Zr-bevacizumab PET-scans.[20] No tracer-related serious adverse 
events were reported, in accordance with previous clinical studies.[21-24]

White-light endoscopy procedure
All study subjects first received white-light endoscopy with a routine clinical high-
definition video endoscope, immediately followed by QFE. Tumor response was 
endoscopically assessed by a dedicated gastroenterologist (W.B.N.) according to 
watchful waiting criteria: CR was diagnosed if residual tumor was absent, and only a 
flat, white scar with or without telangiectasia was present. Potential CR was diagnosed 
when a small, flat ulcer with smooth edges without signs of residual polypoid tissue was 
present. Every other type of ulcer or mass was considered as definite residual tumor.[25] 

QFE procedure 
After high-definition white-light inspection of the rectum with a routine clinical high-
definition video endoscope, the wide-field optical fiber was inserted through the 
working channel of the endoscope for wide-field QFE. The gastroenterologist observed 
the presence, distribution and intensity of fluorescence signals in normal rectal tissue 
and in all rectal lesions present at endoscopy. Fluorescence was visually categorized 
as low (no difference with surrounding normal rectal tissue), intermediate (elevated, 
but difficult to clearly differentiate from surrounding normal rectal tissue) or high (clear 
differentiation from surrounding normal rectal tissue based on fluorescent signals). 
Images of normal tissue and LARC cancer tissue were digitally recorded with an exposure 
time of 1 frame per second and at video rate (10 frames per second). Subsequently, the 
spectroscopy fiber was inserted through the working channel of the endoscope and 
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held onto tissue of interest, to perform in vivo point measurements for quantification 
of the NIR fluorescence. Quantification of minimal 3 different tumor areas and normal 
rectal mucosa was performed, preferably 10 cm proximal of the rectal tumor. At the end 
of the QFE procedure, four small forceps biopsies were taken of normal rectal tissue 
and of every tumor location where quantification was performed. Ex vivo spectroscopy 
measurements were performed on these fresh biopsies to enable direct correlation of 
NIR fluorescence with histopathology. Afterwards, the tissue biopsies were formalin-
fixed and paraffin-embedded (FFPE) or snap-frozen in liquid nitrogen and stored at -80° 
Celsius. 

QFE system 
Wide-field fluorescence imaging was provided by an imaging platform (Surgvision BV, 
‘t Harde, the Netherlands) consisting of an optical fiber-bundle coupled to a charge-
coupled digital (EM-CCD) camera, sensitive for NIR light, and a separate camera for 
color detection, as described previously.[23, 24] Fluorescence excitation was provided 
by two class IIIb lasers (750 nm); white-light was provided by a LED light source. The 
wide-field fiber images (color, fluorescence and composite) were displayed live on a 
separate monitor for the gastroenterologist.

Fluorescence quantification was performed with a Multi Diameter Single Fiber 
Reflectance and Single Fiber Fluorescence (MDSFR/SFF) spectroscopy device. The in 
vivo measurements were performed with a fiber-bundle consisting of two concentric 
rings, the ex vivo measurements were performed with a different fiber-bundle consisting 
of 2 adjacent fibers (0.4 and 0.8 mm). During a measurement, two consecutive reflection 
spectra were acquired from which the tissue light absorbance and light reflection 
were calculated.[26-28] This was immediately followed by a fluorescence spectrum 
measurement. The intrinsic fluorescence (Q.μf

a,x) of bevacizumab-800CW was acquired 
by correcting the fluorescence spectrum for the calculated tissue optical properties.[26, 
29, 30] We calculated the local tracer concentration based on the in vivo quantified 
fluorescence, the molar extinction of the tracer and the fluorescence quantum yield.[24]

Correlation of QFE findings with radiological and pathological staging
To assess the value of QFE after nCRT, QFE findings were compared to the clinical 
restaging findings (MRI and high-definition white-light endoscopy) and correlated to 
the gold standard: pathological staging (ypTNM). 
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Ex vivo analyses
Microscopy
For fluorescence microscopy, 4 µm FFPE tissue sections of the tissue biopsies were 
deparaffinized and stained with Hoechst solution (33258; Invitrogen, Thermo Fisher 
Scientific) to counterstain the cell nuclei.[24] The hematoxylin and eosin (HE) staining was 
performed on 4 µm FFPE tissue sections as standard clinical staining by our Pathology 
Department. 

Statistical methods
Descriptive statistics were generated to describe patient characteristics and the 
association between QFE and pathological outcome. The intrinsic fluorescence 
(Q·μf

a,x) measurements of different tissue types after nCRT was analyzed with a one-
way ANOVA test with Tukey post-hoc analysis. A ROC curve was generated from the 
fluorescence measurements obtained from normal rectal tissue versus tumor tissue. 
Normal rectal tissue included normal rectal tissue measurements of all patients and 
fibrosis measurements of pathological complete responders. Tumor tissue included all 
lesion measurements of all patients with residual tumor at pathological examination. 
The median and maximum values of the intrinsic fluorescence measurements (Q·μf

a,x) 
were correlated, showing a good correlation (R2 = 0.84, P<0.0001, data not shown). P 
values lower than 0.05 were regarded as statistically significant. IBM SPSS Statistics, 
version 23.0 (SPSS inc.) was used for all statistical analyses. All authors had access to the 
study data and reviewed and approved the final manuscript. 

RESULTS

Patient characteristics 
25 patients diagnosed with LARC were enrolled in the study. Ten of these patients 
received a baseline QFE prior to nCRT, and all 25 patients received QFE after nCRT 
(table 1). 

Baseline QFE prior to neoadjuvant chemoradiotherapy
We used the baseline QFE data to verify that the tracer indeed accumulates specifically 
in rectal cancer tissue. In all 10 baseline QFE procedures, tumor tissue showed clearly 
enhanced fluorescence compared to normal rectal tissue (figure 1A, supplementary 
figure S1). Quantification of the fluorescence of bevacizumab-800CW (Q·μfa,x; e.g., 
the intrinsic fluorescence measured) showed a median fluorescence of 3.75·10-4 
(±0.90·10-4) in tumor tissue compared to 1.20·10-4 (±0.20·10-4) in normal rectal tissue 
(P<0.001), corresponding to a tumor-to-normal ratio of 3.1 (figure 1B). This showed 
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that bevacizumab-800CW can visualize tumor tissue in rectal cancer. In addition, it also 
showed that sufficient bowel preparation is required to prevent interference with the 
fluorescent signals from the tracer, as feces also emitted near-infrared (NIR) fluorescence 
signals. 

Bevacizumab-800CW distribution per tissue type after neoadjuvant chemoradiotherapy
To differentiate between tumor tissue and normal rectal tissue and fibrosis, we determined 
the cut-off fluorescence value. To this end we grouped the fluorescence measurements 
per tissue type. The fluorescence of tumor tissue was significantly higher than normal 
rectal tissue and fibrosis (P<0.001)(figure 2A). The receiver operating characteristic (ROC) 

Table 1. Patient and tumor characteristics

Characteristic No. %

Median age, in years (range) 61 (31-76)

Sex
 Male
 Female

15
10

60%
40%

Endoscopic findings at time of diagnosis
 Non-passable stenosis 7 28%

Radiologic staging (MRI pelvis and CT chest+abdomen)
 cT3 N0
 cT3 N1
 cT3 N2
 cT4 N1
 cT4 N2

2
5 
10 
4
4 

8%
20%
40%
16%
16%

Neoadjuvant chemoradiotherapy regimen
 Capecitabine 825 mg/m2 bid day 1-28 + 28x1.8Gy radiotherapy
 Capecitabine 1000 mg/m2 bid day 1-14 and 25-38 + 25x2Gy radiotherapy
 6 cyles of capecitabine/oxaliplatin + 5x5Gy radiotherapy

18
5
2

72%
20%
8%

Main endoscopic findings at restaging
 Residual tumour / polypoid tissue
 Ulcer >3 cm
 Ulcer <3 cm
 White-scar tissue

19
2
3
1

76%
8%

12%
4%

Type of Surgery
 Low anterior resection 
 Abdominoperineal resection 

14
11

56%
44%

Pathological staging
 ypT0 N0 (pCR)
 ypT2 N0
 ypT3 N0
 ypT3 N1
 ypT3 N2
 ypT3 N0 M1
 ypT4 N0

3
4
6
3
6
1
2

12%
16%
24%
12%
24%
4%
8%

* in 2 patients fluorescence quantification was not yet available, in 4 patients the device malfunctioned
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Figure 1. Baseline QFE prior to nCRT 
A. A representative example of baseline quantitative fluorescence endoscopy (QFE) prior to neoadjuvant 
chemoradiotherapy (nCRT). From left to right: a high-definition white-light video endoscope image of the 
rectal tumor before nCRT; a white-light image from the QFE fiberoptic, followed by the corresponding 
near infrared (NIR) fluorescence image captured with an exposure time of 100ms and the composite image 
of both modalities. QFE clearly discriminates tumor from normal rectal tissue with wide-field fluorescence 
endoscopy. The maximum quantified fluorescence values, measured with multi diameter single fiber 
reflectance and single fiber fluorescence (MDSFR/SFF) spectroscopy is written on the NIR fluorescence 
image. The rightmost image shows the hematoxylin and eosin (HE) staining of a forceps biopsy of the 
fluorescent area, confirming adenocarcinoma. B. Fluorescence quantification of tumor tissue and normal 
rectal tissue shows higher fluorescence in tumor compared to normal rectal tissue.  Boxplot centerline is 
at median, the bounds of the box at 25th to 75th percentiles, the whiskers depict the min-max.

curve generated from all fluorescence measurements of tumor areas (n=155) compared 
to normal rectal tissue and fibrosis areas (n=100), showed an area under the curve of 
0.925 with a cut-off value of 2.00·10-4 (figure 2B). Ex vivo fluorescence microscopy showed 
NIR fluorescence in tumor tissue, localized in the stroma (supplementary figure S2). 

QFE after neoadjuvant chemoradiotherapy
In all 25 patients (100%), normal rectal mucosa (median fluorescence 1.26·10-4±0.20·10-
4) showed low fluorescence levels <2.00·10-4. An overview of representative images of 
all included patients for each procedure is presented in supplementary figure S3.

QFE showed a clear fluorescence signal of 2.00·10-4 in 22 of 25 patients. In 17 of 
these 22 (77%) patients, white light endoscopy revealed endoluminal tumor remnants 
confirmed by histology (median of max fluorescence 3.52·10-4±0.65·10-4) (representative 
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Figure 2. Bevacizumab-800CW distribution after nCRT 
A. Quantitative fluorescence endoscopy (QFE) measurements per tissue type demonstrates that tumor 
tissue shows significantly higher fluorescence compared to fibrosis and normal tissue. Negative control 
tissue of measurements of tumor tissue and normal rectal tissue from a patient without the tracer showed 
no detectable fluorescence, signifying the measured fluorescence originated from the tracer. All in vivo 
and ex vivo spectroscopy measurements were grouped. Boxplot centerline is at median, the bounds of 
the box at 25th to 75th percentiles, the whiskers depict the min-max. **, P ≤ 0.01; ***, P ≤ 0.001, One-way 
ANOVA test with Tukey post-hoc analysis. B. A receiver operating characteristic (ROC) curve of quantified 
fluorescence of normal rectal tissue (n=100) versus tumor tissue (n=115) shows an area under the curve 
of 0.925. Normal rectal tissue included normal rectal tissue measurements of all patients and fibrosis 
measurements of pathological complete responders. Tumor tissue included all lesion measurements of 
all patients with residual tumor at pathological examination. 

example in figure 3A). One of the other five patients (max fluorescence 4.57·10-4) showed 
polypoid tissue on white light endoscopy, and at histology, residual tumor was confirmed 
in the submucosa (figure 3B). In three of 22 (13%) fluorescence-positive cases, an ulcer 
was seen with white light endoscopy. In two of these ulcer cases, (max fluorescence 
at QFE: 2.32·10-4 and 2.57·10-4, respectively) histology showed mucosal tumor in one 
case and submucosal tumor in the other. The third patient (max fluorescence 2.02·10-4) 
chose watchful waiting instead of surgery, so correlation with pathological staging was 
impossible at the time of QFE. However, residual tumor was likely in this case since 
tumor regrowth was detected at follow up white-light endoscopy 2 months later. Finally, 
one of the 22 (5%) fluorescence-positive patients (max fluorescence 3.09·10-4) showed 
polypoid tissue with white light endoscopy containing high grade dysplasia without 
invasive tumor at histology (ypT0N0) (figure 3C).
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In three of 25 patients (12%) low fluorescence was observed compared to normal 
surrounding rectal tissue (i.e. fluorescence-negative, fluorescence < 2.00·104).  One 
of these patients (max fluorescence 1.82·10-4) showed white scar tissue at white light 
endoscopy. Histology showed a complete response (ypT0N0). The other two showed 
an ulcer at white light endoscopy. In one patient (max fluorescence 1.43·10-4) the ulcer 
was large (> 3 cm); histology revealed a pCR (ypT0N0) (figure 3D). In the other patient 
(max fluorescence 1.61·10-4) a small ulcer (< 3 cm) was seen at white light endoscopy; 
histology showed a microscopic residual locus situated only in the submucosa. 
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Figure 3. QFE after nCRT
One representative example per procedure. From left to right: a high-definition white-light video 
endoscope image of the rectal lumen after neoadjuvant chemoradiotherapy (nCRT); a white-light image; 
the corresponding near infrared (NIR) fluorescence image; the composite of both modalities. The 
maximum quantified fluorescence values, measured with multi diameter single fiber reflectance and single 
fiber fluorescence (MDSFR/SFF) spectroscopy, are depicted in the NIR fluorescence images. The NIR 
fluorescence images were acquired at 100ms exposure time. The rightest column depicts an hematoxylin 
and eosin (HE) staining of the surgical specimen, in which the pathological TNM stage is indicated.  
A. Representative images of a patient with residual tumor. B. Representative images of a patient 
with submucosal tumor. C. Representative image of a patient with mucosal high-grade dysplasia. D. 
Representative images of a patient with a pathological complete response (pCR). 
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Overall, QFE correctly identified 21 of the 22 patients with residual disease and two 
of the three patients with a pCR (table 2).

QFE compared to conventional staging methods and pathological staging
Compared to the current clinical restaging methods, MRI and white-light endoscopy, 
QFE would have changed the diagnosis in four of 25 patients (16%) (figure 4). QFE 
detected a clear fluorescence signal, indicating residual tumor, in three patients clinically 
categorized as potential complete responders. One of these patients chose watchful 
waiting, but tumor regrowth was detected at follow-up white-light endoscopy 2 months 
later (figure 4A-C). In one patient, QFE showed low fluorescence, thus identifying a 
pCR in a patient categorized by conventional staging methods as having residual tumor 
(figure 4D). In contrast, QFE yielded only one false positive, but the same patient was 
also shown as false positive on conventional imaging. All modalities indicated residual 
tumor in this case, but histological examination showed only high-grade dysplasia 
(figure 4E). Although this case was classified as false positive, surgery was required for 
the treatment of HGD since endoscopic resection was not feasible. One falsely negative 
patient (i.e. ulcer < 3 cm) was found to have only small microscopic submucosal tumor 
foci (figure 4F). 

In our sample of 25 patients, the initial positive predictive value was 95% for QFE 
compared to 87.5% for MRI and 90% for white-light endoscopy. The accuracy of QFE 
was 92% compared to 84% for MRI and 80% for white-light endoscopy.

Table 2. Contingency table

Pathological  
residual tumor

Pathological  
complete response

Total

QFE positive
 >2.00·10-4 Q·μfa,x 

21 1* 22

QFE negative
< 2.00·10-4 Q·μfa,x 

1 2 3

Total 22 3 25

* High grade dysplasia in surgical specimen
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MRI + white-light endoscopy MRI + white-light endoscopy 
+ QFE

Partial response High-grade dysplasia Complete response

x18 x18

F

FDA B C

ED E A B C

Surgery

Watchful waiting

Figure 4. Schematic visualization of the potential added value of QFE to MRI and white-light endoscopy 
as restaging modality after nCRT 
Clinical restaging with white-light endoscopy and magnetic resonance imaging (MRI) diagnosed four 
patients as having a clinical complete response, of which only one patient had a pathological complete 
response. Twenty-one patients were suspected of having residual tumor, of which two patients had a 
pathological complete response. However, by combining quantitative fluorescence endoscopy (QFE) 
findings with these clinical results, restaging would diagnose three patients with complete response, 
22 patients suspected of having residual tumors. By adding QFE results, restaging diagnosis might 
be corrected in four of 25 patients (16%). In patients A-C, QFE detected clear fluorescence, indicating 
residual tumor in three patients clinically categorized as potential complete responders. In patient D, QFE 
showed low fluorescence, thus recognizing a complete response in a patient categorized by conventional 
staging methods as having residual tumor. In patient E, QFE showed the only false-positive result, which 
was also false positive on conventional imaging with suspected residual tumor, but high-grade dysplasia 
was shown at histological examination. In patient F, QFE was false-negative (i.e. ulcer < 3 cm) but the 
surgical specimen contained only small microscopic submucosal tumor foci.
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DISCUSSION

This is the first study demonstrating that VEGFA-targeted QFE using bevacizumab-
800CW in patients with LARC is of additional value, adding functional imaging data, 
to MRI and white-light endoscopy in the selection of patients suitable for non-surgical 
management. QFE could improve the identification of patients with residual disease 
and complete response, leading to more accurate clinical restaging in a significant 
proportion of patients as compared with MRI and white-light endoscopy alone. These 
promising results warrant larger prospective studies with QFE aiming to improve 
personalized treatment decisions in LARC patients.

Clinical assessment of a pCR remains the biggest challenge in LARC patients treated 
with neoadjuvant chemoradiotherapy. FDG-PET has been extensively investigated to 
assess pCR, although lack of accuracy (ranging from 0.57-0.73) has hampered its use 
in clinical practice.[31] Currently, white light endoscopy and MRI is used most often to 
assess pCR. By using quantitative molecular fluorescence endoscopy, we observed an 
improved sensitivity and accuracy of respectively 95% and 92% for QFE compared to 
the reported 71% and 89% of MRI combined with white light endoscopy, but a lower 
specificity of 67%.[12] The latter can probably be explained by the relatively small number 
of patients with a pCR in our study. QFE is easy to perform, the QFE measurements are 
operator independent and together with the standard white light endoscopy procedure 
it takes only slightly more time (5-10 minutes extra). Importantly, no tracer or procedure 
related adverse events were observed in this study. 

To enable quantification of the fluorescence signals, we used Multi Diameter 
Single Fiber Reflectance and Single Fiber Fluorescence (MDSFR/SFF) spectroscopy, a 
technique that corrects the measured fluorescence signals for tissue optical properties 
like scattering and absorption.[24, 29] If fluorescence signals are not corrected for tissue 
optical properties, large differences in fluorescence result that do not reflect the true 
accumulation of the tracer and thus the actual biology. This can potentially lead to 
incorrect recommendations in clinical practice and thus to inferior outcomes for the 
patients. 

In three of the 25 patients, examination of the surgical specimen revealed tumor 
situated only in the submucosa, not reaching the mucosa of the rectum lumen; QFE 
measured increased fluorescence of bevacizumab-800CW in two of these cases. 
Especially in patients without endoluminal tumor, but with tumor nests in deeper layers, 
we hypothesize that the microenvironment has not yet been normalized due to increased 
levels of VEGFA produced by the tumor cells. Therefore, a tracer that accumulates in the 
microenvironment of a tumor, like bevacizumab-800CW, and not only targets proteins 
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on the tumor cell membranes, could offer an important advantage for restaging. Recent 
follow-up data has shown that 19% of watchful waiting patients experience early tumor 
regrowth within 12 months.[14] The majority of these patients had ypT3 or ypT4 disease 
at salvage, indeed suggesting the presence of residual disease, not only intraluminal, 
but also in deeper layers of the rectum. QFE might help to identify these patients with 
submucosal disease and correctly stratify them to the optimal regimen, i.e., watchful 
waiting or surgical treatment.

Despite the promising results reported here, the detection of submucosal disease 
remains very challenging, though deeper bite-on-bite biopsies might improve sensitivity.
[32] Although NIR wavelengths have a deeper penetration depth compared to light in 
the visible spectrum, optical imaging will always suffer from limited imaging penetration 
depth due to the intrinsic limitations of light propagation in tissue. Therefore, future 
complementary detection systems such as optoacoustic imaging, which combines the 
rich contrast of optical imaging with the higher penetration of radiofrequency waves, 
may further improve submucosal evaluation. Potentially, this approach could even 
visualize tumor-positive lymph nodes in the rectal fat, as most metastatic lymph nodes 
are located at the level of the initial tumor bed or just proximal to it.[33, 34] Additionally, 
a higher tracer dose than the 4.5 mg bevacizumab used in the present study could 
provide stronger fluorescence signals. A clinical dose-finding study using bevacizumab-
800CW for detection of adenomatous polyps in the colon reported that a higher tracer 
dose of 25 mg increases the target-to-background ratio almost twofold, thus improving 
the contrast between adenomatous and normal tissue.[24] 

A  limitation of our feasibility study is the relatively small sample size and the fact that 
only 12% of patients that received QFE after nCRT showed a pCR, which is lower than 
the 15-27% pCR after nCRT described in literature.[1, 2] This is probably due to the fact 
that this study was carried out in a tertiary center with complex LARC patients (T4 in 40% 
and N2 in 64% of subjects).

 In conclusion, these results, even in this small group of patients, are encouraging 
and are potentially a first step towards quantitative optical molecular imaging for tumor 
response evaluation following neoadjuvant treatment. Ultimately, the combination 
of MRI, white-light endoscopy and QFE may be a promising strategy for evaluating 
individual patient response and guiding clinical decision-making. To realize this strategy, 
the capability of clinical response evaluation in LARC patients with QFE, including 
determination of a definitive cut-off value that discriminates tumor from normal tissue, 
needs further evaluation in a larger prospective cohort. 
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SUPPLEMENTAL FIGURES
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Supplementary Figure S1. 
One representative white-light, near infrared (NIR) 
fluorescence and composite fiberoptic image of all 15 
quantitative fluorescence endoscopy (QFE) procedures 
performed at baseline. In the left column, the QFE 
white-light images are shown. In the middle column, 
the QFE NIR fluorescence images are shown. The 
maximum quantified fluorescence of the depicted 
lesion is shown in all cases that were quantified. In right 
column, the QFE composite images of the former two 
are shown. All three images were also visible in real-
time at video rate for the gastroenterologist during 
the endoscopy procedure. The fluorescence images 
in this figure were acquired with different exposure 
times and are not scaled to one another. Therefore, 
visual comparison of fluorescence intensities between 
different procedures is not possible. Many factors 
influence the wide-field fluorescence visualization, i.e. 
fiber age, varying distance between lesion and fiber tip 
and different tissue optical properties of the lesions. 
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10 µm

HEFluorescence microscopy

Hoechst staining
800nm Fluorescence

Supplementary Figure S2. 
Fluorescence microscopy of bevacizumab-800CW (depicted in red) after a Hoechst staining (staining cell 
nuclei, depicted in blue). HE staining, showing that bevacizumab-800CW is localized in the stroma, not at 
the mucosal side of the rectum villi. 
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Supplementary Figure S3. 
One representative white-light, near infrared (NIR) fluorescence and composite fiberoptic image of all 25 
quantitative fluorescence endoscopy (QFE) procedures performed after neoadjuvant chemoradiotherapy 
(nCRT). In the left column, the QFE white-light images are presented together with some additional 
observational notes. In the middle column, the QFE NIR fluorescence images are presented, the maximum 
quantified fluorescence of the lesion is depicted in all cases that were quantified. In right column, the QFE 
composite images of the former two columns are depicted. All three images were also visible in real-time 
at video rate for the gastroenterologist during the endoscopy procedure. The fluorescence images in 
this figure were acquired with different exposure times and are not scaled to one another. Therefore, 
visual comparison of fluorescence intensities between different procedures is not possible. Many factors 
influence the wide-field fluorescence visualization, i.e. fiber age, varying distance between lesion and 
fiber tip and different tissue optical properties of the lesions. 
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ypT4N0 Q·μf
a,x = 2.46•10-4Stenosing tumor

ypT3N2 Q·μf
a,x = 4.51•10-4Stenosing tumor

ypT3N0 Q·μf
a,x = 4.73•10-4Vital tumor

ypT3N2 Q·μf
a,x = 3.97•10-4Vital tumor

ypT3N0 Q·μf
a,x = 3.99•10-4Vital tumor

ypT3N2 Q·μf
a,x = 3.81•10-4Vital tumor

ypT3N0Vital tumor

ypT2N0 Q·μf
a,x = 3.88•10-4Vital tumor

ypT0N0Ulcer > 3 cm  Q·μf
a,x = 1.43•10-4

ypT4N0, tumor submucosalVital tumor

ypT3N1Stenosing tumor

ypT3N0Vital tumor

ypT3N0M1
submucosal microscopicUlcer < 3 cm  Q·μf

a,x = 1.62•10-4

ypT3N1Vital tumourVital tumor

ypT3N1 Q·μf
a,x = 3.21•10-4Ulcer with distal vital tumor

Stenosing tumor

Vital tumor

 Q·μf
a,x = 4.53•10-4
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