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ABSTRACT
Objectives: The aim of surgery for head and neck squamous cell carcinoma (HNSCC) is to achieve clear resection margins, 
whilst preserving function and cosmesis. Fluorescent markers have demonstrated potential in the intraoperative visualisation 
and delineation of tumours, such as glioma, with consequent improvements in resection. The purpose of this scoping review was 
to identify and compare the fluorescent markers that have been used to detect and delineate HNSCC to date.
Methods: A literature search was performed using the Ovid MEDLINE, Ovid Embase, Cochrane CENTRAL, Clini​calTr​ials.​gov 
and ICTRP databases. Primary human studies published through September 2023 demonstrating the use of fluorescent markers 
to visualise HNSCC were selected and reviewed independently by two authors.
Results: The search strategy identified 5776 records. Two hundred and forty-four full texts were reviewed, and sixty-five eli-
gible reports were included. The most used fluorescent markers in the included studies were indocyanine green (ICG) (n = 14), 
toluidine blue (n = 11), antibodies labelled with IRDye800CW (n = 10) and 5-aminolevulinic acid (5-ALA) (n = 8). Toluidine blue 
and ICG both have limited specificity, although novel targeted options derived from ICG may be more effective. 5-ALA has been 
demonstrated as a topical marker and, recently, via enteral administration but it is associated with photosensitivity reactions. 
The fluorescently labelled antibodies cetuximab-IRDye800CW and panitumumab-IRDye800CW are promising options being 
investigated by ongoing trials.
Conclusion: Multiple safe fluorescent markers have emerged which may aid the surgical resection of HNSCC. Further research 
in larger cohorts is required to identify which marker should be considered gold standard.

1   |   Background

Head and neck squamous cell carcinoma (HNSCC) is the sixth 
most prevalent form of cancer in the world, with a range of severe 
sequelae including dysphagia, airway obstruction and metastasis 
[1]. Early-stage disease can be treated curatively with surgery or 
radiotherapy [2], whilst advanced disease may require surgery 
with or without (chemo)radiotherapy [3] and immunotherapy 
[4, 5]. The oncological and functional outcomes of HNSCC have 

gradually improved in recent years with more focused treatment 
of early-stage disease [6] and a greater emphasis on achieving 
complete tumour resection with clear margins [7, 8]. However, 
the surrounding anatomy means that resecting tumours with ade-
quate surgical margins can cause major functional complications, 
including speech [9] and swallow [10, 11] impairment. Therefore, 
there is a need for precise intraoperative delineation of tumours to 
minimise the burden of adjuvant treatment and the risk of recur-
rence after surgery, whilst preserving quality of life and cosmesis.
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Head and neck surgeons primarily rely on palpation, visual 
assessment and intraoperative frozen section analysis to iden-
tify tumour boundaries [12]. However, this approach has lim-
ited efficiency and precision, and it may be insufficient for 
challenging cases such as recurrent tumours [13] and ‘cancers 
of unknown primary’, in which one or more cancerous lymph 
nodes are found without a primary mucosal tumour despite 
extensive investigation [14]. Recently, there has been interest 
surrounding the use of fluorescent markers to detect and de-
lineate cancer during surgery. The purpose of these markers 
is to visibly distinguish tumour from healthy tissue to ensure 
accurate excision margins, thereby reducing the need for adju-
vant (chemo)radiotherapy whilst avoiding the functional com-
promise that a wide resection may cause. A notable example is 
the use of 5-aminolevulinic acid (5-ALA) in neurosurgery to 
aid the resection of malignant gliomas and improve the rates 
of overall and progression-free survival [15, 16]. Fluorescent 
markers have also demonstrated the potential to identify 
breast [17], prostate [18] and renal [19] cancer. This has raised 
questions as to whether fluorescent markers could have a sim-
ilar role in the visualisation of HNSCC.

There are several settings where fluorescent markers may have 
utility: during screening to assess the need for biopsies and 
further investigations, during work-up to determine the resect-
ability of the tumour, during surgery to delineate tumours and 
evaluate the excision margins, and during follow-up to assess 
for recurrence. The purpose of this review was specifically to 
identify which fluorescent markers have been clinically evalu-
ated for the intraoperative detection and delineation of HNSCC 
and summarise the existing evidence regarding their safety and 
efficacy.

2   |   Methods

A scoping review was performed in accordance with guidance 
from the Joanna Briggs Institute [20] and reported in line with 

the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses Extension for Scoping Reviews (PRISMA-ScR) state-
ment [21]. As this is an emerging topic with a diverse body of 
literature, a scoping review was considered the most appropriate 
way to synthesise and summarise the available evidence. Ethical 
approval was not required. The protocol was registered with the 
Open Science Framework (https://​doi.​org/​10.​17605/​​OSF.​IO/​
QGVB7​).

2.1   |   Search Strategy and Study Selection

Five electronic databases were searched from inception to 
September 2023: Ovid MEDLINE, Ovid Embase, Cochrane 
CENTRAL, Clini​calTr​ials.​gov and ICTRP. The search terms are 
available in Appendix A. Duplicate studies were removed, before 
two reviewers independently screened the search results using 
Covidence (Veritas Health Innovation, Melbourne, Australia). 
Following title and abstract screening, conflicts were resolved 
by discussion, and this was repeated after full-text screening.

Table 1 outlines the eligibility criteria for study selection:

2.2   |   Data Extraction

Data were independently extracted from each study by two 
reviewers using a data extraction template. The extracted in-
formation included tumour location, the fluorescent marker 
administered, the route, dose and timing of fluorescent marker 
administration, the cameras/imaging devices used and the 
main findings. The in vivo efficacy of the fluorescent markers in 
detecting HNSCC and the safety data were the primary findings 
of interest.

2.3   |   Synthesis

As the studies demonstrated significant heterogeneity in terms 
of methodologies and outcome measures, quantitative analysis 
was not considered feasible. Consequently, the studies were syn-
thesised qualitatively.

3   |   Results

Sixty-five eligible reports were identified during the study se-
lection process, which is summarised by the PRISMA flow di-
agram (Figure 1) [22].

The most frequently investigated fluorescent markers in the 
included publications were indocyanine green (ICG) (n = 14) 
[23–36], toluidine blue (n = 11) [37–47] and 5-ALA (n = 8) [48–55]. 
Recent literature has also studied the use of IRDye800CW 
[56–65], by conjugating it with anti-epidermal growth factor re-
ceptor (EGFR) monoclonal antibodies such as cetuximab (n = 5) 
[57–61] and panitumumab (n = 5) [62–65]. The remaining publi-
cations studied Lugol's iodine [66–69], PARPi-FL [70], photofrin 
solution [71, 72], Rose Bengal [73], chlorin E6 [74] and hypericin 
solution [75]. Trial registrations and protocols involving indocy-
anine green [76–78], 5-ALA [79], Lugol's iodine [80], photofrin 

Summary

•	 Fluorescent markers have been utilised in surgical 
oncology to aid intraoperative visualisation of tumour 
margins.

•	 This scoping review identified several fluorescent 
markers that have been used to detect and delineate 
head and neck squamous cell carcinoma (HNSCC) to 
date.

•	 The most used markers in the included studies were 
indocyanine green (ICG), toluidine blue, antibodies 
labelled with IRDye800CW and 5-aminolevulinic 
acid (5-ALA).

•	 Promising markers that have been researched re-
cently or remain the subject of ongoing trials include 
5-ALA, cetuximab-IRDye800CW, panitumumab-
IRDye800CW and ONM-100.

•	 Further research is required to confirm and com-
pare the safety and efficacy of these markers in larger 
cohorts.
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TABLE 1    |    Inclusion and exclusion criteria.

Inclusion Exclusion

Studies demonstrating the use of fluorescent markers to visualise head 
and neck squamous cell carcinomas.

Studies solely demonstrating the use of 
fluorescent markers to visualise lymph nodes.

Primary research. Studies which do not report the 
administration of a fluorescent marker.

Human in vivo studies. Studies not available in English.

Trial registrations, protocols, or interim data for ongoing or 
unpublished clinical trials.

In vitro, ex vivo or non-human studies.

Conference papers. Conference abstracts that were later 
published as full studies.

Earlier versions of included studies.

Studies that were withdrawn or terminated.

FIGURE 1    |    PRISMA flow diagram illustrating the study selection process.
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solution [81], cetuximab-IRDye800CW [82], panitumumab-
IRDye800CW [83, 84] and cRGD-ZW800-1 [85, 86] were also 
included in this review.

3.1   |   Toluidine Blue

Toluidine blue is a metachromatic and acidophilic dye, which 
preferentially stains tissues containing more nucleic acids and 
wider intracellular canals, such as tumours [87]. Oral rinses 
containing toluidine blue have been used to aid the detection 
of oral cavity lesions for decades with minimal adverse effects, 
as shown by the earliest studies in this review [37, 44, 46]. 
However, this topical route of administration has generally lim-
ited the marker to identifying oral cavity tumours, despite a re-
cent study demonstrating its potential role in detecting glottic 
cancer [40]. Studies have also highlighted that toluidine blue 
has a low sensitivity for premalignant disease and submucosal 
tumour extensions [37, 45, 47], whilst its specificity is limited by 
a tendency to stain mucin, food particles and purulent exudate 
[44]. Table 2 summarises the literature evaluating toluidine blue 
as a diagnostic adjunct for HNSCC.

3.2   |   Indocyanine Green

ICG is a cyanine fluorophore that demonstrates near-infrared 
fluorescence [88]. The marker can be safely administered intra-
venously, with doses ranging up to 5 mg/kg, and it can be visual-
ised using various near-infrared imaging devices. Alongside its 
applications in angiography and lymphography, ICG is theorised 
to accumulate in tumour tissue due to the disrupted vascular en-
dothelium and poorly developed lymphatics in these areas, in a 
phenomenon known as ‘enhanced permeability and retention’ 
(EPR) [26, 89]. Overall, there is evidence that the marker does 
accumulate in tumours of the oral cavity, larynx and pharynx 
[28, 30, 31, 34], including recurrent tumours [29, 33], but it lacks 
specificity. To address this limitation, ICG has been conjugated 
with targeted agents to develop novel markers: ICG-labelled c-
MET-binding peptide targets tumours via c-MET binding [23], 
whilst ONM-100/pegsitacianine is activated by the acidic extra-
cellular environment associated with solid tumours [35, 36, 78]. 
Table 3 summarises the research surrounding the use of ICG to 
visualise HNSCC.

3.3   |   5-Aminolevulinic Acid

5-ALA is an amino acid that is intracellularly metabolised via 
the haem-synthesis pathway to form protoporphyrin IX, a by-
product that exhibits violet-red fluorescence after excitation 
with blue light [88]. The relatively high metabolism of tumour 
cells means that they produce and accumulate larger quanti-
ties of this fluorophore after 5-ALA administration compared 
with normal tissue [15]. The use of 5-ALA to detect HNSCC 
has been demonstrated for over two decades, with the earliest 
formulations ranging from topical gels [49] to nebulised solu-
tions [54, 55]. More recently, enteral 5-ALA was shown to in-
duce strong intraoperative fluorescence of HNSCC and reveal 
positive margins and perineural invasion [53]. However, the 

photosensitising action of 5-ALA can cause adverse reactions, 
such as the erythematous and desquamating rashes reported 
following enteral administration [53]. Table 4 summarises the 
studies investigating whether 5-ALA can aid the visualisation 
of HNSCC.

3.4   |   Fluorescent Antibodies

IRDye800CW is another cyanine fluorophore displaying near-
infrared fluorescence, but it has a higher solubility and flu-
orescence intensity than ICG [88]. Moreover, IRDye800CW 
can be conjugated with monoclonal antibodies to target 
molecules that are highly expressed by HNSCC cells, such 
as EGFR [90]. The most notable examples of fluorescently 
labelled anti-EGFR antibodies are cetuximab-IRDye800CW 
and panitumumab-IRDye800CW. These markers are intra-
venous formulations and a variety of doses have been tested 
in dose-escalation trials [57, 59, 60, 65], although lower doses 
are sufficient when the fluorescence imaging system is cor-
rectly optimised for IRDye800CW detection. Both markers 
are capable of inducing HNSCC fluorescence and differen-
tiating tumour tissue from normal tissue, with reported ex-
amples of panitumumab-IRDye800CW improving surgical 
decision-making and enabling the resection of unanticipated 
tumour tissue [64]. It has been suggested that panitumumab-
IRDye800CW is safer than cetuximab-IRDye800CW [65], but 
both markers remain under investigation by ongoing trials 
[82–84]. Table 5 summarises the studies assessing the use of 
these markers to detect HNSCC.

3.5   |   Other Fluorescent Markers

A novel marker that is generating interest is cRGD-ZW800-1. 
ZW800-1 itself is a zwitterionic fluorophore that demonstrates 
near-infrared fluorescence, whilst cRGD is a cyclic pentapep-
tide which binds to specific tumour cell integrins and tumour-
associated vascular endothelium [91]. A 2020 study combined 
ZW800-1 with cRGD to form cRGD-ZW800-1 and successfully 
demonstrated its ability to intraoperatively visualise colon can-
cer. There are two ongoing phase II clinical trials studying the 
use of cRGD-ZW800-1 to guide surgery for oral cancer [85], as 
well as laryngeal and hypopharyngeal cancer [86].

Lugol's iodine reacts with cytoplasmic glycogen to produce 
a colour change in normal tissue, but the increased keratini-
sation and reduced glycogen content of cancer cells prevents 
staining [92]. This marker can aid the detection of malignant 
oral tumours [66, 67] and reduce the likelihood of unsatisfac-
tory surgical margins [68, 69], but the effect on recurrence and 
survival rates is unclear [66, 67]. Moreover, iodine has irritant 
effects and a case of marked oropharyngeal ulceration has been 
reported [68]. An alternative topical marker is PARPi-FL, which 
highlights the overexpression of poly-ADP ribose polymerase 1 
(PARP1) in tumours [70]. This fluorophore appears to be well 
tolerated, and it is the subject of an ongoing phase II trial [70]. 
The remaining markers identified by this review are not cur-
rently being investigated in trials and appear unlikely to be fa-
voured options in the future.
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ue

To
pi

ca
l

N
/A

M
ar

ke
r a

pp
lie

d 
fo

llo
w

ed
 b

y 
bi

op
sy

.
• 

A
fte

r v
is

ua
l e

xa
m

in
at

io
n 

an
d 

ch
em

ilu
m

in
es

ce
nc

e,
 to

lu
id

in
e 

bl
ue

 
ap

pl
ic

at
io

n 
re

du
ce

s t
he

 n
um

be
r o

f f
al

se
 

po
si

tiv
e 

bi
op

si
es

 p
er

fo
rm

ed
 w

ith
ou

t 
in

cr
ea

si
ng

 th
e 

fa
ls

e-
ne

ga
tiv

e 
ra

te
.

N
/A

G
ün

er
i e

t a
l. 

[4
1]

Si
ng

le
-a

rm
 c

lin
ic

al
 

tr
ia

l

O
ra

l c
av

ity
To

lu
id

in
e 

bl
ue

To
pi

ca
l

10
 m

L 
of

 1
%

 so
lu

tio
n

N
/A

M
ar

ke
r a

pp
lie

d 
as

 a
 2

0 s
 

ri
ns

e 
w

ith
 e

xa
m

in
at

io
n 

an
d 

ph
ot

og
ra

ph
y 

be
fo

re
 a

nd
 a

fte
r.

• 
Th

e 
ad

di
tio

n 
of

 to
lu

id
in

e 
bl

ue
 a

nd
 b

ru
sh

 
cy

to
lo

gy
 to

 c
lin

ic
al

 e
xa

m
in

at
io

n 
in

cr
ea

se
d 

th
e 

de
te

ct
io

n 
of

 c
ar

ci
no

m
a 

in
 si

tu
 a

nd
 

sq
ua

m
ou

s c
el

l c
ar

ci
no

m
a 

fr
om

 6
2%

 to
 9

2%
.

N
/A

C
ha

in
an

i-W
u 

et
 a

l. 
[4

3]
C

ro
ss

-s
ec

tio
na

l 
ob

se
rv

at
io

na
l s

tu
dy

O
ra

l c
av

ity
To

lu
id

in
e 

bl
ue

To
pi

ca
l

1%
 so

lu
tio

n

N
/A

V
is

ua
l e

xa
m

in
at

io
n 

an
d 

V
iz

Li
te

 c
he

m
ilu

m
in

es
ce

nt
 

ex
am

in
at

io
n 

fo
llo

w
ed

 
by

 m
ar

ke
r a

pp
lic

at
io

n 
fo

llo
w

ed
 b

y 
bi

op
sy

.

• 
To

lu
id

in
e 

bl
ue

 a
nd

 c
lin

ic
al

 a
ss

es
sm

en
t 

fo
r l

eu
ko

(e
ry

th
ro

)p
la

ki
a 

le
si

on
s m

ay
 a

id
 in

 
de

te
ct

in
g 

th
e 

pr
es

en
ce

 o
f c

ar
ci

no
m

a,
 w

ith
 a

 
se

ns
iti

vi
ty

 o
f 1

00
%

 a
nd

 sp
ec

ifi
ci

ty
 o

f 3
9%

.

N
/A

A
lle

gr
a 

et
 a

l. 
[4

0]
R

et
ro

sp
ec

tiv
e 

st
ud

y
G

lo
tt

is
To

lu
id

in
e 

bl
ue

To
pi

ca
l

1%
 so

lu
tio

n

St
an

da
rd

 
lig

ht
 su

rg
ic

al
 

m
ic

ro
sc

op
e,

 
Ze

is
s

M
ar

ke
r a

pp
lie

d 
fo

r 2
0 s

 
fo

llo
w

ed
 b

y 
su

rg
er

y 
an

d 
hi

st
ol

og
y.

• 
To

lu
id

in
e 

bl
ue

 st
ai

ni
ng

 im
pr

ov
ed

 th
e 

ra
te

 o
f n

eg
at

iv
e 

re
se

ct
io

n 
m

ar
gi

ns
 fo

r e
ar

ly
 

gl
ot

tic
 c

an
ce

r t
re

at
ed

 b
y 

tr
an

so
ra

l l
as

er
 

m
ic

ro
su

rg
er

y 
(8

2.
7%

 in
 to

lu
id

in
e 

bl
ue

 g
ro

up
 

vs
. 5

2.
4%

 in
 c

on
tr

ol
 g

ro
up

, p
 =

 0.
04

7)
.

• 
5-

ye
ar

 lo
ca

l r
ec

ur
re

nc
e-

fr
ee

 su
rv

iv
al

 
w

as
 9

5.
6%

 in
 th

e 
to

lu
id

in
e 

bl
ue

 g
ro

up
 

an
d 

80
.9

%
 in

 th
e 

co
nt

ro
l g

ro
up

 (s
ta

tis
tic

al
 

in
si

gn
ifi

ca
nc

e 
lik

el
y 

du
e 

to
 th

e 
sm

al
l s

am
pl

e 
si

ze
).
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S
um

m
ar

y 
of

 th
e 

in
cl

ud
ed

 st
ud

ie
s a

ss
es

si
ng

 in
do

cy
an

in
e 

gr
ee

n.

Pa
pe

r
Si

te
 o

f 
tu

m
ou

rs
Fl

uo
re

sc
en

t m
ar

ke
r

Im
ag

in
g 

sy
st

em
T

im
in

g 
of

 
in

te
rv

en
ti

on
N

ot
ab

le
 fi

nd
in

gs
Sa

fe
ty

 d
at

a

Yo
ko

ya
m

a 
et

 a
l. 

[2
4]

Si
ng

le
-a

rm
 

cl
in

ic
al

 tr
ia

l

M
ax

ill
ar

y,
 

or
al

 c
av

ity
, 

or
op

ha
ry

nx

In
do

cy
an

in
e 

gr
ee

n
In

tr
av

en
ou

s
0.

5 m
g/

kg

N
ea

r-i
nf

ra
re

d 
ca

m
er

a—
H

yp
er

Ey
e 

M
ed

ic
al

 S
ys

te
m

, 
M

iz
uh

o 
M

ed
ic

al
 C

o.

M
ar

ke
r a

dm
in

is
te

re
d 

fo
llo

w
ed

 b
y 

flu
or

es
ce

nc
e 

im
ag

in
g 

at
 1

0 
m

in
s,

 3
0 

m
in

s,
 

1 h
, 2

 h
, 3

 h
 a

nd
 6

 h
.

• 
O

pt
im

um
 ti

m
in

g 
fo

r 
su

rg
er

y 
is

 3
0 m

in
 to

 
2 h

 a
fte

r I
C

G
 in

je
ct

io
n.

N
/A

C
hu

ng
 e

t a
l. 

[3
0]

Si
ng

le
-a

rm
 

cl
in

ic
al

 tr
ia

l
Co

nf
er

en
ce

 
ab

st
ra

ct

Ph
ar

yn
x,

 la
ry

nx
In

do
cy

an
in

e 
gr

ee
n

In
tr

av
en

ou
s

7.
5 m

g

N
ea

r-i
nf

ra
re

d 
in

tr
ao

pe
ra

tiv
e 

im
ag

in
g 

sy
st

em
—

SP
Y/

LU
N

A
, N

ov
ad

aq

M
ar

ke
r a

dm
in

is
te

re
d 

du
ri

ng
 su

rg
er

y.
 

In
 v

iv
o 

ev
al

ua
tio

n 
pr

io
r t

o 
re

se
ct

io
n.

• 
IC

G
 a

cc
um

ul
at

es
 

in
 h

ea
d 

an
d 

ne
ck

 
tu

m
ou

rs
 b

ut
 la

ck
s 

sp
ec

ifi
ci

ty
 to

 se
rv

e 
as

 
a 

tu
m

ou
r v

is
ua

lis
at

io
n 

ag
en

t.

N
/A

D
ig

on
ne

t e
t a

l. 
[3

4]
Si

ng
le

-a
rm

 
cl

in
ic

al
 tr

ia
l

G
lo

tt
is

, 
or

op
ha

ry
nx

, 
la

ry
nx

-
oe

so
ph

ag
us

, 
la

ry
nx

, l
ip

In
do

cy
an

in
e 

gr
ee

n
In

tr
av

en
ou

s
0.

25
 m

g/
kg

N
ea

r-i
nf

ra
re

d 
ca

m
er

a—
PD

E
, H

am
am

at
su

M
ar

ke
r a

dm
in

is
te

re
d 

fo
llo

w
ed

 b
y 

ex
am

in
at

io
n 

af
te

r 
30

–2
58

 m
in

.

• 
IC

G
 a

nd
 n

ea
r-


in

fr
ar

ed
 im

ag
in

g 
in

du
ce

d 
pr

im
ar

y 
tu

m
ou

r f
lu

or
es

ce
nc

e 
in

 4
 o

f t
he

 5
 p

at
ie

nt
s.

N
o 

ad
ve

rs
e 

ev
en

ts
.

Sc
hm

id
t e

t a
l. 

[2
5]

Si
ng

le
-a

rm
 

pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l 
st

ud
y

La
ry

nx
, 

or
op

ha
ry

nx
, 

or
al

 c
av

ity
, 

hy
po

ph
ar

yn
x

In
do

cy
an

in
e 

gr
ee

n
In

tr
av

en
ou

s
8.

3 m
g

N
ea

r-i
nf

ra
re

d 
en

do
sc

op
y—

IM
A

G
E1

 S
 N

IR
/I

C
G

 
sy

st
em

, K
ar

l S
to

rz

R
ea

l-t
im

e 
re

co
rd

in
g 

of
 th

e 
pr

oc
ed

ur
e,

 
w

ith
 v

id
eo

s 
an

al
ys

ed
 o

ff
lin

e.

• 
N

ea
r-i

nf
ra

re
d 

IC
G

 e
nd

os
co

py
 w

as
 

fe
as

ib
le

 fo
r p

re
di

ct
in

g 
th

e 
m

al
ig

na
nc

y 
of

 h
ea

d 
an

d 
ne

ck
 

tu
m

ou
rs

, w
ith

 9
0.

5%
 

se
ns

iti
vi

ty
 a

nd
 9

0.
9%

 
sp

ec
ifi

ci
ty

.

N
o 

ad
ve

rs
e 

ev
en

ts
.

Vo
n 

Bu
ch

w
al

d 
et

 a
l. 

[3
2]

Si
ng

le
-a

rm
 

pr
os

pe
ct

iv
e 

cl
in

ic
al

 tr
ia

l
Co

nf
er

en
ce

 
ab

st
ra

ct

O
ro

ph
ar

yn
x

In
do

cy
an

in
e 

gr
ee

n
In

tr
av

en
ou

s
N

ea
r-i

nf
ra

re
d 

im
ag

in
g—

Fi
re

fly
 m

od
al

ity
 

in
co

rp
or

at
ed

 in
to

 th
e 

D
a 

V
in

ci
 S

i s
ys

te
m

M
ar

ke
r a

dm
in

is
te

re
d 

fo
llo

w
ed

 b
y 

in
tr

ao
pe

ra
tiv

e 
ev

al
ua

tio
n.

• 
Th

e 
ex

pe
ri

en
ce

s 
w

ith
 IC

G
 a

nd
 n

ea
r-


in

fr
ar

ed
 im

ag
in

g 
of

 
or

op
ha

ry
ng

ea
l c

an
ce

r 
w

er
e 

m
ix

ed
.

• 
Th

e 
au

th
or

s 
re

po
rt

ed
 a

 p
ot

en
tia

l 
ro

le
 fo

r t
hi

s a
pp

ro
ac

h 
in

 id
en

tif
yi

ng
 c

an
ce

rs
 

of
 u

nk
no

w
n 

pr
im

ar
y.

N
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Pa
pe

r
Si

te
 o

f 
tu

m
ou

rs
Fl

uo
re

sc
en

t m
ar

ke
r

Im
ag

in
g 

sy
st

em
T

im
in

g 
of

 
in

te
rv

en
ti

on
N

ot
ab

le
 fi

nd
in

gs
Sa

fe
ty

 d
at

a

Sc
ot

t-
W

itt
en

bo
rn

 
et

 a
l. 

[2
7]

Si
ng

le
-a

rm
 

pr
os

pe
ct

iv
e 

cl
in

ic
al

 tr
ia

l

To
ng

ue
 b

as
e,

 
pa

la
tin

e 
to

ns
ils

In
do

cy
an

in
e 

gr
ee

n
In

tr
av

en
ou

s
2 ×

 7.
5 m

g

N
ea

r-i
nf

ra
re

d 
im

ag
in

g—
D

a 
V

in
ci

 F
ir

ef
ly

 sy
st

em
1s

t d
os

e 
of

 th
e 

m
ar

ke
r 

ad
m

in
is

te
re

d 
fo

llo
w

ed
 

by
 im

m
ed

ia
te

 
vi

su
al

is
at

io
n.

 2
nd

 
do

se
 a

dm
in

is
te

re
d 

du
ri

ng
 th

e 
re

se
ct

io
n 

to
 id

en
tif

y 
va

sc
ul

ar
 

st
ru

ct
ur

es
 to

 
be

 a
vo

id
ed

.

• 
IC

G
 a

nd
 th

e 
Fi

re
fly

 
sy

st
em

 d
id

 n
ot

 id
en

tif
y 

tu
m

ou
r b

ou
nd

ar
ie

s,
 

un
kn

ow
n 

pr
im

ar
y 

he
ad

 a
nd

 n
ec

k 
ca

nc
er

s,
 o

r v
as

cu
la

r 
st

ru
ct

ur
es

 in
 th

e 
or

op
ha

ry
nx

.

N
o 

ad
ve

rs
e 

ev
en

ts
.

St
ub

bs
 e

t a
l. 

[2
8]

Si
ng

le
-a

rm
 

cl
in

ic
al

 tr
ia

l

To
ng

ue
, 

to
ng

ue
 b

as
e,

 
gl

os
so

to
ns

ila
r 

su
lc

us
, p

ar
ot

id
 

gl
an

d

In
do

cy
an

in
e 

gr
ee

n
In

tr
av

en
ou

s
5 m

g/
kg

N
ea

r-i
nf

ra
re

d 
im

ag
in

g—
Ir

id
iu

m
 C

am
er

a 
sy

st
em

, V
is

io
nS

en
se

M
ar

ke
r a

dm
in

is
te

re
d 

fo
llo

w
ed

 b
y 

su
rg

er
y 

af
te

r 1
 d

ay
.

• 
IC

G
 w

ith
 th

e 
V

is
io

nS
en

se
 Ir

id
iu

m
 

sy
st

em
 e

na
bl

ed
 

in
tr

ao
pe

ra
tiv

e 
vi

su
al

is
at

io
n 

of
 

H
N

SC
C

 p
ri

m
ar

y 
tu

m
ou

rs
, w

ith
 m

ar
ke

d 
di

ffe
re

nt
ia

tio
n 

fr
om

 
no

rm
al

 ti
ss

ue
.

N
o 

ad
ve

rs
e 

ev
en

ts
.

C
or

te
se

 e
t a

l. 
[2

9]
Si

ng
le

-a
rm

 
cl

in
ic

al
 tr

ia
l

O
ra

l c
av

ity
, 

la
ry

nx
In

do
cy

an
in

e 
gr

ee
n

In
tr

av
en

ou
s

0.
25

 m
g/

kg

N
ea

r-i
nf

ra
re

d 
ca

m
er

a—
A

rt
em

is
, Q

ue
st

 M
ed

ic
al

 
Im

ag
in

g 
BV

M
ar

ke
r a

dm
in

is
te

re
d 

w
ith

 fl
uo

re
sc

en
ce

 
m

ea
su

re
m

en
ts

 b
ef

or
e 

an
d 

30
–4

5 
m

in
s a

fte
r.

• 
IC

G
-b

as
ed

 n
ea

r-


in
fr

ar
ed

 fl
uo

re
sc

en
ce

 
m

ap
pi

ng
 w

as
 fe

as
ib

le
 

in
 id

en
tif

yi
ng

 a
nd

 
de

lin
ea

tin
g 

tu
m

ou
rs

 
in

 p
at

ie
nt

s p
re

vi
ou

sl
y 

su
bj

ec
te

d 
to

 ra
di

ca
l 

ra
di

ot
he

ra
py

.

N
/A

Pa
n 

et
 a

l. 
[3

1]
Si

ng
le

-a
rm

 
cl

in
ic

al
 tr

ia
l

To
ng

ue
, b

uc
ca

l, 
pa

la
te

, g
in

gi
va

, 
lip

, o
ra

l c
av

ity

In
do

cy
an

in
e 

gr
ee

n
In

tr
av

en
ou

s
0.

75
 m

g/
kg

N
ea

r-i
nf

ra
re

d 
im

ag
in

g—
R

E
A

L-
IG

S,
 N

uo
Yu

an
 

M
ed

ic
al

 D
ev

ic
es

 C
o.

M
ar

ke
r a

dm
in

is
te

re
d 

fo
llo

w
ed

 b
y 

su
rg

er
y 

af
te

r 6
–8

 h
.

• 
IC

G
 fl

uo
re

sc
en

ce
 

de
lin

ea
te

d 
tu

m
ou

r 
bo

rd
er

s f
ro

m
 n

or
m

al
 

tis
su

es
 in

 a
ll 

20
 

pa
tie

nt
s.

• 
U

na
nt

ic
ip

at
ed

 
po

si
tiv

e 
su

rg
ic

al
 

m
ar

gi
ns

 w
er

e 
de

te
ct

ed
 

in
 2

 p
at

ie
nt

s.

N
o 

ad
ve

rs
e 

ev
en

ts
.
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Pa
pe

r
Si

te
 o

f 
tu

m
ou

rs
Fl

uo
re

sc
en

t m
ar

ke
r

Im
ag

in
g 

sy
st

em
T

im
in

g 
of

 
in

te
rv

en
ti

on
N

ot
ab

le
 fi

nd
in

gs
Sa

fe
ty

 d
at

a

M
ad

aj
ew

sk
i 

et
 a

l. 
[3

6]
Ph

as
e 

II
 

si
ng

le
-a

rm
 

cl
in

ic
al

 tr
ia

l
Co

nf
er

en
ce

 
ab

st
ra

ct

O
ra

l c
av

ity
O

N
M

-1
00

 (p
eg

si
ta

ci
an

in
e,

 
po

ly
m

er
ic

 m
ic

el
le

s l
ab

el
le

d 
w

ith
 in

do
cy

an
in

e 
gr

ee
n)

In
tr

av
en

ou
s

0.
5–

3 m
g/

kg

N
ea

r-i
nf

ra
re

d 
im

ag
in

g—
m

ul
tip

le
 

FD
A

-c
le

ar
ed

 d
ev

ic
es

M
ar

ke
r a

dm
in

is
te

re
d 

fo
llo

w
ed

 b
y 

su
rg

er
y 

on
 th

e 
sa

m
e 

da
y 

or
 th

e 
da

y 
af

te
r.

• 
O

N
M

-1
00

 
de

m
on

st
ra

te
d 

10
0%

 
se

ns
iti

vi
ty

 a
nd

 9
2%

 
sp

ec
ifi

ci
ty

 w
he

n 
us

ed
 

du
ri

ng
 h

ea
d 

an
d 

ne
ck

 
ca

nc
er

 re
se

ct
io

ns
 in

 
th

e 
or

al
 c

av
ity

.

O
N

M
-1

00
 w

as
 w

el
l 

to
le

ra
te

d 
in

 a
 p

re
vi

ou
s 

Ph
as

e 
1 

cl
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The head and neck cancer surgeon must skilfully balance the 
removal of all cancerous tissue with clear resection margins 
alongside the need to preserve form and function [7, 8]. A dis-
tance of greater than 5 mm between the invasive carcinoma and 
the surgical margins on histology is defined as clear by the Royal 
College of Pathologists, whereas 1–5 mm is a close margin and 
less than 1 mm is an involved margin [93]. Involved and close 
margins have significant prognostic implications, including a 
higher risk of locoregional recurrence and reduced overall sur-
vival [94]. The management is also impacted, as re-resection 
and/or adjuvant (chemo)radiotherapy is typically required 
which carries a further risk of functional complications [94]. 
Although surgeons have managed to achieve a degree of suc-
cess through palpation and visual assessment alone, involved 
resection margins remain a frequent occurrence with reported 
rates as high as 23% [93, 95], and the oropharynx, hypopharynx 
and larynx are particularly high-risk locations [95]. A potential 
solution is the use of fluorescent markers to visualise cancer tis-
sue and provide valuable intraoperative guidance. Viable mark-
ers should selectively target the cancer, accumulate sufficiently 
within the tissue to generate fluorescence, and distinguish it 
from normal tissue. The findings of this scoping review reveal 
several fluorescent markers that display these properties in the 
detection of HNSCC.

The most studied fluorescent markers to date are toluidine blue, 
ICG, 5-ALA and IRDye800CW conjugated with anti-EGFR an-
tibodies. Toluidine blue was highlighted by the earliest papers in 
this review, whereas it has only been studied once in the last five 
years [40] and there are limitations regarding its specificity and 
its ability to detect premalignant disease. ICG is a safe, FDA- 
and EMA-approved marker with several clinical applications 
[96], but its use to detect HNSCC has generated mixed results 
and there are concerns over its specificity [27, 30, 32]. However, 
novel targeted markers derived from ICG including ONM-100 
and cMBP-ICG may be more effective for specific tumour vi-
sualisation. 5-ALA is another safe marker which is licensed 
by the FDA and EMA for glioma surgery [97], and the recent 
experiences of Filip et  al. [53] suggest that it may have a role 
in HNSCC surgery too. Finally, the emergence of fluorescently 
labelled cetuximab and panitumumab has generated recent ex-
citement, with multiple ongoing clinical trials [82–84]. There re-
mains a lack of research directly comparing these fluorescently 
labelled antibodies, although panitumumab-IRDye800CW may 
be safer [65] and notably demonstrated the ability to improve 
surgical decision-making [64]. This has led Thomas et al. [83] 
to describe panitumumab-IRDye800CW as the ‘frontrunner in 
optical imaging’.

The markers described in this review are administered in differ-
ent ways, which create various benefits and challenges. Topical 
toluidine blue has minimal associated adverse effects, yet this 
route of administration limits its ability to identify tumours out-
side the oral cavity and extensions of tumours beneath the surface 
[44]. 5-ALA was initially administered as a topical or nebulised 
solution, but the enteral route recently showed promise despite 
the more significant adverse reactions [53]. Meanwhile, ICG, 
cetuximab-IRDye800CW and panitumumab-IRDye800CW 
are delivered intravenously and this can occasionally result in Pa
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ith

 th
e 

re
d-


to

-b
lu

e 
in

te
ns

ity
 ra

tio
 e

na
bl

es
 b

en
ig

n 
or

al
 le

si
on

s a
nd

 d
iff

er
en

t s
ta

ge
s 

of
 m

al
ig

na
nc

y 
to

 b
e 

ac
cu

ra
te

ly
 

di
ffe

re
nt

ia
te

d.

N
o 

ad
ve

rs
e 

ev
en

ts
.

(C
on

tin
ue

s)
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Pa
pe

r
Si

te
 o

f 
tu

m
ou

rs
Fl

uo
re

sc
en

t 
m

ar
ke

r
Im

ag
in

g 
sy

st
em

T
im

in
g 

of
 

in
te

rv
en

ti
on

N
ot

ab
le

 fi
nd

in
gs

Sa
fe

ty
 d

at
a

A
re

ns
 e

t a
l. 

[5
4]

Si
ng

le
-a

rm
 tw

o-


st
ep

 p
ro

sp
ec

tiv
e 

cl
in

ic
al

 tr
ia

l

La
ry

nx
5-

am
in

ol
ev

ul
in

ic
 

ac
id

To
pi

ca
l (

in
ha

le
d)

0.
6%

 so
lu

tio
n

70
° r

ig
id

-a
ng

le
d 

en
do

sc
op

e 
w

ith
 a

n 
in

te
gr

at
ed

 fi
lte

r 
an

d 
th

e 
D

-li
gh

t-A
F 

Sy
st

em
, K

ar
l S

to
rz

M
ar

ke
r a

dm
in

is
te

re
d 

fo
llo

w
ed

 b
y 

flu
or

es
ce

nc
e 

im
ag

in
g 

du
ri

ng
 la

ry
ng

os
co

py
.

• 
5-

A
LA

 fl
uo

re
sc

en
ce

 e
nd

os
co

py
 

w
as

 sl
ig

ht
ly

 m
or

e 
se

ns
iti

ve
 th

an
 

au
to

flu
or

es
ce

nc
e 

en
do

sc
op

y 
(9

7%
 v

s. 
94

%
).

• 
M

ar
ke

r w
as

 a
ls

o 
be

tte
r a

t 
id

en
tif

yi
ng

 re
cu

rr
en

t c
an

ce
r l

es
io

ns
 

in
 sc

ar
re

d 
vo

ca
l f

ol
ds

.
• 

Sp
ec

ifi
ci

ty
 m

ay
 b

e 
lim

ite
d 

by
 g

re
at

er
 a

cc
um

ul
at

io
n 

of
 

pr
ot

op
or

ph
yr

in
 IX

 in
 in

fl
am

ed
 

tis
su

es
.

Th
e 

au
th

or
s r

ep
or

t t
ha

t 
cu

ta
ne

ou
s s

en
si

tis
at

io
n 

ca
n 

be
 re

du
ce

d 
or

 a
vo

id
ed

 b
y 

lo
ca

l a
pp

lic
at

io
n 

of
 5

-A
LA

.

M
or

aw
ie

c-


Sz
ta

nd
er

a 
et

 a
l. 

[5
0]

D
ou

bl
e-

ar
m

 
cl

in
ic

al
 tr

ia
l

Co
nf

er
en

ce
 a

bs
tr

ac
t

O
ra

l c
av

ity
, 

ph
ar

yn
x,

 
la

ry
nx

5-
am

in
ol

ev
ul

in
ic

 
ac

id
To

pi
ca

l

N
/A

N
/A

• 
5-

A
LA

 h
ad

 7
6%

 se
ns

iti
vi

ty
 a

nd
 

86
%

 sp
ec

ifi
ci

ty
 in

 d
ia

gn
os

in
g 

ne
op

la
st

ic
 tu

m
ou

rs
 o

f t
he

 o
ra

l c
av

ity
, 

ph
ar

yn
x 

an
d 

la
ry

nx
.

N
/A

Sa
dy

ko
v 

et
 a

l. 
[4

9]
Si

ng
le

-a
rm

 c
lin

ic
al

 
tr

ia
l

Co
nf

er
en

ce
 a

bs
tr

ac
t

O
ro

ph
ar

yn
x

5-
am

in
ol

ev
ul

in
ic

 
ac

id
To

pi
ca

l
20

%
 g

el

Il
lu

m
in

at
io

n 
of

 λ
 =

 4
05

 
+

/−
 5

 n
m

 li
gh

t
M

ar
ke

r a
dm

in
is

te
re

d 
fo

llo
w

ed
 b

y 
ev

al
ua

tio
n 

af
te

r 3
 h

.

• 
5-

A
LA

 a
id

s t
he

 e
ar

ly
 d

et
ec

tio
n 

of
 p

ri
m

ar
y 

an
d 

re
cu

rr
en

t 
or

op
ha

ry
ng

ea
l t

um
ou

rs
, w

ith
 5

3%
 

se
ns

iti
vi

ty
 a

nd
 8

0%
 sp

ec
ifi

ci
ty

.

N
/A

Fi
lip

 e
t a

l. 
[5

3]
Si

ng
le

-a
rm

 
pr

os
pe

ct
iv

e 
pi

lo
t 

tr
ia

l

N
as

al
 c

av
ity

, 
or

al
 c

av
ity

, 
su

bg
lo

tt
is

5-
am

in
ol

ev
ul

in
ic

 
ac

id
O

ra
l/e

nt
er

al
20

 m
g/

kg
 d

is
so

lv
ed

 
in

 1
00

 m
L 

of
 

st
er

ile
 w

at
er

40
5 n

m
 b

lu
e 

lig
ht

 
flu

or
es

ce
nc

e-
gu

id
ed

 
he

ad
lig

ht
 sy

st
em

 
an

d 
th

e 
op

er
at

in
g 

m
ic

ro
sc

op
e 

w
ith

 b
lu

e 
lig

ht
 c

ap
ab

ili
tie

s

M
ar

ke
r a

dm
in

is
te

re
d 

fo
llo

w
ed

 b
y 

in
du

ct
io

n 
of

 a
na

es
th

es
ia

 
af

te
r 3

–5
 h

 a
nd

 
in

tr
ao

pe
ra

tiv
e 

ev
al

ua
tio

n.

• 
En

te
ra

l 5
-A

LA
 in

du
ce

d 
ro

bu
st

 
in

tr
ao

pe
ra

tiv
e 

flu
or

es
ce

nc
e 

of
 

H
N

SC
C

 in
 6

 o
ut

 o
f 7

 p
at

ie
nt

s.
• 

M
ar

ke
r d

et
ec

ts
 p

os
iti

ve
 m

ar
gi

ns
, 

pe
ri

ne
ur

al
 in

va
si

on
 a

nd
 m

et
as

ta
tic

 
no

da
l d

is
ea

se
.

A
cu

te
 e

ry
th

em
at

ou
s,

 
de

sq
ua

m
at

in
g 

ra
sh

es
 in

 
tw

o 
pa

tie
nt

s a
nd

 m
ild

 li
ve

r 
fu

nc
tio

n 
te

st
 e

le
va

tio
n 

in
 o

ne
 p

at
ie

nt
. N

o 
se

ve
re

 
or

 lo
ng

-te
rm

 re
ac

tio
ns

.

M
iy

am
ot

o 
et

 a
l. 

[7
9]

Si
ng

le
-a

rm
 c

lin
ic

al
 

tr
ia

l
Tr

ia
l r

eg
is

tr
at

io
n,

 
co

m
pl

et
ed

N
/A

5-
am

in
ol

ev
ul

in
ic

 
ac

id
O

ra
l/e

nt
er

al
20

 m
g/

kg

N
/A

M
ar

ke
r t

o 
be

 
ad

m
in

is
te

re
d 

pr
e-

op
er

at
iv

el
y.

N
/A

C
om

pl
ic

at
io

ns
 to

 
be

 re
co

rd
ed

 a
s t

he
 

se
co

nd
ar

y 
ou

tc
om

e.

T
A

B
L

E
 4

    
|    


(C

on
tin

ue
d)
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T
A

B
L

E
 5

    
|    

S
um

m
ar

y 
of

 th
e 

in
cl

ud
ed

 st
ud

ie
s a

ss
es

si
ng

 fl
uo

re
sc

en
tly

 la
be

lle
d 

an
tib

od
ie

s.

Pa
pe

r
Si

te
 o

f t
um

ou
rs

Fl
uo

re
sc

en
t m

ar
ke

r
Im

ag
in

g 
sy

st
em

T
im

in
g 

of
 in

te
rv

en
ti

on
N

ot
ab

le
 fi

nd
in

gs
Sa

fe
ty

 d
at

a

R
os

en
th

al
 e

t a
l. 

[5
9]

Ph
as

e 
I s

in
gl

e-
ar

m
 

cl
in

ic
al

 tr
ia

l

O
ra

l c
av

ity
, 

na
sa

l c
av

ity
, 

or
op

ha
ry

nx
, l

ip

C
et

ux
im

ab
-

IR
D

ye
80

0C
W

In
tr

av
en

ou
s

2.
5 m

g/
m

2 , 
25

 m
g/

m
2 , 

or
 6

2.
5 m

g/
m

2

W
id

e-
fie

ld
 o

pt
ic

al
 im

ag
in

g 
de

vi
ce

 d
es

ig
ne

d 
fo

r I
C

G
 

im
ag

in
g—

LU
N

A
 Im

ag
in

g 
Sy

st
em

, N
ov

ad
aq

M
ar

ke
r a

dm
in

is
te

re
d 

fo
llo

w
ed

 b
y 

im
ag

in
g 

on
 

da
y 

0 
an

d 
da

y 
1 

in
 c

lin
ic

 
an

d 
in

tr
ao

pe
ra

tiv
el

y.

• 
C

et
ux

im
ab

-
IR

D
ye

80
0C

W
 

di
ffe

re
nt

ia
te

d 
tu

m
ou

r 
fr

om
 n

or
m

al
 ti

ss
ue

 
du

ri
ng

 re
se

ct
io

n.
• 

A
ve

ra
ge

 tu
m

ou
r-


to

-b
ac

kg
ro

un
d 

flu
or

es
ce

nc
e 

ra
tio

 w
as

 
5.

2 
in

 th
e 

hi
gh

es
t d

os
e 

ra
ng

e.

G
ra

de
 I 

ad
ve

rs
e 

ev
en

ts
: e

le
va

te
d 

A
ST

, 
tu

m
ou

r r
ed

ne
ss

, 
tu

m
ou

r s
w

el
lin

g,
 

si
nu

s b
ra

dy
ca

rd
ia

, 
di

zz
in

es
s,

 E
C

G
 

ch
an

ge
s,

 tu
m

ou
r p

ai
n,

 
hy

po
m

ag
ne

sa
em

ia
, 

tu
m

ou
r b

ur
ni

ng
 a

nd
 

hy
po

te
ns

io
n.

 N
o 

gr
ad

e 
II

 a
dv

er
se

 e
ve

nt
s.

M
oo

re
 e

t a
l. 

[6
0]

Si
ng

le
-a

rm
 d

os
e-


es

ca
la

tin
g 

cl
in

ic
al

 
tr

ia
l

O
ra

l c
av

ity
C

et
ux

im
ab

-
IR

D
ye

80
0C

W
In

tr
av

en
ou

s
2.

5 m
g/

m
2 , 

25
 m

g/
m

2 , 
or

 6
2.

5 m
g/

m
2

W
id

e-
fie

ld
 o

pt
ic

al
 im

ag
in

g 
de

vi
ce

 d
es

ig
ne

d 
fo

r I
C

G
 

im
ag

in
g—

LU
N

A
 Im

ag
in

g 
Sy

st
em

, N
ov

ad
aq

M
ar

ke
r a

dm
in

is
te

re
d 

fo
llo

w
ed

 b
y 

im
ag

in
g 

af
te

r 
3 h

 a
nd

 e
ve

ry
 2

4 h
 th

er
ea

fte
r 

in
 c

lin
ic

, a
nd

 o
n 

th
e 

da
y 

of
 

su
rg

ic
al

 re
se

ct
io

n 
(d

ay
 3

–7
).

• 
C

et
ux

im
ab

-
IR

D
ye

80
0C

W
 

fa
ci

lit
at

ed
 p

re
-

op
er

at
iv

e 
m

ap
pi

ng
 o

f 
tu

m
ou

r b
or

de
rs

 a
nd

 
oc

cu
lt 

le
si

on
 d

et
ec

tio
n.

• 
Fl

uo
re

sc
en

ce
 

co
nt

ra
st

 b
et

w
ee

n 
tu

m
ou

r a
nd

 n
or

m
al

 
tis

su
e 

w
as

 h
ig

he
st

 
1 d

ay
 a

fte
r m

ar
ke

r 
ad

m
in

is
tr

at
io

n.

N
/A

M
oo

re
 e

t a
l. 

[6
1]

Si
ng

le
-a

rm
 

cl
in

ic
al

 tr
ia

l

O
ra

l c
av

ity
C

et
ux

im
ab

-
IR

D
ye

80
0C

W
In

tr
av

en
ou

s
25

 m
g/

m
2

Th
is

 w
as

 p
re

ce
de

d 
by

 
ei

th
er

 1
0 m

g 
or

 1
00

 m
g 

un
la

be
lle

d 
ce

tu
xi

m
ab

.

N
ea

r-i
nf

ra
re

d 
op

en
-fi

el
d 

im
ag

in
g—

N
ov

ad
aq

 
LU

N
A

 im
ag

in
g 

sy
st

em

M
ar

ke
r a

dm
in

is
te

re
d 

as
 a

 
1-

h 
in

fu
si

on
 fo

llo
w

ed
 b

y 
su

rg
er

y 
af

te
r 3

–4
 d

ay
s.

• 
A

dm
in

is
te

ri
ng

 a
 

pr
el

oa
d 

of
 u

nl
ab

el
le

d 
ce

tu
xi

m
ab

 e
nh

an
ce

d 
th

e 
ef

fe
ct

iv
en

es
s o

f 
flu

or
es

ce
nt

ly
 la

be
lle

d 
ce

tu
xi

m
ab

.
• 

10
0 m

g 
un

la
be

lle
d 

ce
tu

xi
m

ab
 w

as
 

su
pe

ri
or

 to
 1

0 m
g.

O
ne

 p
at

ie
nt

 in
 e

ac
h 

gr
ou

p 
ex

pe
ri

en
ce

d 
gr

ad
e 

I a
dv

er
se

 
ev

en
ts

. 1
0 m

g 
gr

ou
p:

 
di

zz
in

es
s,

 E
C

G
 

ch
an

ge
s,

 tu
m

ou
r p

ai
n,

 
hy

po
m

ag
ne

sa
em

ia
. 

10
0 m

g 
gr

ou
p:

 E
C

G
 

ch
an

ge
s,

 e
le

va
te

d 
A

ST
, 

hy
po

m
ag

ne
sa

em
ia

.

(C
on

tin
ue

s)
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Pa
pe

r
Si

te
 o

f t
um

ou
rs

Fl
uo

re
sc

en
t m

ar
ke

r
Im

ag
in

g 
sy

st
em

T
im

in
g 

of
 in

te
rv

en
ti

on
N

ot
ab

le
 fi

nd
in

gs
Sa

fe
ty

 d
at

a

G
ao

 e
t a

l. 
[6

5]
Ph

as
e 

I s
in

gl
e-


ce

nt
re

 n
on

-
ra

nd
om

is
ed

 
pr

os
pe

ct
iv

e 
st

ud
y

O
ra

l c
av

ity
Pa

ni
tu

m
um

ab
-

IR
D

ye
80

0C
W

In
tr

av
en

ou
s

0.
06

 m
g/

kg
, 0

.5
 m

g/
kg

, 1
 m

g/
kg

, o
r 5

0 m
g

Tw
o 

w
id

e-
fie

ld
 o

pt
ic

al
 

im
ag

in
g 

sy
st

em
s 

m
od

ifi
ed

 fo
r I

R
D

ye
80

0 
flu

or
es

ce
nc

e 
im

ag
in

g:
PI

N
PO

IN
T,

 N
ov

ad
aq

Ex
pl

or
er

 A
ir,

 S
ur

gV
is

io
n

M
ar

ke
r a

dm
in

is
te

re
d 

fo
llo

w
ed

 b
y 

su
rg

er
y 

af
te

r 1
–5

 d
ay

s.

• 
Pa

ni
tu

m
um

ab
-

IR
D

ye
80

0C
W

 
ha

d 
>

 95
%

 se
ns

iti
vi

ty
 

an
d 

>
 98

%
 N

PV
 fo

r 
de

te
ct

in
g 

ar
ea

s w
he

re
 

th
e 

tu
m

ou
r t

is
su

e 
w

as
 ≤

 1 
m

m
 fr

om
 th

e 
m

ar
gi

n 
ed

ge
.

O
ne

 g
ra

de
 I 

ad
ve

rs
e 

ev
en

t i
n 

th
e 

0.
06

 m
g/

kg
 c

oh
or

t: 
Q

T 
pr

ol
on

ga
tio

n 
af

te
r 

dr
ug

 in
fu

si
on

 w
hi

ch
 

re
tu

rn
ed

 to
 b

as
el

in
e 

at
 

th
e 

30
-d

ay
 fo

llo
w

-u
p.

 
Th

e 
au

th
or

s s
ay

 th
at

 
th

es
e 

re
su

lts
 sh

ow
 

im
pr

ov
ed

 sa
fe

ty
 

ov
er

 c
et

ux
im

ab
-

IR
D

ye
80

0C
W

.

Va
n 

K
eu

le
n 

et
 a

l. 
[6

4]
Ph

as
e 

I s
in

gl
e-

ar
m

 
cl

in
ic

al
 tr

ia
l

La
te

ra
l t

on
gu

e,
 

re
tr

om
ol

ar
 

tr
ig

on
e,

 b
uc

ca
l, 

ha
rd

 p
al

at
e,

 
flo

or
 o

f t
he

 
m

ou
th

, m
ax

ill
ar

y 
si

nu
s,

 sc
al

p

Pa
ni

tu
m

um
ab

-
IR

D
ye

80
0C

W
In

tr
av

en
ou

s

H
an

dh
el

d 
ne

ar
-in

fr
ar

ed
 

flu
or

es
ce

nc
e 

im
ag

in
g 

de
vi

ce
—

N
ov

ad
aq

M
ar

ke
r a

dm
in

is
te

re
d 

fo
llo

w
ed

 b
y 

su
rg

er
y 

af
te

r 1
–5

 d
ay

s.

• 
Pa

ni
tu

m
um

ab
-

IR
D

ye
80

0C
W

 
im

pr
ov

ed
 su

rg
ic

al
 

de
ci

si
on

-m
ak

in
g 

in
 3

 c
as

es
 (2

1.
4%

) 
by

 v
is

ua
lis

in
g 

un
an

tic
ip

at
ed

 tu
m

ou
r 

tis
su

e.

N
/A

M
oo

re
 e

t a
l. 

[5
6]

Si
ng

le
-a

rm
 

cl
in

ic
al

 tr
ia

l
Co

nf
er

en
ce

 
ab

st
ra

ct

N
/A

A
nt

i-E
G

FR
 a

nt
ib

od
ie

s 
co

nj
ug

at
ed

 to
 

IR
D

ye
80

0C
W

D
a 

V
in

ci
 X

i r
ob

ot
 

w
ith

 in
te

gr
at

ed
 n

ea
r-


in

fr
ar

ed
 fl

uo
re

sc
en

ce
 

im
ag

in
g 

te
ch

no
lo

gy

M
ar

ke
r a

dm
in

is
te

re
d 

fo
llo

w
ed

 b
y 

su
rg

er
y.

• 
C

an
ce

r-
sp

ec
ifi

c 
flu

or
es

ce
nc

e 
w

as
 

ob
se

rv
ed

 w
ith

 tu
m

ou
r-


to

-b
ac

kg
ro

un
d 

ra
tio

s 
>

 2.
0 

in
 a

ll 
ca

se
s 
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significant systemic reactions [58]. Nevertheless, the systemic 
route may be necessary to aid the assessment of deep margins 
[31, 35, 64] and for identifying cancers of unknown primary 
[32, 78].

Alongside the fluorescent marker, a compatible imaging system 
is often required to visualise the tumour. Several near-infrared 
imaging systems have been exhibited in the studies assessing 
ICG and the fluorescently labelled antibodies, whereas 5-ALA 
fluorescence is typically visualised using blue light imaging. 
The choice of imaging system also depends on tumour location 
[57] and whether in vivo or ex vivo imaging is being performed 
[35]. Developing new imaging systems is a challenge which lim-
its the speed at which new markers can be trialled and approved. 
To overcome this, there are examples where existing systems 
designed for ICG were repurposed for IRDye800CW imaging 
[59, 60]. However, the findings of Voskuil et  al. [57] highlight 
the importance of compatible imaging devices to allow for lower 
doses of the marker and achieve better outcomes.

This scoping review has limitations. Firstly, the manual nature 
of the systematic search and screening process may have resulted 
in mistakenly excluded studies. Secondly, the statuses of the in-
cluded ongoing clinical trials may have changed or updated since 
the point when data extraction was performed. Finally, this re-
view used broad inclusion criteria to capture a range of informa-
tion, but the heterogeneous nature of the included studies did not 
allow for quantitative analysis. This provides a future opportu-
nity for focused systematic reviews on this topic.

5   |   Conclusion

Numerous fluorescent markers have emerged which may aid 
the detection and delineation of HNSCC and facilitate im-
provements in surgical resection. Presently, the most prom-
ising options include 5-ALA, cetuximab-IRDye800CW, 
panitumumab-IRDye800CW and targeted ICG derivatives 
such as ONM-100. Randomised controlled trials in larger 
cohorts are required to determine whether these markers 
improve outcomes compared to standard of care and iden-
tify which marker should be the gold standard for visualis-
ing HNSCC.
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