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GENERAL DISCUSSION

Current evidence and consensus for neck staging in early stage (cT1-
2N0) OSCC using the SLNB procedure
A major problem in early stage (cT1-2N0) oral squamous cell carcinomas (OSCC) is that 
eventually 23-37% of these patients are diagnosed with occult metastases [1]. Conventionally, 
neck staging was done with an elective neck dissection (END) or a watchful waiting strategy 
in these patients [2]. In 1994, Weiss et al. proposed that if the risk of occult metastasis was 
more than 20%, an END was recommended over a watchful waiting [2,3]. That 20% risk 
was mainly based on T status and anatomical location [4,5]. After multiple studies showed 
a relationship between tumour infiltration depth and the risk of occult metastasis, tumour 
infiltration depth with a 4 mm cut-off was added for neck strategy selection [4]. In 2015 a 
prospective randomized controlled trial analysed 255 watchful waiting and 245 elective 
neck dissection cases and found a higher five year overall survival and disease free survival 
for the END (80% and 70% respectively) compared to watchful waiting (68% and 46% 
respectively) [6] and concluded that END was superior over watchful waiting in early stage 
OSCC. A major consequence of subjecting all patients to an END is that in the majority 
(~75%) of the early stage OSCC cases no neck metastasis will be present, while patients are 
at risk for developing surgery induced morbidities such as shoulder dysfunction [2].

A new era with less invasive neck staging in early stage OSCC started with the introduction 
of the sentinel lymph node biopsy (SLNB) procedure. Although the SLNB is still an invasive 
procedure, it is minor surgery compared to the END, which is reflected by a smaller incision 
(48 mm versus 92 mm [7]), shorter hospital stay (1 versus 3 days [8]) and lower complication 
rates. In a study with 33 patients staged by SLNB and 29 by END, all 15 postoperative 
complications appeared in the END group (bleeding n = 5, nerve injury = 8, infection n = 1 
and tracheotomy n = 1) and no complications were seen in the SLNB group [7]. Two other 
studies reported better postoperative shoulder functions and also a smaller scar: 84.2 mm 
and 73.9 mm for the SLNB group, compared to a scar of 183.3 mm and 171.5 mm in the 
END group [9,10]. Although the less invasive character is important, correct staging of the 
neck is the main reason for the use of the SLNB procedure. A meta-analysis using 66 studies 
in 2017 reported a high pooled sensitivity of 87% and pooled negative predictive value 
(NPV) of 94% for the SLNB procedure in detecting occult metastasis in early stage OSCC [1]. 
Limitation of that meta-analysis was the heterogeneity in study protocols with differences 
in experience of the surgeons, reference standard for the negative SLNB (clinical follow-
up or END), preoperative imaging procedures (with or without Single Photon Emission 
Computed Tomography (SPECT)-CT) and pathological assessment (with or without step-
serial-sectioning and additional keratin immunohistochemistry (IHC)) [1]. In chapter 3 we 
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retrospectively analysed the sensitivity and NPV of the SLNB in a well-defined cohort using 
watchful waiting as reference standard for the SLNB negative neck and SPECT-CT scanning 
and step-serial-sectioning with additional keratin staining were part of the protocol. We 
confirmed the high sensitivity (85%) and NPV (94%) for the detection of occult metastasis 
in early stage OSCC [11]. Randomized studies which compare the accuracy of the SLNB 
procedure and END procedures for detecting occult metastasis in OSCC patients with a 
clinically negative neck (cN0) are not available yet [12]. However, the reported regional 
recurrence rate in the pN0 staged neck is 6% in a meta-analysis of the SLNB procedure 
[1] and comparable to the regional recurrence rate in END studies which is reported 
between 3% to 10% [12-14]. Thus, the SLNB procedure has an accuracy in the detection of 
occult metastasis in early stage OSCC at least as high as the END procedure with a lower 
complication and postoperative morbidity rate. 

In 2018, a conference about the SLNB in head and neck cancer was held in London with 
the aim to reach consensus about the SLNB procedure [15,16]. After that conference, 
consensus about imaging protocols [15] and surgical procedures were [16] reported and 
a report about the pathological consensus is expected soon. Neck staging with the SLNB 
can be used in patients with a clinically negative neck based on preoperative imaging 
using Computed Tomography (CT), Magnetic Resonance Imaging (MRI) or ultrasound with 
or without fine needle cytology aspiration (USgFNAC) [15,16]. In a review the sensitivity 
and specificity of these imaging modalities for the detection of occult metastasis in cN0 
patients was reported (reviewed in [17]). Although five studies reported high specificities 
(92- 100%) for CT, US and USgFNAC, these modalities lack sufficiently high sensitivities in 
cN0 OSCC patients: CT 49-60%, MRI 55-65%, US 48-66% and USgFNAC 73% [18-21] and 
should therefore always be followed by a SLNB procedure. 

 Consensus about the preoperative SLNB imaging protocol consisted of two to four 
mucosal injections peritumourally of the tracer (99mTC-labelled nanocolloids). The injection 
activity depends on the one (40-50 MBq) or a two day (70-120 MBq) protocol and should be 
diluted in a maximum volume of 0.4 to 0.5 mL [15]. The injection is immediately followed by 
dynamic (0-10 min) lymphoscintigraphy and later on by early static (15 min) and late static 
(2 hrs) lymphoscintigraphy [15]. The lymphoscintigraphy should be followed by SPECT-CT 
(>2 hrs) [15]. The use of both the SPECT-CT and the lymphoscintigraphy resulted in the 
additional detection of SLNs in 22% of the cases in a study with 66 SLNB patients [22]. 
Moreover, in 8% of the cases were non-sentinel lymph nodes reported as SLNs by using 
planar lymphoscintigraphy only. A hand-held gamma probe is recommended for the intra-
operative detection [15,23]. 



179

General discussion and future perspectives

The recommendations in the surgical consensus guidelines include the imaging modalities 
for the clinical neck staging (at least CTI, MRI or US), sentinel lymph node definition, optical 
tracers, lymphatic drainage patterns, tumour infiltration depth, size of a positive SLN and 
follow-up (frequently examination in the first two year) [16]. During surgery, the sentinel 
lymph nodes are defined as the lymph nodes with an at least 10 times higher count 
compared to the background and at least a 10% count of the hottest harvested lymph node 
measured using a hand-held gamma probe [16,23]. The gamma count is not associated 
with metastasis, or in other words, the metastasis is not always located in the lymph node 
with the highest count [16]. In general, 2-3 SLNs per patient are detected and removed 
[16,23-25]. 

Although the pathological procedure consensus is not reported yet, many centres use 
step-serial-sectioning and additional IHC nowadays [17,26], after this method was already 
successfully implemented in other cancer types such as breast, melanoma and endometrium 
cancer [27-29]. For example, in breast cancer it was reported that up to 40% of the metastases 
were missed with the conventional single level haematoxylin and eosin (HE) staining [28]. 
In OSCC, a study showed detection of metastases in 16% of 80 SLNs of OSCC patients using 
routine HE staining, 23% with the addition of step-serial-sectioning and in 25% with both 
step-serial-sectioning and additional cytokeratin immunohistochemistry [30]. Especially, 
isolated tumour cells (defined as metastasis <0.2 mm) were only found with the addition 
of step-serial-sectioning [30]. In that study the two metastases with the lowest number of 
isolated tumour cells were only found by using combined step-serial-sectioning and keratin 
staining. The SLNB protocol used in chapters 3, 4 and 5 met the recommendations of 
the consensus meeting about preoperative imaging (cN0 by CT, MRI or USgFNAC and SLN 
detection by lymphoscintigraphy and SPECT-CT), intraoperative detection using a hand-
held gamma probe, postoperative pathological assessment (step-serial-sectioning and 
additional IHC) and clinical follow-up as reference standard for negative SLNs. Moreover, a 
median of 3 SLNs per patient was reported comparable with the number in the consensus 
guidelines. Therefore, the results in chapter 3 are in accordance with current evidence and 
recommended guidelines [11]. 

As described, the SLNB procedure is superior to the END regarding the extend of surgery, 
morbidity rate and complication rate [7,9,10]. However, also the cost-effectiveness of the 
SLNB compared to an END or watchful waiting strategy is important. Two studies reported 
a cost-effectiveness analysis of the SLNB procedure [31,32]. These analyses were based on 
measurements of costs and quality of life related to early stage OSCC combined with follow-
up data of regional recurrences and mortality. Although in one study the SLNB baseline costs 
were similar compared to the END (€9180,- versus €9241,-) [32], both studies reported that 
the SLNB procedure was more effective represented by a small increase in quality-adjusted 
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life years (QALYs) after five years, respectively 3.63 versus 3.61 [32] and 3.70 versus 3.67 [31], 
equivalent with ~1 week profit in full health. Combining costs and effectiveness resulted in 
SLNB as most cost-effective strategy for neck staging in early stage OSCC regarding current 
known sensitivities and NPVs in both studies compared to the END or watchful waiting 
[31,32]. The fact that initial costs for a less invasive staging technique (SLNB) are comparably 
to an END procedure [32] could be explained by the additional use of hospital resources: 
imaging with lymphoscintigraphy and SPECT-CT, additional IHC and second surgery for the 
neck dissection in case of a positive SLN.

The high accuracy, the cost-effectiveness and the minimally invasive character with low 
morbidity rates provided an expanding interest and implementation of the SLNB procedure 
in several national guidelines worldwide as reported in 2017 [33]. However, not all head and 
neck oncology centres in these countries use SLNB as standard care for the neck staging in 
early stage OSCC [8,33]. For those units that are interested in the SLNB procedure, it is important 
to know that success depends on the experience of the surgeon [34]. Inexperienced 
surgeons can drop the NPV with 5% [35]. Moreover, a dramatically lower sensitivity can be 
expected with a surgical experience of less than 5 SLNB procedures, while an increase to a 
94% sensitivity was reported with an experience of more than 10 SLNB procedures [34,36]. 
To reduce the risk of a low accuracy in the first period after implementation, Schilling et 
al. reported a step-wise training program for the implementation of the SLNB procedure 
[33]. Besides extensive training before the start of the implementation, also a combination 
of both the SLNB and END is recommended in the first 10 cases to evaluate the obtained 
accuracy of the SLNB and to prevent patients for regional recurrences as a result of the 
low experience [33]. In chapter 3, we repeated the accuracy analysis after exclusion of the 
first patients with SLNB neck staging in our centre. The exclusion of these patients resulted 
not in a lower sensitivity or NPV in our study what might indicate that the SLNB procedure 
was implemented after thorough training of the surgeons [11]. Also important to notice 
is the multidisciplinary approach of the SLNB procedure [33]. Not only head and neck 
surgeons, also the physicians of the nuclear medicine and molecular imaging department 
must be trained. Moreover regarding the multidisciplinary character, currently, a single-day 
protocol (tracer dose of 40-50 MBq) or a two day protocol (tracer dose of 70-120 MBq) are 
recommended options for the SLNB procedure [15]. Single and two-day refer to the day 
of imaging and surgery. These single or two day protocols are only effective if imaging, 
surgery and pathology departments work together in a close cooperation and schedules 
and resources are aligned to each other as was stated in a 10-year evaluation of a study to 
the SLNB procedure in melanoma [37]. 

Summarizing, the SLNB procedure used in chapters 3, 4 and 5 met the recommendations 
of the current consensus guidelines for SLNB in early stage OSCC. Therefore, the reported 
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accuracy in detecting occult metastasis in primary early stage OSCC (chapter 3) using 
the SLNB procedure could be used as reference for other centres. The protocol reported 
in chapter 3 is a minor surgery alternative for neck staging with the conventional END 
regarding complications, postoperative morbidity and cost-effectiveness.

Individual lymphatic drainage pattern assessment in head and neck 
cancer using the SLNB procedure
Another advantage of the SLNB procedure is the assessment of individual lymphatic 
drainage patterns. Normally in lateralized OSCC tumours, lymphatic drainage goes to lymph 
nodes located in the ipsilateral levels I-III [38]. An analysis of 583 OSCC patients with T1-T4 
staged tumours, revealed no skip metastasis to level IV or V, or in other words, metastases 
in level IV or V were always accompanied by at least one metastasis in level I-III [39]. In 
chapter 3 [11], we did not find skip metastases at the ipsilateral side, however we reported 
bilateral drainage patterns in 37% of the early stage OSCC cases while also cases with well 
lateralized tongue tumours were part of this cohort. Moreover, one patient with a well 
lateralized tongue tumour only had a SLN (negative for metastasis) at the contralateral side 
of the neck compared to the tumour [11]. Contralateral drainage of lateralized tumours is 
not uncommon and reported in 10% of the OSCC cases [16,24]. After an END, up to 39% 
of the regional recurrences are reported in the contralateral neck [40]. The assessment of 
individual drainage patterns with the detection and harvesting of SLNs with unexpected 
drainage patterns using the SLNB procedure, might prevent patients for undertreatment. 
Therefore, if surgical removable, the consensus guidelines recommend harvesting of SLNs 
located in unexpected locations (i.e. not in ipsilateral levels I-III), because these SLNs might 
represent an anatomical variation with a direct lymphatic drainage pattern and are therefore 
potential locations for the first metastasis deposits [16].

The assessment of individual drainage patterns using the SLNB procedure was also helpful in 
exploring the drainage patterns of patients with a previously treated neck (chapter 4) [41,42]. 
Local or local-regional recurrences are reported in 10-30% of head and neck squamous cell 
carcinomas (HNSCC) [43]. At the time of diagnosis of a local recurrence or second primary 
OSCC, many of these patients already underwent a SLNB procedure, neck dissection or 
radiotherapy for their first primary tumour. Knowledge about how these treatment altered 
lymphatic drainage patterns was restricted to two studies with a total of 27 patients [44,45]. 
Therefore, no consensus for the neck strategy of these patients was available in literature. In 
chapter 4 [42], we reported on the accuracy of the SLNB in 53 early stage (cT1-2N0) OSCC 
patients with earlier treatment (dissection or radiotherapy) or surgery (SLNB) of the neck 
and analysed the lymphatic drainage patterns of these patients. With the low number of 
events (lymph node metastases 3/45 and regional recurrences 1/45 ) taken into account, 
the SLNB procedure seemed accurate in detecting occult metastasis. No drainage patterns 
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were found for five (12%) patients with a history of radiotherapy. Unexpected drainage (no 
drainage to ipsilateral levels I-III) was found in 30% of the cases to ipsilateral levels IV and 
V or to contralateral levels. The altered drainage patterns as a result of the previous neck 
treatment limit neck staging in cN0 patients with a neck history: which levels needs an END 
or clinical examination in case of a watchful waiting strategy? Moreover, extensive surgery 
(neck dissection) in an earlier treated neck is unfavourable because the previous treatment 
most likely induced fibrosis in the neck. For that reason, the SLNB procedure is currently the 
most optimal technique for neck staging in previously treated early stage OSCC patients 
with a clinically negative neck and recommended in the surgical guidelines of the SLNB 
consensus meeting in 2018 [16]. 

 For a long time, lymphatic drainage of maxillary tumours was thought to be to the para- 
or retropharyngeal located lymph nodes [46]. Moreover, a lower incidence of lymph node 
metastases compared to other oral cavity tumours was assumed [46]. In chapter 5 [41], we 
have shown that SLNs of patients with maxillary tumours are mainly located in cervical neck 
levels I-III. However, in 2 out of 10 patients drainage patterns to parapharyngeally located 
lymph nodes were also detected. In 2016, an overview of the literature on the incidence 
of lymph node involvement in maxillary tumours from patients with an END neck staging 
or with a regional recurrence was published [47]. In eight studies reported from 2001 till 
2013, an incidence rate of 14% to 38% including all stages of maxillary OSCC was reported 
[47], which is not lower than that of other oral cavity locations, as was assumed before 
[46]. Another study reported a similar incidence (14%) but mentioned especially the high 
rate (46%) of contralateral metastases in cN0 maxillary OSCC patients [48]. Remarkably, 
none of these ten studies [48-57] on metastases of maxillary OSCC, mentioned lymph 
node involvement of para- or retropharyngeally located lymph nodes. A review from 2019 
analysed the involvement of retropharyngeally located lymph nodes in head and neck 
cancer [58]. Of all 32 included studies, chapter 5 [41] was the only included study that used 
the SLNB procedure to analyse lymphatic drainage patterns to retropharyngeally located 
lymph nodes in head and neck cancer [58]. Four of the 32 studies [59-61] reported about 
retropharyngeal lymph node involvement in OSCC. Incidence rates of 1% [60] and 7% [59] 
were reported for retropharyngeal metastases, which were most seen in, but were not 
restricted to maxillary OSCC. One study analysed the two-year disease specific (DSS) and 
diseases free (DFS) survival and reported a dramatically lower survival for patients diagnosed 
with retropharyngeal metastases during follow-up compared to patients diagnosed with 
retropharyngeal metastases at initial treatment, respectively 20% versus 13% for DSS and 
24% versus 10% for DFS [60]. 

Taken together, this current knowledge of maxillary OSCC (incidence, bilateral drainage, 
retropharyngeal drainage, impact on survival and the assessment of individual drainage 
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patterns with the SLNB procedure as reported in chapter 5), the SLNB might also be a 
suitable neck staging technique in cN0 maxillary OSCC and might prevent these patients 
for undertreatment of retropharyngeal and contralateral located lymph nodes. 

Limitations of the SLNB procedure in oral squamous cell carcinoma
Although the high accuracy in detecting occult metastasis and the assessment of individual 
lymphatic drainage patterns, the SLNB also has several limitations and uncertainties such as: 
lower accuracy in floor of mouth tumours, a second surgery in SLNB positive patients and 
the strategy after a positive SLN with isolated tumour cells.

Higher false negative (regional recurrences) rates up to 25% have been reported for the 
SLNB procedure in floor of mouth (FOM) tumours [16,62] compared to the 6% in the other 
OSCCs [1]. This lower accuracy is caused by the shine-through phenomenon [11,63]: the 
hotspot of the SLN is located within the hotspot of the tumour on lymphoscintigraphy 
and SPECT-CT. As described also in chapter 3, a level I dissection was proposed in a study 
in which 50% of the SLNs in level I of FOM tumours were detected only intra-operatively 
using the level I dissection and not preoperatively by lymphoscintigraphy or SPECT-CT [63]. 
Another option is the combination of a conventional radio-guided tracer with a fluorescence 
tracer indocyanine green (ICG)-(99m)Tc-nanocolloid [64]. Seventy-five percent of the SLNs 
in five patients with a FOM tumour were solely detected by this hybrid tracer. The surgical 
consensus guidelines implemented these options for cases with a high potential of shine-
through in level I and recommend a low threshold to explore level I [16]. 

The clinical value of isolated tumour cells (ITCs) and micrometases, defined as a size of 
< 0.2 mm and 0.2-2 mm [65,66], respectively, in SLNs of OSCC patients is not completely 
clear. Before a neoplastic cell has disseminated from the primary tumour site and formed 
a metastasis in a lymph node (or other organ), these tumour cells have to go through 
different processes (e.g. detachment, invasion, migration, extravasation, cell division, etc.) 
[67,68]. If one of these processes is not completely fulfilled, these disseminated tumour cells 
will most likely not result in a metastasis [67]. For example, a cell can reach a lymph node or 
other organ, but stay there in a dormant state (disseminated tumour cell (DTC) [67,69,70]. 
Probably, these DTCs are a result of mechanical manipulation during biopsy [67,71] and lack 
ability to grow into an invading metastasis [67]. ITCs and the micrometastases detected 
in lymph nodes by the SLNB procedure might be such dormant DTCs [70] and harvesting 
of these SLNs might be therapeutic and consequently, these patients might not benefit 
from an additional MRND. In breast cancer, a recurrence rate of 0.4% was reported in cases 
with micrometastases in their SLNs (ITC information was not available) with five years of 
follow-up and without a benefit for patients additionally treated with axillary lymph node 
dissection [72]. This observation resulted for breast cancer in a pN0(i+) classification for SLNs 
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with a metastasis size <0.2 mm in the 8th AJCC TNM classification [73]. As a result, in the 
revised Dutch guideline (in 2017 and 2018) for breast cancer adjuvant axillary treatment 
(dissection or radiotherapy) is not recommended any more for pN0(i+) SLNs [74]. In 
chapter 3 [11], 37% of the SLN metastases of OSCC patients had a metastasis <0.2 mm 
and none of these patients had additional metastases in their neck dissection specimen, 
hypothesizing that these SLN positive patients might not need a neck dissection at all or 
only a selective neck dissection, because of the SLN was the only lymph node harbouring 
metastases. A low rate of additional lymph nodes in the dissection specimen could also 
be the reason that postoperative pathological assessment with step-serial-sectioning and 
additional keratin IHC in addition to the conventional HE staining improved the NPV with 
only 2% (from 94 to 96%) in a prospective trial [35]. In 2017, a study reported about 234 
early stage OSCC patients with positive SLNs and reported metastases sizes from 12 other 
studies [75]. Additional metastases in the non-SLNs from the neck dissection specimen 
were found in 13% of the patients with ITCs in their SLNs, 20% of the micrometastases 
and 40% of the macrometastases (>2 mm) [75]. Although metastasis size in the SLNB of 
OSCC patients might be associated with the presence of metastasis in non-SLNs in the neck 
dissection specimen, even the incidence of non-SLN metastasis after ITCs in OSCC (13%) is 
higher compared to the recurrence rate after ITCs and micrometastases in SLNs of breast 
cancer patients without a lymph node dissection (0.4%) [75,76]. This low recurrence rate in 
breast cancer could be explained by the adjuvant systemic therapy which is common in 
breast cancer treatment: nearly all (~96.5%) patients received systemic therapy (chemo- or 
hormonal therapy) in the trial that compared the SLNB procedure with or without axillary 
dissection in breast cancer [75,76]. For that reason, the 2018 consensus guideline for SLNB 
in OSCC patients recommended to consider SLNs with ITCs as positive SLNs and they needs 
to be followed by a neck dissection [16]. Probably that characterization of genetic and 
expression profiles of tumour cells of the primary tumor site and of ITCs in lymph nodes 
might help to select ITCs with or without metastatic potential [67] and contribute to an 
even more individualised strategy of the cN0 neck in the future. 

Summarising, the SLNB procedure has a lower accuracy in OSCC of the FOM as a result 
of the shine-through phenomenon (chapter 3). Therefore the SLNB procedure must be 
combined with a level I dissection in FOM tumours. Although we reported no additional 
metastases in cases with an ITC or micrometastases in their SLN, because of the additional 
metastases rate in other studies, a MRND after a positive SLN with ITCs or a micrometastasis 
is still recommended.
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Neck staging in OSCC using molecular biomarkers: cortactin as 
important driver of metastasis
As described more extensively in chapter 1, many cellular processes, such as cell motility, 
determine the metastatic potential of a tumour cell [68,77]. Epigenetic or genetic alterations 
of genes with a key-role in cell migration are reported as prognostic for lymph node status 
[68,78]. A review and meta-analysis from 2015 analysed 11q13 chromosome amplification as 
promising molecular tumour marker for lymph node status in OSCC and found that CCND1 
(one of the genes of that amplicon) and overexpression of its corresponding protein cyclin 
D1 was a prognostic marker [79]. In chapter 6 [80] we analysed the clinical value of CCND1 
amplification and the overexpression of three proteins from three major oncogenes (CTTN/
cortactin, CCND1/cyclin D1 and FADD) located at the 11q13 amplicon in a well-defined 
cohort of early stage tongue and FOM OSCC with neck staging using the END procedure. 
All these biomarkers showed promising NPVs for the detection of occult metastasis: CCND1 
copy number 83% and expression of cyclin D1 84%, FADD 81% and cortactin 80% [80]. In 
chapter 7 we found that cortactin was predictive for SLN status in small and superficial 
tumours (7Th TNM pT1 and a tumour infiltration depth <4 mm) with a 92% NPV of early 
stage OSCC patients with neck staging using the SLNB procedure. 

Cortactin is the protein encoded by the CTTN gene (also known as EMS1), which is one of the 
genes located at the 11q13 chromosome [79,81,82]. 11q13 amplification is detected in 46% 
(range 13-100%) of the OSCC cases [82] and CTTN is a candidate driver for this amplification 
[81]. Overexpression of cortactin promotes cell migration and lymph node metastasis in 
OSCC [82] and is therefore a promising molecular marker to predict lymph node status. 
Many binding sites have been reported for cortactin by which important cellular processes 
involved in metastasis are regulated [82], such as binding to Arp2/3 complex in cytoplasm 
and cell periphery to regulate nucleation and stabilization of actin [83], binding to F-actin in 
cytoplasm and nucleus to regulate cell migration [84], binding to ZO-1 in cell tight junctions 
affects the connection between cell-cell adhesion and actin cytoskeleton [85]. 

One of the best studied cellular processes involved in metastasis in which cortactin plays 
a key-role is the regulation of protrusive structures [86]. Invadopodia and lamellipodia are 
these protrusive structures and enable the invasion and migration of a tumour cell by 
regulating the actin cytoskeleton and extracellular matrix (Figure 1).
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Figure 1. Schematic overview of protrusive structures of a tumour cell mediated by cortactin. 
This figure shows the protrusive structures invadopodia at the bottom layer and lammellipodia at 
the front of a tumour cell. This figure shows the delivery to the invadopodia of the membrane type 
1 matrix metalloprotease (MT1-MMP, depicted by the green/red/yellow complex) which exposure 
results in degradation of the extracellular matrix and is one of the cellular processes involved in cell 
motility regulated by cortactin

[Adapted from Frittoli et al. [87], with permission]. 

Invadopodia are especially facilitating cell invasion. Formation of invadopodia is reported in 
a four-stage model by Artym et al. [88] and in the review of Ramos-Garcia et al [82]. During 
stage I, the invadopia initiation site is characterized by accumulation of cortactin which 
aggregates with F-actin. During stage II (preinvadopodia), there is more accumulation of the 
cortactin-F-actin aggregate, resulting in recruitment of membrane type 1 metalloprotease 
(MT1-MMP). MT1-MMP is an important protein in cell migration by breaking down the 
extracellular matrix (stage III; mature invadopia) (Figure 1). Cortactin overexpression in stage 
III promotes also excretion of MT2 and MT3-MMPs into the extracellular matrix and that 
result in more breakdown [89]. Stage IV (late invadopia) is characterized by the dissolution 
of cortactin and F-actin while high concentrations of MT1-MMP remain. Lamellipodia are 
essential for locomotion of cells with an important role for cortactin [82,90]. Protrusion 
of a lamellipodium starts with actin filament polymerization and elongation which is 
mediated by cortactin, Arp2/3 complex and the cofilin protein before the other stages 
of lamellipodium-regulated cell migration take place. In vivo and in vitro studies showed 
that the expression level of cortactin is related to the cytoplasmic location in squamous 
cell carcinoma cell lines [82,91,92]. Overexpression of cortactin induces accumulation of 
cortactin in the cytoskeleton periphery which is essential for the regulation of the protrusive 
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structures (invadopodia and lamellipodia). Moreover, in vitro studies with squamous cell 
carcinoma cell lines showed an increase in cell migration with cortactin overexpression 
[91,93]. 

A systematic review and meta-analysis from 2019 analysed the clinico-pathological 
significance of CTTN/cortactin alterations in HNSCC [94]. Nine studies (including chapter 6) 
with a low heterogeneity were included for the association with lymph node status in OSCC. 
Pooled data of these nine studies resulted in a OR 2.78 (95% CI 1.68-4.60) for positive lymph 
nodes in patients with CTTN/cortactin alterations. In that meta-analysis, the authors stated 
that CTTN/cortactin alterations might be helpful to select patients for watchful waiting 
instead of another neck strategy [94]. However, they recommended further validation of 
cortactin overexpression with immunohistochemistry (IHC) as preferred approach instead 
of CTTN amplification detection because its simplicity, low cost and routine automatized 
application in a pathology setting. Moreover, none of nine included studies used data of 
patients with neck staging using the SLNB procedure. In line with these studies, in chapter 7 
we reported that cortactin overexpression analysed by IHC was associated with SLN status 
in pT1cN0 OSCCs with a tumour infiltration depth <4 mm. 

Morand et al. reported that patients might be selected for their neck strategy preoperatively 
using tumour infiltration depth [95]. They proposed a model for neck staging wherein 
patients with a tumour infiltration depth <2 mm receive watchful waiting, 2-5 mm a SLNB 
and >5 mm an END during first surgery. Leusink et al. proposed a model wherein patients 
are selected for a watchful waiting strategy instead of a SLNB procedure by a molecular 
tumour profiling using tumour biopsy specimens [96]. In chapter 7 we propose that 
patients with a pT1 staged tumour and a tumour infiltration depth <4 mm and without 
cortactin overexpression might be selected for a watchful waiting strategy of the neck, while 
patients with cortactin overexpression or a higher tumour infiltration depth are selected 
for a SLNB procedure. Larger and prospective studies using tumour biopsy specimens are 
needed to define and validated the tumour infiltration depth cut-offs for the combination 
with cortactin. 

FUTURE PERSPECTIVES 

Detection of occult metastasis 
The SLNB procedure is a major step forward in neck staging of early stage OSCC patients 
compared to the END procedure. However, as long as patients are staged using an invasive 
procedure and false negatives occur, neck staging needs improvement to reach a more 
individually successful treatment of early stage patients.
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In chapter 3, 46% of the SLN positive patients had macrometastasis (>2 mm) which was 
the case in 40% of the SLN positive patients in nine other studies [75]. The question is, is 
it possible to detect occult metastases with a higher sensitivity preoperatively? Recently, 
a review with promising results was published for detecting small metastases using a 
Combidex-enhanced MRI (CEM) [97]. The CEM is based on the intravenously administration 
of a solution of ultra-small (20-50 nm) superparamagnetic iron oxides (USPIO) particles 
(Combidex). CEM was already reported in the nineties, however Combidex was not 
available for a long time after the manufacturer withdrew Combidex from the registration 
process in Europe. Recently, the Radboud University Medical Center obtained all rights 
and manufactured Combidex again. After Combidex is administered, the USPIOs are 
picked up by macrophages. These macrophages are accumulated in lymph nodes and 
as a result normal lymph nodes (metastasis negative) lose MR signal (black) while lymph 
nodes positive for metastases remain white or have a white spot because the macrophages 
cannot accumulated at the position of the metastases. The difference between black and 
white lymph nodes enables to distinct positive and negative lymph nodes with a normal 
size from each other [97]. Moreover, with the CEM it is also possible to detect (pathological) 
lymph nodes as small as 2 mm [97,98]. Before the withdrawal of Combidex, a very promising 
82% sensitivity and 93% NPV for the detection of lymph node metastasis were reported in 
375 patients with prostate cancer [99]. In a study with 28 HNSCC patients the sensitivity 
for the detection of lymph node metastases increased from 52% to 82% after USPIOs were 
added to the MRI protocol [100]. Although the current evidence with the CEM is mainly 
from prostate and bladder cancer, Heesakkers et al. stated that this technique might be 
useable in other cancers as well. With the knowledge that ~25% of the early stage patients 
are diagnosed with an occult metastasis of which 40% is more than 2 mm in size, it might 
be that CEM lowers the occult metastasis rate with 10%. 

As mentioned earlier, a hybrid tracer with fluorescence is one of the recommendations in 
the consensus guidelines to prevent false negatives in FOM tumours [16] as a result of the 
shine-through phenomenon. Besides that hybrid tracer, several experimental techniques are 
mentioned in the imaging consensus guidelines such as the use of portable gammacameras, 
freehand SPECT, opto-nuclear probe for acoustic gamma and virtual augmented reality 
[15]. These techniques are not validated yet, but might be used in the future. Also the use of 
another radiolabelled colloid tracer was reported [101]. 99mTc-Tilmanocept (Lymphoseek®) 
has the theoretically advantage of a rapid injection site clearance and a stable binding within 
lymph nodes as a result of the small particle size (7 nm) and the binding to macrophages 
by the CD206 receptors [102]. These rapid clearance and stable lymph node accumulation 
might prevent false negatives caused by shine-through. A phase III trial with 101 included 
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patients (T1-4, N0) reported promising sensitivity and NPVs which were at least as high as 
for 99mTc-nannocolloid [101], however a clear validation with both tracers in one study and 
only early stage OSCC is not available yet. 

Detection of local recurrences
In up to 30% of the OSCC, local recurrences or second primary tumours are detected during 
follow-up [103,104]. As described in chapter 1, early detection of local recurrences or 
second primary tumours is challenging, but essential to improve prognosis. A promising 
technique to prevent patients for local recurrences is the intra-operative use of image-
guided surgery [105] with fluorescently labelled antibodies [106]. Image-guided surgery 
technique is based on tumour tissue visualisation using a fluorescence tracer conjugated 
to an antibody [105]. This conjugated antibody binds to an antigen which is upregulated 
in cancer tissue, resulting in a higher fluorescence signal of tumour tissue compared to 
surrounding tissues. Using a multispectral fluorescence camera in the operation theatre, this 
difference in fluorescence can be visualised and used to define surgical resection margins 
or to visualize residual tumour tissue after initial surgical resection. Currently, clinical trials 
reported the feasibility and safety of the fluorescently labelled antibodies Panitumumab-
IRDye800CW and Cetuximab-IRDye800CW in HNSCC [106,107]. Further studies are needed 
to confirm that this technique contributes to clear surgical resection margins to prevent 
patients for re-resections and lower local recurrence rates. As this method is very useful 
for guiding surgery, this assay might be to insensitive to detect single cells in clear surgical 
margins. Clear surgical margins are most often defined as tumour cell free margins of at least 
5 mm. However, even in patients with clear surgical resection margins, local recurrences are 
reported in up to 11% of these cases [108,109]. In these particular cases, additional methods 
might be investigated. 

Various molecular methods are available that are able to detect tumour specific mutations at 
very low levels in a background of normal cells. E.g. the detection of minimal residual cancer 
with p53 mutations in surgical margins has been reported with promising sensitivities 
(75% and 85%) but still missed high specificities (67% and 58%) [110]. In chapter 8 we 
selected OSCC specific methylation markers with a genome wide approach. Important 
advantages of hypermethylation markers are the binary state (hypermethylated or not) and 
DNA hypermethylation appears more often and earlier compared to mutations [77]. These 
methylation markers might also be useful to detect minimal residual cancer in surgical 
resection margins that are microscopically tumour cell free. 

Another option is to use these methylation markers to detect and monitor circulating 
tumour cells (CTCs) or circulating tumour DNA (ctDNA) in saliva or plasma of OSCC patients 
after initial treatment. This might be a useful and non-invasive method to monitor treatment 
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response after radiotherapy or to an early detection of local or regional recurrences [111]. 
In chapter 8 we demonstrated the detection of OSCC cells in saliva using methylation 
markers. Although some small studies showed already promising results with the detection 
of CTCs or ctDNA of OSCCs in body fluids such as plasma and saliva, clear validation with 
large and prospective data is lacking [111].
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