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Summary
Background The aim of the study was to increase the specificity and targeting of tumour imaging, targeting molecules
that enable the simultaneous recognition and binding of multiple tumour-associated receptors. We constructed a
NIR-II fluorescence probe based on a bispecific antibody to epidermal growth factor receptor (EGFR) and cellular
mesenchymal–epithelial transition factor (c-Met) for visualising colorectal cancers (CRCs) and metastatic lymph
nodes.

Methods The expression of EGFR and c-Met in tumour and metastatic lymph node specimens from patients with
CRC was examined using immunohistochemistry. The EGFR and c-Met bispecific antibody (Rybrevant) was labelled,
and its cell-specific binding ability was assessed using laser confocal microscopy. Subcutaneous CRC and orthotopic
tumour models were constructed to evaluate the fluorescence imaging of the probe in vivo. To assess the performance
of Rybrevant-IRDye800CW in the differential diagnosis of metastatic lymph nodes, a CRC lymph node metastasis
model was constructed using human CRC cells implanted in mouse claw pads. Finally, surgically resected CRC
tumours and lymph node specimens were incubated with Rybrevant-IRDye800CW for fluorescence NIR-II
imaging to evaluate the efficacy of Rybrevant-IRDye800CW for preclinical visualisation.

Findings The combined expression rate of EGFR and c-Met in CRC and metastatic lymph nodes was significantly
higher than the single-target expression rate. The bispecific probe Rybrevant-IRDye800CW was successfully
synthesised, and its fluorescence signal could be extended up to 1600 nm using NIR-II imaging. Cell incubation
experiments showed that the fluorescence intensity of Rybrevant-IRDye800CW was strongly correlated with EGFR
and c-Met overexpression of the cells. NIR-II in vivo fluorescence imaging showed that double-positively
expressing subcutaneous tumours significantly uptook Rybrevant-IRDye800CW after tail vein injection of the
probe, which rapidly accumulated within the tumours in about 6 h. In EGFR and or c-Met blockade assays,
subcutaneous tumours showed weaker uptake of Rybrevant-IRDye800CW. Similarly, Rybrevant-IRDye800CW was
specifically identified in orthotopic CRC and lymph node metastasis models, with all orthotopic tumours showing
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high tumour-to-background ratios in NIR-II imaging. In a NIR-II preclinical study, Rybrevant-IRDye800CW could
specifically identify fresh human CRC and its metastatic lymph node tissue.

Interpretation This study confirmed the complementary EGFR and c-Met expression in CRC and its metastatic lymph
nodes. Compared to single-target probes, EGFR and c-Met dual-specific fluorescent probes identified CRC and its
metastatic lymph nodes using NIR-II imaging. Thus, NIR-II-guided R0 surgery was performed to resect the CRC
and metastatic lymph nodes.

Fundings This study was supported by the Beijing Natural Science Foundation (Grant numbers: L222054, 7244517,
4232058, L248026, L232020), National Natural Science Foundation of China (NSFC) (92059207, 92359301, 92259303,
62027901, 81930053, 81227901, U21A20386), CAS Youth Interdisciplinary Team (JCTD-2021-08), and the Funda-
mental Research Funds for the Central Universities (Grant no. JK2024-2-35-02).

Copyright© 2025 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/).
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Research in context

Evidence before this study
For patients with colorectal cancer, resection of the tumour
and its metastatic lymph nodes is extremely important;
however, there are difficulties in accurately identifying and
completely removing colorectal cancer and its metastatic
lymph nodes intraoperatively. Second near-infrared window
(NIR-II, 1000–1700 nm) fluorescence imaging is a novel
imaging technique that can compensate for the insufficient
penetration depth, low resolution, and low background of
NIR-I. It has been validated in clinical trials and is a powerful
tool for real-time surgical imaging. For colorectal cancer,
metastatic lymph node clearance is difficult, and the leftover
metastatic lymph nodes seriously affect the health and safety
of patients. However, studies using NIR-II fluorescence
imaging for the intraoperative navigation of metastatic
lymph nodes in colorectal cancer are lacking.

Added value of this study
In this study, we designed and synthesised a bispecific NIR-II-
targeted fluorescent probe, Rybrevant-IRDye800CW, which
specifically recognised EGFR and c-Met-positive colorectal
cancer and its metastatic lymph nodes. We validated the
effectiveness of the probe at the cellular level, in animal
models, and in patient tumour specimens.

Implications of all the available evidence
In this study, we developed a dual-targeted NIR-II fluorescent
probe for detecting colorectal cancer and metastatic lymph
nodes, aiding surgeons in accurate intraoperative imaging and
resection, reducing residual tumours, and providing evidence
for future clinical applications.
Introduction
Colorectal cancer (CRC) is a tumour that ranks third and
second for morbidity and mortality worldwide, respec-
tively, making it a serious threat to human lives and
health.1–3 Initial progress has been made in recent years
in molecular targeted therapy and immunotherapy;
however, the five-year survival rate of metastatic CRC is
still only 10%.4 Complete tumour resection (R0) can
significantly improve the overall survival rate and reduce
the recurrence rate. However, it is closely associated
with positive tumour margins, which occur in 5% of
cases after CRC surgery. The recurrence rate of CRC
increases with the tumour stage, reaching as high as
14% in T4 CRC.5 In addition, patients with locally pro-
gressive and recurrent rectal cancer have a higher rate of
positive margins.6,7 Lymph node metastasis is the most
common route of metastasis in CRC and is the main
factor for metastatic recurrence after R0 resection; some
patients with lymph node-negative CRC also experience
recurrence after surgery.8 Surgeons can rely only on
visual and tactile information during surgery; therefore,
it is difficult to distinguish between fibrosis and tumour
lesions accurately, and it is impossible to maximise the
resection of tumour tissues and metastatic lesions to
improve patient prognosis.

Fluorescence imaging technology used for the pre-
cise clinical resection of tumours has further improved
the accuracy of complete CRC resection.9,10 For example,
fluorescence-guided surgery (FGS) assists surgeons in
performing complete tumour resection by enhancing
their ability to detect tumours.11 Near-infrared fluores-
cence imaging (NIR-FI) is a real-time imaging tech-
nique that combines NIRFI-targeted probes with a
fluorescence imaging system to identify specific mo-
lecular targets in tumour tissues and to differentiate
between tumour and normal tissues.12 Currently,
www.thelancet.com Vol 115 May, 2025
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indocyanine green (ICG) is the only optical probe
approved by the U.S. Food and Drug Administration for
use in CRC surgery, enabling the diagnosis and moni-
toring of tumours and their lymph nodes. ICG can visu-
alise lymphatic vessels and lymph nodes; however,
pathology has shown that ICG molecules are found in
non-tumourigenic areas of metastatic lymph nodes, which
do not show metastatic areas, indicating that ICG lacks
specificity.13 Therefore, new fluorescent imaging probes
for primary CRC tumours and metastatic lymph nodes are
urgently required to improve the success of CRC surgery.

Some targets have already been developed for
molecular imaging applications in clinical CRC
diagnosis,14–18 such as epidermal growth factor receptor
(EGFR) and cellular mesenchymal–epithelial transition
factor (c-Met), which have been widely investigated for
tumour-targeted fluorescence molecular imaging appli-
cations because of their high expression in tumours.
However, owing to the heterogeneity of tumour cell
expression, a single target often fails to cover most tu-
mours, resulting in low sensitivity of tumour imaging.19

In CRC, EGFR is overexpressed in 60–80% of pa-
tients,20,21 whereas c-Met overexpression occurs in
50–70%.22–24 One possible approach for increasing the
specificity and targeting of imaging is to target mole-
cules that simultaneously recognise and bind to multi-
ple tumour-associated receptors. Bispecific antibodies
have attracted significant attention in diagnosing and
treating tumours, and an increasing number of molec-
ular imaging studies of multi-target combinations have
been validated in preclinical settings.19,25,26 Rybrevant
(Amivantamab, JNJ-61186372) is a new bispecific anti-
body demonstrated to be safe in clinical trials and can
target both EGFR and c-Met on the tumour surface.27

The ability of Rybrevant to target different markers
may bypass the limitations of single-targeted antibodies,
leading to speculation about its superior application in
imaging CRC and its metastatic lesions.

Light in the NIR-II band (1000–1700 nm) is less
absorbed in biological tissues than that in the NIR-I
(700–900 nm), providing deeper tissue penetration
(20 mm) and better tumour imaging.28 NIR-II in the
development of a variety of NIR-II fluorescent probes,
such as quantum dots, single-walled carbon nanotubes,
organic dyes, etc. Since safety is not widely used in
human. IRDye800CW dye is an amine-responsive, near-
infrared, highly water-soluble fluorescent dye that is
widely used for NIR-I window-targeted imaging of
labelled proteins and antibodies. The tail emission of
ICG can be used to perform NIR-II imaging, which is
superior to NIR-I.29–31 Reports of the application of
NIR-II in CRC surgery are limited,32 and, to our
knowledge, the use of bispecific fluorescent probes to
identify and diagnose NIR-II-targeted CRC and its
metastatic lymph nodes has not been reported. There-
fore, we constructed a targeted NIR-II probe by
combining Rybrevant, a bispecific anti-EGFR and c-Met
www.thelancet.com Vol 115 May, 2025
monoclonal antibody, with the near-infrared fluorescent
dye IRDye800CW to investigate the value of NIR-II
fluorescence imaging for preclinical studies in the
intraoperative navigation of CRC and its metastatic
lymph nodes (Fig. 1).
Methods
Ethical statement
This study was approved by the Medical Ethics Review
Panel of the Cancer Hospital of the Chinese Academy of
Medical Sciences (Ethics no. 22/248-3450). Informed
consent was obtained from all participants. All animal
experiments were conducted according to the principles
of the Declaration of Helsinki. All animal experiments
in this study were approved by Ethics Committee of
Institute of Automation, Chinese Academy of Sciences
(CASIA Issue No. IA21-2302-420303).

Immunohistochemical staining (IHC)
Fresh tissues were fixed with formaldehyde, washed
with phosphate buffer (PBS), dehydrated with ethanol,
and soaked in distilled water. EDTA pH 8.0 (G1207-1L,
Servicebio, Wuhan, China) was placed in boiling water,
and paddles were placed on the sectioning frame,
pressurised sufficiently, and cooled to room tempera-
ture. The samples were washed in PBS, and 3%
hydrogen peroxide (H2O2) in 80% methanol was added
dropwise onto the tissue microarrays for 10 min. After
successive treatments with H2O2 and 10% goat serum,
the slices were incubated with Anti-EGFR Rabbit pAb
(Servicebio Cat# GB111504-100, RRID:P00533) or anti-
c-Met (Servicebio Cat# GB115048-100, RRID:P08581)
antibodies for 1 h at room temperature. After rinsing,
the sections were further incubated with secondary
antibody (GB23303, Servicebio, Wuhan, China), stained
with 3,3,-diaminobenzidine, diaminobenzidine, stained
with haematoxylin, differentiated with ethanol hydro-
chloride, dehydrated, and sealed for microscopic imag-
ing. High-resolution digital images were acquired with a
Panorama 250 Flash II digital scanner (3DHISTECH,
Budapest, Hungary). IHC staining was subsequently
quantified using the ImageJ IHC profiler (National
Institutes of Health), and EGFR and c-Met over-
expression was defined as >50% staining.

Synthesis and characterisation of Rybrevant-
IRDye800CW
The EGFR and c-Met bispecific antibody Amivantamab
(Rybrevant, Janssen Pharmaceuticals, USA) (50 mg/ml)
labelled the NIRF dye IRDye800CW NHS ester (LI-COR,
Bioscience). IRDye800CW is a NIRF resin dye with a
broad range of absorption (778 nm) and emission peaks
(794 nm) that have a favourable biosafety profile.33,34

Rybrevant-IRDye800CW was prepared by coupling
Rybrevant with the IRDye800CW NIR resin dye using
the synthesis of EGFR-IRDye800CW as described
3
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Fig. 1: The design and synthesis of fluorescent probes targeting EGFR and c-Met and the construction of an animal model for Colorectal cancer
(CRC) and its metastatic lymph nodes. Tail vein injection of dual-targeted fluorescent probe Rybrevant-IRDye800CW and imaging on a dark-
field NIR-II fluorescence imager. The excision of colorectal tumours and their metastatic lymph nodes under NIR-II fluorescence guidance and HE
and IHC staining of subject specimens.
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previously.35 Briefly, the Rybrevant antibody was dis-
solved in phosphate solution at pH 8.5 and then a certain
molar mass of IRDye800CW NHS was added. This
mixture was stirred constantly at room temperature in
the dark for 3 h before it was eluted and purified on a PD-
10 column to remove the unreacted dye and obtain the
purified probe.

NIR-I/II angiography
All animals were purchased from Beijing Huafukang
Biological Science and Technology Co. Five-week-old
Balb/c-nu male mice were administered 1–5 mg/kg
Rybrevant-IRDye800CW via tail vein injection and the
left hind limbs of the mice were subjected to angiog-
raphy using a NIR-II camera (Xenics Cheetah-640CL
TE3) with 1000, 1100, 1200, 1300, and 1400 nm filter
slides. The samples were excited at 808 nm using an
exposure time of 50 ms–1 s. NIR-I imaging was
performed using a CMOS camera (PCO, Germany) with
an 850 ± 40-nm filter attached to capture NIR-I fluo-
rescence excited at 792 nm for 30 ms. After acquiring
the images, the maximum cross-sectional fluorescence
intensity was calculated for the vascular region of in-
terest to quantify the contrast within the vascular region
of interest for both NIR-I and NIR-II imaging.

Cell culture
The human CRC cell lines HT29 (RRID: CVCL_0320),
HCT116 (RRID: CVCL_0291), SW480 (RRID: CVCL
0546), SW620 (RRID: CVCL_0547), and RKO (RRID:
CVCL_0504) were gifted by the Department of Gastro-
enterology, Peking University First Hospital, and
cultured in DMEM (G4515-500 ML, Servicebio, Wuhan,
China) supplemented with 10% foetal bovine serum and
1% penicillin–streptomycin at 37 ◦C and 5% CO2 in a
cell culture incubator.
www.thelancet.com Vol 115 May, 2025
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Western blotting
When the cells grew to a density of 80–90%, they were
collected and lysed using RIPA lysis buffer (G2002-
100 ML, Servicebio, Wuhan, China), and the protein
concentration was determined using the BCA Protein
assay kit (G2026-1000T, Servicebio, Wuhan, China).
Protein samples were boiled at 95 ◦C for 10 min in a
metal bath, and 20 μg total protein was separated using
sodium dodecylsulphate polyacrylamide gel electropho-
resis. After separation, proteins were transferred to a
PVDF membrane and incubated at room temperature
with rabbit c-Met (Servicebio Cat# GB115048-100,
RRID:ab—P08581), EGFR (Servicebio Cat# GB111504-
100, RRID:ab—P00533), or β-actin (GB12001-100,
1:1000, Servicebio, Wuhan, China) antibodies overnight
at 4 ◦C. After washing the membranes with PBS, they
were incubated with goat polyclonal anti-rabbit IgG-HRP
(GB23303, 1:5000, Servicebio, Wuhan, China) and anti-
mouse IgG-HRP (GB23301, 1:5000, Servicebio, Wuhan,
China) secondary antibodies at room temperature for
approximately 1 h. After washing with a membrane wash
buffer (Tris-buffered saline and Tween), the protein bands
were detected using enhanced chemiluminescence using
a ChemiDoc XRS + imaging system. Protein expression
grey values were quantified using ImageJ software.

In vitro targeting evaluation
Approximately 5 × 105/ml cells were homogeneously
inoculated in 15-mm glass-bottomed confocal dishes
containing complete medium and grown to 70–90%
density. Then, 200 μl 0.01 mg/ml Rybrevant-
IRDye800CW probe was added to the cells and incu-
bated for 2 h in the dark, washed with PBS, fixed in 4%
paraformaldehyde, and stained with 4′,6-diamidino-2-
phenylindole (DAPI). The samples were stored away
from light before they were observed with a laser
confocal microscope (THUNDER Imager EM Cryo
CLEM, Leica, Germany). In binding site blocking ex-
periments, cells were incubated with anti-targeted EGFR
(Cetuximab, Generously provided by Merck Lyon
Pharma, Germany), c-Met (Savolitinib Tablets, Gener-
ously provided by Hutchison Whampoa China) and
dual-targeted EGFR & c-Met drugs (Rybrevant, Gener-
ously provided by Janssen Biotech, Inc. USA) at 100-fold
probe concentration, respectively. Then, samples were
washed with PBS and incubated in 200 μl 0.01 mg/ml
Rybrevant-IRDye800CW probe. Finally, cell nuclei were
stained with DAPI and imaged.

Construction of animal model
Five-week-old mice were purchased from the Beijing
Huafukang Biotechnology Co. Approximately 2 × 106

HCT116 or RKO cells were subcutaneously inoculated
onto the right dorsal side of Balb/c-nu mice to promote
CRC subcutaneous tumour development. Orthotopic
colorectal tumours of the caecum were established by
making a median incision in the abdomen of the mice
www.thelancet.com Vol 115 May, 2025
and slowly injecting 4 × 105 HCT116 cells into the plasma
membrane layer of the caecum with a 30 G disposable
sterile insulin syringe (0.3 mm × 8 mm). To establish a
lymph node metastasis model of CRC, approximately
2 × 106 HCT116 cells were subcutaneously inoculated into
the footpads of the right lower limbs of Balb/c-nu mice.

NIR-I/II fluorescence imaging
After successfully constructing the tumour mouse
model, 100 μg Rybrevant-IRDye800CW was injected via
the tail vein. The blocking group was subjected to
binding site blocking experiments by intravenously
injecting 2 mg unlabelled Cetuximab, Savolitinib, and
Rybrevant into the mice 24 h before the probe was
administered. A high-resolution camera (Xenics
Cheetah-640CL TE3) equipped with an InGaAs detector
array, a camera lens (Spacecom VF50M SWIR) capable
of NIR-II fluorescence imaging, and filters fixed to the
front of the lens (1000, 1100, 1200, 1300, 1300, and
1400 nm) was used to capture NIR-II fluorescence. A
wavelength of 808 nm at a power of 50 mW/cm2 was
used to excite the fluorophore for an exposure time of
300–1000 ms. A region of interest was drawn along the
tumour edge to obtain the mean fluorescence intensity
(MFI). The MFI in the tumour and adjacent normal
tissues was used to calculate the tumour-to-background
ratio (TBR), and the fluorescence intensity values were
calculated using ImageJ software. After the in vivo ex-
periments, the mice were euthanised and dissected for
ex vivo imaging of the tumours and major organs.

Statistical analysis
The experimental data are expressed as mean ± standard
deviation (mean ± SD). A t-test was used to compare the
two groups. Multiple sets of data were compared and the
data satisfied normal distribution and chi-square, using
a one-way ANOVA. All graphical production and sta-
tistical analyses were performed using GraphPad
Prism8 software. NIR fluorescent images and their
immunohistochemical results were quantitatively ana-
lysed using ImageJ software and converted to pseudo-
colour. p < 0.05 were considered to be significantly
different, where *, **, ***, and **** represent p < 0.05,
p < 0.01, p < 0.001, and p < 0.0001, respectively.

Role of the funding source
The sponsors of the study had no role in the study
design, data collection, data analyses, data interpretation,
manuscript writing, or the decision to submit the paper
for publication.
Results
Expression of EGFR and c-Met expression in CRCs
and metastatic lymph node tissues
Tumour and metastatic lymph node specimens from
patients with CRC (18 cases) were collected
5
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intraoperatively to examine EGFR and c-Met protein
expression. Sixteen of the 18 patients with CRC had
metastatic lymph nodes, and the IHC staining results
for EGFR and c-Met in CRC and metastatic lymph
nodes are shown in the graphs (Fig. 2a–c). However,
Fig. 2a left, EGFR and c-Met are negatively expressed in
tumour tissues of the same patient with CRC (−), in the
middle EGFR and c-Met are weakly positively expressed
in tumour tissues of the same patient with CRC (+) and
on the right side, EGFR and c-Met in the same patient
with CRC tumour tissue are positive (++). The left side
of Fig. 2c indicates negative expression (−) of EGFR and
c-Met in metastatic lymph nodes of the same patient
with CRC, and the middle and right sides indicate
positive expression (+) of EGFR and c-Met in metastatic
lymph nodes of the same patient with CRC. The pro-
portions of EGFR expression, c-Met expression, both
EGFR and c-Met expression, and either of the two
(EGFR or c-Met) in CRCs were 72.2%, 66.7%, 50%,
88.9%, respectively (Fig. 2b), indicating that the over-
expression rate of either protein was higher when the
two proteins were combined. In CRC metastatic lymph
nodes, EGFR and c-Met protein expression (Fig. 2c) and
the proportions of EGFR expression, c-Met expression,
both EGFR and c-Met expression, and either expression
(EGFR or c-Met) were 68.75%, 62.5%, 43.75%, and
Fig. 2: Expression of EGFR and c-Met in CRC and metastatic lymph nod
diagram showing overexpression ratio of EGFR and c-Met in CRC and thei
metastatic lymph nodes. (d) Venn diagram showing proportion of overex
their overexpression proportions.
87.5%, respectively (Fig. 2d), indicating that the meta-
static lymph nodes had a higher overexpression rate
when the two markers were combined than that when
expressed alone. The differential expression of EGFR
and c-Met in CRC and metastatic lymph nodes indicated
a difference in expression between these related tissues.
Therefore, analysing the complementarity of c-Met and
EGFR expression can significantly improve tumour
identification.

Fluorescence characterisation of Rybrevant-
IRDye800CW
The spectral properties of the synthesised Rybrevant-
IRDye800CW probe were evaluated. The UV-visible-
NIR absorption spectra were recorded for Rybrevant,
IRDye800CW, Rybrevant-IRDye800CW (Fig. 3a). We
analysed the structural formula of Rybrevant,
IRDye800CW-NHS and depicted the chemical structure
of Rybrevant-IRDye800CW based on the structural for-
mula (Figure S1). The peak of the Rybrevant-
IRDye800CW absorption spectrum was 790 nm. The
probe had an enhanced absorption peak at 260 nm
compared to that of Rybrevant, indicating that
IRDye800CW was successfully connected to the Rybre-
vant antibody. The fluorescence signal of Rybrevant-
IRDye800CW appeared between 800 and 1200 nm,
es. (a) Differential expression of EGFR and c-Met in CRC. (b) Venn
r overexpression ratios. (c) Expression of EGFR and c-Met in colorectal
pression of EGFR and c-Met in colorectal metastatic lymph nodes and

www.thelancet.com Vol 115 May, 2025
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Fig. 3: Characterisation of Rybrevant and Rybrevant-IRDye800CW probes. (a) UV-visible-NIR absorption spectra of Rybrevant, IRDye800CW and
Rybrevant-IRDye800CW probe. (b) Fluorescence and (c) emission spectra of Rybrevant-IRDye800CW in NIR-II. Fluorescence signal of probe in
(d) NIR-I and (e) NIR-II imaging increased linearly with probe concentration. (f) Hydrated particle size of Rybrevant-IRDye800CW measured
using DLS.
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and an emission wavelength peak appeared at 818 nm
(Fig. 3b and c). Fluorescence imaging of the probe using
NIR-I fluorescence showed that the fluorescence signal
increased linearly with probe concentration from 0.1 to
10 μg/mL (R2 = 0.98, Fig. 3d). Similarly, the fluores-
cence signal intensity of the probe in the NIR-II showed
a linear enhancement of the fluorescence signal with
increasing probe concentration (R2 = 0.99, Fig. 3e). We
also detected the hydrodynamic particle size and poly-
dispersity index of the probe by dynamic light scattering
(DLS), as shown in Fig. 3f, the hydrated particle size of
the probe was 29 nm, and its polydispersity index was
0.26 (Fig. 3f). In order to verify the photostability of
Rybrevant-IRDye800CW under laser irradiation, it was
continuously irradiated under an excitation laser
(1000 nm, 40 W) for 30 min, and the fluorescence in-
tensity of the probe did not weaken with the increase of
the laser irradiation time in the above process, which
means that there was no photodegradation of Rybrevant-
IRDye800CW (Figure S2), indicating that it has excel-
lent photostability. These results indicated that the
optical probe Rybrevant-IRDye800CW was successfully
synthesised.

Vascular imaging of Rybrevant-IRDye800CW in NIR-II
To test the NIR-II imaging benefits of the Rybrevant-
IRDye800CW probe, noninvasive angiography was per-
formed on the left hind limb blood vessels of mice. After
www.thelancet.com Vol 115 May, 2025
the Rybrevant-IRDye800CW probe was injected into the
tail vein, NIR-I imaging at 850 nm showed only vaguely
shaped blood vessels. By further increasing the wave-
length to 1000–1300 nm, clearer vessel shapes were
observed with NIR-II imaging (Fig. 4a). Quantitative
analysis of the cross-sectional fluorescence intensity
distributions of blood vessels showed that when the
wavelength was increased from 850 nm to 1300 nm, the
NIR-II peak was higher than that of NIR-I (Fig. 4b,
white arrows), which suggested that vascular imaging
with Rybrevant-IRDye800CW in NIR-II presented a
clearer image, especially in regions with fine blood
vessels.

EGFR and c-Met expression and Rybrevant-
IRDye800CW binding ability in human-derived CRC
cell lines in vitro
Five human-derived CRC cell lines (SW480, SW620,
HCT116, HT29, and RKO) were selected to detect the
expression of EGFR and c-Met. Western blotting results
showed that EGFR and c-Met were overexpressed in
HCT116 and HT29 cell lines, with HCT116 showing the
highest expression and RKO showing the lowest expres-
sion of EGFR and c-Met (Fig. 5a–c). The results of
the protein quantification analysis showed that EGFR
was 0.71, 0.61, 0.48, 0.29, and 0.27 in HCT116,
HT29 (*p = 0.0317, one-way ANOVA, Fig. 5b),
SW620 (**p = 0.0053, one-way ANOVA, Fig. 5b), SW480
7
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Fig. 4: Rybrevant-IRDye800CW fluorescence using NIR-II vascular imaging. (a) NIR-II images of blood vessels in hind limbs of mice taken with
different NIR-II filters on InGaAs camera. Switching to 1300-nm long-pass NIR-II fluorescence greatly improved vascular contrast. (b) Intensity
distribution of fluorescence in cross-sections of mouse hind limb vessels in NIR-I and NIR-II windows. Red arrows indicate increasing peaks of
fluorescence signal.
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(***p = 0.0002, one-way ANOVA, Fig. 5b), and RKO
(***p = 0.0001, one-way ANOVA, Fig. 5b) cells, respec-
tively whereas that of c-Met was 0.72, 0.26, 0.36, 0.36, and
Fig. 5: EGFR and c-Met expression in human-derived CRC cell lines. Weste
human-derived CRC cell lines. (b, d) Western blot results were analysed usin
satisfied normal distribution and chi-square, using a one-way ANOVA.
**p < 0.01, ***p < 0.001, and ****p < 0.0001.
0.16 in HCT116, HT29 (**p = 0.0021, one-way ANOVA,
Fig. 5d), SW620 (**p = 0.008, one-way ANOVA, Fig. 5d),
SW480 (**p = 0.0073, one-way ANOVA, Fig. 5d), and
rn blotting was used to detect (a) EGFR and (c) c-Met expression in
g ImageJ software. Multiple sets of data were compared and the data
And the levels of significance were indicated as follows: *p < 0.05,
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RKO (***p = 0.0003, one-way ANOVA, Fig. 5d) cells,
respectively. EGFR and c-Met levels were highest in
HCT116 cells and lowest in RKO cells (Fig. 5b–d);
therefore, we chose HCT116 and RKO cell lines for our
study.

To test the targeting ability of the Rybrevant-
IRDye800CW probe, we incubated HCT116 and RKO
cell lines with 100 nM of the probe for 3 h. Using laser
confocal microscopy, we found that the Rybrevant-
IRDye800CW probe showed a stronger fluorescence
signal in HCT116 cells and a weaker fluorescence signal
in RKO cells (Fig. 6a, red fluorescence). Rybrevant-
IRDye800CW was localised to the membrane surface
of HCT116 cells. The results showed that the probe
fluorescence signal intensity in HCT116 cells signifi-
cantly differed from that in RKO cells (****p < 0.0001,
one-way ANOVA, Fig. 6b). To examine probe uptake by
HCT116 cells further, we performed target blocking in
three additional groups of HCT116 cells. First, we
blocked EGFR and c-Met expression by treating
HCT116 cells with excess cetuximab and Savolitinib.
Since blockade of these receptors by the antibodies
decreased the uptake of the Rybrevant-IRDye800CW
probe, only weak fluorescence was observed in the two
sets of treated HCT116 cells, which was much less than
that in the Rybrevant-IRDye800CW group that was not
treated with excess antibodies (****p < 0.0001, one-way
ANOVA, Fig. 6a). Second, we treated HCT116 cells with
excess Savolitinib to block c-Met and observed a
decreased uptake of the Rybrevant-IRDye800CW probe.
Only weak fluorescence was observed in HCT116 cells
when compared to that in the Rybrevant-IRDye800CW
control group (****p < 0.0001, one-way ANOVA,
Fig. 6a). Quantitative analysis showed that the fluores-
cence intensity of the blocked group was significantly
lower than that of the HT116 unblocked group (Fig. 6b),
further suggesting that the dual-target probe had supe-
rior binding ability to CRC cells.

In vivo biodistribution of Rybrevant-IRDye800CW
probe
Next, we evaluated the in vivo biodistribution and
tumour selectivity of Rybrevant-IRDye800CW in sub-
cutaneous CRC tumour models. The human CRC cell
lines HCT116 and RKO were selected to construct
mouse subcutaneous tumours. Two weeks after CRC
cell injection, Rybrevant-IRDye800CW was injected into
mouse subcutaneous tumours (n = 3) via the tail vein
and fluorescence imaging was performed using the
NIR-II imaging system to evaluate the specificity of the
probes and their biological distribution in vivo. The re-
sults showed that Rybrevant was mainly metabolised by
the liver, and the mouse livers showed strong fluores-
cent signals, which gradually diminished over time
(Fig. 7a). The fluorescent signals started to appear at
approximately 6 h, and the fluorescent signal intensity
reached the highest value at 24 h (TBR = 2). reached the
www.thelancet.com Vol 115 May, 2025
highest value (TBR = 2.36 ± 0.09). In control RKO
subcutaneous tumour-bearing mice (n = 3) injected with
the same dose of the probe, the fluorescent signal was
weaker and decayed significantly at the tumour with
time (TBR = 1.52 ± 0.20, p < 0.001, t-test, Fig. 7b).

In HCT116 tumour-bearing nude mice, we first
blocked dual expression of EGFR and c-Met in
HCT116 cells with an overdose of Cetuximab and
Rybrevant via tail vein injection 24 h before the injection
of the probes. Compared with that in the unblocked
group, the fluorescence signal was weakened after
antibody blockade, and the fluorescence intensity in the
Cetuximab group was much lower than that in the
Rybrevant-blocked groups, with TBR maxima of
1.77 ± 0.05 and 1.35 ± 0.16, respectively. We also treated
the HCT116 cells with an excess of free Savolitinib to
block c-Met 24 h before the intravenous injection of the
probe and observed only weak fluorescence in the
HCT116 cells. This fluorescence was much lower than
that in the Rybrevant-IRDye800CW group, and in vivo
imaging showed a significant decrease in fluorescence
signal intensity in the tumour region, with a TBR
maximum of 1.77 ± 0.08 (Fig. 7b). Another Rybrevant-
IRDye800CW group of mice (n = 3) was euthanised at
the optimal imaging time point (24 h) so that the organs
and tumours could be dissected. NIR-II imaging was
performed on these tissues, which showed that
Rybrevant-IRDye800CW was predominantly distributed
in the liver and tumour tissues (Fig. 7c and d). More-
over, the Rybrevant-IRDye800CW signal co-localised
with EGFR and c-Met markers, further validating its
in vivo performance (Fig. 7e).

Rybrevant-IRDye800CW in NIR-I and NIR-II
fluorescence imaging
We used the HCT116 cell line, constructed a subcu-
taneous tumour model (n = 3), injected the same
Rybrevant-IRDye800CW in the tail vein, and after 24h
performed fluorescence imaging in NIR-I and NIR-II
respectively and analysed the tumour for fluorescence
intensity (Figure S3a), the tumour showed a high fluo-
rescence signal and the NIR-II had a much higher
signal-to-back ratio compared NIR-I (Figure S3b).

NIR-II fluorescent surgical navigation guides R0
resection of orthotopic CRC
To evaluate the imaging performance of the dual-
specific probe in an orthotopic CRC model further, an
orthotopic mouse model of HCT116 human-derived
intestinal cancer was established, and orthotopic
tumour formation in the caecum was confirmed using
bioluminescence imaging (BLI). Rybrevant-
IRDye800CW was injected into the tail vein, and the
mice were fasted for 24 h. The tumours were then
resected under the guidance of white light, NIR-I, and
NIR-II fluorescence. When the abdominal cavity was
exposed, it was difficult to differentiate the tumour
9
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Fig. 6: Assessment of Rybrevant-IRDye800CW in vitro targeting. (a) Uptake of Rybrevant-IRDye800CW by different cell subgroups (red) grown
under same conditions. Cell nuclei are stained with DAPI (blue). HCT116 cell (EGFR, c-Met; double-positive) uptake of probe was significantly
higher than that of RKO cells (low expression of EGFR, c-Met). EGFR, c-Met, and dual blocking of both EGFR and c-Met receptors in
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Fig. 7: Specificity and biological distribution of Rybrevant-IRDye800CW in vivo. (a) Representative whole-body imaging of HCT116 and RKO
subcutaneous xenograft tumour models injected with Rybrevant-IRDye800CW at different time points in (n = 3) and HCT116 subcutaneous
tumour EGFR, c-Met, and dual-targeting blockade assays (n = 3). (b) Quantification of Rybrevant-IRDye800CW fluorescence signal intensity in
NIR-II and analysis of tumour-to-background ratio. Fluorescence signal intensity of skin around tumour was selected as background (*p < 0.05).
(c) Image of organs from mice 24 h after Rybrevant-IRDye800CW in each organ 24 h after intravenous injection in (c) white light and (d) NIR-II.
(e) ImageJ software fluorescence quantification was used to analyse fluorescence intensity values of Rybrevant-IRDye800CW in each organ
in vivo, and statistical analysis (t-test) was considered statistically significant at p < 0.05 (*).
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tissue from the surrounding normal tissues under white
light; therefore, the nodules were identified in the
overlapping area of the combined fluorescence signals
from the NIR-I/II imaging and BLI signals for tumour
localisation (Fig. 8a–e). The R0 resection of the diseased
tissue was performed under NIR-II fluorescence guid-
ance (Fig. 8f). After resection, NIR-II imaging of the
original tumour location was performed to confirm that
residual high fluorescence signals were present at the
tumour location (Fig. 8g), and the resected tumour tis-
sue was observed under white light (Fig. 8h). Subse-
quent analysis of the difference between NIR-II and
NIR-I imaged tumours in five mice demonstrated a
significant TBR of NIR-II vs NIR-I (2.55 ± 0.38 vs
1.94 ± 0.20, *p < 0.05, t-test, Fig. 8i). The mice were
euthanised and organ dissection was performed to
HCT116 cells. (b) Quantitative analysis of probe fluorescence intensity was
data were compared and the data satisfied normal distribution and chi-
statistically significant.

www.thelancet.com Vol 115 May, 2025
measure the fluorescence signals in the liver and
tumour tissues, which were significantly higher than
those of other tissues using NIR-II fluorescence imag-
ing; however, the fluorescence signal intensity of the
liver was not significantly different from that of tumours
(Fig. 8j). The resected tumour tissues were subjected to
pathological HE and IHC tests to examine EGFR and c-
Met expression (Fig. 8k–n). These results further
confirmed the enhanced uptake of the probe by tumours
with high EGFR and c-Met expression.

In vivo fluorescence imaging of metastatic lymph
nodes in human-derived HCT116 cell model
To evaluate the performance of Rybrevant-IRDye800CW
in diagnosing metastatic lymph nodes, a lymph node
metastasis mouse model was constructed using
performed using ImageJ software. Scale bar, 20 μm. Multiple sets of
square, using a one-way ANOVA. ****p < 0.0001 was regarded as

11
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Fig. 8: NIR-II fluorescence-guided R0 resection of colorectal cancer specimen. (a, b) Intraoperative white light, (c) BLI imaging, (d) NIR-I, and
(e–g) NIR-II fluorescence imaging of orthotopic tumours (n = 4). (e and f) Tumour sites are indicated using white arrows in NIR-II fluorescence
images. (h) White light image of resected tumours. (i) TBR of NIR-I and NIR-II for all tumours (n = 4). (j) Biodistribution of probes in vivo. (k, l)
HE staining of tumours after resection. (m, n) IHC images of resected tumours. Quantification of fluorescence intensity of tumours was
performed, and results were considered statistically significant at p < 0.05 (*) using t-test. Scale bar, 100 μm.
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HCT116 cells. Human-derived HCT116 tumour cells
were injected into the paw pads of mice, and six weeks
after inoculation, sentinel metastatic lymph nodes were
palpable. The Rybrevant-IRDye800CW probe was
injected peri-tumourally into the paw pads, and the
lymph nodes were resected under NIR-II imaging
guidance. Before resection, the location of the lymph
node and its size could not be observed under white
light; however, the lymph node fluorescence was
stronger, and fine lymphatic vessels were visible under
www.thelancet.com Vol 115 May, 2025
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NIR-II fluorescence imaging (Fig. 9a, yellow arrows).
After resection of the lymph node using NIR-II guid-
ance, there was no fluorescence signal in the location of
the original lymph node. In contrast, the resected lymph
nodes were fluorescent (Fig. 9b, yellow arrows), with a
TBR of 2.77 ± 0.56. Moreover, the fluorescent signal
intensity of the lymph nodes was higher than that of the
surrounding tissues (Fig. 9a and b). After resection, the
lymph nodes were observed under white light and
NIR-II, which showed that the fluorescent signals under
NIR-II were stronger than those under white light
(Fig. 9c) and the diameters of the lymph nodes were
approximately 4 mm. Pathological HE and IHC staining
confirmed the presence of tumour cells and EGFR and
c-Met expression in the lymph nodes (Fig. 9d). These
results indicated that Rybrevant-IRDye800CW may help
the differential diagnosis of metastatic lymph nodes.

Imaging of Rybrevant-IRDye800CW in human CRC
fresh specimens
After collecting 24 surgically resected fresh CRC speci-
mens (Table 1), the tumour and lymph node specimens
were washed in saline immediately after resection and
Fig. 9: NIR-II fluorescence-guided lymph node dissection specimens for colo
light and NIR-II fluorescence (a) before and (b) after surgical resection. (c
white light and NIR-II fluorescence imaging. (d) HE staining and IHC of

www.thelancet.com Vol 115 May, 2025
incubated with Rybrevant-IRDye800CW. NIR-II imag-
ing showed that the fluorescence intensity of the
tumour tissue was significantly higher than that of the
neighbouring normal intestinal mucosal tissue in the
same patient (**p = 0.0039, t-test, Fig. 10a, b, e). The
fluorescence intensity of metastatic lymph nodes was
significantly higher than that of the normal lymph
nodes (*p = 0.0127, t-test, Fig. 10c, d, f). NIR-II imaging
of tissues incubated with Rybrevant-IRDye800C
revealed that 20 out of 24 tumour tissues and 7 out of
24 pairs of metastatic lymph nodes were EGFR and
c-Met positive (Fig. 10g–l).
Discussion
Fluorescence-guided surgery is rapidly entering clinical
practice. However, most studies using NIR-I imaging
are limited by its imaging resolution and depth, which
results in the inability to identify and completely resect
tumour tissues and their metastatic lesions.36 NIR-II
(1000–1700 nm) imaging improve the sensitivity and
resolution of imaging. Meanwhile in the imaging
equipment: the emergence of high sensitivity NIR-II
rectal cancer. Lymph node and lymphatic vessel imaging under white
) Diagram showing lymph node specimens after surgical resection in
lymph nodes after resection.
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Characteristic

Age

≤60 12 (50%)

≥60 12 (50%)

Sex

Men 19 (79%)

Women 5 (21%)

Race Asian: 24 (100%)

Postoperative pathologic staging (AJCC)

I 3 (12.5%)

II 7 (29%)

III 11 (46%)

IV 3 (12.5%)

Pathologic T-staging

T0 0

T1 0

T2 4 (17%)

T3 12 (50%)

T4 8 (33%)

Pathologic N-staging

N0 0

N1 15 (62.5%)

N2 9 (37.5%)

N3 0

We collected 24 colorectal cancer tumour specimens, all of which were surgically
excised.

Table 1: Patient and tumour characteristics.
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camera has improved the imaging speed and depth. The
advantages of NIR-II include high resolution: NIR-II has
a longer wavelength and less scattering, providing
clearer images of deeper tissues. High signal-to-noise
ratio: Biological tissues have low autofluorescence in
the NIR-II region, resulting in low background noise
and high imaging contrast.37–39 Hu et al. conducted the
first clinical study on NIR-II fluorescence-guided he-
patic cancer resection, showing its superiority over
NIR-I imaging in detecting small liver cancer foci and
metastases intraoperatively, significantly enhancing
surgical outcomes.28 Additionally, 2D5-IRDye800CW, an
NIR-II fluorescent probe that targets CEACAM5, was
designed and synthesised for the precise identification
and fluorescence-guided precision resection of CRC and
peritoneal metastatic cancer.32

To address the heterogeneity of tumour surface re-
ceptor expression that leads to poor single-target probe
imaging, we constructed the NIR-II probe, Rybrevant-
IRDye800CW, in a CRC model that is based on the
bispecific antibody Rybrevant for c-Met and EGFR. To
our knowledge, this is a study on applying bispecific
antibody NIR-II probe imaging for CRC and its meta-
static lymph nodes. Rybrevant-IRDye800CW was syn-
thesised by coupling the c-Met and EGFR bispecific
antibody Rybrevant with the IRdye800CW dye. We
found that the fluorescent signal intensity of Rybrevant-
IRDye800CW was stronger in vitro cellular uptake
assays in highly expressing cell lines and weaker in
those expressing lower levels. In vivo studies demon-
strated that Rybrevant-IRDye800CW had significant
tumour enrichment and superior NIR-II (1000 nm–

1600 nm) imaging ability, with high resolution and less
tissue scattering in subcutaneous CRC tumours over-
expressing EGFR and c-Met. Additionally, the probe
exhibited good tumour enrichment in an orthotopic
CRC tumour model with a significantly higher TBR in
both NIR-I and NIR-II (p = 0.02). The probe rapidly
targeted the tumour area 6 h after tail vein injection and
could be used for real-time FGS 6–24 h after injection.
Moreover, the tumour retained fluorescence for more
than 48 h, which allowed tumour visualisation
throughout the entire surgical procedure. The
Rybrevant-IRDye800CW probe also showed lymph node
visualisation, allowing precise resection in the tumour
metastasis lymph node model, and could specifically
target EGFR- and c-Met-positive isolated fresh speci-
mens of human CRC. In these cells, the intensity of the
Rybrevant-IRDye800CW tumour fluorescence signal
was positively correlated with EGFR and c-Met immu-
nohistochemistry results.

Bispecific antibody probes benefit cancer imaging
because of the heterogeneity of receptor expression on
the tumour surface. This often results in poor or no
visualisation of single-target probes.25,40 Single c-Met or
EGFR expression is not high in CRC, and the proportional
expression in patients with CRC with dual-target combi-
nations is significantly greater than that of a single target.
The EGFR41 and c-Met42 receptors are strongly positive in
CRC and corresponding metastatic lymph nodes43; there-
fore, it may be appropriate to use them as imaging targets
in CRC. The dual-specific probe showed significant
tumour-enriched signals in EGFR- and c-Met-over-
expressing tumours, suggesting that Rybrevant-
IRDye800CW could significantly improve the sensitivity
of CRC imaging. This study found that lower MFI and
TBR were obtained in EGFR and c-Met double-positive
tumour cells after target receptor blockade was adminis-
tered, and Rybrevant-IRDye800CW had a higher MFI and
TBR than the single-target probes.

This study aimed to investigate using probes to
support treating more patients with CRC with diverse
receptor expression levels. The results of this study
showed that the Rybrevant-IRDye800CW probe could
identify both EGFR and c-Met double-positive tumours
with more clinical application than single-target probes.
In addition, our study demonstrated the high uptake of
Rybrevant-IRDye800CW by EGFR and c-Met double-
positive tumours, which is similar to the results of
some preclinical studies on surgical navigation,28,44

suggesting that Rybrevant-IRDye800CW could be used
for surgically navigated resection of CRC.

Detecting metastatic lymph nodes is crucial for
colorectal tumour resection because lymph node inva-
sion is associated with poor prognosis in CRC.8 HCT116
www.thelancet.com Vol 115 May, 2025
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Fig. 10: Human colorectal cancer and lymph node specimens incubated with Rybrevant-IRDye800CW. (a, c) White light images of CRC and normal
colorectal tissue and (b, d) their NIR-II images after incubation with Rybrevant-IRDye800CW. Quantification of Rybrevant-IRDye800CW fluorescence
intensity in tumour and adjacent intestinal tissues (e) and in metastatic and normal lymph nodes (f). (g, h) IHC staining results of EGFR and c-Met
in CRC specimens, respectively. (i) IHC staining results of EGFR in CRC metastatic lymph node specimens. (j) IHC staining results of EGFR in CRC
normal lymph node specimens. (k) IHC staining results of c-Met in CRC metastatic lymph node specimens. (l) IHC staining results of c-Met in CRC
normal lymph node specimens. Statistical analysis (t-test), p < 0.05 (*), p < 0.01 (**) was considered statistically significant.
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cells were used to construct a cell-derived xenograft
lymph node metastasis mouse model to show that the
Rybrevant-IRDye800CW probe could identify metastatic
lymph nodes. ICG lacks lymph node targeting and
cannot identify metastatic lymph nodes, often being
found in the non-tumour area of metastatic lymph
nodes.13 The fluorescently labelled anti-human EGFR
recombinant antibody scFv fragments incubated with
fresh tissues during surgery have a sensitivity of
85.7% and specificity of 100% for identifying lung
cancer and a sensitivity of 77.8% and specificity of
92.1% for identifying metastatic lymph nodes.35 These
findings suggest that this technique can be used to
identify tumour regions in resected lung tissues
rapidly, differentiate between tumour boundaries, and
identify lymph node metastasis. Similarly, we found
that metastatic lymph nodes were identified after in-
jection of the dual-specific Rybrevant-IRDye800CW
probe, and the lymph nodes had strong fluorescence
signals. In our lymph node metastasis mouse model,
the lymph node was resected under fluorescence
guidance and confirmed to contain tumour cells.
There was significant expression of c-Met and EGFR
in these cells, which may be related to the over-
expression of tumour receptors in the metastatic
lymph node. These results confirmed that the
www.thelancet.com Vol 115 May, 2025
Rybrevant-IRDye800CW probe can be used to identify
CRC metastatic lymph nodes.

Near-infrared fluorescence imaging is a promising
technique for improving surgical approaches in the era
of precision medicine.45 Although previous molecular
imaging has achieved promising clinical results in
tumour imaging, molecular probing, chem-
iluminescence, and Cherenkov imaging, it has never
been possible to perform intraoperative imaging.38,46–49

The second window of NIR imaging (NIR-II) fluo-
rophores show excellent imaging ability. NIR-II fluo-
rophores, including carbon nanotubes, rare-earth
nanoparticles, quantum dots, and organic small mole-
cules, carry some risks in their clinical applications,50–52

such as biosafety and clinical medical ethics, which
require further safety validation. Anthocyanin dyes have
an emission peak at 700–900 nm in the NIR-I region;
however, its emission tail extends to NIR-II
(1000–1700 nm). Therefore, NIR-I dyes such as
ICG, IRDye800CW, and IR-12N3 may have additional
applications in clinical NIR-II imaging. This study
demonstrated the imaging capability of Rybrevant-
IRDye800CW at 1000–1300 nm with deeper tissue
penetration and higher spatial resolution, facilitating the
intraoperative imaging of deeper tissues and fine blood
vessels.
15
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Despite the advantages of imaging in this study,
there are some limitations, such as the lack of com-
parison of data such as recurrence rates in subsequent
survival of mice and the lack of follow-up of clinical
samples with data such as postoperative survival. In
addition, CRC surgery is performed clinically using
laparoscopic surgery, and our study used an open
abdominal imaging approach, due to the fact that the
equipment currently available for intraoperative navi-
gation of NIR-II is large open abdominal view imaging.
In addition the bispecific fluorescent probes in this
study may be limited by the tumour microenvironment
in the treatment of solid tumours, such as high
mesenchymal pressure and vascular abnormalities,
which can impede the effective penetration of drugs.
Immunosuppressive factors in the tumour microen-
vironment may also diminish the efficacy of bispecific
probes in tumour therapy. Multiple challenges need to
be overcome in clinical development, including opti-
mising the design to increase the therapeutic window,
reduce toxicity and improve patient tolerability. This
study investigates the value of NIR-II imaging modal-
ities in CRC. Fluorescence endoscopy for NIR-II
intraoperative navigation has been developed, which
will accelerate the clinical translation of NIR-II. will
accelerate the clinical translation of NIR-II.

Rybrevant-IRDye800CW had better tissue penetra-
tion and fluorescence signal intensity under NIR-II
imaging than those under NIR-I, and it is expected to
improve precise tumour resection and the detection of
CRC and its metastatic lesions.
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