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Abstract

Background: In this feasibility study we aimed to evaluate the value of

previously reported molecular tumor biomarkers associated with lymph node

metastasis in oral squamous cell carcinoma (OSCC) to optimize neck strategy

selection criteria.

Methods: The association between expression of cortactin, cyclin D1, FADD,

RAB25, and S100A9 and sentinel lymph node status was evaluated in a series of

87 (cT1-2N0) patients with OSCC treated with primary resection and SLNB

procedure.

Results: Tumor infiltration depth and tumor pattern of invasion were indepen-

dent prognostic markers for SLN status, while none of the tumor makers showed

a better prognostic value to replace SLNB as neck staging technique in the total

cohort. However, in the subgroup of patients with pT1N0 OSCC, cortactin

expression (OR 16.0, 95%CI 2.0–127.9) was associated with SLN classification.

Conclusions: Expression of cortactin is a promising immunohistochemical tumor

marker to identify patients at low risk that may not benefit from SLNB or END.

KEYWORD S

lymph node classification, molecular marker, oral cancer, oral squamous cell carcinoma,
sentinel lymph node biopsy

1 | INTRODUCTION

A positive lymph node classification (N-classification) is one
of the most important prognostic factors for shorter disease-
specific and disease-free survival in oral squamous cell

carcinoma (OSCC).1 In OSCC, metastatic cells will drain to
regional lymph nodes located in cervical neck levels.2

Despite a clinically negative neck, patients with early stage
OSCC (cT1-2N0) have a reported 23%–37% risk for occult
(preoperatively undetected) lymph node metastasis.3-5
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The sentinel lymph node biopsy (SLNB) has been
introduced in the last decade as diagnostic technique for
the detection of occult metastasis, in order to select
patients with early stage OSCC for a neck dissection or a
clinical follow-up strategy.1 In the Netherlands, patients
with a metastasis-positive sentinel lymph node (SLN)
currently receive a modified radical neck dis-
section (MRND) in a second surgical procedure.6,7 A
meta-analysis reported a high pooled sensitivity (87%)
and negative predictive value (94%) for detecting occult
metastasis using the SLNB procedure.8 Advantages of the
SLNB are individual drainage pattern assessment9 and
more comprehensive histological assessment of the
lymph node allowing the detection of micrometastasis
(0.2–2 mm) and isolated tumor cells (ITCs, metastasis
size <0.2 mm).7 Despite these advantages, the SLNB is
still an invasive staging procedure. Preoperative selection
of patients at risk for occult metastasis using molecular
tumor profiling might lead to a more individualized
approach with a watchful waiting strategy for low-risk
patients,10 a SLNB for intermediate-risk patients and a
neck dissection for patients with a high risk.11 The
additional and more detailed information on individual
drainage patterns, micrometastasis, and ITCs provided by
the SLNB might have impact on the clinical value of
molecular biomarkers that have previously been associ-
ated with N-classification.12 Currently, only few studies
reported the value of clinicopathological tumor markers
to predict N-classification in a cohort of patients with
early stage OSCC who underwent neck staging using the
SLNB procedure12-14 with clinical follow-up as reference
for the SLNB negative patients. Only one study validated
the clinical value of CD44 as a molecular tumor
biomarker, but did not find an association with N-
classification.11

Before the introduction of the SLNB procedure,
patients with a pT1cN0 tumor and a tumor infiltration
depth <4 mm were selected for a watchful waiting strategy
instead of an elective neck dissection.15 Tumor profiling
using molecular biomarkers to predict N-classification in
OSCC has been studied before. One such a well-studied
genetic alteration in head and neck squamous cell carcino-
mas that has been associated with N-classification is
amplification of chromosome 11q13.16-19 Three genes
(CTTN, CCND1, and FADD) located in this commonly
amplified region have previously been validated for
N-classification in a well-defined early stage OSCC cohort
with neck staging by END. A negative predictive value
(NPV) of 80%–84% was reported.17 Other promising
markers associated with N-classification in OSCC were
RAB25 and S100A9 hypermethylation and expression
levels, markers selected using a genome wide methylation
assay20 (Clausen, S100A9, manuscript in preparation).

These molecular biomarkers (cortactin, cyclin D1,
FADD, RAB25, and S100A9) have been reported as
potential prognostic and predictive tumor markers in
early stage OSCC, but have not been studied in relation
to SLNB-staged patients. The aim of this study was to
analyze the additional clinical value of combining classi-
cal prognostic factors (tumor stage and tumor infiltration
depth) with molecular tumor biomarkers in order to
select patients for a watchful waiting or SLNB procedure
as neck strategy using preoperative tumor biopsies of
patients with early stage OSCC who underwent neck
staging using the SLNB procedure.

2 | MATERIAL AND METHODS

2.1 | Patients and treatment

Patients diagnosed with cT1-2N0 and pT1-2 OSCC (7th
TNM classification), treated by primary surgical re-
section and neck staging with SLNB between 2008 and
2017, were selected for analysis. These patients were
treated in the University Medical Center Groningen
(UMCG) (n = 101) and the Medical Center Leeuwarden
(MCL) (n = 12). Most of these patients (n = 91) were part
of a clinical study assessing the accuracy of the SLNB
procedure.7 Clinical and histopathological data were ret-
rospectively collected from the electronical patient files
(Table 1). Pathological reports are standardized in our
centers and contain data on tumor infiltration depth,
tumor pattern of invasion, extranodal extension, peri-
neural invasion, lymphovascular invasion, and N-classifi-
cation. In case of missing histopathological data, tumors
or lymph nodes were reassessed by a pathologist (BvdV).
Eighty-seven of the 113 tumors were suitable for bio-
marker analysis (see tissue microarray construction
below). Twenty-six (30%) of these 87 patients had a posi-
tive SLN and received a modified radical neck dis-
section in a second operation. SLNB negative patients
(70%) had a clinical follow-up of the neck. Four SLN neg-
ative patients were diagnosed with a regional recurrence
without local disease during follow-up (false negatives)
after 8, 9, 18, and 22 months. Ten patients received post-
operative radiotherapy, which was combined with che-
motherapy in two patients indicated by involved surgical
resection margins, multiple positive lymph nodes, or
extranodal extension. The median follow-up time was
35 months (IQR 20–49 months). Thirteen (15%) patients
deceased during the follow-up of which two died as a
result of the OSCC.

The SLNB protocol used was described before.7

Briefly, 1-day before surgery a radioactive tracer
(99mTc-nannocolloid) was peritumorally injected,
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followed by dynamic and static lymphoscintigraphy and
Single Photon Emission Computed Tomography
(SPECT)–CT scanning. The next day during surgery,
SLNs were located and harvested using a handheld
gamma-probe. Postoperatively, the SLNs were histopath-
ological assessed with step-serial-sectioning with an
interval of 500 μm resulting in an average of six slides.
Slides from each level were stained for hematoxylin and
eosin (HE) and additional cytokeratin (CK AE1- AE3,
clone AE1/AE3, Ventana Medical Systems, Tucson, AZ).

2.2 | Tissue microarray construction

All HE slides of the primary tumor were revised by a ded-
icated head and neck pathologist to assess tumor cell
presence. Twenty-six of the 113 tumors were too small or
had no redundant tissue available for TMA construction.
Five other tumors were not suitable for inclusion in the
TMA as a result of limited tumor size, but could be
assessed using whole tumor slide sections. Finally,
87 cases were available for analysis (82 tumors on two
TMA blocks and five whole tumor slide sections). The
TMA construction procedure in our center has been
described earlier.21 Briefly, tumors were marked on the
HE slides by a pathologist, after which three 0.6 mm
cores were taken from the corresponding donor FFPE
blocks and added to the recipient TMA FFPE block using
a Manual Tissue Arrayer I (Beecher Instruments, Sun

TABLE 1 Patient and tumor characteristics and true N-

classification

True N
negative

True N
positive

p-valuen (%) n (%)

Total 57 (66) 30 (34)

Sex

Male 30 (53) 12 (40) 0.367

Female 27 (47) 18 (60)

Age at first treatment

Median (IQR) 64 (57–71) 66 (59–75) 0.302

Site

Tongue 31 (54) 21 (70) 0.209

Floor of mouth 19 (33) 4 (13)

Cheek 3 (5) 4 (13)

Others 4 (7) 1 (3)

pT status (7th TNM)

1 50 (88) 19 (63) 0.012

2 7 (12) 11 (37)

Tumor infiltration depth (mm)

Median (IQR) 3.5 (2.0–5.0) 5.0 (3.6–7.0) 0.007

Tumor infiltration depth

<4.0 mm 31 (54) 9 (30) 0.042

≥4.0 mm 26 (46) 21 (70)

Perineural invasion

No 55 (97) 24 (80) 0.018

Yes 2 (3) 6 (20)

Lymphovascular invasion

No 53 (93) 25 (83) 0.265

Yes 4 (7) 5 (17)

Tumor grade

Well 19 (33) 6 (20) 0.222

Moderate 38 (67) 24 (80)

Tumor pattern of invasion

Pushing 42 (64) 11 (37) 0.001

Infiltrative 15 (25) 19 (60)

Cortactin

Low expression 43 (75) 18 (60) 0.148

High expression 14 (25) 12 (40)

Cyclin D1

Low expression 26 (46) 11 (37) 0.497

High expression 31 (54) 19 (63)

FADD

Low expression 39 (70) 15 (50) 0.101

High expression 17 (30) 15 (50)

(Continues)

TABLE 1 (Continued)

True N
negative

True N
positive

p-valuen (%) n (%)

RAB25

Low expression 23 (40) 8 (27) 0.245

High expression 34 (60) 22 (73)

S100A9 nuclear

Low expression 17 (30) 10 (33) 0.809

High expression 40 (70) 20 (67)

S100A9 cytoplasmic

Low expression 23 (40) 10 (33) 0.643

High expression 34 (60) 20 (67)

Note: True N-classification is determined by the combination of
postoperative pathological lymph node classification (pN) combined with
regional recurrence (false negatives). Four patients with a negative SLNB

(pN0) were diagnosed with a regional recurrence and counted as true N
positives. Molecular expression was dichotomized for cortactin, cyclin D1,
RAB25, and S100A9 using a ROC-analysis. FADD was semiquantitatively
scored. In bold: significant different variables (p ≤ 0.05).
Abbreviations: IQR, interquartile range; TNM, American Joint Committee of

Cancer TNM classification.
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Prairie, WI). Both TMA blocks had a unique lay-out with
normal tissue samples of liver, testis, cervix, colon and
placenta incorporated into the TMAs as negative
and positive control tissues. Three micrometer thick sec-
tions were cut from the TMA blocks for the immunohis-
tochemical staining of the markers. For IHC staining, the
first and last sections were HE stained to confirm pres-
ence of tumor in the cores of TMA sections.

2.3 | Immunohistochemistry

The staining procedures and antibodies have been
described before20,22,23 and are summarized in Table 2.
Cyclin D1 was automatically stained using the Ventana
Benchmark Ultra (Ventana Medical Systems, Tucson,
AZ). For the other markers: after deparaffinization in
xylene and rehydration in a graded alcohol series, sec-
tions were treated for antigen retrieval followed by
endogenous peroxidase blockage by incubating in 0.3%
peroxide solution. Slides were then incubated for 1 h with
the primary Mouse anti human antibody, followed by
30 min incubation of a Rabbit anti Mouse (RAMpo) sec-
ondary antibody and 30 min incubation of a Goat anti
Rabbit tertiary antibody (GARpo). All antibodies were
Horseradish Peroxidase conjugated and diluted in 1%
BSA–PBS serum (primary antibody) or diluted in 1:100
1% BSA–PBS–1% AB serum (RAMpo and GARpo). Slides
were developed with 3,3-di-amniobenzidine (DAB) chro-
mogen solution (DAKO, Glostrup, Denmark) and coun-
terstained with hematoxylin. HE, cyclin D1, and FADD
stained glass slides were digitized using the NanoZoomer
2.0 HT with a 40� magnification lens and the NDP.view
2 Viewing software U12388-01 (Hamamatsu Photonics,
Hamamatsu City, Shizuoku, Japan). Cortactin, RAB25,
and S100A9 slides were digitized using the IntelliSite
Ultra Fast Scanner with the IntelliSite Image Manage-
ment System software (Phillips Electronics, Best, the
Netherlands).

All molecular biomarkers were scored as described
earlier17,20,22,23 (Clausen, S100A9, in preparation). Cor-
tactin and cyclin D1 were scored as the percentage of
tumor cells with a higher cytoplasmic expression

(cortactin) or nuclear expression (cyclin D1) compared to
normal epithelium or surrounding tissue cells. FADD
was scored semi-quantitatively as tumor cells with nega-
tive (0), weakly positive (+), positive (++), or strong pos-
itive (+++) cytoplasmic expression. RAB25 was scored
as percentage of tumor cells with negative (�), moderate
positive (+), or strong positive (++) cytoplasmic expres-
sion. S100A9 was scored for both percentage of tumor
cells with any nuclear (�/+) expression or percentage of
any cytoplasmic (�/+) expression. Markers were inde-
pendently scored by two observers (KB with MM or
LSM). Discordances were discussed with a dedicated
head and neck pathologist (BvdV) until consensus was
reached. Except for FADD, optimal cut-offs between high
and low expression of the markers and N-classification
were determined using a ROC curve and the average
expression of the cores per tumor. The cut-offs were 46%
of cytoplasmic expression for cortactin, 73% of nuclear
expression for cyclin D1, 4% of any expression (+, ++) of
RAB25 and 17% of nuclear expression and 55% of cyto-
plasmic expression for S100A9. For FADD, cases with at
least one core scored as ++ or +++ were defined as high
expression. Representative examples of low and
high expression detected by immunohistochemical
staining are shown in Figure 1.

2.4 | Ethical considerations

This study used retrospective data and leftover tumor tis-
sue which was collected during treatment according to
the national guidelines for oral cavity cancer. Therefore,
this research was not a clinical study with human sub-
jects as meant in the Medical Research Involving Human
Subjects Act as was concluded by the local Medical Ethics
Review Board of the University Medical Center
Groningen (M18.225755) and no further approval was
required.

2.5 | Statistics

Numbers (n) with corresponding percentages, mean with
standard deviation (SD) and median with interquartile
range (IQR) are given for respectively categorical data,
normally distributed data and skewed distributed data.
Associations between categorical data were tested using
the Fisher's exact test or chi-square test. The Student's
t test (normally distribution) or Mann–Whitney U test
(skewed distribution) was used for the associations
between groups with continuous data. True N-classifica-
tion positive (N+) was defined as patients with histologi-
cal proven metastasis in their SLN (pN+) Also, the four

TABLE 2 Antibody information

Antibody Clone Company Dilution

Cortactin 30 BD BIOSCIENCES 1:1000

Cyclin D1 SP4-R Roche

FADD A66-2 BD Biosciences 1:100

RAB25 3F12F3 Santa Cruz Biotechnology 1:50

S100A9 S36.48 BMA biomedicals 1:100
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patients with a negative SLNB (pN0) and a regional
recurrence without local disease during their follow-up
were considered as true N-classification positive.

Associations with true N-classification were multivari-
able tested using a stepwise binary logistic regression
model in which variables with a p-value ≤0.1 from an
univariable analysis were included. The homogeneity of
the tumor markers was tested by calculating the
intraclass correlation coefficient (ICC) using only cases
with three scorable TMA cores. An ICC of 0.61 (substan-
tial correlation) or higher was used as cut-off between a
homogeneous or heterogeneous expression of the
marker.17,24 In case of homogeneity (ICC > 0.61) also
cases with one of two cores were included. In 88%
(FADD) or more (other biomarkers) of the tumors on the
TMAs were two or three cores available (Data S1,
Supporting Information). The ICC analysis using cases
with three available cores showed the lowest ICC of 0.66
for RAB25 and the highest of 0.86 for FADD, rep-
resenting respectively a substantial and almost perfect
reproducibility of measurements (Data S1). Therefore, all

FIGURE 1 Representative examples of low and high

expression on tissue microarryas constructed of OSCC primary

tumor tissue for the biomarkers used in this study. Examples are

given with a 10� and 40� magnification [Color figure can be

viewed at wileyonlinelibrary.com]

TABLE 3 Molecular biomarkers in pT1cN0-staged OSCC with

a tumor infiltration depth <4 mm

True N
negative

True N
positive

p-valuen (%) n (%)

Cortactin

Low expression 24 (89) 2 (33) 0.011

High expression 3 (11) 4 (67)

Cyclin D1

Low expression 13 (48) 2 (33) 0.665

High expression 14 (52) 4 (67)

FADD

Low expression 22 (82) 2 (43) 0.034

High expression 5 (18) 4 (57)

RAB25

Low expression 15 (56) 4 (67) 1.000

High expression 12 (44) 2 (33)

S100A9 nuclear

Low expression 18 (67) 4 (67) 1.000

High expression 9 (33) 2 (33)

S100A9 cytoplasmic

Low expression 14 (52) 4 (67) 0.665

High expression 13 (48) 2 (33)

Note: True N-classification is determined by the combination of
postoperative pathological lymph node classification (pN) combined with
regional recurrence (false negatives). Patients with a negative SLNB (pN0)

and diagnosed with a regional recurrence were counted as true N positives.
Cortactin and FADD expression were significantly associated with true N-
classification in pT1cN0-staged OSCC and a tumor infiltration depth <4 mm
with the highest sensitivity of 67% [4/(4 + 2)] and negative predictive value
of 92% [24/(24 + 2)] for cortactin. In bold: significant different

variables (p ≤ 0.05).
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molecular tumor markers were considered as homoge-
neous and cases with one or two cores on the TMA were
included for further analyses. The threshold for signifi-
cant differences was a p-value ≤0.05. All statistical ana-
lyses were performed using IBM SPSS Statistics
23 (Statistical Package for the Social Sciences, Inc.,
Chicago, IL).

3 | RESULTS

Twenty-six patients had a positive SLN. Four patients
with a negative SLNB were diagnosed with a regional
recurrence during follow-up. These 30 (34%) patients
were considered as true N positives. The other 57 (66%)
were considered as true N negatives (Table 1).

A univariable analysis of associations between true N-
classification and clinicopathological and molecular tumor
biomarkers showed significant associations for pT-classifi-
cation (p = 0.012), tumor infiltration depth (p = 0.007),
perineural invasion (p = 0.018), and infiltrative tumor

pattern of invasion (p = 0.001) (Table 1). In a multivariable
analysis with tumor infiltration depth as dichotomous vari-
able (4 mm cut-off), pT-classification (OR 3.6, 95%CI 1.1–
11.3) and infiltrative tumor pattern of invasion (OR 4.4,
95%CI 1.7–11.7) were found to be independent factors for
true N-classification. When tumor infiltration depth is
treated as continuous variable in a multivariable analysis,
both tumor infiltration depth (OR 1.3, 95%CI 1.1–1.6) and
tumor pattern of invasion (OR 5.0, 95%CI 1.8–13.5) were
independent variables. Expression levels of the molecular
tumor biomarkers cortactin, cyclin D1, FADD, RAB25, and
S100A9 were not associated with true N-classification in
the total cohort of patients with cT1-2N0 OSCC with SLNB
neck staging (Table 1).

Today, patients with OSCC with a low risk of occult
metastasis, defined by pT1cN0 and a tumor infiltration
depth <4 mm, surgical excision of the tumor is followed
by a watchful waiting strategy of the neck. In a subgroup
of 33 patients with both a pT1cN0 and a tumor infiltra-
tion depth <4 mm, SLNB revealed that 6 (18%) had a pos-
itive true N-classification, whereas 24 (44%) of the

FIGURE 2 Differences between neck staging using only the sentinel lymph node biopsy procedure or combined with cortactin

expression levels. The differences in selection of neck staging procedures in 33 patients with a pT1cN0 OSCC and a tumor infiltration depth

<4 mm with and without using cortactin expression. These 33 patients had neck staging using SLNB, while 82% had no neck lymph node

involvement (negative true N-classification). If these patients were selected for a watchful waiting procedure using cortactin expression, 8%

out of 26 patients with a low cortactin expression would have been false negatives (positive true N-classification) and 43% out of 7 patients

with a high cortactin expression and without lymph node involvement (negative true N-classification) would have had neck staging using

SLNB procedure

6 BOEVE ET AL.



54 patients with pT1 or pT2 tumors and a tumor infiltra-
tion depth ≥4 mm were truly N-classification positive
(p = 0.019). To investigate whether these same bio-
markers were predictive in this subgroup with a low risk
of occult metastasis, we found that cortactin (OR 16.0,
95%CI 2.0–127.9) and FADD (OR 8.8, 95%CI 1.2–62.2)
expression were strongly associated with true N-classifi-
cation. Cortactin and FADD showed overexpression in
the same four patients with a positive true N-classifica-
tion. Cortactin expression showed a sensitivity of 67%
and NPV of 92% as predictive marker for true N-
classification in these 33 low-risk patients (Table 3). Both
cortactin and FADD had a false negative rate of 33% (2/2
+ 4). In other words, in the 6 out of 33 low-risk patients
with true positive lymph nodes identified by SLNB,
4 cases were also found to be overexpressing cortactin on
the same tumor specimen used to determine tumor infil-
tration depth and would have had an incorrect neck stag-
ing strategy with watchful waiting only (Figure 2). On
the other hand, cortactin expression would only identify
2 of 26 patients in the low-risk group with pT1cN0 and
tumor infiltration depth <4 mm as false negative lymph
node classification identified by SLNB (Figure 2). None of
these 33 patients had a regional recurrence after pN0
neck staging by SLNB resulting in a NPV of 100% for
SLNB in these low-risk group.

4 | DISCUSSION

SLNB is nowadays used as neck staging strategy in early
stage (cT1-2N0) OSCC. Although the SLNB procedure is
less invasive compared to the conventional END, it is still
an invasive staging technique while in �70% of these
early stage OSCCs no lymph node involvement is
observed. In this study we analyzed the additional clini-
cal value of molecular tumor biomarkers to select
patients with early stage OSCC with a low risk of occult
metastasis for a watchful waiting strategy instead of per-
forming a SLNB or END procedure.

In the total cohort of cT1-2N0, in univariable analysis
true N-classification was significantly associated with pT
classification, tumor infiltration depth, perineural inva-
sion and tumor pattern of invasion, as was reported pre-
viously.25,26 In multivariable analysis tumor infiltration
depth and tumor pattern of invasion were independent
predictors for true N-classification. In the total cohort,
none of the molecular markers was associated with true
N-classification as determined by SLNB. An earlier study,
with 78 patients with OSCC with SLNB neck staging, also
reported a significant association between tumor pattern
of invasion and N-classification; however, they did not
find an association for tumor infiltration depth as

categorical variable.14 Recently, the same research group
reported a significant association between tumor infiltra-
tion depth as continuous variable and regional recur-
rences in 92 patients with early stage OSCC staged by
SLNB.11 Moreover, they stated that tumor infiltration
depth ≤2 mm might be used to select patients for watch-
ful waiting, 2–5 mm for a SLNB and >5 mm for an
END.11 Similar to our findings, Morand et al. did not find
an association between another lymph node associated
tumor marker (CD44 expression) and SLNB status.11 In a
large cohort with data of 199 patients with early stage
OSCC with SLNB neck staging from two Dutch head and
neck centers, a cut-off of 3.4 mm was reported as most
optimal (sensitivity 83%, specificity 47%) between tumor
infiltration depth and N-classification based on a ROC-
curve analysis.12 Because a 15% risk for metastasis below
the cutoff, the authors stated that tumor infiltration
depth could not serve as an optimal predictive marker to
select patients for a watchful waiting strategy instead of a
SLNB procedure.12 In a randomized clinical trial studying
END versus watchful waiting and only performing
MRND in case of conversion of the neck, it was found
that survival rates were better for END.27 In that study
depth of invasion of the primary tumor was the only fac-
tor that was significantly associated with node positivity.
A marked increase in cumulative lymph-node positivity
was observed with increasing depth of invasion from
3 mm (5.6%) to 4 mm (16.9%).

Although individual clinical, histopathological and
molecular markers are poor predictors for regional
metastasis in OSCC compared to SLNB, a combination of
these types of markers might have clinical value to select
low-risk patients for watchful waiting instead of an inva-
sive procedure. In a subgroup of patients at low risk for
lymph node metastasis, defined by pT1cN0 and tumor
infiltration depth <4 mm who were conventionally
selected for a watchful waiting strategy instead of an
END,15 six patients were found with SLNB as true lymph
node positive and of these four were identified by cor-
tactin and FADD overexpression. Of the true lymph node
negative patients, 24 out of 27 were associated with low
cortactin expression (92% NPV). No association was
found between any of the molecular markers and the
true N-classification in the total cohort or between
the molecular markers and pT1 or pT2 tumors with a
tumor infiltration depth ≥4 mm. Our data suggests that
using cortactin expression as a predictive marker on
tumor specimen, the number of patients with an incor-
rect negative neck classification and consequently should
have been treated more aggressively, decreases from 6/33
(18%) to 2/26 (8%). A false omission rate (FOR = 1-NPV)
of 8% (1%–92%) in the lymph node negative classified
low-risk patients using cortactin expression is similar
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compared to reported FOR of 6% for early stage OSCC
(cT1-2N0) in SLNB negative patients in a meta-analysis
of 66 studies8 and to the reported FOR of 7% for both
SLNB and END in a large multicenter retrospective
study.28 However, the FNR of 33% in this study for cor-
tactin in low-risk OSCC is much higher compared to
FNR of 19% for SLNB and 16% for END in the large retro-
spective study28 and compared to a 100% SLNB accuracy
in these 33 patients. Although SLNB had a very high
accuracy in these low-risk patients, it is still an invasive
technique of which many hospitals around the world
lack equipment and knowledge.29,30 Especially for those
hospitals, cortactin expression is a low cost and easy to
perform technique and therefore might contribute
to select patients with low-risk OSCC for watchful
waiting instead of an END. The relatively high FNR rate
for cortactin could be explained by the low numbers in
this subgroup and indicate that independent studies are
needed to confirm our data indicating that cortactin
expression is a reliable and noninvasive alternative for
neck staging in patients with low-risk OSCC.

In 2012, a diagnostic algorithm for early stage OSCC
using gene-expression profiling of tumor biopsy speci-
mens to select low-risk patients for a watchful waiting
strategy instead of a SLNB procedure has been pro-
posed.10 An 89% NPV for selecting patients for a watchful
waiting strategy instead of SLNB was observed. In that
study, 11% false negatives in patients selected as N-
classification negative by gene expression profile but with
lymph node involvement was found.10 S100A9 was the
only molecular biomarker of the current study which
was also part of that gene expression profile. The differ-
ence with our study is that we used cortactin in combina-
tion with a tumor infiltration depth cut-off of 4 mm
defined in a large cohort of OSCC to predict N-classifica-
tion.15 Without cortactin, the risk for positive N-
classification is 18% in pT1cN0 and with cortactin that
risk lowered to 8%. If we used the 3.4 mm cut-off as
reported by den Toom12 in combination with or without
cortactin in our pT1cN0 patients, the metastasis risk
lowered from 18% to 9% (data not shown). These data
show that infiltration depth between 3 and 5 mm did not
significantly affect the risk showing the potential addi-
tional value of cortactin to select patients with a low
metastases risk for a watchful waiting strategy instead of
a SLNB.

Tumor infiltration depth is not routinely measured
preoperatively nowadays, a recent meta-analysis showed
high potential of ultrasound for preoperative tumor
thickness measurement of clinically T1-T2-staged tongue
tumors (Pearson correlation 0.82, p < 0.001) with an
overestimation of 0.5 mm for ultrasound compared to
histopathological measurement.31 Although there is a

difference between tumor infiltration depth and tumor
thickness, that meta-analysis stated that tumor thickness
is in general larger than its infiltration depth thereby
preventing these patients from under-treatment of the
neck.31

Cortactin and FADD were both significantly associ-
ated with true N-classification in pT1 patients with a
tumor infiltration depth <4 mm and both genes are
located at the 11q13 chromosome which is frequently
amplified in HNSCC.19,32 Cortactin had the highest pre-
dictive value in this study and is a candidate driver gene
of the 11q13 amplification.23 Cortactin has many binding
sites and interactions with other proteins which play an
important role in metastasis as was reviewed in 2019.16

Cortactin plays a key role in the regulation of protrusive
structures such as invadopodia and lamellipodia that
enable respectively the invasion and migration of tumor
cells by changing the actin cytoskeleton.16,33-35 Also
in vitro studies showed that cell migration of OSCC cell
lines was regulated by cortactin expression.35-37 The
pooled data of nine studies with patients with OSCC
showed an association between N-classification or
expression of CTTN/cortactin with an OR 2.78 (95%CI
1.68–4.60) (reviewed in Ramos-Garcia et al.38). FADD
expression was also associated with lymph node classifica-
tion in low-risk patients. The main biological function of
the phosphorylated-isoform of FADD (pFADD) is control-
ling cell cycle by regulating many cellular processes
involving apoptosis, cell survival, division, tumor progres-
sion, necrosis, and autophagy.39 Expression of pFADD in
HNSCC is associated with local control upon radiotherapy
in early-stage glottic carcinomas40 in line with this biologi-
cal function. In a cohort of HNSCC we demonstrated that
expression of the (nonphosphorylated) FADD was associ-
ated with higher incidence of lymph node metastasis at
presentation22 and FADD expression was associated with
lymph node status in early stage (cT1-2N0) OSCC.17

In the current study, we have shown that especially
cortactin expression has additional clinical value in
pT1cN0 patients by identifying a subset of watchful
waiting patients with lower risk for lymph node metasta-
ses with a NPV of 92%. This is similar to the pooled NPV
of 94% for the SLNB procedure in a meta-analysis.8 Our
study is based on a relatively small cohort, but our find-
ings warrant further research with large prospective data
to validate the selection of low-risk patients for a watch-
ful waiting strategy using cortactin expression in tumor
biopsy specimens of OSCC tumors.

This is one of the first studies using SLNB data for the
validation of molecular tumor biomarkers associated
with lymph node classification. Although this study is
limited by a relatively small number of patients com-
pared to non-SLNB OSCC studies,15,25,41 it shows that
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cortactin expression might have additional value in pre-
operative neck strategy decisions in a subgroup of
patients with early stage OSCC. Independent studies are
needed to confirm these observations.

5 | CONCLUSION

None of the analyzed clinical, histopathological, or
molecular markers were better prognostic markers to
replace SLNB as neck staging technique overall. How-
ever, this study showed the potential association between
cortactin and lymph node classification in patients with
pT1cN0 OSCC with a tumor infiltration depth <4 mm
and SLNB neck staging who were conventionally selected
for a watchful waiting strategy instead of an END. A
combination of a tumor size smaller than 20 mm,
a tumor infiltration depth smaller than 4 mm, and low
cortactin expression might have clinical value to select
patients for a watchful waiting strategy instead of subjec-
ting patients to a SLNB procedure. Further prospective
research is needed to confirm the clinical value of cor-
tactin as a predictive marker next to the SLNB procedure
in one neck staging protocol in early stage OSCC.
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