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Abstract 

Intraoperative imaging with antibodies labeled with both a radionuclide for initial guidance and a 

near-infrared dye for adequate tumor delineation may overcome the main limitation of fluorescence 

imaging: the limited penetration depth of light in biological tissue. In this study, we demonstrate the 

feasibility and safety of intraoperative dual-modality imaging with the carbonic anhydrase IX (CAIX)- 

targeting antibody 111In-DOTA-girentuximab-IRDye800CW in clear cell renal cell carcinoma 

(ccRCC) patients.  

Methods: A phase I protein dose escalation study was performed in patients with a primary renal 

mass who were scheduled for surgery. 111In-DOTA-girentuximab-IRDye800CW (5, 10, 30, or 50 

mg, n=3 ccRCC patients per dose level) was administered intravenously and after 4 days SPECT/CT 

imaging was performed. Seven days after antibody injection, surgery was performed with the use of 

a gamma probe and near-infrared fluorescence camera.  

Results: In total, fifteen patients were included (12 ccRCC, 3 CAIX-negative tumors). No 

study-related serious adverse events were observed. All ccRCC were visualized by SPECT/CT and 

localized by intraoperative gamma probe detection (mean tumor-to-normal kidney (T:N) ratio 2.5 ± 

0.8), while the T:N ratio was 1.0 ± 0.1 in CAIX-negative tumors. ccRCC were hyperfluorescent at 

all protein doses and fluorescence imaging could be used for intraoperative tumor delineation, 

assessment of the surgical cavity and detection of (positive) surgical margins. The radiosignal was 

crucial for tumor localization in case of overlying fat tissue.  

Conclusion: This first in man study shows that tumor-targeted dual-modality imaging using 
111In-DOTA-girentuximab-IRDye800CW is safe and can be used for intraoperative guidance of 

ccRCC resection. 

Key words: carbonic anhydrase IX, clear cell renal cell carcinoma, intraoperative dual-modality imaging, 
fluorescence imaging, image-guided surgery  

Introduction 

Intraoperative fluorescence imaging has proven 
to be valuable in cancer surgery to enhance tumor 
visualization in challenging situations such as 

multifocal disease [1] or organ-sparing surgery [2]. It 
can be used to differentiate tumor from normal tissue. 
By conjugating a fluorescent dye to a monoclonal 
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antibody against a tumor-specific antigen, a tumor- 
targeting fluorescent tracer can be created. Several 
studies have already shown the feasibility of this 
tumor-targeted approach for intraoperative fluoresce-
ence imaging [3-5]. However, the major pitfall of 
fluorescence imaging is the limited penetration depth 
of light in tissue, restricting detection to superficial 
tumors. This inherent problem can be overcome by 
combining fluorescence imaging with radiodetection, 
as gamma radiation has a high penetration depth in 
tissue. By dual-labeling monoclonal antibodies with a 
radionuclide for initial guidance and a near-infrared 
dye for real-time tumor delineation, the advantages of 
radiodetection and fluorescence imaging are 
combined. Due to specific accumulation of the 
antibody in tumor tissue, tumor-targeted dual- 
modality imaging may guide the surgeon to perform 
a complete tumor resection. We now describe the first 
in man study using this tumor-targeted dual-modality 
imaging technique during surgery.  

Approximately 115,000 patients are diagnosed 
with renal cell carcinoma (RCC) in Europe every year 
[6]. A large proportion of these patients is treated by 
nephron-sparing surgery (NSS) with a trend towards 
NSS of larger or more complex tumors [7, 8]. Positive 
surgical margins (PSM) after NSS are seen in up to 7% 
of patients, but percentages up to 15% are reported in 
NSS for imperative indications (e.g., solitary kidney) 
[9]. Improved intraoperative tumor visualization by 
dual-modality imaging may help to perform 
oncologically safe NSS. Girentuximab is a monoclonal 
antibody that recognizes carbonic anhydrase IX 
(CAIX) that has been used extensively to target clear 
cell RCC (ccRCC), since more than 95% of ccRCC 
express CAIX [10-13]. Preclinical studies with 
dual-labeled girentuximab have shown the feasibility 
of tumor-targeted dual-modality imaging [14-17]. 
Thus, this technique may be useful during surgery to 
localize, visualize and delineate ccRCC. Furthermore, 
it may be used to detect residual tumor tissue or PSM 
and thereby improve the outcome of surgery.  

The aim of this clinical trial was to evaluate the 
safety of 111In-DOTA-girentuximab-IRDye800CW and 
to demonstrate the feasibility of preoperative as well 
as intraoperative detection of ccRCC with this 
CAIX-targeted dual-modality imaging agent. 

Materials and Methods 

Study design 

This was a single center phase I protein dose 
escalation study in adult patients with a primary renal 
mass who were scheduled for partial or radical 
nephrectomy. The focus of the trial design was to 
collect safety data and to collect data that support the 

intended clinical use and indication statement [18]. 
Written informed consent was obtained from all 
patients. Patients with a known non-ccRCC subtype 
were excluded. Because preclinical data in primates 
suggested that another antibody-IRDye800CW 
conjugate influenced corrected QT (QTc) intervals, a 
measurement for electrical depolarization and 
repolarization of the hearts’ ventricles [19], patients 
with a pre-existent prolonged QTc interval were 
excluded. 111In-DOTA-girentuximab-IRDye800CW (5, 
10, 30, or 50 mg, n=3 ccRCC patients per dose level) 
was administered intravenously and after 4 days 
SPECT/CT imaging was performed. Seven days after 
antibody injection, surgery was performed with the 
use of a gamma probe and near-infrared fluorescence 
camera. The aim of this study was to demonstrate the 
safety and feasibility of intraoperative dual-modality 
imaging with the carbonic anhydrase IX (CAIX)- 
targeting antibody 111In-DOTA-girentuximab-IRDye 
800CW in clear cell renal cell carcinoma (ccRCC) 
patients. Safety was scored by the number of adverse 
events (AE) according to the common terminology 
criteria for adverse events version 4.0 (CTCAE v4.0). 
Feasibility was defined as the ability to detect a 
discriminatory fluorescence and/or radioactive signal 
in ccRCC tumor tissue compared to normal kidney 
tissue. Patients with a CAIX-negative tumor on final 
histology were only included in the safety analysis. 
The study was approved by the regional Medical 
Ethics Committee of the region Arnhem-Nijmegen 
and was registered on clinicaltrials.gov (NCT: 
02497599). A study flowchart of the design of the 
study is shown in Fig. S1. 

Preparation of 
111In-DOTA-girentuximab-IRDye800CW 

DOTA-girentuximab-IRDye800CW was produ-
ced under metal free conditions and protected from 
light and production complied with Good 
Manufacturing Practice quality. Chimeric girentuxi-
mab 5 mg/mL (Wilex AG, Munich, Germany) was 
incubated with a 2−2.5-fold molar excess (preferred 
conjugation ratio 0.5-2.0) of IRDye800CW-NHS ester 
(LI-COR biosciences, Lincoln, NE, USA) and next with 
a 25-fold molar excess (preferred conjugation ratio of 
0.5-3.0) of the chelator DOTA-NHS ester (Macro-
cyclics, Dallas, TX, USA) in a 1.25 M NaHCO3 buffer 
pH 8.5. Excess IRDye800CW-NHS ester and 
DOTA-NHS ester were removed by dialysis against 
0.25 M ammoniumacetate pH 5.5 for 3 days. The 
integrity of the dual-labeled antibody conjugate was 
checked before i.v. administration. Radiochemical 
purity after radiolabeling was determined by high- 
performance liquid chromatography analysis. The 
integrity of the antibody-dye conjugate was checked 
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by measuring the amount of free IRDye800CW in the 
preparation by high-performance liquid chromate-
graphy. To confirm the tumor-specific binding of the 
dual-labeled antibody, the immunoreactive fraction of 
111In-DOTA-girentuximab-IRDye800CW was determ-
ined as described by Lindmo [20] and exceeded 70%. 
DOTA-girentuximab-IRDye800CW was stored in the 
dark at 4 °C until use. 

 Radiolabeling was performed by incubating 
DOTA-girentuximab-IRDye800CW during 30 min at 
45 °C with 100-120 MBq of Indium-111 (Mallinckrodt 
Pharmaceuticals, ‘s Hertogenbosch, The Netherlands). 
Unlabeled DOTA-girentuximab-IRDye800CW was 
added to obtain the required protein dose. Radio-
chemical purity was determined by high-performance 
liquid chromatography. 100 MBq of the final product 
was diluted in NaCl 0.9% to a final volume of 10 mL 
and pulled up in a syringe shortly before injection. 
Two patients received only 75 MBq instead of 100 
MBq due to technical problems. Standards of the 
injected dose (ID) were prepared in triplicate to be 
able to quantify antibody accumulation in surgically 
obtained tissue samples. 

Dual-labeled girentuximab injection 

Seven days before surgery, patients were 
injected intravenously with 111In-DOTA-girentuxi-
mab-IRDye800CW (100 MBq). Previous studies with 
radiolabeled girentuximab have shown an optimal 
protein dose of 5-10 mg [10, 12]. Since this was the 
first clinical trial with 111In-DOTA-girentuximab- 
IRDye800CW and conjugation of IRDye800CW 
slightly changes the biodistribution of girentuximab 
[15], the dose escalation study was repeated. The 
rationale for the dose escalation schema was to 
determine the dose with the highest tumor-to-normal 
tissue ratio and the best intraoperative signal for both 
imaging modalities. Protein doses of 5, 10, 30 or 50 mg 
were chosen in the current study. At each protein 
dose level three patients were included. When final 
histology revealed a CAIX-negative tumor, the patient 
was replaced by a subsequent patient at that dose 
level. Patients were monitored for AE for three hours 
and ECG-monitoring with measurement of the QTc 
interval was performed before and after injection. 
Blood samples were taken for pharmacokinetic and 
safety analyses.  

SPECT/CT imaging 

Four days after injection whole body anterior 
and posterior gamma camera images and SPECT/CT 
imaging of the abdomen were performed with a 
dual-head Symbia T16 Truepoint SPECT/CT scanner 
(Siemens Healthcare, The Hague, The Netherlands). 
After acquisition of a low dose, non-contrast enhan-

ced CT, scintigraphic imaging was performed 
clockwise continuously from 0-180°, with 64 views, 19 
s per view with medium energy all-purpose parallel- 
hole collimators. Accumulation of 111In-DOTA-girent-
uximab-IRDye800CW in tumors was scored as absent 
or present by an experienced nuclear medicine 
physician (WO).  

Dual-modality image-guided surgery 

Standard of care surgery was performed, 
supplemented with gamma probe detection and 
near-infrared fluorescence imaging (NIRF) to assess 
accumulation of 111In-DOTA-girentuximab-IRDye800-
CW in the tumor. Intraoperative scintillation counting 
was performed with the SOE 311-AL laparoscopic 
gamma probe with a lateral window (diameter 10 
mm, length 38.7 cm) or the Europrobe 1 for open 
surgery (Eurorad, Strasbourg, France). An 
intraoperative tumor-to-normal kidney tissue ratio 
(T:N) was calculated by dividing the maximum 
counts per second (cps) in tumor by the maximum cps 
in adjacent ipsilateral normal kidney tissue. NIRF was 
performed with the Karl Storz NIR/ICG System (Karl 
Storz GmbH & co, Tuttlingen, Germany) for 
laparoscopic surgery, or the QMI Spectrum NIR 
fluorescence camera for both laparoscopic and open 
surgery (Quest Medical Imaging, Middenmeer, The 
Netherlands). In addition, ex vivo dual-modality 
imaging of the resected specimens was performed.  

Tissue analyses 

NIRF and autoradiography were performed on a 
tissue slice of the resected specimen as described 
previously [17]. In short, a 5-10 mm thick slice of the 
resected specimen containing tumor and normal 
kidney tissue was obtained from the pathology 
department. First, NIRF was done using the Odyssey 
flatbed fluorescence scanner (800 nm channel, focus 
1.0 mm) (LI-COR biosciences, Lincoln, NE). Next, 
autoradiography was performed by exposing a 
phosphor imaging plate for approximately one hour 
to the tissue slice. This plate was developed using the 
Typhoon FLA 7000 Phosphor Imager and analyzed 
with Aida Image Analyzer v. 4.21. To quantify tissue 
accumulation of 111In-DOTA-girentuximab-IRDye800-
CW, samples of tumor and normal kidney 
parenchyma from the tissue slice and samples of 
blood were taken, weighed and measured in a gamma 
counter (2480 WIZARD2, Perkin Elmer, Boston, MA) 
together with aliquots of the injected dose. Tracer 
accumulation was expressed as percentage of the 
injected dose per gram of tissue (%ID/g). Next, the 
5-10 mm thick tissue slice was fixed in formalin and 
embedded in paraffin. In case of partial nephrectomy 
specimens, the tissue slice was embedded in its 
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entirety to be able to compare signal distribution in 
the tissue slices with the tissue sections. Fluorescence 
imaging of the tissue sections was done using the 
Odyssey flatbed fluorescence scanner (800 nm 
channel, focus 1.0 mm). Finally, hematoxylin and 
eosin staining and M75-staining for CAIX-expression 
were performed on 4 µm formalin-fixed paraffin- 
embedded tissue sections and interpreted by a 
uropathologist. 

Statistics 

Statistical analyses were performed using IBM 
SPSS Statistics 22.0. One-way ANOVA testing with 
post-hoc Bonferroni correction was performed to test 
for significant differences between the different 
protein dose levels in T:N ratios. Independent sample 
t-tests were performed to compare mean T:N ratios 
and tracer accumulation (%ID/g) between ccRCC and 
CAIX-negative tumors and a paired t-test to compare 
tracer accumulation between tumor and normal 
kidney tissue. Values are expressed as mean with 
standard deviation (SD). An alpha of 0.05 was used in 
all analyses and p<0.05 was considered significant. 
The biological half life of 111In-DOTA-girentuxim-
ab-IRDye800CW was calculated using bi-exponential 
regression analysis in MATLAB version R2014b. 
Graphs were made using GraphPad Prism 5.03.  

Results  

Patient population 

Written informed consent was obtained from 17 
patients with a primary renal mass who were 
scheduled for partial or radical nephrectomy. Two of 
these patients were excluded before injection of 
111In-DOTA-girentuximab-IRDye800CW because of a 
prolonged QTc-interval. Three patients with a 
CAIX-negative tumor were replaced. An overview of 
patient characteristics is given in Table 1 and a study 
flowchart can be found in Fig. S1. 

Safety analysis 

All 15 patients were monitored for three hours 
after antibody injection and no infusion-related 
(serious) adverse events ((S)AE) nor any significant 
changes in vital signs were observed. ECG-analysis 
before and one hour after antibody injection showed 
no prolongation of the QTc interval. Blood samples 
that were taken for pharmacokinetic and safety 
analysis revealed no significant abnormalities in 
blood values after antibody injection. Five possibly 
related grade 1 AE were observed, while all other AE 
were related to surgery (Table S1).  

Preoperative SPECT/CT imaging 

All CAIX-expressing tumors were visualized 

preoperatively by SPECT/CT, while no uptake was 
seen in CAIX-negative tumors (patients #13-15). Some 
physiological liver uptake was observed. False 
positive accumulation of 111In-DOTA-girentuximab- 
IRDye800CW was observed by SPECT/CT in a 
CAIX-negative adrenal adenoma and a cyst in the 
contralateral kidney in patient #12. In patient #6, 
accumulation of 111In-DOTA-girentuximab-IRDye-
800CW was visualized by the SPECT in a known bone 
metastasis (first lumbar vertebra). Unfortunately, this 
lesion was not accessible for intraoperative imaging 
during surgery (not in the surgical field). The other 
patients did not have metastatic disease. 

Intraoperative dual-modality imaging 

During surgery, all 12 ccRCC could be localized 
by gamma probe measurements with a mean (T:N) 
ratio of 2.5 ± 0.8 (Fig. 1 and Movie S1), while the T:N 
ratio in the 3 CAIX-negative tumors was significantly 
lower (1.0 ± 0.1, p<0.05). The highest T:N ratio (3.3 ± 
0.6) was observed in the 10 mg dose group. T:N ratios 
did not differ significantly between the various 
protein doses (p=0.22). Radioactive probe guidance 
proved to be essential for intraoperative tumor 
localization, especially when fat covered the tissue of 
interest, since the fluorescence signal was significantly 
attenuated by the perinephric fat. 

After tumor localization and exposure of the 
tumor, NIRF was used for real-time tumor 
visualization and differentiation of tumor from 
normal kidney tissue (Fig. 2, Fig. 3 and Movie S2). 
Hyperfluorescence of tumors was observed during 
surgery and/or on the bench in all ccRCC at all 
protein dose levels. Fluorescence of normal kidney 
parenchyma was low (Fig. 2). Fluorescence imaging 
during open surgery was straightforward, but for 
laparoscopic surgery a perpendicular approach of the 
tumor with the fluorescence camera proved to be 
essential for accurate NIRF imaging. This was a 
complicating factor in laparoscopic surgery, especially 
in posterior tumors. Iso- or hypofluorescence was 
observered in two out of three CAIX-negative tumors 
(patients #14 and #15), while hyperfluorescence was 
observed in one CAIX-negative pseudocystic lesion 
(patient #13), but since no radioactive signal was 
detectable, it was considered to be autofluorescence of 
the cyst content. 

One PSM was correctly identified by ex vivo 
NIRF of the resected specimens (patient #11). 
Additionally, resected tissue contained vital tumor, as 
confirmed by histopathology (Fig. 3). In all other 
ccRCC, a rim of hypofluorescent, normal kidney 
parenchyma was visible around the tumor and final 
histology confirmed negative surgical margins. 
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Table 1. Patients characteristics. 

No. # Dose (mg) Age Sex Tumor size (cm) Surgery T-stage Pathological margin Histology CAIX 

1 5 67 F 6.0 RALN pT1b R0 ccRCC + 

2 5 71 F 3.6 RALPN pT1a R0 ccRCC + 

3 5 76 F 8.0 LN pT1b R0 ccRCC + 

4 10 59 M 3.3 RALPN pT1a R0 ccRCC + 

5 10 75 M 5.0 LN pT1b R0 ccRCC + 

6 10 76 M 6.0 LN pT1b (M1) R0 ccRCC + 

7 30 69 M 2.5 RALPN pT1a R0 Papillary ccRCC + 

8# 30 76 M 2.5 RALPN pT1a R0 ccRCC + 

9 30 55 F 2.8 OPN pT1a R0 ccRCC + 

10 50 58 M 5.7 RALPN pT1b R0 ccRCC + 

11 50 57 F 5.4 OPN pT3a R1* ccRCC + 

12 50 65 M 3.7 RALPN pT1a R0 ccRCC + 

13 30 64 M 1.5 RALPN - R0 Pseudocyst - 

14 50 63 M 3.2 & 1.8  RALPN - R1 Angiomyolipomas - 

15 50 76 V 2.5 RALPN pT1a R0 Clear cell papillary RCC - 

LN: laparoscopic nephrectomy; OPN: open partial nephrectomy; RAL(P)N: robot-assisted laparoscopic (partial) nephrectomy.  
#Due to logistical reasons, surgery in patient 8 was performed 6 days after injection (instead of 7).  

*Tumor tissue was present in the deep surgical margin of the primary resected specimen and further resection contained vital tumor tissue. Since the tumor was not resected 
en bloc, unequivocal assessment of the surgical margin was not possible. 

 

Tissue analyses  

A high T:N fluorescence contrast was seen in all 
ccRCC by fluorescence imaging of the 5-10 mm slices 
of the resected specimens (Fig. S2). Considerable 
intratumoral heterogeneity in the uptake of 111In- 
DOTA-girentuximab-IRDye800CW was observed 
macroscopically, with high uptake at the tumor 
borders and lower uptake in the tumor center, most 
likely due to perfusion differences limiting tumoral 
penetration of girentuximab. Histopathology of the 
tissue section showed homogeneous expression of 
CAIX in tumors coinciding with the distribution of 
the fluorescence signal (Fig. 4). 

Maximum tumor uptake of 111In-DOTA-giren-
tuximab-IRDye800CW in ccRCC as measured with a 
gamma counter ranged from 0.04–0.58 %ID/g, while 
uptake was significantly lower in normal kidney 
tissue (mean 0.004±0.002 %ID/g, p<0.05). In CAIX- 

negative tumors, 0.01±0.01 %ID/g 111In-DOTA-giren-
tuximab-IRDye800CW was detected, possibly related 
to the enhanced permeability and retention effect. 

Pharmacokinetic analyses 

The average blood levels of 111In-DOTA- 
girentuximab-IRDye800CW were 0.024±0.009, 0.019± 
0.007, 0.007±0.003 and 0.004±0.002 %ID/g at 5 min, 3 
h, 4 d and 7 d post injection, respectively. When fitting 
the curves in a two-compartment model, the half life 
in the distribution phase was 1.4±1.7 h (t1/2α) and in 
the clearance phase 73.5±17.0 h (t1/2β) (Fig. 5). 

Discussion  

This study describes the first clinical application 
of tumor-targeted dual-modality imaging with a 
dual-labeled monoclonal antibody. It shows that this 
novel technique is safe and allows successful 

intraoperative visualization of 
tumors in patients with ccRCC. 
Combining a radiolabel for preop-
erative imaging and intraoperative 
probe-guided tumor localization 
and a fluorescent label for tumor 
delineation proved to be a 
powerful synergy. CcRCC could 
be localized intraoperatively by 
gamma probe detection, and after 
surgical exposure of the tumor, 
NIRF could be used to delineate 
tumors and detect PSM. This 
potential of targeted dual-modal-
ity imaging can also be exploited 
in many other cancer types, by 
replacing girentuximab by another 
tumor-targeting antibody.  

 

 

 
Figure 1. Intraoperative gamma probe measurements (T:N ratios). Each dot represents one patient and the 

horizontal line represents the mean per dose level. The highest T:N ratios were observed after administration 
of 10 mg 111In-DOTA-girentuximab-IRDye800CW, but differences between the dose levels were not 

statistically significant. The T:N ratio in the CAIX-negative tumors was significantly lower than in the 
CAIX-positive tumors (p<0.05). 
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Figure 2. Intraoperative NIRF to guide complete tumor resection (patient #9). (A) Intraoperative NIRF before tumor resection: Hyperfluorescence of a ccRCC was 
seen after injection of 111In-DOTA-girentuximab-IRDye800CW. NIRF was successfully used for tumor border delineation. (B) Ex vivo NIRF of the resected specimen 
showed a rim of normal hypofluorescent tissue around the hyperfluorescent tumor indicating a negative surgical margin, as confirmed by histopathology. (C) 

Intraoperative NIRF of the surgical cavity after tumor resection indicated complete tumor removal. 

 

 
Figure 3. Dual-modality imaging after injection of 111In-DOTA-girentuximab-IRDye800CW (patient #11). (A) Preoperative SPECT/CT imaging confirmed the 
presence of a CAIX-expressing ccRCC and revealed that this tumor extended deep into this patients’ monokidney. (B) Intraoperative NIRF showed 

hyperfluorescence of the tumor. (C) Assessment of the resected tumor specimen with NIRF suggested tumor in the surgical margin (square), which was subsequently 
confirmed by histopathology. (D) NIRF demonstrated that further resection contained vital tumor, again confirmed by histopathology. (E) NIRF was used to assess 

the presence of tumor (square) in additional resected tissue fragments. Histopathology confirmed that the fragment consisted mainly of fibrotic tissue, but also a 
tumor fragment of 2 mm. Scale bars are an approximation. 
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Figure 4. Tissue processing and tissue section analysis (patient #8). Thin (5-10 mm) tissue slices (A) of the resected specimens were analyzed by autoradiography 
(B) and near-infrared fluorescence imaging (C). Both the radioactive and fluorescence signals were localized in tumor tissue. Histopathology of a tissue section 

showed homogeneous expression of CAIX in tumors coinciding with the distribution of the fluorescence signal. (D) H&E staining with the tumor annotated. (E) 
M75-staining showed a high and homogenous expression of CAIX in the tumor, visually overlapping with the distribution of the fluorescence signal. (F) Fluorescence 

imaging of a tissue section showed that T:N contrast is high at the tumor borders. 

 
 

 
Figure 5. Blood clearance of dual-labeled girentuximab over seven days after 
injection (p.i.) fitted to a two-compartment model. Inset: clearance during the 

first three hours is depicted in more detail. Values are expressed as mean ± SD 
of 14 patients, since pharmacokinetic data of patient #3 were incomplete. 

 
Administration of 111In-DOTA-girentuximab- 

IRDye800CW was well tolerated, as expected based 
on previous extensive experience with radiolabeled 
girentuximab [11, 12, 21, 22]. No prolongation of the 
QTc-interval was found and no study drug-related 
SAE were observed. In two patients (13%) hospital 
admission was prolonged due to complications of 
surgery (CTCAE grade III), which is in accordance 
with complication rates reported in the literature [23]. 
Thus, intraoperative dual-modality imaging with 
111In-DOTA-girentuximab-IRDye800CW is a safe 
procedure.  

Considering the trend to treat larger and more 
complex tumors by NSS [8, 24, 25], there is an 
increasing need for tools to achieve complete tumor 
resection, while supporting oncologically safe NSS. 
The advantage of using NIR dyes over visible light 
dyes is that there is less autofluorescence, less 
scattering and a slightly higher tissue penetration 
depth [26]. Furthermore, since the dye is not visible by 
the human eye, the dye does not change the 
appearance of the surgical field, in contrast to, for 
example, blue dye. This implies that a light source and 
a camera system with special filters are needed, which 
can be argued as a disadvantage. NIRF after injection 
of indocyanine green has been used to delineate renal 
tumors. Indocyanine green accumulates in normal 
kidney parenchyma, resulting in relative hypofluore-
scence of RCC [27-29]. Disadvantages of this approach 
are that it is non-specific and hypofluorescent fat 
tissue can be misinterpreted as residual tumor tissue 
[27]. By targeting tumor-associated antigens, a 
positive T:N contrast can be obtained. Folate-receptor 
alpha-targeted NIRF has shown promise to detect 
superficial tumor lesions in ovarian cancer [1] and has 
also been explored in RCC, but conflicting results 
were reported [30, 31]. 

Because of the high expression of CAIX on more 
than 95% of primary ccRCC, CAIX is a more 
promising target for targeted imaging of ccRCC. The 
current study shows that CAIX-targeted dual- 
modality imaging could sensitively detect and 
delineate ccRCC during surgery. NIRF has the 
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additional advantage to assess the surgical margins ex 
vivo as well as the surgical cavity in vivo. The 
radiosignal allowed both preoperative evaluation of 
tumor extension with SPECT/CT and intraoperative 
tumor localization by gamma probe detection. The 
latter proved to be essential when perinephric fat 
covered the tumor and in largely endophytic tumors. 
An additional advantage of the radiolabel is that it 
allows accurate quantification (T:N ratio or %ID/g) of 
tracer accumulation, which is important as 
quantification of a fluorescence signal may be 
complicated due to scattering and attenuation of light 
in biological tissue. The main advantage of the 
dual-labeled approach over co-injection of two 
separate antibodies is that both signals originate from 
the same molecule. This may be important, as 
conjugating the antibody with fluorescent dyes may 
alter the in vivo behavior of the conjugate [15]. 
Previous analyses showed that radiolabeled 
girentuximab remained intact and could be visualized 
on tumor cells ex vivo [32-34]. Based on the ratios 
used, approximately 74% of the girentuximab 
molecules are truly dual-labeled (containing at least 
one DOTA and one IRDye800CW molecule) [15]. 
Thus, we assume that the quantification of the 
radiolabel is representative for targeting of the intact 
antibody. Indeed, we observed a perfect visual 
overlap between the fluorescence and radioactive 
image in ex vivo analysis (Fig. 4), substantiating that 
the antibody remained intact in the tumor. The very 
low accumulation of 111In-DOTA-girentuximab- 
IRDye800CW in CAIX-negative tumors is adding to 
the evidence that uptake is primarily mediated by 
CAIX expression and only slightly by the enhanced 
permeability and retention effect. Therefore, 
preoperative 111In-DOTA-girentuximab-IRDye800CW 
SPECT/CT imaging also has great diagnostic value 
since it allows for noninvasive confirmation that the 
tumor is a CAIX-expressing ccRCC. PET and SPECT 
studies with Iodine-124 labeled and Indium-111 
labeled girentuximab, respectively, have shown the 
feasibility of this approach [11, 12, 21]. Distinction of 
ccRCC from other renal lesions can be difficult, since 
studies have shown that in up to 25% of patients that 
undergo surgery for small renal masses, final 
histology shows benign disease [35]. 

Despite the heterogeneous uptake of 111In- 
DOTA-girentuximab-IRDye800CW in the tumor, a 
high T:N fluorescence contrast was observed at the 
tumor margins, which is essential for detection of 
tumor remnants and to subsequently guide additional 
resection of tumorous tissue. Van Driel et al. have 
shown that a minimum of 1 mm3 tumor tissue could 
be detected with the NIRF system that was used in the 
current study [36]. Recently, we have shown in an 

animal model that submillimeter micrometastases 
could be detected with dual-modality imaging with 
dual-labeled antibodies [37]. However, the detection 
of small lesions is dependent on several factors, such 
as tumor vascularization, antigen expression, 
background tissue signal and tumor location. The 
highest T:N gamma probe ratio (3.3±0.64) was found 
at the 10 mg dose level and a trend towards a lower 
T:N contrast at higher protein doses was seen. 
Although the highest absolute amount (in theory the 
highest signal intensity) of protein per gram of tumor 
tissue (% ID/g × protein dose) was found at the 30 mg 
dose level, this resulted in a slightly decreased T:N 
contrast (gamma probe). This is in accordance with 
results of the studies with 131I-girentuximab and may 
be attributed to antigen saturation at higher protein 
doses [10, 38]. Therefore, a protein dose of 10 mg was 
considered to be the optimal dose when taking into 
account both imaging modalities. 

Addition of fluorescent molecules to a 
radiolabeled antibody may affect its biodistribution 
and tumor-specific accumulation. Animal studies 
have shown that the addition of up to two fluorescent 
molecules per girentuximab molecule (substitution 
ratio) only slightly effects its biodistribution and 
specific tumor accumulation [15]. Since the 
substitution ratio in the current study was between 1.0 
and 2.0, no decrease in specific tumor accumulation 
was expected and indeed tumor uptake was 
comparable to radiolabeled girentuximab [22]. In 
addition, pharmacokinetic analyses confirmed that 
blood clearance of 111In-DOTA-girentuximab-IRDye-
800CW is similar to that of 111Indium-DTPA- 
girentuximab (t1/2β 73.5±17.0 h versus t1/2 α+β 58±18 
h) [39]. The required interval between tracer injection 
and tumor targeting of approximately 7 days implies 
that the surgeon should decide well before surgery if 
intraoperative imaging will be needed. Pharmac-
okinetics are faster with smaller molecules, but small 
molecules may have the disadvantage of high 
physiological renal clearance, thereby obscuring 
ccRCC tumors [40]. Besides low normal kidney 
uptake, a further advantage of IgG molecules over 
antibody fragments and small molecules is the 
convenient chemistry of radiolabeling and 
fluorescence labeling, without significantly compr-
omising the immunoreactivity or altering the 
pharmacokinetics [15]. Previous studies with 
radiolabeled girentuximab have shown that high 
tumor-to-normal tissue ratios were obtained 4 to 7 
days after injection [12, 41]. In the current study, we 
aimed to show the feasibility of dual-modality 
imaging and we preferred to perform both SPECT and 
fluorescence imaging between 4 to 7 days after 
injection. The choice to perform SPECT/CT imaging 4 
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days after injection and fluorescence imaging 7 days 
after injection was mainly based on logistical reasons. 
Future studies may focus on optimizing this time 
interval for dual-labeled girentuximab.  

In the current study, dual-modality imaging 
devices were not integrated in the standard set of 
surgical instruments and therefore switching between 
standard surgery and dual-modality image-guided 
surgery took additional time. After introducing the 
standard surgical instruments and opening the 
retroperitoneum, the laparoscopic gamma probe was 
used to localize the tumor. After exposure of the 
tumor, the fluorescence camera was introduced. 
Subsequently, surgery was continued with the 
standard surgical instruments. Therefore, dual- 
modality imaging could only be performed before 
resection and after terminating the critical period of 
kidney ischemia and haemostasis, making deep 
surgical margins less accessible for NIRF. Integration 
of imaging devices into the standard surgical 
instruments would increase the convenient use of 
dual-modality imaging. Except for its use during NSS, 
the specific accumulation of 111In-DOTA-giren-
tuximab-IRDye800CW in ccRCC implies that 
dual-modality imaging may also be advantageous for 
lymph node dissection or metastasectomy. Since this 
was a phase I first in man study with the objective to 
assess the safety and feasibility, the surgical strategy 
(radical or partial nephrectomy) could not be changed 
based on intraoperative imaging results alone. 
Whether targeted dual-modality imaging using 
111In-DOTA-girentuximab-IRDye800CW reduces PSM 
or ccRCC recurrences needs to be studied in 
subsequent prospective studies. 
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