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Tumor visualization with near-infrared fluorescence (NIRF) imaging
might aid exploration and resection of pancreatic cancer by visualizing
the tumor in real time. Conjugation of the near-infrared fluorophore
IRDye800CW to the monoclonal antibody bevacizumab enables target-
ing of vascular endothelial growth factor A. The aim of this study was to
determine whether intraoperative tumor-specific imaging of pancreatic
cancer with the fluorescent tracer bevacizumab-800CW is feasible and
safe.Methods: In this multicenter dose-escalation phase I trial, patients
in whom pancreatic ductal adenocarcinoma (PDAC) was suspected
were administered bevacizumab-800CW (4.5, 10, or 25 mg) 3 d before
surgery. Safety monitoring encompassed allergic or anaphylactic reac-
tions and serious adverse events attributed to bevacizumab-800CW.
Intraoperative NIRF imaging was performed immediately after laparot-
omy, just before and after resection of the specimen. Postoperatively,
fluorescence signals on the axial slices and formalin-fixed paraffin-
embedded tissue blocks from the resected specimens were correlated
with histology. Subsequently, tumor-to-background ratios (TBR) were
calculated. Results: Ten patients with clinically suspected PDAC were
enrolled in the study. Four of the resected specimens were confirmed
PDACs; other malignancies were distal cholangiocarcinoma, ampullary
carcinoma, and neuroendocrine tumors. No serious adverse events
were related to bevacizumab-800CW. In vivo tumor visualization with
NIRF imaging differed per tumor type and was nonconclusive. Ex vivo
TBRswere 1.3, 1.5, and 2.5 for the 4.5-, 10-, and 25-mg groups, respec-
tively. Conclusion: NIRF-guided surgery in patients with suspected
PDAC using bevacizumab-IRDye800CW is feasible and safe. However,
suboptimal TBRs were obtained because no clear distinction between
pancreatic cancer from normal or inflamed pancreatic tissue was
achieved. Therefore, a more tumor-specific tracer than bevacizumab-
IRDye800CW for PDAC is preferred.
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Currently, the only curative treatment for pancreatic cancer is radi-
cal surgery (R0 resection). However, a radical resection is achieved in
only a minority of the patients. Surgery with curative intent may be
aborted during the procedure when exploratory laparotomy reveals
locally advanced disease (e.g., arterial encasement) or distant metastases
(1,2). Because of the quick spread of pancreatic cancer cells via perineu-
ral and perivascular pathways, occult metastases and tumor growth in
resectionmargins can easily bemissed (3). Besides intraoperative frozen
section analysis and ultrasonography, surgeons typically rely on visual
inspection and palpation alone to distinguish between tumorous and
benign tissue and to detect remaining small tumor deposits or locore-
gional metastases. Because of these limitations, positive resection mar-
gin rates are reported to be as high as 50%–75% (4).
Improved visualization of resection margins and detection of small

tumor deposits is highly desirable in pancreatic cancer surgery to pre-
vent under- or overtreatment. A relatively new technique that can fulfill
this unmet need is intraoperative near-infrared fluorescence (NIRF)
imaging (5). The main advantages of NIRF imaging are the real-time
and ideally tumor-specific visual feedback to the surgeon, thereby
enabling differentiation between benign and malignant tissue during
surgery and enhancing visualization of small tumor deposits (6). A
tumor-specific fluorescent tracer will accumulate in or bind to the
tumor after intravenous administration. Subsequently, fluorescence
signals can be detected using dedicated imaging systems. Recent stud-
ies showed promising results using tumor-specific NIRF imaging for
the visualization of several cancer types (7–10). However, successful
and tumor-specific visualization of pancreatic cancer using NIRF
imaging remains challenging because of several factors, such as the
frequent presence of the desmoplastic stroma reaction or periinflam-
matory tissue reaction.
Vascular endothelial growth factor (VEGF) is involved in tumor-

induced angiogenesis and lymph angiogenesis in most solid tumors
(11). Several studies report an overexpression of VEGF in pancreatic
cancer tissue compared with normal pancreatic tissue (12,13). Beva-
cizumab is an antibody directed toward VEGF-A–overexpressing
tumors, and by coupling the antibody to the organic fluorophore
IRDye800CW, a tumor-specific NIRF tracer (bevacizumab-800CW)
was developed. Bevacizumab-800CW has already been shown to be
a valid and safe tracer for molecular imaging in several solid cancer
types (8,9,14,15).

Received Jan. 17, 2022; revision accepted Jun. 2, 2022.
For correspondence or reprints, contact Bobby K. Pranger (b.k.pranger@

umcg.nl).
*Contributed equally to this work.
Published online Jun. 9, 2022.
COPYRIGHT© 2023 by the Society of Nuclear Medicine andMolecular Imaging.

82 THE JOURNAL OF NUCLEAR MEDICINE � Vol. 64 � No. 1 � January 2023

https://doi.org/10.2967/jnumed.121.263773
mailto:b.k.pranger@umcg.nl
mailto:b.k.pranger@umcg.nl


The aim of this study was to determine whether intraoperative
tumor-specific imaging of pancreatic cancer is feasible and safe
using the fluorescent tracer bevacizumab-800CW.

MATERIALS AND METHODS

Patient Population
This study was approved by the certified medical ethics review board

of the University Medical Center Groningen and Leiden University Med-
ical Center (clinicaltrials.gov identifier NCT02743975). The study was
performed in accordance with the ethical principles of Helsinki (adapted
version; Fortaleza, Brazil, 2013) and the laws and regulations of The
Netherlands. All patients provided written informed consent before par-
ticipation in the study. A safety monitoring board was appointed before
the start of the clinical trial. All serious adverse events during or after sur-
gery were reported immediately to the investigational review board of the
University Medical Center Groningen, the data safety monitoring board,

and the Dutch Central Committee on Research
Involving Human Subjects.

Patients older than 18 y with a clinical suspi-
cion of pancreatic ductal adenocarcinoma
(PDAC) and scheduled to undergo surgery with
curative intent were included in this single-arm,
open-label multicenter study. All patients had a
World Health Organization performance score
of 0–2. Patients who underwent neoadjuvant
treatment or had a concurrent invasive malig-
nancy were excluded. Other exclusion criteria
were medical or psychiatric conditions compr-
omising the patient’s ability to give informed
consent, pregnancy or lactation, a history of infu-
sion reactions to bevacizumab, inadequately con-
trolled hypertension or a history of myocardial
infarction, transient ischemic attack, cerebrovas-
cular accidents, pulmonary embolism, uncon-
trolled chronic hepatic failure, or unstable angina
pectoris 6 mo before inclusion.

Study Design
The primary objective was to identify the

optimal dose for visualization of tumor tissue.
The secondary objective was to determine whether bevacizumab-
800CW could safely be used to identify PDAC with NIRF imaging.

Therefore, a 2-part 4 3 3 dose-finding study design was used. Part I
consisted of 4 intravenously administered ascending doses of 4.5 mg,
10 mg, 25 mg, and 50 mg of bevacizumab-800CW 3 d before the
planned surgery to 3 patients each. In part II, the defined optimal dose
group would be increased to 10 patients to obtain sufficient data points.
The optimal dose group would be chosen on the basis of ex vivo tumor-
to-background ratio (TBR). Interim analyses were performed after com-
pletion of each cohort for the evaluation of intraoperative fluorescence
signals, analyses of the ex vivo TBRs, and safety outcomes.

Bevacizumab-IRDye800CW
Bevacizumab-IRDye800CW was produced in the good-manufacturing-

practice–certified facility of the University Medical Center Groningen
Hospital Pharmacy by conjugating bevacizumab (Roche AG) and IRDye-
800CW-NHS (LI-COR Biosciences Inc.) under regulated conditions (16).

FIGURE 1. Workflow from intraoperative to FFPE blocks enabling correlation of intraoperative fluo-
rescence signals with histopathology. Intraoperative color images and corresponding fluorescence
images are obtained in vivo during surgery. Then, imaging of fresh surgical specimen followed by
serial slicing is performed. Imaging of fresh tissue slices is followed by paraffin embedding. Imaging
of FFPE blocks is done to determine TBR. Arrows show tumor area.

TABLE 1
Patient and Tumor Characteristics

Patient Tumor

Dose n Age (y) Sex WHO score Histology TNM stage Radicality

4.5 mg 1 64 F 0 Distal cholangiocarcinoma pT3N1 R0

2 67 M 1 PDAC pT3N1 R0

3 75 M 0 PDAC pT3N0 R0

4 69 M 1 Autoimmune pancreatitis — —

10 mg 5 56 M 1 Ampullary carcinoma pT3N1 R0

6 73 F 0 PDAC pT3N1 R1

7 74 F 0 Intrapapillary mucinous neoplasm — R0

25 mg 8 47 F 0 PDAC pT3N2 R0

9 74 F 0 Ampullary carcinoma pT3N1 R1

10 67 M 0 Neuroendocrine tumor pT3N0 R0

WHO 5 World Health Organization; R0 5 radical resection; R1 5 not radical.
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IRDye800CW has excitation and emission maxima at 774 and 789 nm,
respectively.

Imaging Systems
Intraoperative imaging was done with a fluorescence camera dedicated

to the detection of IRDye-800CW-NHS (SurgVision BV). The system
was configured with 2 light-emitting diode lights for 800nm of illumina-
tion and 1 light-emitting diode light for white-light illumination. Real-
time color and NIRF images were simultaneously collected. The imaging
device was approved for intraoperative application in humans by the
technical departments of the University Medical Center Groningen and
Leiden University Medical Center. Ex vivo imaging was performed using
the Blackbox (SurgVision BV) or the Pearl Imager (LI-COR Biosciences
Inc.). For detection of fluorescence in formalin-fixed paraffin-embedded
(FFPE) blocks, the Odyssey CLX fluorescence flatbed scanning system
(LI-COR Biosciences Inc.) was used.

Procedures
Figure 1 shows the NIRF imaging workflow as based on a proposed

standardization protocol (9). Before surgery, all patients underwent stag-
ing laparoscopy to exclude the possibility that the disease was locally
advanced or metastatic. Patients received bevacizumab-800CW 3 d
before surgery as an intravenous bolus injection. Tolerability assessments
(electrocardiography, blood pressure, pulse, peripheral oxygen saturation,
respiratory rate, and temperature) were performed just before tracer injec-
tion, shortly after tracer injection, and 1 h after tracer injection.

Surgery was performed according to standard practice. Surgeons
were not allowed to excise additional tissue exclusively on the basis of
fluorescence signals detected intraoperatively. NIRF imaging was per-
formed at 3 predefined time points: the first was after laparotomy, dur-
ing which all surrounding organs were imaged and fluorescence
intensity was determined (if nonspecific background fluorescence sig-
nals were present, these were noted); the second was after full prepara-
tion of the specimen just before resection (the fluorescence intensity of
the expected tumor and the normal pancreatic tissue was noted); and
the third was after resection of the specimen, during which the remain-
ing tissue was imaged. If the near-infrared camera detected additional

lesions that were not part of the intended
resection, the surgeon was allowed to perform
a biopsy for postoperative pathologic analysis.

After resection, the gross specimen was
imaged. After formalin fixation, the specimen
was sliced in 0.3- to 0.5-cm-thick slices ac-
cording to the preferred protocol (4,17). All sli-
ces were macroscopically examined and
imaged. Those slices considered relevant for
the pathologist were processed for histologic
assessment. The selection of tissue for embed-
ding in FFPE blocks was not altered by fluo-
rescence signal. However, after the pathologist
selected slices for diagnostic purposes, an addi-
tional slice with high fluorescence signal that
was not initially selected by the pathologist as
relevant could be embedded apart from the
standard of care. We did VEGF staining on 4-
mm tissue slides of FFPE tissue blocks con-
taining both tumor and background tissue in
all patients (described in the supplemental
materials, available at http://jnm.snmjournals.
org). After microscopic evaluation and the
final pathology report, regions of interest were
correlated on the corresponding histologic
slice, the FFPE blocks were imaged, and the

TBRs were determined on the fluorescence images of the FFPE blocks.
Additional information about the tracer, imaging procedures, and patho-
logic processing is provided in the supplemental materials.

FIGURE 2. TBR and fluorescence intensity (FI). In first row, TBRs of all PDACs distributed per
dose group and fluorescence intensity of different tissue types in patients with PDAC are shown. In
second row, mean TBR per tumor type distributed per dose group and mean TBRs of all types of
tumors distributed per dose group are shown. Chol 5 distal cholangiocarcinoma; IPMN 5 intraduc-
tal papillary mucinous neoplasm; NET5 neuroendocrine tumor; Papil5 ampullary carcinoma.

FIGURE 3. Representative images per dose group of PDAC. In first row
are white-light image and, below, corresponding representative fluores-
cence image. Third row contains hematoxylin and eosin sections and,
below, corresponding representative fluorescence image. Tumor tissue is
delineated with dashed lines.

84 THE JOURNAL OF NUCLEAR MEDICINE � Vol. 64 � No. 1 � January 2023

http://jnm.snmjournals.org
http://jnm.snmjournals.org


Fluorescence Quantification
Ex vivo TBRs were calculated on fresh serially sliced tissues (so-called

bread-loaf slices). The tumor and the surrounding nontumor tissue were
precisely delineated on standard hematoxylin and eosin histopathologic
slides by a pathologist masked to fluorescence. An overlay with fluores-
cent tissue slices was based on anatomic landmarks. Afterward, the ex
vivo TBR was calculated as the mean fluorescence intensity (MFI, arbi-
trary unit) of pancreatic cancer tissue divided by the MFI of the back-
ground. The background MFI was calculated on all nontumor tissue for
every tissue slice.

Statistics
Descriptive statistics were reported as mean with SD, whereas

median with range was used when there was a skewed distribution.
Fluorescence signals in tumor and normal tissue were compared using
the Mann–Whitney test. A P value of less than 0.05 was considered
statistically significant. For descriptive statistics, SPSS (version 23.0)
was used; graphs were designed with GraphPad Prism (version 7.0).

RESULTS

Patient and Safety Data
Between December 1, 2016, and February 26, 2018, 10 patients

were enrolledwith suspected pancreatic ductal carcinoma. Table 1 pro-
vides an overview of patient characteristics and tumor characteristics
per patient (patients 1–10). After completion of the 4.5-, 10-, and
25-mg dose groups in part I of the study, the investigational review

board mandated termination of the study because of low TBRs. In 9
patients, the tracer was administered 3 d before surgery. In patient 3,
imaging was performed 10 d after administration of 4.5 mg of tracer
because of a postponed exploration due to an adverse event the day
before surgery. Therefore, 1 additional patient was included in the first
dose group (4.5 mg). No allergic or anaphylactic reactions related to
bevacizumab-IRDye800CW were noted. Two serious adverse events
were reported, both ofwhich developed in patient 5 andwere attributed
to the pancreatoduodenectomy. These included a pancreatic fistula re-
quiring percutaneous drainage and antibiotic treatment and, 27 d after
surgery, bleeding of the gastroduodenal artery stump requiring radio-
logic coiling. All safety data are provided in Supplemental Table 1. On
the basis of the final histology of the resected specimens, various
malignancies were found in the study: PDAC (n 5 4), distal cholan-
giocarcinoma (n 5 1), carcinoma of the ampullary region (n 5 2),
well-differentiated grade 3 neuroendocrine tumor of the pancreas
(n 5 1), and a low-grade intraductal papillary mucinous neoplasm
(n 5 1). In patient 4, an autoimmune pancreatitis instead of malig-
nancywas diagnosed on histology.

In Vivo and Ex Vivo Imaging per Tumor Type
PDAC. The approximate location of the expected primary tumor

could be visualized with NIRF imaging in vivo with all tested doses
of the tracer. However, the primary tumor was difficult to distinguish
from normal or fibrotic pancreatic tissue. After resection of the pan-
creatic head (in patient 6), the pancreatic tail remnant was clinically

FIGURE 4. In 4.5-mg cohort, representative fluorescence images of bread loaf slice, hematoxylin and eosin staining of bread loaf slice, and VEGF-A
staining of bread loaf slice, along with close-ups of hematoxylin and eosin staining and VEGF-A staining. Tumor tissue is delineated, when possible, with
black dashed line. H&E5 hematoxylin and eosin; N5 normal pancreatic tissue; T5 tumor.
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suspected of harboring residual tumor and also showed high fluores-
cence. The suspicion of malignancy was confirmed by intraoperative
ultrasound, and the pancreatic tail was therefore resected. Histologic
assessment showed a poorly differentiated tumor in the head, body,
and tail of the pancreas, with the tail involvement not being diag-
nosed during the preoperative work-up. In the other PDAC patients,
nonspecific fluorescence signals remained visible after resection of
the pancreatic head. Histologic assessment confirmed radical resec-
tion. The MFI increased with each dose group, resulting in TBRs of
1.4 (n 5 2), 1.7 (n 5 1), and 2.1 (n 5 1) in the 4.5-, 10-, and
25-mg dose groups, respectively (Fig. 2). Figure 2 demonstrates the
contrast between tumorous and other types of tissue based on differ-
ence in fluorescence intensity. Representative fluorescence images
of specimen slices and FFPE blocks of PDAC per dose group are
shown in Figure 3. VEGF staining of the tissue slides showed mod-
erate VEGF expression of normal pancreatic tissue and moderate to
strong VEGF expression in tumor tissue of well-differentiated or
moderately differentiated cancers. In poorly differentiated tumor tis-
sue, the VEGF expression was weak (Figs. 4–6).
Distal Cholangiocarcinoma. We could not visualize fluores-

cence signals at the site where the tumor was expected in vivo
(patient 1, 4.5 mg). On the specimen slices and FFPE blocks, the
MFI was similar between tumor and normal tissue, resulting in a
TBR of 1.0 (Fig. 2). VEGF staining of the tissue slides showed
moderate VEGF expression of both tumor tissue and normal pan-
creatic tissue (Fig. 4).

Carcinoma of Ampullary Region. The location of the expected
primary tumor could be visualized with NIRF imaging in 2 patients
administered either 10 or 25 mg of the tracer in vivo. In patient 8,
tumor invasion in the superior mesenteric vein was clinically sus-
pected, and therefore, a wedge resection of the superior mesenteric
vein was performed. NIRF imaging of the wedge was positive for
tumor. Histologic assessment of the wedge confirmed ingrowth of
malignant cells in the vascular wall. On the specimen slices and FFPE
blocks, the MFI was similar between tumor and normal tissue, result-
ing in a TBR of 1.1 and 1.7 for 10 and 25 mg, respectively (Fig. 2).
VEGF staining of the tissue slides showed moderate VEGF expression
of normal pancreatic tissue and moderate to weak VEGF expression
of tumor tissue (Figs. 5 and 6).
Neuroendocrine Neoplasm. The expected location of the tumor

was clearly visible with NIRF imaging in vivo; after resection,
fluorescence signals diminished strongly. On the specimen slices
and FFPE blocks, the MFI significantly differed between tumor
and normal tissue (27.6 vs. 7.8, P 5 0.04), resulting in a TBR of
3.6 (Fig. 2). VEGF staining of the tissue slides showed weak
VEGF expression of tumor tissue and moderate VEGF expression
of normal pancreatic tissue (Fig. 6).
Intraductal Papillary Mucinous Neoplasm. The location of the

expected primary tumor could be visualized with NIRF imaging
in vivo (patient 7; 10 mg), although a clear distinction between
pancreatic and tumorous tissue could not be made. On the speci-
men slices and FFPE blocks, the MFI did not significantly differ

FIGURE 5. In 10-mg cohort, representative fluorescence images of bread loaf slice, hematoxylin and eosin staining of bread loaf slice, and VEGF-A
staining of bread loaf slice, along with close-ups of hematoxylin and eosin staining and VEGF-A staining. Tumor tissue is delineated, when possible, with
black dashed line. H&E5 hematoxylin and eosin; IPMN5 intraductal papillary mucinous neoplasm; N5 normal pancreatic tissue; T5 tumor.
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between intraductal papillary mucinous neoplasm and normal tis-
sue (84.5 vs. 56.7, P 5 0.40, resulting in a TBR of 1.5) (Fig. 2).
VEGF staining of the tissue slides showed moderate to strong
VEGF expression of both intraductal papillary mucinous neoplasm
tissue and pancreatic tissue (Fig. 5).
Autoimmune Pancreatitis. In patient 4, the location of the ex-

pected tumor could be visualized with fluorescence imaging (4.5mg).
With ex vivo histology, extensive fibrotic and inflammatory tissue
was seen and no normal pancreatic tissue was found. Therefore, there
was no difference in fluorescence intensity in the resected specimen
of the patient with autoimmune pancreatitis (MFI, 50.7). VEGF stain-
ing of the tissue slides showed weak VEGF expression in the exten-
sive fibrotic and inflammatory tissue (Fig. 4).
The ex vivo TBRs of all types of tumors together, divided per dose

group, are demonstrated in Figure 2. TBRs were 1.3, 1.5, and 2.5 for
4.5, 10, and 25 mg, respectively. Finally, we looked into additional
immunohistochemical staining with hypoxia-inducible factor 1-a and
added 2 representative slides to Supplemental Figure 1. Hypoxia-
inducible factor 1-a staining showed a pattern similar to VEGF-A
staining, although expression of hypoxia-inducible factor 1-a was less
strong than VEGF-A.

DISCUSSION

In this study, the feasibility and safety of visualizing pancreatic
cancer tissue with bevacizumab-800CW were assessed. Intravenous

administration of bevacizumab-800CW (i.e., a flat dose of 4.5, 10,
and 25 mg) 3 d before surgery appeared safe, as no changes in safety
parameters (including vital signs and electrocardiography) occurred,
nor did any related adverse events. Both in vivo and ex vivo NIRF
imaging of pancreatic cancer tissue was feasible with bevacizumab-
800CW, as fluorescence signals could be detected in tumor tissue.
However, suboptimal TBRs were obtained, and pancreatic cancer tis-
sue could not reliably be distinguished from normal pancreatic tissue.
NIRF imaging with other tracers in previous clinical trials had

similar results. The feasibility of SGM-101, a monoclonal antibody
against carcinoembryonic antigen labeled with 700-nm fluorophore,
was assessed for intraoperative NIRF imaging of PDAC. SGM-101
could reach and bind carcinoembryonic antigen–expressing tumor
cells, but with modest in vivo TBRs (1.6 for primary tumors) (18).
With cetuximab-IRDye800, detection of pancreatic cancer tissue
and tumor-bearing lymph nodes was feasible. Studies with larger
patient numbers must show whether this tracer is indeed suitable
for in vivo NIRF imaging of pancreatic cancer (19).
Limited success rates for treating PDAC with systemically admin-

istered agents are commonly attributed to the desmoplastic stroma of
PDAC, which is thought to severely reduce the delivery of these
therapies by an increased intratumoral pressure gradient and the pres-
ence of fibrotic tissue. However, cetuximab, bevacizumab, and the
carcinoembryonic antigen–targeting antibody are full-sized monoclo-
nal antibodies and managed to penetrate the dense desmoplastic
stroma and bind pancreatic cancer cells and endothelial cells.

FIGURE 6. In 25-mg cohort, representative fluorescence images of bread loaf slice, hematoxylin and eosin staining of bread loaf slice, and VEGF-A
staining of bread loaf slice, along with close-ups of hematoxylin and eosin staining and VEGF-A staining. Tumor tissue is delineated, when possible, with
black dashed line. H&E5 hematoxylin and eosin; N5 normal pancreatic tissue; T5 tumor.
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The results of these NIRF imaging studies for detection of pancre-
atic cancer suggest that pancreatic tumor tissue might be difficult to
detect intraoperatively using fluorescent tracers. The yield of tumor-
specific imaging in the current study was lower than expected, and
therefore, the study was terminated early. The most obvious reasons
for suboptimal pancreatic cancer visualization with NIRF are the unfa-
vorable intrinsic characteristics of pancreatic cancer. Because of the
previously mentioned desmoplastic stroma, poor vascularization, and
high intratumoral pressure, the antibody-based tracers might not accu-
mulate optimally in the tumor as compared with the surrounding tis-
sue, making it difficult to distinguish normal tissue from tumor tissue.
In this study, the difficulty in demonstrating tumor-specific fluores-
cence imaging could also be due to a suboptimal choice of the target
VEGF-A, a soluble factor present for angiogenesis in the stroma of
tumor tissue. An FG-domain messenger RNA profiling study on a set
of normal pancreatic tissue and PDAC tissue identified THY1, CTSE,
GGT5, and MUC1 as potential targets for pancreatic cancer imaging
(20). Other targets that are potentially suitable for NIRF imaging of
pancreatic tumors are integrin avb6 and urokinase-type plasminogen
activator receptor (21). Furthermore, future studies should focus on a
tracer that can differentiate between chemotherapy-induced fibrotic tis-
sue and vital cancer cells, because an increased number of patients
will be treated with neoadjuvant therapy. Preclinical studies showed
promising results for fluorescence-guided surgery in combination with
neoadjuvant chemotherapy and treatment of minimal residual cancer
after fluorescence-guided surgery in pancreatic cancer (22–24).
Moreover, the detection of metastases is important in assessing

the optimal treatment strategy for pancreatic cancer patients. Identi-
fication of preoperatively missed metastases via preoperative staging
laparoscopy with NIRF imaging might be of great value for these
patients. Resection of the primary tumor does not improve the prog-
nosis in metastasized patients—only delaying appropriate treatment
(25). In this setting, a tumor-specific tracer should be used that is
not metabolized by the liver, because pancreatic cancer preferably
metastasizes to the liver. A potential tracer could be cRGD-ZW800-1,
which is renally cleared. Preclinical studies showed promising
results for pancreatic cancer detection (26). cRGD-ZW800-1 is cur-
rently being tested in patients with colorectal tumors and, if promis-
ing, will be expanded to pancreatic cancer patients (clinicaltrials.gov
identifier NL6250805817). Another promising tracer is panitumu-
mab-IRDye800CW. This tracer proved to be safe and feasible to
use for fluorescence-guided surgery in patients with pancreatic
cancer undergoing surgical intervention and has the potential to im-
prove patient selection and enhance visualization of surgical mar-
gins, metastatic lymph nodes, and distant metastasis (27).
A unique aspect of our study was the variety of cancer types

that were included; besides PDAC, other tumors visualized with
bevacizumab-800CW included neuroendocrine tumors, distal chol-
angiocarcinoma, an intraductal papillary mucinous neoplasm, and
ampullary tumors. Tumor-targeted NIRF imaging of these tumors
has not yet been described. In neuroendocrine tumors, we ob-
served a 3-fold higher signal intensity from the tumor than from
the background. This finding most likely reflects the enhanced per-
meability and retention effect by which high-molecular-weight
nontargeted drugs and prodrugs accumulate in tissues that offer
increased vascular permeability.

CONCLUSION

NIRF-guided surgery in patients with suspected pancreatic cancer
using bevacizumab-IRDye800CW is feasible and safe. However,

suboptimal TBRs were obtained, and consequently, distinguishing
pancreatic cancer tissue from normal pancreatic tissue remains
challenging.
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KEY POINTS

QUESTION: Is NIRF-guided surgery using the tracer bevacizumab-
800CW feasible and safe in patients with suspected PDAC?

PERTINENT FINDINGS: In this clinical trial, we showed that
NIRF-guided surgery in patients with suspected PDAC using
bevacizumab-800CW is feasible and safe. However, suboptimal
TBRs were obtained because no clear distinction between
pancreatic cancer and normal or inflamed pancreatic tissue was
possible.

IMPLICATIONS FOR PATIENT CARE: Although suboptimal
TBRs were obtained in pancreatic cancer, we showed that
full-sized monoclonal antibodies manage to penetrate the dense
desmoplastic stroma and bind to pancreatic cancer cells and
endothelial cells.
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