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Background: Advanced oral squamous cell carcinoma (OSCC) has large lesions and deep infiltration, and
the control of safe surgical margins was difficult. If residual tumor remains after incomplete tumor resection,
it can lead to local tumor recurrence or even distant metastasis. This study sought to investigate the clinical
application of indocyanine green (ICG)-based near-infrared fluorescence (NIF) molecular imaging in the
intraoperative detection of surgical margins of advanced OSCC.

Methods: Twenty-nine patients with advanced OSCC treated at the First Ward of Oral and Maxillofacial
Surgery, Nanjing Stomatological Hospital were divided into the ICG group and non-ICG group. In the ICG
group, the tumors were removed with the assistance of ICG fluorescence navigation technology. In the non-
ICG group, the tumors were removed with conventional methods, and the cutting-edge tissues of the two
groups underwent frozen biopsies. The margin abnormality rates were calculated and compared.

Results: Under the excitation of NIF in the ICG group, tumor fluorescence development was observable
in all lesions, and the tumor boundary was clear. The abnormal rates of the incisional margin in the ICG
group and non-ICG group were 0.78% and 6.25%, respectively (P<0.05).

Conclusions: [CG-mediated NIF imaging technology provides a new method for observing and
completely resecting tumors under direct vision during operation, and finding residual tumors at the cutting
edge in time. These results will inform the treatment of advanced OSCC.
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Introduction invasion of advanced OSCC lesions make it difficult for

Oral squamous cell carcinoma (OSCC) is a common physicians to judge the safe resection margin in the salvage

epitheliogenic malignancy of the head and neck surgery, especially the deep cutting edge in the surgical

region (1). Clinically, a multidisciplinary treatment based
on surgical treatment, supplemented by radiotherapy and
chemotherapy, is often used. The large extent and deep
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field. If residual tumor remains after incomplete tumor
resection, it can lead to local tumor recurrence or even

distant metastasis, and greatly reduce the survival rate of
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patients. The postoperative recurrence of OSCC due to
incomplete surgical resection is one of the main causes of
death of OSCC padents (2).

Near-infrared fluorescence (NIF) is a branch of
optical molecular imaging that has the advantages of
strong penetration, a low signal-to-noise ratio, and high
sensitivity, and can assist in the intraoperative real-time
imaging of tumors in complex anatomical structures,
thereby guiding accurate tumor resection (3). At present,
NIF technology has good prospects for use in tumor
imaging, tumor localization, boundary determination,
and tumor detection (4). Indocyanine green (ICG) is a
cyanine fluorescent molecule, which emits fluorescence of
near-infrared wavelength under the excitation of light of
specific wavelength, and can be detected by NIF imaging
equipment. ICG is characterized by its low trauma,
low cytotoxicity, high time-effect, and high imaging
resolution (5), and has been used in liver surgery (6),
neurosurgery (7), and breast surgery (8). ICG has been
used to conduct intraoperative searches and localize
tumor satellite lesions and metastases (9). However, there
are few reports on the application of ICG in advanced
OSCC surgery. This study sought to examine the value
of NIF navigation technology in the intraoperative and
surgical margin determination of advanced oral cancer by
evaluating the effect of intraoperative tumor fluorescence
imaging in patients with advanced OSCC. We present the
following article in accordance with the STROBE reporting
checklist (available at https://gs.amegroups.com/article/
view/10.21037/gs-22-33/rc).

Methods
Study methods

A retrospective cohort study was conducted. According to
the inclusion and exclusion criteria, 29 patients (21 males
and 8 females) with advanced OSCC who received surgical
treatment at the First Ward of Oral and Maxillofacial
Surgery, Nanjing Stomatological Hospital from May 2020
to May 2021 were selected and divided into the ICG group
(n=13) and non-ICG group (n=16) according to whether or
not ICG fluorescence was used during surgery. The ICG
group comprised 8 males and 5 females with an average age
of 60.5 years. The non-ICG group comprised 13 males and
3 females with an average age of 58.1 years.
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Inclusion and exclusion criteria

To be eligible for inclusion in the study, patients had to
meet the following criteria (I) have been pathologically
designed with OSCC, and have a T4 clinical stage tumor;
(II) have a single tumor without distant metastasis; and
(III) be aged 18-75 years old, and be male or female.
Patients were excluded from the study if they met any
of the following exclusion criteria: (I) had a history of
maxillofacial chemoradiotherapy; (II) were allergic to ICG
and iodine; and/or (III) had severe heart, lung, brain and
kidney dysfunction, and could not tolerate surgery. All
procedures performed in this study were in accordance
with the Declaration of Helsinki (as revised in 2013).
This experiment was approved by the Ethics Committee
of Nanjing Stomatological Hospital (No. NJSH-
2021NL-061), and all patients were informed of the risks
and signed the informed consent form.

Surgical methods

All the procedures in this study were performed by the
same senior chief physician who had extensive experience in
maxillofacial surgery. The method for the ICG group was
as follows: (I) each patient received a peripheral intravenous
injection of ICG at a dose of 0.75 mg/kg 10 hours before
surgery, and their vital signs were monitored. 10 hours
later, an extended resection of the lesion and free flap
transfer repair were performed under general anesthesia;
(II) according to the requirements of the clinical trial
protocol of “Fluorescence Image Navigation System”, NIF
imaging equipment (Nanjing Nuoyuan Medical Devices,
Co., Ltd.) was used to detect NIF at the primary tumor site
and surrounding surgical fields of the patient’s tumor, and
3 types of images were obtained (i.e., fluorescence, fused,
and color-scale images; Figure 1); (III) the location of the
lesion was located with the aid of NIF to verify the surgical
safe margin, and the resection margin was delineated at a
safe range of 1.5-2.0 cm from the fluorescent margin of
the primary tumor; (IV) real-time assisted guidance using
ICG fluorescence during the resection of the tumor was
used to determine the boundary between the tumor and
the surrounding tissue. After the complete resection of
the tumor tissue, NIF was again used to detect the tumor
resection margin (Figure 2) and surgical bed fluorescence,
and a further extended resection was performed if suspicious
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Figure 2 The isolated lesions were detected by NIF, and no abnormal fluorescence image was found at the cutting edge. NIF, near-infrared

fluorescence.

Figure 3 NIF detection was performed on the surgical field after the resection of the lesion. Abnormal fluorescence images were observed at

the cutting edge. After a supplementary resection, an intraoperative frozen biopsy was performed. The results showed localized moderate to

severe epithelial dysplasia. The red circle indicates the location of abnormal fluorescence imagines. NIF, near-infrared fluorescence.

fluorescence was observed (Figure 3); and (V) the resection
margin was taken for the intraoperative rapid frozen biopsy,
and if the resection margin was found to have residual
cancer, real-time assisted guidance with ICG fluorescence
was then used to enlarge the resection of the residual lesion
under direct vision.

The method for the non-ICG group was as follows:
(I) according to the preoperative clinical examination, the
imaging data of the operation, and the clinical experience
of the surgeon, a safe resection margin of the operation
was determined based on a visual inspection and palpation;
(I) the tumor was completely removed; (III) during the
operation, the resection margin was taken from the location
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of the typical lesion of the tumor for an intraoperative rapid
frozen biopsy, and if the resection margin was found to have
residual cancer, a further extended resection was performed.

Evaluation indicators

The evaluation indicators were as follows: (I) the
visualization of lesions in the ICG group by fluorescence,
and a clear or unclear safe resection margin of surgery;
(II) the abnormal resection margin rates of the ICG and
the non-ICG groups, which were calculated according to
the pathological diagnosis of the resection margin of the
lesion using the following formula: the number of cases
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with abnormal resection margin by pathological diagnosis/
the number of cases with negative resection margin by
pathological diagnosis + the number of cases with abnormal
resection margin by pathological diagnosis; and (III) the
detection of any residual tiny satellite lesions at the tumor
resection margin and in the surgical bed during surgery by
the ICG navigation technology.

Statistical methods

SPSS 18.0 software was used to analyze the abnormal
rates of the resection margin of the ICG and non-ICG
group by corrected chi-square tests, and the difference was
considered statistically significant if the P value was <0.05.

Results

(I) ICG group: after the preoperative injection of ICG in
13 patients, tumor fluorescence was observed in the lesions
under the excitation of NIF. The tumor boundary was
clear, and its fluorescence boundary was located in the safe
resection margin of surgery; (II) ICG group: there were 129
cases of resection margin tissue, and 1 case for which the
pathology results revealed an abnormal resection margin;
the abnormal resection margin was 0.78%. Non-ICG
group: there were 112 cases of resection margin tissue, and
7 cases with an abnormal resection margin; the abnormal
resection margin was 6.25%. The corrected chi-square
test was used to confirm that there was a difference in the
positive rates of the resection margin between the two
groups (P<0.05); (III) ICG group: the lesions and surgical
beds of 13 patients were observed with NIF. The surgical
bed of 1 patient showed abnormal fluorescence lesions, and
an intraoperative rapid frozen biopsy revealed localized
moderate-severe abnormal hyperplasia of the epithelium. In
1 patient, the anterior resection margin of the lesion showed
abnormal fluorescence images, and an intraoperative rapid
frozen biopsy revealed inflammatory cell infiltration.

Discussion

At present, ICG fluorescence imaging technology has been
used to assess the status of sentinel lymph nodes (10) and
guide the resection of malignant tumors (11) in cancers,
such as lung cancer, breast cancer, and liver cancer;
however, ICG has been used less frequently in the resection
of OSCC primary tumors. This study evaluated whether
this technique has clinical application value in determining
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safe surgical margins during surgery for advanced OSCC.

In this study, 0.78% of the ICG group and 6.25% of the
non-ICG group had abnormal margins. The corrected chi-
square test showed that there was a difference in the rates
of the abnormal margins between the two groups (P<0.05);
that is, the use of ICG fluorescence navigation technology
successfully reduced the rate of abnormal margins. Thus,
the intraoperative application of this technique can help
surgeons to more intuitively determine the tumor location,
tumor boundary, and safe resection margin for surgery
in real time, thereby reducing the abnormal rate of the
resection margin.

At present, routine surgical safety margin determinations
of advanced OSCC mainly rely on the following three
methods: (I) an intraoperative visual inspection and
palpation according to the clinical examination and
imaging evaluation; (II) an intraoperative rapid frozen
biopsy according to the personal experience of the
surgeon; and (III) an intraoperative rapid frozen biopsy
according to the sampling of the tumor margin or tissue
around the tumor bed after tumor resection. However,
advanced OSCC has a recurrence rate of 10-30% (12).
This is because an intraoperative rapid frozen biopsy can
only sample the tumor specimen and the typical lesion
location of the tumor bed for pathological examination, and
it is difficult to comprehensively assess the overall boundary
of the tumor during surgery. In 1 case in the ICG group,
the resection margin of the surgical bed showed abnormal
fluorescence foci, and an intraoperative rapid frozen biopsy
revealed localized moderate to severe dysplasia of the
epithelium. In conventional surgery for advanced OSCC, it
has great subjectivity that the operator usually selects several
suspicious margins for the rapid frozen biopsy, and even if an
intraoperative rapid frozen biopsy suggests residual cancer
at the resection margin of the lesion, it is difficult for the
surgeon to precisely determine the location of the abnormal
resection margin in the surgical field. In this case, abnormal
fluorescence was successfully detected in the surgical field
using the ICG fluorescence navigation technique, and a
supplementary resection was performed. This is because ICG
fluorescence navigation technology can detect the whole
operating table without omission, and conduct supplementary
resection and examination of suspicious fluorescence points.
Thus, the ICG fluorescence navigation technique can be used
to assist in the resection of advanced OSCC, to determine
the safe resection margin of the operation and reduce the
local recurrence of the tumor, but further studies need to be
conducted to confirm our findings.
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ICG is a near-infrared fluorescent dye certified by
the United States Food and Drug Administration and
the European Medicines Agency, its molecular weight is
751.4 Da (13), with a half-life of 150 to 180 s, and it can
be metabolically cleared by the liver. ICG has an enhanced
permeability and retention effect (14). By binding to
hemoglobin in the macromolecules, ICG accumulates in
vascular-rich tumor tissue (15), and when fluorescence
is generated under near-infrared light excitation with
wavelengths of 650 to 900 nm, the tumor and its perimeter
can be clearly visualized (16).

All 29 patients in this study had stage T4 advanced
OSCC with a large extent of lesions and deep invasion, and
the control of safe surgical margins was difficult, which can
easily cause incomplete or excessive tumor resection (17).
In 2013, Yokoyama et al. (18), observed 5 patients with oral
cancer using ICG NIF imaging technology for the first time,
and found that the sensitivity of ICG NIF imaging for head
and neck squamous cell carcinoma was 100%. Subsequent
studies have also confirmed that ICG is a good molecular
tracer for OSCC (19). In this study, we imaged the tumor
lesions using the ICG fluorescence navigation technique
for all 13 patients in the ICG group, and had a positive rate
of 100%. ICG fluorescent tumor borders can be clearly
visualized and the completeness of intraoperative detection
of tumor resection can be achieved by imaging equipment.

Notably, 1 patient had an abnormal fluorescent image
at the anterior resection margin of the lesion, which was
complemented by the surgeon and sent for an intraoperative
rapid frozen biopsy, which confirmed inflammatory cell
infiltration rather than residual cancer cells, which was
associated with a false-positive reaction to ICG. ICG
can accumulate in tumors or be enriched in normal
glands, dense tissue, gingiva, or inflammatory tissue. The
limitations of ICG fluorescence technology have not yet
been solved. The false negative reaction of ICG refers to a
situation in which ICG fluorescence is negative, and there
is a pathological diagnosis of an abnormal resection margin;
however, no false negative cases of ICG appear to have been
reported at home and abroad. One patient developed ICG
allergy in this clinical study, manifested as continuous low
fever, and the other patients did not have adverse reactions.

When the ICG fluorescence technique is used for
detection, intraoperative gray image has high practicability.
Gray value measurement converts the abstract brightness
contrast into specific contrast data. These data enable
surgeons to quickly evaluate the visual fluorescence of
the whole organ surface and help surgeons to make rapid
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judgments about the intraoperative resection margin. This
technique has successfully been used in the intraoperative
real-time dynamic assessments of tumor borders. It solves
the problem related to safe resection margins that are
difficult to locate in advanced OSCC surgery. On the
basis of gray values, we can determine the sensitivity and
specificity of NIF in distinguishing between normal margins
and abnormal margins at the fluorescence boundary by
calculating the tumor to background ratio value (i.e.,
the mean gray value of tumor tissue/the gray value of
surrounding tissue). Thus, this is a new feasible method for
discerning potentially malignant lesion tissues.

In summary, ICG fluorescence imaging technology
provides a new approach for guiding the safe margin
determination and complete resection of salvage surgery for
advanced OSCC involving important anatomical structures
and with deep margins, and has promising clinical
applications.
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