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Abstract
Purpose  Survival and treatment intensity in patients with head and neck squamous cell carcinoma (HNSCC) is determined 
by the presence of lymph node (LN) metastasis, and as a result surgical removal of potentially affected LN remains a mainstay 
practice. Fluorescence guided surgery (FGS) using targeted optical agents is an expanding field that shows great potential for 
aiding diagnosis of metastatic LN. Given variations in fluorescence background, a reference standard for regions of interest 
is necessary for cross patient comparison. The present study aims to determine whether tissue with native target expression 
can be used as a background to determine metastatic LN in patients with HNSCC infused with anti-epidermal growth factor 
receptor (EGFR) targeted imaging agents.
Procedures  Twenty-two patients infused with panitumumab-IRDye800 or cetuximab-IRDye800 prior to surgery were 
included. Fluorescence imaging and analysis was performed on resected LNs (N = 843) using the submandibular glands 
(SMG) and skin as reference standard tissue with known EGFR antigen expression.
Results  Sixteen patients (72.7%) had at least one positive LN on final pathology. The LN to SMG (LN/SMG) and LN to 
skin (LN/skin) ratios were significantly higher in metastatic LN compared to benign LN (p < 0.0001 for both). Using patient-
specific ratios to determine an optimal LN/skin cutoff was the most sensitive (95.2%) and directly comparing the LN/skin 
ratio of all patients to determine a cutoff was the most specific (86.3%).
Conclusions  In HNSCC patients infused with a molecularly targeted fluorescent tracer, endogenous expression of the target 
antigen can be used as a reference standard to detect LN metastasis. Additionally, the performance of the background in 
determining metastatic LN can be improved by utilizing patient-specific reference standards.

Keywords  Squamous cell cancer · Lymph node · Anti-EGFR antibody · Intraoperative molecular imaging · Fluorescent 
guided surgery · Cancer surgery

Introduction

The presence of lymph node (LN) metastasis in head and 
neck squamous cell carcinoma (HNSCC) greatly reduces 
survival by up to 50%, highlighting the need to accurately 
stage patients for proper treatment [1]. Fluorescent guided 
surgery (FGS) has previously demonstrated the ability to 
detect metastatic LNs in HNSCC by using IRDye800-
labeled panitumumab to target epidermal growth factor 
receptor (EGFR), which is overexpressed in 80–90% of 
cases [2–4]. FGS with tumor specific tracers is a growing 
field; however, there is no gold-standard for objective assess-
ment of fluorescence contrast between tissues. One such area 
that lacks standardization is the selection of a background 
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tissue, which is necessary to evaluate areas of concern and 
compare amongst patients. The most common method of 
doing so involves choosing a background or reference stand-
ard that presumably does not express the target and therefore 
would not have tracer uptake. In the head and neck region, 
background tissues used in previously published FGS stud-
ies have been muscle, fat, unspecified normal or adjacent 
tissue, and skin [4–6]. Besides skin, all of these areas have 
low levels of EGFR expression [7, 8].

The use of background that contains endogenous expres-
sion of the target receptor has only briefly been explored 
previously by comparing the fluorescence contrast of pri-
mary tumor sections to skin and muscle as backgrounds. 
Skin proved to be more specific and have better positive and 
negative predictive values than muscle for cancer identifi-
cation, supporting the use of EGFR-expressing tissue as a 
background [6]. However, skin is a composite tissue with 
variable amounts of dermis and epidermis. In contrast to 
primary tumors, discrimination of true positive LNs using 
FGS can be challenging. LNs often have sub-centric metas-
tasis or are embedded in a noisy background and as a result 
the fluorescence and contrast to surrounding tissue can be 
challenging to distinguish. Previously, our group published a 
study showing panitumumab-IRDye800 (pan800) can detect 
metastatic LNs during pathology processing using fat as a 
background. The ability of disease-free tissue with native 
EGFR expression to determine cancerous LNs has not been 
explored previously.

In addition to skin, the submandibular glands (SMG) pre-
sent a unique opportunity to serve as a background in head 
and neck cancer FGS. Paired structures located within level 
1b of the neck, these glands natively express EGFR [9, 10]. 
When level 1b is part of the neck dissection, the SMG is 
removed and sent to pathology for processing as part of the 
neck specimen. Even when not removed, the SMG tissue 
is often within surgical field of view and could potentially 
serve as a patient control for expected uptake in EGFR-con-
taining tissue. We hypothesize that using tissue with native 
target expression will be able to detect metastatic LN on 
resected specimens. The present study aims to compare the 
mean fluorescence intensity (MFI) of LNs to that of skin and 
SMG tissue for fluorescence assessment of LN metastasis 
in patients infused with pan800 or cetuximab-IRDye800.

Materials and Methods

Data from four prospective, phase 1 clinical trials con-
ducted at Stanford University (SU), Vanderbilt Univer-
sity Medical Center (VUMC), and University of Alabama 
(UAB) between October 2013 and July 2024 were ana-
lyzed (NCT01987375, NCT05945875, NCT02415881, 

NCT04511078). All studies were reviewed and approved 
by the respective institutional review boards. Adult 
patients diagnosed with primary or recurrent HNSCC 
scheduled to undergo surgery were eligible for inclusion. 
Written informed consent was obtained from all patients. 
Trial design and production of study drugs for fluores-
cence imaging have been described previously [1–5]. 
Briefly, patients received a pretreatment infusion of up 
to 100 mg of unlabeled antibody 1 h prior to the study 
drug, followed by an infusion of cetuximab-IRDye800 
(Patients 1–10: 2.5 mg/m2, 25 mg/m2, or 62.5 mg/m2) or 
panitumumab-IRDye800 (Patients 11–22: 50 mg) 1–5 days 
prior to surgery. Standard-of-care surgery was performed 
in all patients. Patients who had fluorescence images of 
resected LN (total: 843, benign:780, malignant: 63) and 
SMG or skin tissue specimens were included for analysis 
in the study.

Fluorescence Imaging and Histopathology

SMGs were removed as standard practice when performing a 
level 1b neck dissection. Patients undergoing free-flap recon-
struction had a sample of benign skin removed from the 
flap tissue where possible for comparison with their respec-
tive LNs resected. Pathologic processing followed routine 
standard of care. A closed-field Pearl Impulse or Trilogy 
imaging system (LI-COR Biosciences Inc.) was used for 
fluorescence imaging of whole and dissected specimens in 
cassettes. Manual regions of interest were drawn around 
each tissue specimen in entirety to determine the MFI using 
ImageStudio software (V5.2.5, LI-COR Biosciences Inc.). 
Final pathology on haematoxylin and eosin (H&E) stained 
sections was determined by a board-certified pathologist and 
compared to fluorescent imaging.

LN/Tissue Ratio and Threshold Adjusted Ratio 
Measurement

The LN/tissue ratio [ LN∕tissueratio =
LNMFI

PatientMatchedTissueMFI
 ] for 

each individual LN was calculated by dividing the LN MFI 
by the MFI of the patient-matched SMG (LN/SMG ratio) 
or skin (LN/skin ratio). Each patient’s mean and standard 
deviation of the LN/tissue ratio were determined and used 
to calculate a unique Patient Threshold according to the 
formula: [ PatientThreshold = Mean

Patient
LN∕tissueratio

+(0.5 × StandardDeviation
Patient

LN∕tissueratio)  ] .  T h e 
threshold adjusted ratio (TAR) value was determined by 
taking the LN/tissue ratio of each individual LN and sub-
tracting out the patient-matched unique Patient Thresh-
old determined using SMG or skin as reference tissue, 
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yielding a TAR value for each individual LN as follows: 
[ TAR = LN∕tissueratio − PatientThreshold].

Statistical Analysis

Descriptive statistics and figures were obtained using R 
Studio. Comparisons of continuous values were performed 
using Mann–Whitney U-test for two groups. Receiver oper-
ating characteristics (ROC) curves were created, and optimal 
thresholds determined using Youden’s index to provide the 
sensitivity, specificity, positive predictive value, negative 
predictive value, and accuracy. DeLong’s test was used for 
comparison between ROC curves [11]. A P-value < 0.05 was 
considered significant.

Results

Patient Characteristics

Twenty-two patients who had a cervical lymphadenectomy 
(also called selective neck dissection) were included for 
analysis. Twelve patients (54.4%) were female, and the mean 
age was 59.5 ± 13.5. Sixteen patients (72.7%) had at least 1 

positive LN on final pathology. Subsite and staging informa-
tion are provided in Table 1.

LN/SMG Ratio

For patient-matched SMG analysis, there were a total of 843 
LN included of which 63 (7.4%) had malignancy present 
on final pathology. Representative fluorescence images of 
resected SMG, metastatic LN, and benign LN are provided 
in Fig.  1a. The mean LN/SMG ratio of malignant LNs 
(0.95, standard error (SE) = 0.06) was more than twice that 
of benign LN (0.37, SE = 0.008, p < 0.0001; Fig. 1b) across 
the patient cohort. Figure 1c indicates the individual LN/
SMG ratios and mean values for each patient.

LN/Skin Ratio

Fifteen patients had skin available for patient-matched analy-
sis of LN fluorescence. Fluorescence in skin was low relative 
to the fluorescence observed in metastatic LN from these 
patients (Fig. 2a). A total of 621 LNs were included, 42 
(8.4%) of which were positive for malignancy. Malignant 
LNs had a mean LN/skin ratio (8.47, SE = 1.46) that was 
three-times greater than that of benign LN (2.46, SE = 1.46, 

Table 1   Patient demographics

Abbreviations: M, male; F, female

Staging Number of Lymph 
Nodes

ID Primary Location Age Gender Prior Radiation Clinical Pathologic Benign Metastatic

1 Oral Tongue 42 M No T2N2b T1N2b 18 5
2 Cutaneous 50 M Yes T3N0 T2N0 41 0
3 Floor of Mouth 77 M Yes T4N0 T4aN0 28 0
4 Oral Tongue 40 M No T2N1 T2N2b 44 3
5 Hard Palate 84 F No T4N0 T2N2b 46 7
6 Oral Tongue 57 M No T3N2b T3N2c 51 11
7 Floor of Mouth 64 F No T4N0 T3N0 23 0
8 Buccal Mucosa 69 F No T2N0 T2N0 4 0
9 Oral Tongue 38 M Yes T4aN1 T4aN2b 16 3
10 Maxillary Gingiva 71 F No T4aN0 T2N1 21 2
11 Oral Tongue 73 M No T3N1 T3N2b 34 3
12 Oral Tongue 51 F No T2N0 T3N1 56 1
13 Oral Tongue 71 F Yes T3N0 T2N2b 21 2
14 Oral Tongue 68 F No T3N2b T3N2b 40 5
15 Oral Tongue 59 F No T3N2b T4aN2c 41 5
16 Oral Tongue 57 M No T3N0 T4aN3b 53 6
17 Oral Tongue 70 M No T3N0 T4aN3b 40 2
18 Oral Tongue 53 F No T2N1 T3N1 56 1
19 Base of Tongue 68 M Yes T3N1 T4N1 11 5
20 Oral Tongue 35 F No T1N1 T2N2b 44 2
21 Oral Tongue 49 F No T3N2c T4aN0 29 0
22 Oral Tongue 64 F No T2N0 T4aN0 63 0
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Fig. 1   LN/SMG ratio using 
SMG as reference (a) Repre-
sentative closed-field fluores-
cence imaging of specimens 
in cassettes from patient 20 
with all images set to the 
same scale. (b) The overall 
mean of LN/SMG ratio for 
benign and malignant lymph 
nodes. Error bars represent the 
standard error of measurement. 
****p < 0.0001. (c) The LN/
SMG ratio (mean indicated by 
horizontal line) of all lymph 
nodes separated by patient. LN: 
lymph node; SMG: subman-
dibular gland

Fig. 2   LN/tissue ratio using skin as a reference. (a) Representative 
closed-field fluorescence imaging of specimens from patient 11 with 
all images set to the same scale. (b) The combined mean LN/skin 
ratio for benign and metastatic lymph nodes. Error bars represent the 

standard error of measurement. ****p < 0.0001. (c) The LN/skin ratio 
(mean indicated by horizontal line) of all lymph nodes separated by 
patient. LN: lymph node
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p < 0.0001; Fig. 2b). Individual LN and mean patient LN/
skin ratios are indicated in Fig. 2c.

ROC Analysis

ROC analysis using LN/SMG ratios to distinguish malignant 
from benign nodes (Fig. 3a) showed an area under the curve 
(AUC) of 0.857 (95% CI, 0.80–0.91). The AUC of the ROC 
using LN/skin ratios to distinguish malignant from benign 
LNs (Fig. 3b) was 0.826 (95% CI, 0.76–0.89). The opti-
mal LN/SMG ratio cutoff value determined from Youden’s 
index was 0.476, yielding a sensitivity of 85.7% (95% CI, 
0.78–0.94) and specificity of 72.8% (95% CI, 0.70–0.76; 
Fig. 3c). The best LN/skin ratio cutoff value determined 
from Youden’s index was 4.024, which provided a sensitiv-
ity of 69.0% (95% CI, 0.55–0.83) and a specificity of 86.5% 
(95% CI, 0.84–0.89; Fig. 3c). Both of the ratios had better 
AUC compared to raw MFI alone (Supplementary Fig. 1).

Threshold Adjusted Ratio (TAR) Measurement

The moderate accuracy of LN/tissue ratios to distinguish 
malignant from benign LN prompted exploration of alter-
native fluorescence metrics that could provide greater diag-
nostic accuracy. After considering the wide variation of LN/
tissue ratios both within and across patients, we derived a 
patient-specific threshold from the LN/tissue ratio and sub-
tracted this threshold value from the LN/tissue ratio deter-
mined for each patient-matched LN (Fig. 4a). Applying this 
threshold adjusted ratio (TAR) approach to each LN approxi-
mately normalized the resulting mean values for each patient 
when using the SMG (TAR​SMG) (Fig. 4b) or skin (TAR​skin) 
(Fig. 4c) as reference tissue. ROC analyses of the TAR​SMG 
(Fig. 5a) and TAR​skin (Fig. 5b) values provided an AUC of 

0.922 (95% CI, 0.88–0.96) and 0.944 (95% CI, 0.91–0.97), 
respectively, to differentiate malignant from benign LN. 
Both AUCs were greater than the threshold adjusted MFI 
performance (Supplementary Fig. 1). The improved AUC 
of the TAR​SMG was significant when compared to the AUC 
for the LN/SMG ratio (p = 0.001). Additionally, the greater 
AUC for the TAR​skin was significant when compared to the 
AUC for the LN/skin ratio (p < 0.0001). Optimal TAR​SMG 
and TAR​skin cutoff values determined by Youden’s index 
(−0.0137 and 0.0437, respectively) provided sensitivities of 
93.7% (95% CI, 0.87–0.98) and 95.2% (95% CI, 0.88–1.00), 
respectively, and specificities of 80.5% (95% CI, 0.78–0.83) 
and 83.9% (95% CI, 0.80–0.87), respectively (Fig. 5c). 
Overall, the TAR​SMG and TAR​skin results showed superior 
diagnostic value to distinguish malignant from benign LN 
relative to the LN/tissue ratios (Fig. 3c) when using SMG 
and skin as reference tissues for fluorescence assessment.

Discussion

Cancer-specific optical agents such as fluorescently labeled 
monoclonal antibodies are actively under investigation for 
solid tumors, but the primary focus of these investigations 
have been the primary tumor and the LN metastasis has 
been largely unexamined [12]. In this study, we analyzed 
22 patients with HNSCC who underwent infusion with an 
anti-EGFR imaging agent followed by FGS and identified a 
novel approach using LN/tissue ratios to objectively assess 
fluorescent signal in metastatic LNs.

Head and neck tumors frequently produce metastasis in 
cervical LN, and the removal of these nodes is not with-
out morbidity like shoulder dysfunction, lymphedema, 
impaired cosmesis, among others. This indicates a clinical 

Fig. 3   Performance of both LN/tissue ratios. (a, b) Receiver operat-
ing curves for the LN/SMG ratio (left) and LN/skin ratio (right). (c) 
The threshold for each LN/tissue ratio determined by Youden’s index 

and the sensitivity, specificity, positive predictive value (PPV) and 
negative predictive value (NPV) for each. LN: lymph node; SMG: 
submandibular gland



338	 Molecular Imaging and Biology (2025) 27:333–340

need to develop novel approaches to identify metastatic 
LNs for selective resection in the most minimally inva-
sive manner. Our quantitative method of normalizing 
LN MFI by the respective patient’s SMG and skin MFI 

values produced ratio (LN/tissue) thresholds with either 
favorable sensitivity or specificity for predicting the pres-
ence of cancer in the tissue tested. To further improve 
accuracy, we calculated a patient-specific threshold by 

Fig. 4   Threshold Adjusted Ratios of all lymph nodes. (a) Patients 
had individual thresholds calculated by taking their mean LN/tissue 
ratio plus one-half the standard devidation. A threshold adjusted ratio 
(TAR) was calculated by the LN/tissue ratio subtracted by the thresh-

old for each lymph node by patient. (b, c) Each lymph node TAR 
plotted by submandibular gland (left) and skin (right). The line on 
each plot represents the respective uniform cutoff TAR​

Fig. 5   The performance of the TAR​SMG and TAR​skin. (a, b) Receiver 
operating curves for the TAR​SMG (left) and TAR​skin (right). (c) 
The threshold for each TAR determined by Youden’s index shows 

improved sensitivity and negative predictive value (NPV). TAR: 
threshold adjusted ratio; LN: lymph node; SMG: submandibular 
gland; PPV: positive predictive value
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assessing the mean plus one-half standard deviation of 
the LN/tissue ratios determined from a patient’s indi-
vidual lymph nodes. By subtracting this patient-specific 
threshold from the individual LN/tissue ratio per node, we 
were able to generate a threshold adjusted ratio (TAR) to 
allow comparison between patients. While this method 
showed > 93% sensitivity in identifying malignant LN, 
inherent variations of EGFR expression and antibody 
retention across tissues confound the specificity. How-
ever, considering the consequences of a false negative 
during cancer localization in the surgical setting, the opti-
mal threshold should be weighted towards the greatest 
sensitivity to improve detection of true positive tissues.

The results of this study are in agreement with prior 
work using EGFR-targeted fluorescence imaging to detect 
malignant LNs, as well as a previous report of a semi-
quantitative threshold for delineating primary tumor during 
FGS in HNSCC [3, 4, 6, 13]. In our study, skin showed 
superiority to the SMG as a background tissue for deter-
mining metastasis. The TAR​skin cutoff had the highest sen-
sitivity, and the LN/skin ratio had the highest specificity 
overall. Compared to the prior study using fibro-adipose 
tissue as background, our method showed higher sensi-
tivity using both the TAR​SMG and TAR​skin cutoff values 
and marginally better specificity using the LN/skin cut-
off value [4]. Although there were 4 false negative lymph 
nodes using the TAR​SMG and 2 false negative lymph nodes 
using the TAR​skin cutoff, these results are similar to the 
previous studies [3, 4]. Only one patient had a metastasis 
missed by both the TAR​SMG and TAR​skin cutoff, however, 
multiple other metastatic lymph nodes were present and 
correctly identified in this patient. One hypothesis for the 
false negatives is size of the metastasis, as this can affect 
the amount of tracer localization with micrometastasis hav-
ing less accumulation due to less target receptor presence.

One limitation of this study is the retrospective design 
and ability to only include patients that had skin or SMG 
samples for review. Although each patient had many nodes 
to include, the metastatic lymph nodes accounted for less 
than 10% of total LNs. Additionally, analysis was limited 
to post-resection, closed-field imaging of specimens and 
not applicable to real-time surgery currently. Despite these 
limitations, we were able to identify a novel approach 
using ratios from tissues known to contain the targeted 
antigen (EGFR in this case) to serve as a needed tool for 
standardizing LN evaluation in patients who undergo FGS. 
This tool would be ideal for improving the pathology 
workflow by allowing the pathologist to preselect lymph 
nodes for evaluation based on their comparison to the 
patient’s own tissue. These ratiometric parameters could 
be applied to a wide variety of tumor types and anatomic 
locations depending on the targeted tracer used, further 
improving oncologic surgery.

Conclusions

Results of the current study demonstrate how benign tissue 
with physiologic target expression in FGS can be used to 
identify lymph nodes concerning for metastatic disease. Fur-
ther studies evaluating the clinical feasibility and accuracy 
of this method in open-field surgery would be beneficial.
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