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General introduction and scope of this thesis

GENERAL INTRODUCTION

Cancer of the head and neck

Head and neck cancer is the seventh most common cancer worldwide with an incidence
of 600.000 cases per year [1]. These head and neck tumours mainly arise from the epithelial
layers of the upper aerodigestive tract resulting in more than 90% squamous cell carcinomas
(HNSCQ) [1]. Other malignant tumours like adenocarcinomas, melanomas and lymphomas
are less common in the head and neck area [2]. The upper aerodigestive tract includes the
anatomical locations of the oral cavity, pharynx, larynx and the mucosa of the lip (Figure
TA). HNSCC is provoked by random (epi)genetic aberrations that, in the majority of the
cases, are caused by smoking or heavy alcohol consumption. Tobacco and alcohol use have
a synergetic effect, i.e. the combination of smoking and alcohol consumption resulted in a
higher risk of developing a HNSCC than the sum of the individual effects [3]. Other etiological
factors for HNSCC are human papilloma virus infection, which is almost completely restricted
to base of tongue and tonsil tumours [4], Epstein-Barr virus infection in nasopharynx
tumours [5] and ultraviolet light exposure (sunlight) for the lower lip tumours [6]. Betel nut
can induce carcinogenesis and is especially an important etiological factor for oral cancer
in Asian cultures, where chewing betel quid is popular [7]. A higher incidence of HNSCC is
also seen in the elderly [8]. The role of chronic inflammation, such as oral lichen planus, in
HNSCC is not completely understood, but data suggest that patients with these chronic
diseases might have a higher risk of malignant transformation of involved epithelium [9].
Treatment protocols differ between anatomical locations of HNSCC, e.g. oral cavity tumours
are primarily treated by surgical resection of the tumour, while pharyngeal tumours have
radiotherapy as primary treatment. The different anatomical locations, etiological factors
and treatment protocols demonstrate the heterogeneity of HNSCC.

Squamous cell carcinoma of the oral cavity

Oral squamous cell carcinoma (OSCC) is the most frequently diagnosed subtype of HNSCC
[2,10]. In 2018, the incidence in the Netherlands was 967 new cases for OSCC [11]. Most
affected oral cavity side is the lateral tongue, followed by the floor of the mouth. In general,
OSCCs metastasize first to lymph nodes in the cervical neck levels I-lll (Figure 1B), thereby
following the lymphatic drainage patterns, before metastasizing to lymph nodes in other
neck levels or further down in the body [12] or haematologically to other organs as lung,
skin and liver [13]. Metastasis to cervical neck levels is known as regional metastasis, while
spread of tumour cells to other parts of the body is known as distant metastasis. Primary
treatment with curative intent of OSCCs consists of surgical resection of the tumour. In case
of a clinically positive lymph node or high chance of lymph node involvement (defined as
>4 mm tumour infiltration depth), tumour resection is combined with a neck dissection.
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Histopathological assessment of the tumour resection specimen enables patient selection
for adjuvant treatment in cases with unfavourable pathological features. Surgery is often
followed by radiotherapy in patients with an intermediate risk for recurrences defined
as lymphovascular or perineural invasion, close surgical resection margins (1-5 mm),
pT3-T4 staged tumours or a >pN1 lymph node status [14,15]. Postoperative radiotherapy
is combined with chemotherapy in cases with a high risk for local, regional or distant
recurrence what is defined as positive surgical resection margins (less than 1 mm tumour
free margin), multiple positive lymph nodes or extranodal extension [14,15]. Surgical re-
resection is an option in cases with close or positive tumour resection margins for local
control with curative intent. Despite surgical resection and adjuvant therapy based on the
pathological features, curative treatment is still a challenge and reflected in the overall
survival (OS) that only improved six percent in the Netherlands from 56% in 1989 to a 62%
five-year OS in 2012 for OSCC in general [11,16]. Two important challenges affecting the
survival in OSCC are studied in this thesis: first, the detection of occult metastasis using
the sentinel lymph node biopsy or molecular tumour biomarkers in early stage OSCC. And
secondly, the detection of local recurrences and second primary tumours using molecular
tumour biomarkers in saliva.

paranasal sinuses

nasal cavity

oral cavity

nasopharynx
oropharynx pharynx
hypopharynx

epiglottis

supraglottis

glottis larynx
subglottis

Figure 1. Head and neck locations. The main anatomical locations of head and neck cancer (1A)
and the six cervical neck levels with four sublevels (1B). Oral cavity tumours metastasize mainly first to
lymph nodes located in level I-Ill.

salivary glands

[A: Adapted from Gibcus 2008 with permission, B: Copyright © Koos Boeve, UMCG, 2019 Groningen].
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CHALLENGE 1: DETECTION OF OCCULT METASTASIS IN
EARLY STAGE (cT1-2NO) OSCC

Clinical neck staging has been extended in the last decades from mere physical examination
by palpation to imaging of the neck by Computed Tomography (CT), Magnetic Resonance
Imaging (MRI) and followed by Ultrasound guided Fine Needle Aspiration Cytology
(USgFNACQ) in case of suspicion for lymph node metastasis [17]. Despite this evolution
in neck staging, still 23-37% of the early stage (cT1-2N0) OSCC patients are diagnosed
with occult metastases [18-20]. Occult metastasis means that these metastases were not
detected clinically, and thus defined as ‘clinically negative neck, but postoperatively by
histopathological examination or present as late metastasis after treatment of the primary
tumour has been completed. Conventionally two strategies were available for patients with
a clinically negative neck: frequent clinical examination of the neck (known as watchful
waiting) or an elective neck dissection (END). In the eighties of the last century, neck levels
I-V (Figure 1B) were dissected during an END, which was later restricted to levels I-lll. A level
-l END is also known as a 'selective neck dissection’ (SND) [12]. With the END, 63-77% of
the patients are overtreated and risk postoperative morbidities such as loss of shoulder
function or lymph oedema [16]. Using watchful waiting as neck strategy will result in occult
metastasis detection at a more unfavourable stage [21]. Overtreatment with ENDs and late
detection in case of watchful waiting are major limitations for these two conventional neck
strategies and were reasons to search for individual selection for a neck dissection. Tumour
infiltration depth is one of these well-studied predictive variables for lymph node status and
survival and was incorporated with a 4 mm cut-off in treatment protocols to select patients
for an END instead of watchful waiting [22,23]. The predictive value of tumour infiltration
depth resulted in incorporation in the 8" edition of the pTNM classification with 5 mm and
10 mm cut-offs (pT1 <5 mm, pT2 5-10 mm, pT3 <10 mm, Table 1).

Table 1. Differences between the 7t" and 8* AJCC pathological T-classification

T category  7*"TNM: tumour diameter 8t TNM: tumour infiltration depth added

T1 <2cm <5mm

T2 >2and <4 .cm >5and <10 mm

T3 >4.cm >10mm

T4 Moderately and very advanced Extrinsic tongue muscle infiltration is now deleted

Moderately advanced local disease: tumour invades adjacent structures only. Very advanced local disease: tumour invades
masticator space, pterygoid plates, or skull base or encases the internal carotid artery. Tumour diameter was the only criterion for
both clinical and pathological T1-3 staged tumours in the 7" T classification of the American Joint Committee on cancer (AJCC).
In the 8" edition pathological T classification tumour infiltration depth was added for T1-3 tumours and extrinsic tongue muscle
infiltration was deleted for the T4 category. In the 8™ edition pT1-3 tumours are staged by both tumour diameter and tumour
infiltration depth. [SOURCE: American Joint Committee on Cancer TNM cancer staging [24,25]]

13
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Sentinel lymph node biopsy procedure in early stage (cT1-2N0O) OSCC

Now the sentinel lymph node biopsy (SLNB) procedure is extensively used in breast cancer
and melanomas, it was also introduced in head and neck cancer as a less invasive procedure
for neck staging compared to the END [26]. The SLNB procedure enables detection and
harvesting of the sentinel lymph nodes (SLNs) (Figure 2).

Figure 2. Lymphatic drainage patterns in oral cancer. Oral cancer (marked in RED) metastasizes
first by lymphatic drainage patterns to cervical located lymph nodes (marked in GREEN and PURPLE).
The first lymph nodes in such lymphatic drainage patterns are called sentinel lymph nodes (SLN,
marked in PURPLE). These SLNs are normally the first locations positive for metastasis.

[Copyright © Koos Boeve, UMCG, 2019 Groningen]

Since distant metastasis is reported in 6% to 12% of the OSCC cases [13,27,28], especially
in those with advanced lymph node involvement (i.e. extranodal extension, >pN2), the
SLN status indicates whether or not the tumour has metastasized regionally or to distant



General introduction and scope of this thesis

locations. The SLNB procedure (Figure 3) consists of a peritumoral injection of a radioactive
tracer one day before surgery followed by imaging of the tracer using lymphoscintigraphy
on the same day as the injection [18,26]. During surgery, the SLN is detected and harvested
with a small incision and a handheld gamma-probe. Postoperatively, the SLN is assessed
by a pathologist for the presence of lymph node metastasis. The small number of lymph
nodes in a SLNB specimen (~2) compared to the high number of lymph nodes in an END
(~20) [29], allows an extensive pathological work-flow with step-serial-sectioning and
an immunohistochemical keratin staining of all slides in addition to the conventional
hematoxylin-eosin (HE) staining (Figure 3). Step-serial-sectioning and keratin staining are
not part of the END pathological work-flow.

s

Figure 3: The sentinel lymph node biopsy procedure. The sentinel lymph node biopsy (SLNB)
procedure consists of a preoperative peritumoral injection of a radioactive tracer (1, crosses indicate
injection sites around the tumour which is marked by a dotted line), visualisation of lymphatic drainage
patterns and sentinel lymph node (SLN) location by static and dynamic lymphoscintigraphy (2) and
SPECT-CT scanning (3). Intra -operatively, SLNs are identified and harvested using a handheld gamma-
probe and a small incision (4). The assessment of only a few lymph nodes in a SLNB specimen enables
extensive histopathological examination with step-serial-sectioning of six slides (5), conventional
hematoxylin-eosin (6) and additional keratin immunohistochemistry (7) that contributes to the
detection of small metastasis with a size of isolated tumour cells (<0.2 mm).

[Copyright © Koos Boeve, UMCG, 2019 Groningen]

15




Chapter 1

In early stage OSCC the SLNB procedure has been reported to be accurate in detecting
occult metastasis with a pooled sensitivity of 87% and a pooled negative predictive value
(NPV) of 94% in a meta-analysis using 66 studies [30]. Moreover, the SLNB revealed individual
lymphatic drainage patterns and detected occult metastasis with a size of just individual
metastasis cells [31]. After the introduction in OSCC the SLNB procedure was modified
several times [26]. Preoperatively the single photon emission computed tomography
(SPECT)-CT scan was added to the SLNB imaging protocol and resulted in detection of
additional SLNs in 22% of the patients [32]. Blue dye was part of the SLNB procedure as
intra-operatively injected tracer and visualised lymphatic drainage patterns by blue staining
[26].This tracer was discontinued in several Dutch centres because blue dye deteriorated
the demarcation of surgical resection margins and had only a limited additional value to the
preoperative imaging using a radioactive tracer [26]. Step-serial-sectioning with additional
keratin staining were added to the pathological assessment protocol to increase the
sensitivity of detecting small metastases.

Although the high accuracy in detection of occult metastases [30], many of the reported
studies consisted of small cohorts and differed in reference treatment for the SLNB negative
neck (i.e. END or clinical follow-up), SLNB procedure (e.g. use of a gamma probe, blue dye
or SPECT-CT) and pathological work-up (with or without additional keratin staining or step-
serial-sectioning). Furthermore, several studies provided incomplete clinico-pathological
information. This heterogeneity and lack of complete data underlined the need for studies
using complete and homogeneous cohorts. Additionally, the SLNB has some limitations:
First, the SLNB procedure seems to be less accurate in patients with a floor of mouth (FOM)
tumour what might be caused by the shine-through phenomenon (Figure 4) and resulting
in a lower detecting rate of SLNs located in level IA [33]. Secondly, in case of a metastasis
positive SLN a complete neck dissection of cervical levels |-V, known as a (modified)
radical neck dissection, needs to be done in a second operation. The modified radical
neck dissection might be more challenging as a result of fibrosis induced by the SLNB
procedure. Finally, although the SLNB is minor surgery compared to the END, it is still an
invasive technique for neck staging for early stage OSCC patients of which the majority has
no lymph node involvement. Histopathological and (epi)genetic tumour profiling using the
biopsy specimen of the primary tumor might be helpful to define patients preoperatively
for a more optimal neck strategy with a watchful waiting, SLNB or a neck dissection [34].
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Figure 4. Shine-through phenomenon in oral cancer. Sentinel lymph nodes (marked in
PURPLE) located in level | (arrow 1) are not always separately visual from the primary tumour with
lymphoscintigraphy and SPECT-CT imaging caused by the location of that sentinel lymph node
within the radioactive tracer hotspot of the tumour, known as shine-through phenomenon. Second
lymph nodes in the drainage pattern might be wrongly suggested and harvested as SLN (arrow 2) or
only SLNs in other neck levels (arrow 3) are harvested [33].

[Copyright © Koos Boeve, UMCG, 2019 Groningen]
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Histopathological and molecular tumour biomarkers predicting lymph
node status in OSCC

Tissue from tumour biopsy or surgical resection material enables to associate tumour
characteristics with lymph node status in OSCC. Histopathological tumour characteristics
such as tumour infiltration depth, pT status, perineural invasion, lymphovascular invasion,
degree of differentiation and pattern of invasion have been associated with lymph node
status for decades [35-39]. Of these histopathological characteristics, tumour infiltration
depth was reported as an independent predictive marker with the highest predictive value
and has been used in clinical practice for risk assessment of lymph node status [21,22,35].
Although some of the other histopathological tumour characteristics (lymphovascular or
perineural invasion, close surgical resection margins or a pT3-T4 staged tumour) are used
as adverse features to select patients for adjuvant radiotherapy, these characteristics are
not used as risk assessment to select patients for a neck dissection. Lack of clear validations
and large intra- and interobserver variability might be reasons why these markers are not
introduced in the clinical setting for predicting lymph node status [40]. For example, tumour
pattern of invasion was associated with lymph node status [41]. However, an analysis
of five different scoring methods for tumour invasion pattern showed just a moderate
reproducibility [40].

More recently, molecular tumour biomarkers have been studied widely for their association
with lymph node status. Many different cellular processes are involved in metastasis of
tumour cells, such as cell adhesion (detachment of the primary tumour), cell mobility
(movement to vascular structures), cell remodelling (passing vascular walls), resistance
to blood flow (adhesion to vasculature), direct exposure to immune system, homing
and cell division (metastasis formation in the lymph node) [42-44]. Some of these cellular
processes are (de-)regulated by increased expression of proto-oncogenes and the
inactivation of tumour suppressor genes caused by (epi)genetic alterations [45,46]. For
example, amplification of the 11g13 chromosome is such a genetic alteration and one of
the most frequently (36%) detected alterations in head and neck cancer [47]. CTTN, CCND1
and FADD are three genes located in the commonly amplified region at chromosome
11913 and overexpression of their proteins is associated with shorter survival and positive
lymph node status in head and neck cancer [48-50]. CTTN encodes for cortactin, a protein
with multiple binding domains such as F-actin, Src and Erk [51]. Cortactin is involved in
cytoskeleton formation, cell morphology and cell migration which are important processes
to enable a cell to metastasize [51]. Expression of cortactin results in migration in vitro [52]
in agreement with the observed association with lymph node status in patient biopsies of
the 11913 amplification [53]. The CCND1 gene encodes for the cyclin D1 protein, which
is especially known for promoting cell cycle progression during G1 [54], but also plays a
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key function in cell migration control, DNA repair and mitochondrial activity modulation
[54]. Fas Associated Death Domein (FADD) is the protein encoded by the FADD gene
and plays an important role in the apoptotic signalling, but has been related to cell cycle
progression, innate immunity and autophagy more recently [48]. Recently, a study showed
an increased rate of lymph node metastasis in head and neck squamous cell carcinoma
patients with a high FADD expression [55]. Despite a clear association of expression of these
genes such as CTTN/cortactin, CCON1/cyclin D1 and FADD with lymph node status, and
exploration of the underlying cellular processes involved in metastasis, none of these is
currently implemented as a diagnostic tumour biomarker for lymph node status in early
stage OSCC. One of the reasons is the lower predictive values of these tumour biomarkers
for lymph node status compared to the SLNB procedure [30,56]. These lower predictive
values might be due to the multistep character of metastasis with involvement of many
different cellular processes (see above) [42]. Therefore predicting lymph node status using
a single tumour marker only, most likely will not result in clinical suitable predictive values.
Recently introduced laboratory techniques, such as DNA microarrays, enable the selection
of genes and panels of genes using genome wide (epi)genetic approaches [56-58]. Despite
that a gene-signature of 852 genes showed a high sensitivity of 86% and a NPV of 89%
for detecting lymph node metastasis in a validation with early stage OSCC [56], such
signatures for assessment of lymph node metastasis are not implemented to the clinical
setting caused by the high costs, unfeasibility to use with formalin-fixed paraffin-embedded
tissue and the availability of the high accurate SLNB procedure [59]. Moreover, comparing
different signatures revealed hardly any similarity in selected genes and proteins between
these expression signatures [60-63], that might display the heterogeneity in expression
signatures among these tumours and the challenge of selecting genes or signatures with
clinical applicable predictive values [57,63].

A promising method to select predictive molecular biomarkers for lymph node status
is the analysis of the DNA hypermethylation status of certain cancer related genes. DNA
methylation is an epigenetic process that regulates DNA transcription by adding a methy!
group to a cytosine that precedes a guanine nucleotide, referred to as CpG sites [46]. A high
density of these CpG sites are referred to as CpG islands and commonly observed within
the regulatory regions of gene promotors [45]. Methylated CpG islands are associated with
a lower gene expression (Figure 5) [45,64]. During cancer progression, gene promotor DNA
methylation gradually increases (referred to as hypermethylation), while DNA methylation
of repetitive sequences decreases (referred to as hypomethylation) (Figure 5) [65]. Abnormal
expression of cancer-relevant genes by methylation has been reported to be at least as
common as affecting transcription by genetic DNA alterations such as DNA amplification
and mutations [66]. Because of hypermethylation is an independent mechanism of
transcriptional regulation related to DNA sequence alterations, these mechanisms might
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be complementary in regulating tumour processes such as metastasis [45]. Moreover,
hypermethylation is more common earlier in the carcinogenesis compared to DNA
mutations [45]. In addition, hypermethylation of certain genes (MGMT, DAPKT) has been
reported to be associated with lymph node status [67]. Recently, using a global genome-
wide screening approach, three new markers were identified to be differently methylated
comparing OSCC with and without lymph node metastasis (WISP1, RAB25 and ST100A9)
[68,69] [Clausen, STO0A9, in prep]. Because of the clear association with lymph node status,
a panel of these methylation markers might contribute to the detection of lymph node
metastasis, however the accuracy in detecting occult metastasis in early stage OSCC has
not been validated yet.

Normal Cell ? (ﬁ) ? ?!_’ } | H H};m—m-
Tumor Cell ? ?? ? ?:,_. } | H M

CpG islands Gene Repeated sequences
Specific hypermethylation Global hypomethylation
at gene promotors of the genome

Figure 5. DNA methylation in cancer. Methylation of CpG sites (red lollipops) in the promotor region
of a cancer-related gene induces silencing of gene expression and might contribute to carcinogenesis
[45]. Methylation of CpG sites throughout the genome outside the coding domains of genes (GRAY
boxes) decreases (hypomethylation) in cancer [45].

[Adapted from the Atlas of genetics and cytogenetics in oncology and haematology in 2013[70]].

CHALLENGE 2: DETECTION OF LOCAL RECURRENCES AND
SECOND PRIMARY TUMOURS

Local recurrences and second primary tumours are reported in up to 10-30% percent of
the cases in OSCC [71]. Local recurrence is defined as tumour growth within the same area
(maximal distance of 20 mm) and within three years after diagnosis of the initial tumour,
while second primary disease is defined as intra-oral tumour growth not fitting to one of
the criteria of local recurrence. Causes for local recurrences and second primary tumors of
OSCC are residual tumor cells after treatment and field cancerization of the oral mucosa
(Figure 6) [42].

20
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Residual tumour cells are isolated cells after treatment of the first primary tumour which
have the potential to develop as local recurrence. Field cancerization is the presence of
precancerous epithelium with or without clinical manifestation (Figure 6) [42]. In general,
DNA of epithelial cells undergoes several changes before they turn into a malignant tumour
cell [42]. First, a stem cell in the basal layer of the epithelium will undergo (epi)genetic
alterations and change into a preneoplastic stem cell. After proliferation this preneoplastic
stem cell might cause a preneoplastic field of oral epithelium [72]. The ongoing exposure
to the etiological factor (e.g. tobacco smoke, alcohol and betel nuts) might encounter
secondary DNA alterations and turn one of these preneoplastic cells into a neoplastic cell
and finally into a tumour with invasive growth surrounded by a field of preneoplastic cells
(Figure 6) [42]. Because most etiological factors affects the total mucosa of the oral cavity,
field cancerization is not restricted to the area of the first primary tumour and second
primaries could arise from such other fields located in the oral cavity as well as in other
locations of the upper aerodigestive tract (Figure 6) [42].

Tumour — Surgical resection
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Figure 6. Field cancerization and residual tumour cells. Schematic model of the mucosa of OSCC
cases with the different causes for local recurrences and second primary tumours as a result of field
cancerization and residual tumour cells.

[Source: Leemans CR, Braakhuis BJ, Brakenhoff RH, Nat Rev Cancer, 2011 [42], with permission].
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Early detection and treatment of local recurrences and second primaries is challenging.
Since clinical manifestation might be lacking, field cancerization and residual cells are
not recognized during surgery, clinical examination or histopathological assessment and
consequently detection is delayed until conversion into a local recurrence or second primary
tumour. In some cases there is clinical manifestation of field cancerization (e.g. leukoplakia),
and in this particular cases therapy is limited by the extensiveness of the field cancerization.
The intra-oral clinical examination, during follow-up after treatment of the first primary
tumour, might be limited by postoperative fibrosis induced by surgery or irradiation [73]
and as a result of reconstruction of the resection area of the first primary with tissue from
extra-oral donor sites.

To prevent patients for local recurrences or second primary tumours, histopathological
predictive characteristics have been studied. Close (1-5 mm) or involved (<1 mm) resection
margins of the tumour, perineural and lymphovascular invasion, grade of differentiation,
tumour infiltration depth and tumour pattern of invasion have been reported as predictive
for local recurrence [74-76]. Even in cases with free resection margins (>5 mm) [75,77], a local
recurrence rate of 8% to 11% is reported [77,78]. Other studies analysed the detection of
minimal residual cancer or preneoplastic fields using molecular markers in surgical resection
margins [76,79]. Although some promising results of molecular tumour biomarkers with
100% positive predictive values for local recurrences [79], robust validation in several trials
with clearly defined margins and sufficient power is lacking [80].

Currently, patients with involved or close resection margins, or T3-T4 staged tumours are
treated with adjuvant radiotherapy, chemotherapy or a surgical re-resection to lower the risk
foralocal recurrence [81]. Moreover, preneoplastic regions located adjacent to the resection
area could be removed using laser therapy [82]. Due to the clinical invisibility, removal of
the total preneoplastic field is uncertain. For example, oral leukoplakia is a clinically visible
type of field cancerization with an annual malignant transformation risk of 1% [83]. Even if
these visible leukoplakia fields are removed completely with carbon dioxide laser surgery,
a local recurrence risk of 3-40% for oral leukoplakia was reported in a systematic review
[83]. Therefore, after treatment of the first primary tumour, all OSCC patients are clinically
assessed according to a strict follow-up scheme starting with a 6 week interval followed by
three and six months intervals in the Netherlands.

Biomarkers for diagnosis and monitoring of recurrent disease in OSCC
using liquid biopsies

Although field cancerization and residual tumours cells are often clinically invisible, their
already existing (epi)genetic alterations might be detectable and used as biomarker
to monitor OSCC patients in order to diagnose local recurrences in an early stage [46].
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Tumour cells and tumour DNA are often released in plasma and referred to as respectively
circulating tumour cells (CTC) and circulating tumour DNA (ctDNA) [84]. Plasma collected
via minimal-invasive blood collection method is referred to as liquid biopsy, and has great
promise as a source for predictive testing and monitoring of treatment response [85]. The
precise mechanism behind the release of ctDNA in plasma is not totally clarified. Probably
that apoptotic neoplastic corpuscles are released into the bloodstream whether or not
after phagocytation by white blood cells and necrotic tumour cell debris including DNA
[85]. Another hypothesis is that viable tumour cells migrate into lymphatic or blood vessels
and become necrotic after missing the opportunity to form a metastasis [85]. In addition
to plasma, other body fluids can service as a source for CTCs and ctDNA including urine,
cerebrospinal fluid and saliva [84]. Tumour DNA and tumour cells in saliva are more likely
from apoptotic and necrotic cells which detach from the tumour surface in the oral cavity.
The relative easy way to collect plasma (minimal-invasive) and especially saliva (non-
invasive) makes it very promising sources for diagnosing (local) recurrences. ctDNA in
saliva and plasma might also be used for monitoring of therapy response in patients with
advanced disease and treated by radio-, chemo- or targeted therapy if complete resection
by surgery is not possible, such as could be the case in for example oropharyngeal tumours
[85]. Several types of biomarkers have been studied: DNA, RNA, methylation and protein
based markers [85,86]. Some of these studies reported sensitivities and negative predictive
values of more than 80% in detecting OSCC associated biomarkers in saliva [87] and serum
[85,88]. Moreover, the marker concentration levels in serum were associated with overall
survival and were independent prognostic markers [88]. Despite these promising results,
none of the liquid biopsies is implemented clinically nowadays for OSCC.

Biomarkers for diagnosing OSCC using liquid biopsies are facing challenges before being
used clinically. Besides the release of ctDNA or CTCs into the bloodstream or saliva, also often
large amount of DNA derived from healthy cells and in saliva also from other organisms
(bacteria, viruses, archaea and fungi) are present in these fluids [89]. In general, the amount
of ctDNA is mostly a very low fraction of the total amount of DNA extracted from plasma
or saliva referred to as cell free DNA from plasma (cfDNA) [85]. Therefore, a ctDNA marker
needs to be very specific for OSCC in order to detect ctDNA in a background of total cfDNA.
For this purpose, OSCC-specific methylation markers might also be useful in saliva to detect
progression of disease or monitor treatment using a non (saliva) or very minimal-invasive
(blood) approach to collect appropriate material. Recently, a review [85] included ten
studies which reported using methylation markers in saliva from OSCC patients showing
sensitivities from 34% to 93% and specificities from 72% to 93% for detecting OSCC in
saliva. Although these promising results, validation with large and independent data and
all tumour stages is not available. Also no other markers to identify ctDNA in saliva with
appropriate accuracies up to 90% and clear validations are reported [85].
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SCOPE OF THIS THESIS

The aim of this thesis was to analyse the prognostic or predictive value of clinical,
histopathological and molecular tumour markers which are associated with (sentinel)
lymph node status or with the detection of cancer in saliva of oral squamous cell carcinoma
patients.

Tumour infiltration depth has been a well-studied tumour marker for predicting lymph node
status and survival in OSCC [22]. Also extranodal extension has been proven as predictive
marker for OSCC. Recently, these histopathological markers were incorporated in the 8"
edition TNM classification [24]. In chapter 2 the potential impact of the changes within the
8™ edition pTNM classification on the prognosis and treatment strategy of oral squamous
cell carcinoma compared the use of the “old” 7" edition pTNM classification in a series of 211
pT1-T2 patients with a long-term follow-up was evaluated.

The sentinel lymph node biopsy procedure (SLNB) was introduced in early stage OSCC
for detecting occult metastasis. A meta-analysis on SLNB procedure accuracy showed
heterogeneity in the existing studies for reference standards, imaging techniques and
pathological examination [30]. In chapter 3 the sensitivity and negative predictive value of
the SLNB procedure in detecting occult metastases in cT1-2N0 OSCC was assessed. For this
purpose, a well-defined cohort was used with clinical-follow up as reference standard for
the SLN negative patients, SPECT-CT part of the imaging protocol and step-serial-sectioning
and additional keratin staining as standard histopathological examination.

Despite the relative common local recurrences and second primary tumours in OSCC, only
one study with 22 patients reported on the SLNB procedure in patients with a previously
treated neck [90]. The SLNB procedure also provides information about the individual
lymphatic drainage patterns, that might be helpful in these previously treated patients
with altered lymphatic drainage patterns. In chapter 4 the accuracy of SLNB procedure
was assessed and lymphatic drainage patterns evaluated using a multicentre consecutive
cohort of cT1-2NO patients with a previously treated neck in three Dutch head and neck
cancer centres.

Maxillary tumours are relatively rare and evidence on drainage patterns of these specific
locations is lacking. Conventionally, the opinion was that these tumours rarely metastasize
or only to retropharyngeal located lymph nodes [91]. In chapter 5 we retrospectively
determined lymphatic drainage patterns of 11 patients with maxillary tumours who had
neck staging with the SLNB procedure.
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Previously an association was observed between lymph node metastasis and disease
specific survival and between lymph node metastasis and the expression of cortactin, cyclin
D1, and FADD, three genes located in the chromosome 11q13 region and amplified in 13
to 29% of the HNSCC [47,55]. In chapter 6, both 11g13 chromosome amplification and
expression of cortactin, cyclin D1 and FADD were associated with occult metastasis using a
large multicentre cohort of 313 early stage OSCC patients collected from the databases of
UMCU and UMCG.

Although the SLNB procedure is minor surgery compared to an END, it is still an invasive
procedure in ~75% of the early stage OSCC patients who eventually had no lymph node
involvement. In chapter 7 molecular tumour biomarkers (cortactin, cyclin D1, FADD, RAB25,
S100A9) previously reported as associated with lymph node status in OSCC, were analysed
for their clinical value to select patients with a low risk for lymph node metastasis for a
watchful waiting instead of a SLNB procedure. All included early stage OSCC patients had
neck staging using the SLNB procedure which provide detailed lymph node involvement
information. Expression levels of the selected molecular markers were associated with
lymph node status using tissue micro arrays constructed from tumour biopsy and tumour
resection tissues.

In chapter 8 we describe the selection of new OSCC-specific methylation markers using
an OSCC-methylome based on genome wide methylation screening approach. Selected
methylation markers were validated in a feasibility study with saliva of ten OSCC patients
and ten healthy controls using a quantitative methylation specific PCR (QMSP).
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Chapter 2

ABSTRACT

Aims: In the 8" edition of the American Joint Committee on Cancer TNM staging manual,
tumour infiltration depth and extranodal extension are added to the pathological
classification for oral squamous cell carcinoma. The currently available 8" TNM validation
studies lack patients with conservative neck treatment, and changes in the classification
especially affect patients with small tumours. The aim of this study was to determine the
potential impact of the changes in the 8" edition pTNM classification on the prognosis
and treatment strategy for oral squamous cell carcinoma in a well-defined series of pT1-T2
patients with long-term follow-up.

Methods and results: Two hundred and eleven first primary pT1-T2 oral squamous
cell carcinoma patients, with surgical resection as primary treatment, were analysed
retrospectively. One hundred and seventy-three patients underwent a neck dissection,
and 38 patients had frequent clinical neck assessments. Long-term follow-up (median
64 months) and reassessed tumour infiltration depth were available. Classification according
to the 8™ edition criteria resulted in 36% total upstaging with the T classification and 16%
total upstaging with the N classification. T3-restaged patients (n = 30, 14%) had lower
5-year disease-specific survival rates than T2-staged patients (81% versus 67%, p = 0.042).
Postoperative (chemo)radiotherapy could have been considered in another seven (3%)
patients on the basis of the 8" edition criteria.

Conclusions: Addition of tumour infiltration depth and extranodal extension in the 8" TNM
classification leads to the identification of oral squamous cell carcinoma patients with a
worse prognosis who might benefit from an improved postoperative treatment strategy.

36



8th TNM classification prognostic value in oral cancer

INTRODUCTION

In 2016, the 8" edition of the American Joint Committee on Cancer (AJCC) TNM staging
manual was released [1]. As compared with the 7" edition, tumour infiltration depth and
extranodal extension (ENE) were incorporated into the pathological TNM classification for
oral squamous cell carcinoma (OSCC) [1,2]. On the basis of the 8" edition criteria, 7" edition
pT1 patients with a tumour infiltration depth between 5 and 10 mm are restaged as pT2
and all pT1 and pT2 patients with a tumour infiltration depth of >10 mm are restaged as
pT3. Following the pN classification in the 8™ edition, cases with a single positive lymph
node <30 mm in diameter with ENE are restaged from pN1 to pN2b, and all other ENE-
positive patients are restaged as pN3b.

Theincorporation of tumourinfiltration depth and ENE in the pathological TNM classification
was based on data from both the International Consortium for Outcome Research in Head
and Neck Cancer (ICOR) (n = 3149) and the National Cancer Data Base (n = 7264) [2,3]. The 8"
edition has been validated in various independent databases: the pT and pN classifications
by Lydiatt et al. (n=1792) [2] and Matos et al. (n = 298) [4], and the pN classification by Garcia
etal. (n=1137) [5]. These studies confirmed a better prediction of survival per stratification
with the 8" pTNM classification edition, whereby patients who had been upstaged because
of the incorporation of tumour infiltration depth and ENE generally had lower survival rates.

Despite the validation with big data, the clinical impact for small tumours (pT1-2) is not
really clear. As mentioned by Matos et al. and the ICOR study, their populations were limited
to patients undergoing neck dissections. Patients with a clinically negative neck and not
treated with selective neck dissections - also known as watchful waiting - were not included
[3,4].This pointisimportant because incorporation of infiltration depth in the pT classification
could also influence prognosis and as a result change the treatment strategy for these early-
stage patients. Therefore, our aim was to study the clinical impact of the 8" edition pTNM
classification on the survival of 7" edition pT1-T2 patients treated with surgical resection
of the tumour combined with neck dissection or a watchful waiting strategy. We selected
pathologically staged T1-T2 OSCC patients from our large and homogeneous database with
extensive clinicopathological and long-term follow-up data [6,7].

MATERIAL AND METHODS

Patients

This cohort with reassessed tumour infiltration depth has been previously described [6,7].
Briefly, 246 consecutive patients with pT1-T2 OSCC according to the 7" edition, diagnosed
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between 1997 and 2008 with a first primary tumour and treated with surgical resection of
the tumor at the University Medical Centre Groningen, were selected from our database.
Thirty-five patients were excluded because of multiple head and neck tumours (n = 3),
irretrievable haematoxylin and eosin (HE) slides (n = 13), or unreliable assessment of
infiltration depth because of missing epithelial surfaces and tangential tissue cutting (n
=19), resulting in 211 patients being available for tumour infiltration depth reassessment.
Thirty-eight patients (18%) with a pT1 tumour did not undergo a neck dissection, but
were followed closely (watchful waiting). This strategy was common in the era before the
awareness that an infiltration depth of 4 mm implied a high chance of tumour spread to
lymph nodes [6]. The 38 patients - with watchful waiting - had a median tumour infiltration
depth of 3.2 mm (IQR 2.1-5.6 mm). In total, 211 patients were used for analysis and 173 of
these were treated with neck dissection. The clinical and histopathological characteristics
of the study group are shown in Table 1. In total, 72 patients received postoperative
radiotherapy, but none of the watchful waiting patients were postoperatively irradiated.
The median follow-up time was 64 months (range 0-193 months). Thirteen patients (6%)
were diagnosed with local recurrence and 26 (12%) with regional recurrence. Of the 38
watchful waiting patients, two patients were diagnosed with a local recurrence and seven
patients with regional recurrences during their follow-up. Sixty-eight patients (32%) died in
the first 5 years after treatment, 57% because of the OSCC. OSCC related death (median 63
years; QR 54-70 years) occurred at a significantly younger age than OSCC unrelated death
(median 71 years; IQR 62-79) (p = 0.010).

Data collection

Clinical and pathological data were collected retrospectively from the patient files. Tumour
H&E-stained slides were revised by one dedicated head and neck pathologist, and tumour
infiltration depth was reassessed by the use of digital microscopy and computerised
measurements (Research Assistant 6; RVC; Soest, The Netherlands). Tumour infiltration
depth was measured from the mucosal surface or from the reconstructed mucosal surface
in cases of ulcerated or exophytic tumours [7], this differs from the AJCC manual in using
the mucosal surface instead of the mucosal basement membrane [2]. ENE was defined
as an extension of tumour cells beyond the nodal capsule and forms part of the standard
pathology report in our centre. Cases with no convincing extension beyond the nodal
capsule (ie. no stromal reaction) were scored as negative. We revised the pathological
tumour and pathological nodal classification according to the 8" edition. Five-year disease
specific survival (DSS) was defined as the time from first treatment until disease specific
death or the last follow-up, with a maximum of 5-years. Three-year disease-free survival
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(DFS) was defined as the time until local, regional or distant recurrence or the last follow-up
within 3 years after the start of the initial treatment. Death was censored and did not count

as a DFS event.

Table 1. Population characteristics

Variables n (%)
Total patients 211 (100)
Gender Male 118 (56)
Female 93 (44)
Age at diagnosis Mean (SD) 62 (13)
(years) Range 2510 94
Site Tongue 108 (51)
Gum 14 7)
Floor of mouth 64 (30)
Cheek mucosa 7 @)
Retromolar area 12 6)
Other 6 3)
cT status (7™) 1-2 189 (90)
3-4 22 (10)
cN status (7) cN+ 50 (24)
cNO 161 (76)
Histopathological characteristics Tumour thickness (mm) Median (IQR) 6.00 (33t09.0)
Range 0.11t020.0
Perineural invasion 35 (17)
Lymphovascular invasion 19 9)
Involved margins (<1 mm) 32 (15)
PO(ORT 72 (34)
Follow-up (months) Median (IQR) 64 (30 to 99)
Range 0to 193
Recurrences Locoregional recurrence 13 6)
Regional recurrence 26 (12)
Distant metastasis 6 (3)
Death Due to disease 36 17)
Overall 68 (32)

Abbreviations: OSCC, oral squamous cell carcinoma; SD, standard deviation; IQR, interquartile range; PO(C)RT, postoperative chemo

or radiation therapy.
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Ethical justification

As this study used retrospectively evaluated data from patients treated according to the
Dutch national guidelines for oral cavity cancer, approval from the hospital research ethics
board was not necessary according to the Dutch ethical regulations [8].

Statistics

Categorical data are presented as number and percentage, normally distributed data are
presented as mean with standard deviation (SD), and skewed data are presented as median
with IQR. Fisher's exact or chi-squared tests were used to test the associations between
categorical data. The log-rank test was used to analyse differences between the Kaplan-
Meier curves. DSS is reported as a percentage of survival after 5 years and DFS is reported as
a percentage of survival after 3 years. The STATA statistical software (Release 15.1) was used
to determine the 95% confidence intervals of the DSS and DFS survival percentages (Stata
Corp., College Station, TX, USA). All other statistical analyses were performed with iBm spss
sTaTisTIcs 23 (SPSS, Chicago, IL, USA). P-values of <0.05 were considered to be significant for
all of the statistical analyses.

RESULTS

Tumour staging

In total, 211 patients with a median tumour infiltration depth of 6.0 mm (IQR: 3.3 to 9.9
mm) were used for the pT classification analysis. Tumour restaging according to the 8"
edition resulted in upstaging of 75 (36%) of the 211 patients: 12 (6%) patients on the basis
of both tumour infiltration depth and ENE, and 63 (30%) patients on the basis of tumour
infiltration depth only. Figure 1A shows the differences between the 7" and 8" pT editions.
Fifty-four pT1 patients (44%) and 21 pT2 patients (24%) were restaged according to the 8"
edition criteria. Patients with tongue tumours were significantly more often restaged to pT2
(31%) or pT3 (19%) than patients with tumours in the other anatomical locations, for whom
restaging occurredin 12% (pT2) and 9% (pT3) (p < 0.001). Of the 38 watchful waiting patients,
11 (29%) were restaged to pT2. These patients had significantly shorter DSS (p = 0.016) and
DFS (p = 0.033) than the other 27 patients (Figure 2A, B). Within the watchful waiting group,
three (11%) of the 27 non-restaged patients and four (36%) of the 11 restaged patients were
diagnosed with regional recurrences during follow-up (not-significant). Sixteen of the 45
patients (35%) restaged from pT1 to pT2 had undergone postoperative radiotherapy after
surgical resection of the tumour. Twenty-three of the 30 patients restaged as pT3 had been
postoperatively irradiated. The 8" edition pT classification showed a good stratification with
significantly shorter DSS for the pT1-T2 patients upstaged to pT3 than for non-restaged pT2
patients (81% versus 66%, p = 0.048, Figure 3B and Table 2).
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Figure 1. Differences in tumour, nodal and stage grouping between the 7" and 8" editions of
the AJCC TNM classification.

Abbreviations: T, tumour; N, nodal; WW, watchful waiting; ND, neck dissection; AJCC, American Joint Committee on Cancer.
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Figure 2. Differences in disease specific survival (A) and disease free survival (B) for 7*" pT1-
classified patients with a watchful waiting strategy of the neck which were staged using the
8th edition pT criteria.

Nodal Staging

Ofthe 173 neckdissection patients, 72 (42%) were diagnosed with nodal metastasis. Twenty-
eight (16%) of these 173 patients were restaged with the 8™ edition criteria because of ENEs
(Figure 1B). No significant differences were seen in N-status restaging between anatomical
locations. Twenty-six of the 28 restaged patients had been treated postoperatively with
radiotherapy, which was combined with chemotherapy in one patient. The 8" edition pN
classification showed good stratification, with an 89% 5-year survival rate for the watchful
waiting patients and pN3 staged patients having the shortest survival rates, although the
difference in DSS between pN2 staged and pN3 staged patients was not significant (69%
versus 48%, p = 0.072, Figure 3D and Table 2).

Stage Grouping

In total, 42 (20%) patients were restaged with the 8" edition criteria. Differences in stage
grouping per category between the 7" and 8™ editions are shown in Figure 1C. Restaging
with the 8™ edition resulted in a smaller difference in DSS between stage | and stage Il: 11%
versus 3% difference in the 5-year DSS between the 7 and 8" stage | and stage Il editions
respectively. After restaging with the 8" edition criteria, the difference in DSS was larger
between stage Il and stage Ill, being 12% with the 7" edition (85% and 73%, not significant)
versus 20% with the 8™ edition (94% and 74%, p = 0.007) (Figure 3F and Table 2).

42



8th TNM classification prognostic value in oral cancer

Table 2. Disease specific survival rates, 95% confidence intervals and log-rank test of all stages

Survival Log-rank test

Edition Category 5yr, % 95% ClI Compared groups p-value

70T class T 89 82t0 93 T1vsT2 0.002
T2 72 61to 81

8N pT class T 91 81to 96 T1vsT2 0.077
T2 81 7210 87 T2vsT3 0.048
T3 66 45 to 80 T1vsT3 0.001

7% pN class Ww 89 73to 86 WW vs NO 0.734
NO 92 84 to 96 NO vs N1 0.005
N1 73 5410 86 NT vs N2 0.264
N2 59 42to73 N2 vs N3 0402
N3 0 NA

8" pN class Ww 89 73t096 WW vs NO 0.734
NO 92 84 to 96 NO vs N1 0.016
N1 75 53to0 88 N1 vs N2 0.793
N2 69 46 to 84 N2 vs N3 0.072
N3 48 26t0 67

7" SG class WW 89 73t0 96 WW vs Stage | 0.195
Stage | 96 86 t0 99 Stage | vs Stage Il 0.056
Stage I 85 70t0 93 Stage Il vs Stage lll 0.184
Stage lll 73 541086 Stage Il vs Stage IV 0.220
Stage IV 58 40to 72

8" SG class WW 89 73 t0 96 WW vs Stage | 0270
Stage | 97 781099 Stage | vs Stage Il 0.594
Stage |l 94 831098 Stage Il vs Stage lll 0.007
Stage Il 74 581085 Stage Il vs Stage IV 0.167
Stage IV 59 43to 72

Abbreviations: Cl, confidence interval; N, nodal; T, tumour; NA, not applicable; SG, stage grouping; WW, watchful waiting.
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Figure 3. Disease specific survival Kaplan - Meier curves for the 7" edition (A+C+E) and 8t
edition (B+D+F) TNM classifications. Five-year survival rates with their 95% confidence intervals for
each disease specific survival curve and log-rank test are given in Table 2.

Abbreviations: AJCC, American Joint Committee on Cancer; ed., edition; DSS, disease specific survival; N, nodal; T, tumour; WW,
watchful waiting
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DISCUSSION

The aim of this study was to determine the clinical impact of the addition of tumour
infiltration depth and ENE in the 8" edition of the pathological TNM classification on survival
and potential alterations in treatment strategy for pT1-T2 OSCC patients who had been
treated on the basis of the 7" edition. In this study, 36% and 16% of all of the patients were
restaged with the 8™ edition criteria according to the pT and pN classifications, respectively.
Patients restaged as pT3 showed significantly shorter DSS than the 8" edition pT1-T2
staged patients. Another seven (3%) patients who were restaged as pT3 could possibly
have benefited from postoperative radiotherapy.

This study used a well-defined 7" edition pT1-T2 cohort with extensive clinical data to add
to the current evidence validating the 8" edition TNM classification [2,4,5]. Patients with a
watchful waiting strategy of the neck were also included, which was not the case in the
large ICOR study and the validation study by Matos et al. [3,4]. Recently, two other studies
investigated the differences between the 7% edition and 8" edition TNM staging by using
early-stage OSCC patients [9,10]. These studies differed from the current study by using
sentinel lymph node biopsy (SLNB)-staged patients or by analysing only the pT categories
and not the pN categories. This study confirms the previously mentioned validation study
findings regarding the shorter survival rate of patients restaged as pT3 and pN3 with the 8%
edition criteria [2,4,5]. However, the number of restaged patients differs between studies. In
this study 44% of the 7" edition pT1 patients were restaged, versus 44% and 61% in other
studies [3,4] and 24% of the pT2 patients were restaged, versus 62% and 47% in other studies
[3,4]. Remarkably, one of the other studies did not restage any of the 7" edition pT1 patients
to pT3 [3]. Differences in restaging rates might be explained by differences in clinical care
between the countries. In The Netherlands, people visit their general dental practitioner
once a year or more, whereas one of the validation studies stated in the discussion that the
restaging rates could have been limited by a high rate of advanced disease which is a reality
in emerging countries [4].

Restaging to a higher classification level with the 8" edition criteria is only possible for
7% edition pT1-T2 patients. Consequently, the 8" edition is clinically most relevant for
these patients. This is why we used a cohort of 7" edition pT1-T2 patients to obtain an
unadulterated view of the differences in prognosis. The inclusion of only pT1-T2 patients
resulted in a relatively small number of 8" edition pT3 patients as compared with other
studies. Also, the ENE rate in this study is lower than in the other 8" edition TNM validation
studies: 39% versus 51% and 53% respectively [4,5]. The inclusion of only pT1-T2 patients
could explain the lower ENE rate than in studies that also included more advanced disease.
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We previously stated that a tumour infiltration depth of 4 mm could serve as an optimal
cut-off between elective and therapeutic neck dissections, on the basis of results obtained
with the same cohort [6]. Therefore, it is not surprising that the 8" edition pT2 patients
(tumour infiltration depth of 5-10 mm) showed shorter survival in this study. Furthermore,
another study suggested using a 4 mm tumour infiltration depth as a cut-off for pT3
tumours instead of the 8™ edition AJCC pT cut-offs [9]. Twelve patients in this cohort had a
watchful waiting of the neck and an infiltration depth of >4 mm because they were treated
before the introduction of the 4 mm cut-off in our centre. Exclusion of these 12 patients
resulted in a 100% 5-year survival for the remaining watchful waiting patients and similar
survival stratifications for the 7!"and 8" pT and pN categories (Supplementary data 1 and 2).

The benefit of this cohort was the availability of long-term follow-up because no adjustments
were made for OSCC in the 7" pTNM classification edition when it was released in 2009, as
compared with the 6™ edition [11].

Additions to the pTNM classification are useful if they can be measured robustly and
have a clinical impact. The national guidelines in The Netherlands support postoperative
radiotherapy of T3-T4 tumours, even those with clear margins [12]. If the patients in this
cohort had been staged with the 8" edition and treated accordingly, another 3% of the
patients would have received postoperative radiotherapy. Although the patients who were
restaged according to the 8™ edition pT classification criteria showed lower DSS, prospective
studies are needed to confirm that radiotherapy is beneficial for these patients. Besides the
adjuvant therapy, SLNB is currently used as staging technique for cT1-2NO patients in our
centre [13]. This study shows that the 30 (15%) patients who were restaged as T3 would
not have had an indication for a SLNB according to the 8™ edition criteria. Den Toom et al.
stated that 8" edition pT3 patients with tumours <40 mm in diameter probably benefit
from staging of the neck with the SLNB procedure [10]. However, further data are needed to
verify whether the SLNB is still a reliable neck staging technique for patients restaged from
7" edition pT1-T2 to 8" edition pT3. In our centre, pN3 patients are treated postoperatively
with concomitant chemoradiotherapy according to the current guidelines [12]. Despite the
better prognostic value of the 8" edition pN classification, pN staging with the 8" edition
would not alter postoperative treatment strategies in our centre.

The growth of OSCCs can occur in an exophytic, an ulcerative or a superficial manner
[2,6]. These differences in surface growth have resulted in various methods of assessment
of tumour infiltration depth and thickness in the past[2]. To prevent underestimation
(ulcerative growth) or overestimation (exophytic growth) of the prognosis, for the 8" pT
classification tumour infiltration needs to be measured vertically from the reconstructed
mucosa by use of the adjacent mucosal basement membrane of the normal epithelium [2].
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In this study, the mucosal surface was used instead of the basement membrane. Healthy
epithelial thicknesses are approximately 216 um (SD 59 um) for the tongue and 99 um
(SD 22 um) for the mucosa of the anterior floor of the mouth [14]. Because of these small
differences between healthy mucosal surfaces and basement membranes, it is improbable
that tumour infiltration depth assessment by use of the basement membrane would have
a large impact on our data. This was confirmed by an earlier study reporting an extremely
high correlation between both methods (3.7% pT category difference) [4]. Another study
reported a 5.7% difference in pT category when it compared both methods without
correcting for exophytic growth [15]. In cases of metastasis in lymph nodes, all cases with
extension of the metastasis through the fibrous capsule into the surrounding tissue should
be scored as ENE positive [2]. To study the effect of ENE size in the future, Lydiatt et al.
advocate to divide ENE positive lymph nodes with minor ENE (<2 mm) and major ENE (>2
mm and metastasis without recognisable lymph node) [2].

This study demonstrates, in a well-defined retrospective cohort of 211 pT1-T2 (7" edition)
OSCC patients, that the addition of tumour infiltration depth and ENE, as used in the 8™
edition of the AJCC pathological TNM classification, identifies a group of restaged patients
with a worse prognosis.
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SUPPLEMENTARY DATA

Supplementary data 1. Disease specific survival rates , 95% confidence intervals and log-rank
test of all stages after excluding watchful waiting patients with a tumour infiltration depth >
4 mm

Disease Specific Survival Log-Rank test
Edition Category
5yr% 95% Cl Compared stages p-value

70 pT T1 92 85096 T1vsT2 0.001
T2 72 61 to 81

8" pT T1 92 83t097 T1vsT2 0.066
T2 82 7310 89 T2vsT3 0.042
13 66 4510 80 T1vsT3 0.001

70 pN WW 100 NA WW vs NO 0.135
NO 92 84 to 96 NO vs N1 0.005
N1 73 5410 86 NT vs N2 0.264
N2 59 421073 N2 vs N3 0402
N3 0 NA NA

8" pN WW 100 NA WW vs NO 0.135
NO 92 84 t0 96 NO vs N1 0.016
N1 75 53t0 88 NT vs N2 0.793
N2 69 46 to 84 N2 vs N3 0.072
N3 48 26t0 67

7 SG WW 100 NA WW vs Stage | 0333
Stage | 96 86 to 99 Stage | vs Stage Il 0.056
Stage ll 85 70t0 93 Stage Il vs Stage Il 0.184
Stage Il 73 5410 86 Stage lll vs Stage IV 0.220
Stage IV 58 40to 72

8" SG WW 100 NA WW vs Stage | 0352
Stage | 97 79to 100 Stage I vs Stage |l 0.594
Stage ll 94 831098 Stage Il vs Stage Il 0.007
Stage Il 74 5810 85 Stage Il vs Stage IV 0.167
Stage IV 59 43to 72

Abbreviations: Cl, confidence interval; N, nodal; T, tumor; NA, not applicable; SG, stage grouping; WW, watchful waiting
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Supplementary data 2. Disease specific survival Kaplan - Meier curves for the 7t edition
(A+C+E) and 8t edition (B+D+F) TNM classifications after excluding watchful waiting patients
with a tumour infiltration depth >4 mm. Five-year survival rates with their 95% confidence intervals
for each disease specific survival curve and log-rank test are given in supplementary data 1.

Abbreviations: AJCC, American Joint Committee on Cancer; ed,, edition; DSS, disease specific survival; N, nodal; T, tumor; WW,
watchful waiting
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ABSTRACT

Objectives: In cT1-2N0 oral squamous cell carcinoma (OSCC) occult metastases are detected
in 23-37% of cases. Sentinel lymph node biopsy (SLNB) was introduced in head and neck
cancer as a minimally invasive alternative for an elective neck dissection in neck staging.
Meta-analyses of SLNB accuracy show heterogeneity in the existing studies for reference
standards, imaging techniques and pathological examination. The aim of this study was to
assess the sensitivity and negative predictive value (NPV) of the SLNB in detecting occult
metastases in cT1-2NO OSCC in a well-defined cohort.

Design: Retrospective study. The SLNB procedure consisted of lymphoscintigraphy, SPECT-
CT scanning and gamma probe detection. Routine follow-up was the reference standard
for the SLNB negative neck. Histopathological examination of sentinel lymph nodes (SLN)
consisted of step serial sectioning, haematoxylin-eosin and cytokeratin AE1/3 staining.

Setting: Two comprehensive oncology centres.

Participants: A total of 91 consecutive patients with primary cT1-2NO OSCC treated by
primary resection and neck staging by SLNB procedure between 2008 and 2016.

Main outcome measures: Sensitivity and negative predictive value.

Results: In all cases, SLNs were harvested. A total of 25 (27%) patients had tumour-positive
SLNs. The median follow-up was 32 months (range 2-104). Four patients were diagnosed
with an isolated regional recurrence in the SLNB negative neck side resulting in an 85%
sensitivity and a 94% NPV.

Conclusion: In our cohort, the SLNB detected occult metastases in early OSCC with 85%
sensitivity and 94% NPV. This supports that SLNB is a reliable procedure for surgical staging
of the neck in case of oral cT1-2NO SCC.
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INTRODUCTION

Regional metastases occur in 23-37% of the early stage (cT1-2NO) oral squamous cell
carcinomas (OSCC) [1-3]. Lymph node status is an important prognostic factor for outcome
and treatment decision making of head and neck cancer [1-8]. However, not all metastases
are clinically detectable with the current diagnostic modalities [9-11]. Occult metastases are
conventionally treated by removal of the lymph nodes by elective neck dissection (END)
after research showed higher rates of overall and disease specific survival compared to a
watchful waiting strategy [12]. However, an END has disadvantages: it leads to overtreatment
in 63-77% of the cases and has a risk of postoperative morbidity (e.g. shoulder pain, reduced
limb movement) [13]. Therefore, there is a need for a better neck staging modality.

The sentinel lymph node biopsy (SLNB) was introduced in oral cavity cancer as a less
invasive lymph node staging technique after successful implementation in melanoma
and breast cancer [5]. The limited number of lymph nodes (LN) with the SLNB enables a
more meticulous pathological examination incorporating step serial sectioning (SSS) and
additional immunohistochemistry (IHC) [14]. Recently, Liu and Wang reported a meta-
analysis of 3566 early stage OSCC patients from 66 studies with a pooled sensitivity of 87%
and negative predictive value (NPV) of 94% for SLNB in detecting occult metastasis [15].
However, many of these studies consist of small cohorts and differ in reference treatment,
SLNB localisation technique (e.g. use of gamma-probe, blue dye or single photon emission
CT (SPECT-CT)) and pathological work-up (with or without IHC or SSS). Furthermore, several
studies provide incomplete clinico-pathological information. This heterogeneity and lack
of complete data underline the need for more studies using complete and homogeneous
cohorts. The aim of this study was to determine the sensitivity and NPV of the SLNB in
detecting occult metastases in a large, well-defined cohort. For this purpose, we used a
retrospective cT1-2NO OSCC cohort of 91 patients all treated by primary surgical resection,
neck staging with the SLNB procedure and routine follow-up as reference standard for the
SLNB negative neck.

PATIENTS AND METHODS

Ethical consideration

Sentinel lymph node biopsy was part of standard treatment and data were retrospectively
gathered from existing data sources; therefore no approval from the hospital research ethics
board was required according to the Dutch ethical regulations [16,17]. Five patients were
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alsoincluded in a Dutch multicenter SNLB validation trial before the SLNB was incorporated
in the Dutch guidelines. Written informed consent was obtained from each of these five
individual patients after study approval from the ethical board of the UMCG [7].

Patients and setting

Patients treated at the Oral & Maxillofacial Surgery or Otorhinolaryngology / Head & Neck
Surgery departments of the University Medical Center Groningen (UMCG) (n = 91) or the
Oral & Maxillofacial Surgery department of the Medical Center Leeuwarden (MCL) (n = 12)
between October 2008 and September 2016 were included. Inclusion criteria: clinically T1-
2NO OSCC; primary treatment by surgical resection; neck staging by SLNB. Twelve patients
were excluded because of pT3-4 tumours (n = 2), multiple primary head and neck squamous
cell carcinoma at diagnosis (n = 5), incomplete SLNB protocol (n = 3) and, multifocal
tumours without free surgical resection margins and uncertainty of clear injection around
the tumour (n = 2). Clinico-pathological data of the 91 (100%) patients were retrospectively
collected from the digital patients files (Table 1). Clinical neck staging was performed by
extensive palpation and CT or MRI (UMCG) or by '8F-FDG positron emission tomography
(PET)-CT (MCL) scanning and in both centers followed by US-guided with fine needle
aspiration cytology in case of enlarged (>1 cm) of otherwise suspicious nodes. Cases with
a positive SNLB underwent a modified radical neck dissection (MRND) during a second
surgery. Routine follow-up of the neck was used as reference standard in the SLNB negative
patients. In total seven (8%) patients received adjuvant radiotherapy for irradical tumour
resection of the deep margin (n = 4), pN2 neck stage (n = 3) and/or extranodal extension
(n=1).

Sentinel lymph node biopsy procedure

One day before surgery “"Tc-nannocolloid (median 100 MBg, IQR 95-102, data available for
90 patients) (GE Healthcare, The Netherlands) was injected around the tumour. Dynamic
visualization by lymphoscintigraphy followed immediately after injection for 20 minutes
in anterior or oblique views (20x60s s, 128x128 matrix) and also immediately static images
(3005, 256x256m matrix) in anterior and lateral direction were generated (Ecam or Symbia S
(MCL), or Symbia T (UMCG), Siemens, Knoxville, TN, USA). The static visualization was repeated
after 2-4 h. Thereafter visualization by SPECT-CT scanning of the head and neck using a
two-headed gamma camera equipped with parallel-hole ultra-high resolution collimators
and a 2-slice CT scanner (32 views of 20 s, 128x128 matrix; mAs 30, kV 110, 3.0 mm slice)
was performed, only in the UMCG. SPECT-CT scanning was added to the protocol after
treatment of the first five patients. The position of the SLN was marked on the overlaying
skin with a Cobalt-57 point-source-marker and a gamma-probe (Europrobe, EuroMedical
Instruments, France (MCL) and Neoprobe, Mammotome, Cincinatti, Ohio (UMCG)). The first
lymph nodes in a lymphatic path from the tumour were marked as SLNs.
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Table 1. Patient and tumour demographic characteristics

Histopathological status of SLNB
Demographic

Characteristics Overall,n (%) pNO, n (%) PN+ (%) p-value
Total 91 (100) 66 (100) 25(100) NA
Sex
Male 43 (48) 32 (48) 11 (44) 0.815
Female 48 (52) 34(52) 14 (56)

Age at first treatment, y
median (IQR) 62 (56-70) 61 (56-71) 64 (57-69) 0.996

Tumour location n(%)

Tongue 52(57) 35(53) 17 (68) 0111*
FOM 27 (30) 23(35) 4(16)
Cheek mucosa 8(9) 5(8) 3(12)
Upper gum 3(3) 2(3) 1(4)
Lower gum 1(1) 102) 0(0)
cT classification
cT 66 (73) 51(77) 15 (60) 0.119
cl2 25(27) 15(23) 10 (40)

pT classification

pT1 73 (80) 57 (86) 16 (64) 0.036
pr2 18 (20) 9(14) 9(36)

SLNB side
Ipsilateral 57 (63) 40 (61) 17 (68) 0.701
Contralateral (M 1) 0(0)
Both sides 33(36) 25(38) 8(32)

Number of SLNs per patient
Median (IQR) 3(2-4) 3(2-4) 3(2-4) 0.585
Tumour infiltration depth
<459 mm 59 (65) 46 (70) 13 (52) 0.142
>4.59 mm 32(35) 20 (30) 12 (48)

Perineural invasion

Yes 6(7) 3(5 3(12) 0.340
No 85(93) 63 (95) 22(89)

Lymphovascular invasion
Yes 9(10) 6(9) 3(12) 0.702
No 82 (90) 60 (91) 22 (88)
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Table 1. Continued

Histopathological status of SLNB

Demographic
Characteristics Overall,n (%) pNO, n (%) PN+ (%) p-value

Tumour border configuration
Pushing 54 (59) 45 (68) 9 (36) 0.008
Infiltrative 37 (41) 21(32) 16 (64)

Differentiation grade

Well 29 (32) 21(32) 8(32) 1.000
Moderate 62 (68) 45 (68) 17 (68)

Follow up data
Time in months median (IQR) 32(21-47) 37 (22-49) 25(19-33) 0.014
total range 2-104

Recurrence
Local / 2nd primary 9(10) 5(8) 4(16) **
Isolated regional rec. 5(5) 2(3) 3(12)

Dead
Dead of disease 3(3) 0(0) 3(12) **
Dead not of disease 7(8) 6(9 14

Abbreviations: SLNB: sentinel lymph node biopsy. pNO: SLNs negative for metastases. pN+: SLNs positive for metastases. NA: not
applicable. IQR: interquartile range. FOM: floor of mouth. Rec: recurrence

* Tongue vs floor of mouth, other subgroups too small to analyse. **: Group too small to analyse

Surgical procedure

SLNswere harvested with a smallincisionin the neck aftergamma probe assisted localization.
The neck side of the SLNB was indicated by the results of the lymphoscintigraphy. In 28
(31%) patients, non-SLNs were harvested due to location of the SLN in a conglomerate of
lymph nodes or the impossibility to remove the SLNs without harvesting these non-SLNs.
SLNs were separated from the non-SLNs ex vivo using the gamma-probe in the operation
theatre. Finally, the neck background radioactivity was checked with the gamma-probe
to make sure that no SLN was left behind. Blue-dye was used intra-operatively in fourteen
patients but not on regular base in both hospitals.

Histopathological procedure

SLNs were histopathologically examinated by step serial sectioning of the entire SLNs with an
interval of 500 um, conventional staining with hematoxyline-eosine (H&E) and an additional
pan-cytokeratin antibody (AE 1/3) immunohistochemistry staining. The non-SLNs were
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examinated according to the SLN protocol in four patients and using standard H&E without
IHC or step serial sectioning in 24 patients. MRND lymph nodes were examined using the
routine protocol. Histology of all SLNs and primary tumours was revised by a head and neck
pathologist (BvdV). Lymph node metastases were classified according to Hermanek; ITC's
<0.2 mm, micrometastasis 0.2-2 mm and macrometastasis >2 mm [18]. Infiltrative tumour
border configuration was defined according to the classification of Heerema: small groups
or cords of infiltration cells, widespread cellular dissociation in small groups of cells or in
single cells and tumor satellites or any size >1 mm away from main tumour [19]. 4.59 mm
was used as tumour infiltration depth cut-off according to Melchers [20].

Statistical analysis

IBM SPSS Statistics 23 (Statistical Package for the Social Sciences, Inc., Chicago, IL, USA) was
used for analysis. Categorical data are presented as number (n) and their percentages (%).
Associations between categorical data were tested with the Fisher's exact or Chi-squared
test. Continuous data were tested using the Student’s t test or the Mann-Whitney U test
for normally or skewed distributed data, respectively. False negative SLNB patients were
defined as patients with isolated regional recurrence in the SLNB negative neck side and
were used to calculate the sensitivity and negative predictive value. Significant differences
were defined as a p-value < 0.05.

RESULTS

Sentinel lymph nodes were identified in all 91 cases (100%). In total 274 SLNs were
harvested with a median of 3 (range 1-11) per patient. The results of the SLN procedures
are summarised in Table 1. In all patients, at least one SLN was intraoperatively detected.
However, in 4 patients (4%) additional hotspots were noticed besides the harvested SLNs on
the SPECT-CT without intraoperative detectable radioactive LNs. In 1 of these 4 patients, the
harvested SLN was positive and the neck was treated by MRND in a second operation. The
other 3 patients were isolated regional recurrence (IRR) free after 10, 11 and 47 months of
routine follow-up. In one patient with a ventral floor of mouth tumour, only a contralateral
SLN was identified. The other patients had ipsilateral (n = 57, 63%) or bilateral (n = 33, 36%)
located SLNSs.

Positive SLNs were found in 25 (27%) patients. In 1 patient with a T mm metastasis in the
SIN routine follow-up was chosen instead of a MRND. This patient was still recurrence free
after 23 months. In none of the patients with micrometastases or ITCs in the SLN additional
metastases were found in the MRND specimen (Figure 1, Table 2, p = 0.024). Also, none of
the 57 non-SLNs harvested during the SLNB were positive. Finally, skip metastases were
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not seen: all patients with positive SLNs had at least one positive SLN in level I-lll. Infiltrative
tumour border configuration (p = 0.008) and pT2 tumour stage (p = 0.036) showed an
association with lymph node status (Table 1).

Oral squamous cell carcinoma
Inclusion criteria
- cT1-2NO And pT1-2
- First primary head neck tumor
- Surgical resection of the tumor
- Neck staging by SLNB

Total number: 91
pNO B B pN+

66 (73%) | g 25 (27%)
@9

'
Isolated regional
recurrence in the
SLNB- neck:
4 (4%)
A
v v v
Macrometastasis Micrometastasis lsolatceed”';umor
0 0,
11 (44%) 7 (28%) 7 (28%)
v ¥
Positive lymph Positive lymph
nodes in MRND nodes in MRND
5 (45%) 0 (0%)

Figure 1. Flowchart of the UMCG and MCL cT1-2NO oral squamous cell carcinoma cohort.
In total 91 patients were used for analysis. A total of 25 patients had metastasis positive SLNB. Two
patients with pNO and two patients with pN+ SLNB neck status were diagnosed with isolated regional
recurrence in the SLNB negative neck side.

Abbreviations: pNO: All SLNs negative for metastasis. pN+: at least one SLN positive for metastasis. MRND: modified radical neck
dissection. SLNB: sentinel lymph node biopsy
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Table 2. Association between SLN metastasis size and additional metastases in modified
radical neck dissection lymph nodes

MRND lymph node status

SLN status n (%) pPNO, n (%) PN+, n (%) p-value
Isolated Tumour Cells 7(29) 737) 0(0)

Micrometastases 6 (25) 6 (32) 0(0) 0.024
Macrometastases 11 (46) 6(32) 5(100)

Abbreviations: SLN: sentinel lymph node. MRND: modified radical neck dissection. pNO: LNs negative for metastases. pN+: LNs
positive for metastases.

Follow-up and regional recurrence

Overall the median FU was 32 months (IQR 21-47, Range 2-104, Table 1). All patients with a
follow-up <10 months died. In total, 8 (9%) patients of this cohort died. Three patients died
of disease, two 10 months and one 21 months after the initial treatment.

Local recurrence and second primary tumours, with or without regional recurrence, were
seen in 9 (10%) cases. Isolated regional recurrence was detected in 5 (5%) patients. One
of these patients had IRR after a positive SLN and subsequent neck dissection at that
neck side. The other 4 patients were diagnosed with IRR after 4, 6, 9 and 19 months. Their
tumour, treatment and recurrence characteristics are shown in Table 3. The first patient had
a positive ipsilateral SLN and was 4 months later diagnosed with level | and level Il IRRs at
the contralateral side. Revision of the SPECT-CT images and the conventional CT images
of the IRR did not reveal new insights. The second patient had ipsilateral negative SLNs
and was diagnosed with level Ib and level IV IRRs after 9 months. Revision of the SPECT-CT
images of this patient showed a lymph node with a diameter of 7 mm without radioactivity
just at the inside of the mandibular angle in level Ib. This lymph node was most likely not
resected during the SLNB procedure and could be the same as the IRR lymph node. The
third patient had a positive contralateral SLN. IRR occurred on the ipsilateral side, which was
SLNB negative and was therefore not treated by MRND. Revision of the lymphoscintigraphy
images revealed a low signal in level Ib at the ipsilateral side, what might be a missed SLN.
The fourth patient had a negative SLN in level Il and was diagnosed with IRR in level Ib, both
ipsilateral. Revision of the SPECT-CT scan showed a LN within the radioactive hotspot of the
floor of mouth tumour of this patient. Most likely, this is the same LN in which the IRR was
diagnosed (Figure 2).

Due to the four IRRs, the SLNB detected occult metastases with 85% sensitivity and 94%
NPV.




Chapter 3

Table 3. Characteristics of the four patients with isolated regional recurrence

Patients with isolated regional recurrence

Variables 1 2 3 4
Tumour Tongue Cheek mucosa  Tongue FOM

pT classification 1 1 2 2
Infiltration depth (mm) 8 50 3.7 2.7
Border growth Pushing Infiltrative Infiltrative Infiltrative
Resection margins Free Free Free Free
Perineural growth or Lympho- / angioinvasion  Yes, both No No No
Differentation grade Good Moderate Moderate Moderate
Reresection Yes No No No
Postoperative radiotherapy Tumour & Neck  No No No

SLNB side Ipsilateral Ipsilateral Both Both
Positive SLN side Ipsilateral NA Contralateral ~ NA
MRND side Ipsilateral NA Contralateral ~ NA
Regional recurrence side Contralateral Ipsilateral Ipsilateral Ipsilateral
Number of SLNs recurrence side NA 3 1 1
Number of positive SLNs recurrence side NA 0 0 0

SLN level recurrence side NA Level Il Level Il Level I
Recurrence level Level I +1I Levellb + IV Levellb, II, IV Level Ib
Number of LNs (positive / total ) 2/44 (ENE+) 6/41 4/46 NA t
Maximum diameter regional recurrence 25 12 15 131
metastasis (mm)

Time between 1st treatment and rec. 4 9.2 55 19
(months)

Total follow-up (months) 27 36 9 25

Dead of disease NA NA Yes NA

Abbreviations: SLNB: sentinel lymph node biopsy. MRND: modified radical neck dissection. NA: not applicable. ENE: extranodal

extension.

t The isolated regional recurrence of patient 4 was not operatively removed, therefore only clinical data was available.
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Figure 2. Shine-through phenomenon example. Patient with a floor of mouth tumour on the left
side close the midline (A), with a lymph node within the tumour hotspot (B) and an isolated regional
recurrence after 19 months (C).

DISCUSSION

Synopsis of key findings
In our retrospective cohort of 91 patients treated for cT1-2N0O OSCC, 4 patients developed

isolated regional recurrence on the side of a negative SLNB. This resulted in 85% sensitivity
and 94% negative predictive value.

Comparison to previous studies

The sensitivity and NPV are in agreement with the results of other studies with routine follow
up as a reference: sensitivity range 80-94% and NPV range 88-97.5% (number of patients
59-415) [1,6-8,21]. A recent meta-analysis also showed comparable results: sensitivity 87%,
NPV 94% [15]. The slightly higher NPV of this cohort compared to these meta-analyses can
be explained by the relative short follow-up of some patients in our cohort. Two of the 66
patients (3%) with routine follow up after a negative SLNB were diagnosed with IRR. This
percentage is much lower than the conventional 20% change of having IRR from Weis et al,
which is generally used in literature as threshold to choose between watchful waiting and
END [22]. The low percentage IRR indicates the accurate selection of cT1-2NO patients for
neck dissection or routine follow up by performing a SLNB.
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False negativity was defined as patients with IRR in an earlier SLNB negative neck side,
regardless of a positive SLNB on the other side of the neck. Four (4%) patients in our
cohort were diagnosed with IRR in a SLNB negative side of the neck, which is comparable
with other studies [6,8]. Retrospectively, the reason for missing these regional metastases
remains unclear; shine-through phenomenon and aberrant lymphatic drainage due to
metastatic tumour in the SLNs might be involved. Another possible explanation might be
micrometastases in lymph nodes, other than the SLN (skip metastases).

Other studies reported a lower sensitivity of the SLNB procedure in FOM tumours
compared to other oral cavity subsites due to the shine-through phenomenon [7,8,23,24].
One patient in this study had a FOM with an IRR resulting in an 80% sensitivity and a 96%
NPV for FOM tumours. Retrospectively, this SLNB was overlooked because of this shine-
through phenomenon (Figure 2). To overcome shine-through and subsequent regional
recurrences, Stoeckli et al. proposed a surgical technique with dissection of all the [Ns in
level | irrespective of the location of the SLNs [25]. Van den Berg et al., combined the SLNB
procedure with radio- and fluorescence guidance and found this combination especially
helpful in detecting SLNs located close to the primary tumour [26]. Our data support the
findings of the previously mentioned studies [25,26], that patients with primary tumours
adjacent to level | could benefit from additional techniques besides the SLNB procedure
alone.

The upstaging rate in this study (27%) is in agreement with the literature; 23-37% [1,2,7,8].
We found no additional metastasis in the MRND lymph nodes after a SLNB positive for ITCs
or micrometastases. Recently, den Toom et al. reported that the ratio of positive versus
negative SLNs and the size of the tumour in the SLN possibly could be predictive factors
for non-SLN metastasis in SLN positive patients. However, their analysis was underpowered
due to the use of the ITC, micro- and macrometastasis classification in just a few SLNB
studies [27]. No additional metastasis in ITC or micrometastasis SLN positive patients, could
be the reason why Liu and Wang et al. concluded in their meta-analysis that SSS is not
necessary for SLN assessment [15]. Despite the lack of impact of the SSS on the IRR rate, in
agreement with den Toom and our data presented in this paper, SLN metastasis size might
be used to select patients for routine follow-up instead of MRND [8]. Besides the SSS itself,
also the step interval size could be discussed. After the second international conference
on SLNB, intervals of 150 um were recommended [28]. As was reported earlier for breast
cancer, Jefferson et al. suggested that SSS intervals of 2 mm are thin enough to detect
micrometastasis [29,30]. In this study intervals of 500 um were used, because our head and
neck SCC protocol was adapted from our vulvar SCC SLNB protocol. This is a protocol we
have much experience with and has shown to provide accurate staging of vulvar SCCin our
centre [31-33]. Besides this, the accuracy we found is comparable to that of most head and
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neck SLNB studies [15]. Moreover, the ITC, micro- and macrometastasis ratio is comparable
with other studies, indicating that we did not miss ITCs using this protocol. We therefore
assume that this protocol has not influenced our results. However, we propose to continue
SSS and classification of SLN metastasis size according to Hermanek, until well powered
studies have defined the clinical impact of the SLN metastasis size [18]. Afterwards, further
research is needed to reach consensus about minimal interval thickness for SSS to detect
these metastases with clinical impact.

Thirty-three patients had SLNs on both sides of the neck, also in cases with lateralised
border of tongue tumours. Moreover, 1 patient did not show ipsilateral lymphatic drainage
patterns, but instead showed a negative contralateral SLN. This patient did not develop IRR
at either side within 34 months follow-up. These 34 (37%) patients showed the advantage
of detecting unexpected drainage patterns with the SLNB procedure and were thereby
prevented from undertreatment.

Despite the good accuracy of the SLNB procedure, improvements might be made for the
clinical negative neck. For example, in our centres the use of blue dye has been abandoned,
because it blurred surgical tumour resection margins intra-operatively. A disadvantage of
the SLNB procedure is the second operation for the MRND after a positive SLNB. Especially
in frail elderly or patients with multiple comorbidities, a second operation with general
anaesthesiais undesirable due to a higher complication and mortality chance [34]. Moreover
in all positive cases, scar tissue makes the neck dissection surgery more challenging in the
SLN levels. To avoid repeat surgery, the possibility of intraoperatively staging of SLNs with
frozen sections has been studied [35]. However, frozen sections have a substantial false
negative rate; therefore frozen sections of the SLNs are not applied in our centres. Also a
substantial amount of the SLN is lost for the FFPE sections and thereby increasing the risk of
missing ITCs and micrometastases [35].

In an ideal situation, patients at high risk of lymph node metastases are preoperatively
selected for MRND or watchful waiting. In the current study, an infiltrative tumour border
configuration or a pT2 tumour was significantly associated with more regional metastases.
Our research group reported earlier infiltration depth and lymphovascular invasion as
independent predictors for nodal status in pT1-2NO and N-status determination by routine
HKD and watchful waiting [20]. These markers are not associated with positive lymph
nodes in this study. The lack of significance could be explained by the difference in patient
selection between the mentioned study by Melchers (cNO and cN+) and this study (cNO)
[20]. Therefore, the SLNB procedure is still more accurate in detecting occult metastasis in
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cT1-2N0 OSCC than the current clinical and pathological markers. In addition, it would be
interesting to study the prognostic value of OSCC lymph node status associated biological
markers such as WISP1, RAB25 or EpCAM in cT1-2NO OSCC SLNB staged patients [36-38].

Study limitations

Limitation of this study is that the SLNB procedure was not part of the standard workflow
for cT1-2NO OSCC patients in the first years after introduction. If we analyse the accuracy
without the 6 patients from this period, the sensitivity and NPV are still 85% and 94%
respectively.

CONCLUSION

In this retrospective well-defined cohort consisting of 91 patients we showed that the
sentinel lymph node biopsy is an accurate diagnostic technique in detecting occult
metastases in cT1-2N0 OSCC and is a save and reliable alternative to an END or watchful
waiting.
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ABSTRACT

Rationale: This study evaluates the lymphatic drainage patterns and determines the
accuracy of the sentinel lymph node biopsy (SLNB) in patients diagnosed with a cT1-2NO
OSCC and a history of neck surgery or radiotherapy in three Dutch head and neck centers.

Materials and Methods: Retrospective analysis of 53 cT1-2NO OSCC patients, who
underwent SLNB between 2007 and 2016, after a history of neck surgery or radiotherapy.
Ten patients had previous treatment of the neck only contralateral from the current tumour.
These ten patients were not used for the analysis of lymphatic drainage patterns. The 43
patients with previous ipsilateral or bilateral treatment of the neck had a history of ipsilateral
SN extirpation (n = 9; 21%), neck dissection (n = 16; 37%), radiotherapy (n = 10; 23%), or
combined neck dissection and radiotherapy (n = 8; 19%).

Results: SLNs were detected in 45 patients, resulting in an identification rate of 85% (45/53).
Three patients (7%) had at least one positive SLN. One patient (1/45; 2%) was diagnosed
with regional recurrence during the follow-up after a negative SLNB (sensitivity 75%,
negative predictive value 98%). The first SLN was detected in level I-lll in 58% of the patients,
unexpected drainage patterns were observed in 30% (first SLN level IV 9% and level V 5%
and contralateral neck in well-lateralized tumours 16%). In 12% no lymphatic drainage
pattern was visible.

Conclusions: SLNB seems to be a reliable procedure for neck staging of cT1-2N0O OSCC
patients with a previously treated neck. SLNB determines the individual lymphatic drainage
patterns, enabling visualization of unexpected drainage pattern variability in 30% of these
patients.
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INTRODUCTION

Presence of lymphatic metastases in the neck is consistently observed as main prognostic
factor in patients with oral squamous cell carcinoma (OSCC) [1-3]. Sentinel lymph node
biopsy (SLNB) proved to be reliable as diagnostic staging modality for detection of occult
lymph node metastases: in a large recent meta-analysis a pooled sensitivity of 87% (95% Cl
85-89%), a negative predictive value of 94% (95% Cl 93-95%) and an AUC of 0.98 (95% Cl
0.97-0.99%) were found [4]. These meta-analysis results are based on patients with primary
OSCC and a previously untreated neck. Despite the relatively common local recurrences and
second primary tumours in head and neck cancer, only one study of Flach et al. reported
about the accuracy of the SLNB in 22 patients with a previously treated neck [5].

It is well known that patients with OSCC suffer a high risk for local recurrences (10-30%) and
an annual risk of 3-4% for developing second primary tumours [3,6-8]. Previous treatment
of the neck most likely alters lymphatic drainage patterns. Current evidence about the
drainage patterns in previously treated OSCC patients using SLNB is limited to a study
by Flach et al. (n = 22) and a feasibility study by Pitman et al. (n = 5) [5,9]. Experience of
alteration in lymphatic drainage patterns after previous treatment has also been reported in
breast cancer and melanoma [10-15]. While gaining more and more experience with SLNB
in our institutions during the last years, SLNB has been used increasingly as staging method
in patients with a previously treated neck. Moreover, SLNB is valuable in assessment of the
individual lymphatic drainage patterns, compensating for potential variabilities as a result of
previous treatment which were reported in 67% of the cases by Flach et al [5].

However, since the study of SLNB in OSCC patients with a previously treated neck consisted
of only 22 patients, more research had to be performed to confirm the findings of that study
[5]. The aim of this study was to assess the accuracy of SLNB and secondly, to evaluate the
lymphatic drainage patterns in a consecutive cohort of cT1-2N0 patients with a previously
treated neck in three Dutch head and neck cancer centers.

METHODS

In three Dutch head and neck centers 53 patients diagnosed between 2007 and 2016
met the inclusion criteria and were retrospectively analyzed. Patients with early stage local
recurrent disease or second (or even third) primary squamous cell carcinoma of the oral
cavity or oropharynx with a clinically negative neck and surgical resection of the tumour
combined with SLNB staging of the neck were included (cT1-2NO, following the 71" TNM
staging classification, Table 1). In their history, all patients had received prior treatment
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Table 1. Patient characteristics

Characteristics No. (%)
Total number of patients 53 (100)
Gender

Male 29 (55)

Female 24 (45)
Age y mean (SD) 65 (55-75)

(range) (44-88)

pT status (7" TNM)

1 44 (83)

2 9 (17)
Tumour locations

Tongue 31 (58)

FOM 9 (17)

Buccal mucosa 5 9)

Inferior alveolar process 4 (8)

Other 4 ®)

Previous treatment or surgery ipsilateral neck

No 10 (19)
RT alone 8 (15)
ND alone 16 (30)
ND +RT 8 (15)
CRT 2 4
SLNB 9 (17)
Previous treatment or surgery contralateral neck
No 25 (47)
RT alone 9 (17)
ND alone 6 1n
ND +RT 6 (1
CRT 2 )
SLNB 5 ©)
Follow-up
Follow-up time months, median (IQR) 26 (13-42)
Regional recurrence 1 (M
Death 13 (25)
Death of local recurrence or second primary 4 8)

Ipsilateral and contralateral side of the neck is related to the side of the local recurrence or the second primary. Abbreviations: FOM,
floor of mouth; RT, radiotherapy; ND, neck dissection; CRT, chemoradiation; SLNB, sentinel lymph node biopsy
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of the neck with SLNB, neck dissection, (chemo)radiotherapy or a combination of these
modalities (Supplementary data 1). Twelve patients were previously included in the study
by Flach et al,, their follow-up was updated [5].

The SLNB procedure was described extensively before [16,17]. Briefly, patients received
preoperatively injections with *"Tc-nannocolloid followed by dynamic and static
lymphoscintigraphy and SPECT-CT scanning one day before surgery, intra-operatively
gamma probe detection and postoperative step serial sectioning of the sentinel lymph
node with additional immunohistochemical keratin staining.

As visualized in our study design (Figure 1) all 53 patients were used for analysis regarding
the accuracy of the procedure and 43 patients were included for the drainage pattern
analysis. Earlier studies showed the potential of bilateral drainage patterns in well-lateralized
patients. Because of this potential bilateral drainage also 10 patients were included with a
history of only contralateral treatment of the neck (their first tumour was contralateral of the
second) whom might affect the SLNB accuracy [16,18].

53 OSCC patients
Inclusion:
e  cT1-2NO second primary —_— SLNB accuracy analysis
e Resection with SLNB procedure
e Previously treated neck

43 OSCC patients 10 OSCC patients
Second primary at the Second primary at the
treated side of the neck untreated side of the neck

Lymphatic drainage pattern
analysis

Figure 1: Study design. All 53 patients were used for the SLNB accuracy analysis, only the 43 patients
with a history of neck treatment at the ipsi- or bilateral side were used for the analysis of altered
lymphatic drainage patterns.
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In OSCC lymphatic drainage is at least expected in level I-lll at the ipsilateral side of the
neck [18]. With the second aim to detect unexpected drainage patterns, only 43 patients
with previous treatment of the ipsilateral side of the neck were used for lymphatic drainage
pattern analysis.

In this study, definition of lateralization of the neck s related to the site of the local recurrence
or second primary tumour.

Ethical consideration

Due to the retrospective design no approval was required from the hospital research
ethics board of our centers according to the Dutch ethical regulations. SLNB was part of
the standard management of these patients and patient information regarding clinical and
pathological characteristics and follow-up was retrospectively collected from electronic
patient files.

RESULTS

The data of 53 patients, 29 male (55%) and 24 female (45%) were used for analysis. Mean
age was 65 years. Tongue was the most affected tumour location (59%), followed by floor
of mouth. Forty-four patients (83%) were diagnosed with a pathologically T1 tumour and 9
patients (17%) with a T2 tumour. These and other characteristics are summarized in Table 1.
Characteristics per patient are given in Supplementary data 1.

SLNB accuracy

Fifty-three patients were used for the SLNB accuracy analysis. Neck dissection, with or
without postoperative radiotherapy, was seen most as previous treatment in both the
ipsilateral and contralateral neck compared to the local recurrence or second primary side
(Table 1). Thirteen patients (25%) died during follow-up of which four (8%) died as a result
of the local recurrence or second primary tumour in the oral cavity (disease specific death:
median 26 months, IQR 13-42 months).

No SLNs were visualized by lymphoscintigraphy in 7 of these 53 patients resulting in an
87% imaging detection rate. In one patient no SLNs were detected intraoperatively, despite
preoperative visualization. In two patients with bilateral drainage on lymphoscintigraphy
the SLNs were not detected in one neck side intraoperatively, but were harvested in the
other side of the neck, resulting in a surgical detection rate of 93% (43/46, Supplementary
data 1). In total, at least one SLN was harvested in 85% of the patients (45/53). Three patients
had a positive SLN, respectively in the ipsilateral neck with a history of a SLNB, in the
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ipsilateral neck without a history of pretreatment and in the ipsilateral neck with a history of
chemoradiation therapy. In the first two patients, no additional metastases were detected
after harvesting respectively 21 and 17 lymph nodes in the completed neck dissection
specimens. Because of the history of chemoradiation and the metastasis size (ITC), the last
patient received watchful waiting instead of a neck dissection. These 3 patients did not
show regional disease during follow-up.

One patient (2%) was diagnosed with regional recurrence without local disease in level
Il at the ipsilateral side of the neck after 7 months of follow-up. This patient had a second
primary tumour located in the buccal mucosa and only negative SLNs were found in level
| at the contralateral side. This patient was previously treated with a MRND at the ipsilateral
side of the neck for the first primary tumour, followed by postoperative chemoradiation
at both sides of the neck. This patient was still alive after 19 months of follow-up after the
regional recurrence was surgically removed and postoperatively irradiated.

One regional recurrence resulted in a 75% sensitivity with a 95% Cl of 22-98% (3 of 4 true
positive) and 98% NPV with a 95% ClI of 88-100% (42 of 43 true negative) of the SLNB in
patients with a previously treated neck.

If we restrict the accuracy analysis to patients with a history of neck dissection and/or
radiotherapy in the ipsilateral neck, one out of 34 patients showed a positive SLN and one
patient showed regional recurrence after a negative SLNB, resulting in a 50% sensitivity (1
of 2 true positive) with a 95% Cl of 3-97% and a NPV of 97% (32 of 33 true negative) with a
95% Cl of 82-100%.

Lymphatic drainage patterns

In 38 of the 43 patients with a second primary or local recurrence at the previously treated
neck side SLNs were detected, resulting in an 88% identification rate. The five patients without
detectable SLNs had in common a history of radiotherapy of the neck (Supplementary data
1). Since lymphatic drainage is expected generally in levels I-lll for OSCC, in 30% (13/43)
patients unexpected drainage was found. Of these 13 patients, four patients showed SLNs
located ipsilaterally in level IV as closest located SLN, in two patients this closest location
was ipsilaterally in level V. Seven patients had only SLNs located contralateral from the side
of the well-lateralized local recurrence or second primary tumour (Supplementary data 1).
Besides a lower identification rate, unexpected drainage was more common in patients with
a history of neck irradiation compared to patients with a history of a SLNB and comparable
to patients with a previous neck dissection, respectively 40% versus 11% and 38%. However
the highest unexpected drainage was found after a history of neck dissection combined
with postoperative radiotherapy (88%). Localization of harvested SLNs per patient and
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per different prior treatment are given in Supplementary data 2. Some SLNs were found
in earlier dissected neck levels. For example, eight of the 13 patients with a history of a
selective supraomohyoid neck dissection had SLNs located in level -lll, also three of the
seven patients with a history of a MRND had SLNs located in level lI-IV (Supplementary data
2).

If we restrict the drainage pattern analysis to patients with a history of treatment of the
ipsilateral neck, unexpected drainage patterns were found in 12 (35%) of the 34 patients
and no drainage to any side of the neck was found in 5 patients (12%).

DISCUSSION

This study demonstrates that SLNB in a previously treated neck can be performed with
a high accuracy (sensitivity 75%, NPV 98%). In this study unexpected lymphatic drainage
patterns were found in 30% of the patients and no drainage was found in 12% of the
patients.

SLNB in early stage OSCC has been frequently described in literature during the last
decade with high sensitivity rates and negative predictive values [4]. SLNB was initially
implemented in our institutions for patients with primary OSCC without previous treatment
of the neck. However, after gaining more experience with SLNB, this staging technique
was also extended to patients with a previously treated neck [5]. As a result of the previous
treatment, lymphatic drainage patterns could be disrupted resulting in aberrant drainage
patterns compared to primary OSCC. Lack of knowledge about these aberrant drainage
patterns resulted in missing a standard neck staging and standard elective neck dissection
in previously treated patients. Flach et al. showed in a study of 22 patients that the SLNB
could be useful in previously treated patients with a high sensitivity and negative predictive
value for neck staging and especially for assessment of the individual lymphatic drainage
patterns after previous treatment [5].

As mentioned in the introduction, only one feasibility study and the above mentioned
study of Flach et al. are published for SLNB in patients with a pretreated neck [5,9]. However,
interesting studies in a variety of tumour types have been published regarding SLNB in
recurrent or second primary tumours. In a recent meta-analysis of aberrant lymphatic
drainage in recurrent breast cancer an 59.6% intraoperatively SLN identification rate was
found [10]. The authors concluded that SLNB in these patients avoided unnecessary axillary
lymph node dissection and provide targeted localized surgery [10]. Similarly, in recurrent
vulvar cancer the SLNB procedure seemed feasible, although the authors stated that the
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procedure appears technically more challenging compared to initial surgery. In a cohort
of 27 patients, SLNs were found in two groins at unpredicted localizations and four lateral
tumours showed bilateral SLNs [19]. Beasley et al. reported about the feasibility of SLNB in
recurrent melanoma (107 patients) and also found in 24% of the patients additional sites of
SINs compared to the first SLNB procedure [15].

Although it is difficult to compare different tumour types, a trend towards a lower
identification rate of SLNs compared to untreated patients was observed in present and
all above mentioned studies. The most common explanation is the damage of lymphatic
pathways due to prior treatment and a more difficult technical procedure to harvest SLNs
in previously treated nodal basins. In untreated OSCC identification rates of 97-98% have
been reported, while in this study a rate of 85% was found [16,17,20,21]. All patients without
harvested SLNs had radiotherapy in history, sometimes combined with surgery. This lower
identification rate was not observed in patients with a prior SLNB procedure, possibly
reflecting that SLNB ensures less damage to lymphatic vessels compared to radiotherapy.
Furthermore, despite the lower identification rate in previously treated patients no lower
NPV of the SLNB for neck staging was found in this study. This might indicate that lymphatic
drainage patterns in these patients are not only aberrant, but may even be absent.
Nonetheless, this study included only three patients with positive SLNs and one patient
with a regional recurrence after a negative SLNB procedure. Due to the low number of SLN
positive patients and regional recurrences, it might be prematurely to conclude that SLNB
is a reliable procedure in previously treated patients. This is also reflected in a sensitivity
rate with a wide 95% Cl. However, the high NPV of 98% with a 95% Cl of 88-100% strongly
suggest that SLNB is a promising procedure for these pretreated patients, but its reliability
needs further investigation.

Although surgery of the lymphatic drainage patterns is part of the SLNB procedure, the
procedure is strictly not part of the treatment but belongs to the diagnostic modalities
for neck staging. Therefore subanalysis of patients with a history of neck treatment (neck
dissection and/or radiotherapy) are presented in the results regarding the accuracy of the
SLNB procedure and lymphatic drainage patterns. These figures indicate that in OSCC
patients who had undergone more extensive treatment of the neck (i.e. neck dissection
and/or radiotherapy) lymphatic drainage follow more frequently an unexpected pattern or
was absent (35% vs 30%). Due to the low number of lymph node metastases (2 and 3) the
sensitivity of SLNB (50% and 75%) could not sensibly be compared.

Unexpected drainage pathways are generally reported in all tumour types, including our
study. These findings strengthen the value of SLNB in assessing the individual lymphatic
drainage pattern. In patients who received already prior treatment (e.g. radiotherapy) it
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is perhaps even more important to select the actual lymph nodes at risk for metastasis,
considering the fact that treatment options are limited due to their prior therapy. In this
study an overall unexpected drainage pattern was found in 30% of the patients, which
was most frequently found after prior radiotherapy (40%) and especially when this was
preceded by a neck dissection (88%). In early stage OSCC patients with an untreated neck
unexpected drainage patterns were reported in up to 16% in a large multicenter trial [22].

Even though it is well possible to determine individual drainage patterns with the SLNB, one
of the disadvantages is to perform an additional neck dissection during a second surgical
procedure in case of a positive SLNB procedure. Although improvements a recent review
concluded that still no other modality (e.g., ultrasound, CT, MRI and PET-CT) is accurate
enough to detect occult metastasis preoperatively in a clinically negative neck reliably [23].
Moreover, posttreatment effects and the high rate of unexpected drainage in pretreated
patients might affect the sensitivity of these modalities in detecting occult metastasis.

Alimitation of the accuracy analysis is the low number of metastasis and regional recurrences
in our cohort. A possible explanation for these low numbers compared to untreated
patients (with an often reported risk of nodal metastases of approximately 25-30%) could
be our close follow-up scheme after treatment of their first tumour. Patients in follow-up are
potentially earlier diagnosed with recurrent or second primary OSCC, which might cause
a relatively high number of early T1 tumours in this cohort. Despite these limitations, this
study showed that metastasis appear in early stage local recurrences and second primary
tumours. Currently, no guidelines about neck treatment are available for cT1-2N0O OSCC
patients with a previously treated neck. In untreated OSCC prognosis was better after an
elective neck dissection (of the standard lymph node levels at risk for metastasis) compared
to a ‘wait and see’ policy [24]. Because of the aberrant drainage patterns, we advocate to
use the SLNB also in patients with early stage second primaries or local recurrences to select
patients who might benefit from treatment of the neck . However, more extensive research
is needed to confirm that this strategy actually improves the prognosis of these patients.

CONCLUSION

SLNB seems to be a reliable procedure for neck staging of cT1-2NO OSCC patients with
a previously treated neck. Moreover, SLNB determines the individual lymphatic drainage
patterns, enabling visualization of drainage pattern variability in 30% of these patients.
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SUPPLEMENTARY DATA

Supplementary data 1 is available on the following pages.

pretreatment: SLNB,n =9 pretreatment: SND I1ll,n = 13

pretreatment: SND I-IV, n = 2 pretreatment: SND I -IV,n = 2

= |v v
PR [ wl

Ipsilateral Contralateral

pretreatment: MRND 1-V,n =7 pretreatment: (C)RTx, n = 10

Ipsilateral Contralateral Ipsilateral Contralateral

Supplementary data 2. Locations of the SLNs divided by history of the neck.

**_**/in total 12 removed LNs in one conglomerate (Figure B, ipsilateral level IV).

(***): four LNs removed without activity on gamma probe (figure E, contralateral level I)
Supplementary data 2 is in a higher resolution available at: https://www.sciencedirect.com/science/
article/pii/S1368837519301423?via%3Dihub
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Supplementary data 1. Individual patient characteristics with their previous treatment.

Number  Sex Age cT (7t cN (7t) pT (7) pN (7t)  Tumor location Tumor side History ipsilateral
1 Male 67 1 0 1 0 Tongue Left SLNB

2 Female 61 1 0 1 0 Floor of mouth Midline SLNB

3 Female 71 1 0 1 0 Tongue Right SLNB

4 Female 49 1 0 1 0 Tongue Left SLNB

5 Female 44 1 0 1 0 Tongue Right SLNB

6 Male 55 1 0 1 1 Tongue Right SLNB

7 Female 71 1 0 1 0 Floor of mouth Right SLNB

8 Female 59 1 0 1 0 Tongue Left SLNB

9 Male 73 1 0 1 0 Tongue Left SLNB

10 Male 59 1 0 2 0 Tongue Left Selective ND I-Ill
11 Male 50 1 0 1 0 Tongue Left Selective ND Il
12 Female 88 2 0 2 0 Hard palate Midline Selective ND I-Ill
13 Female 49 1 0 1 0 Tongue Left Selective ND I-lll
14 Female 82 1 0 1 0 Buccal mucosa Left Selective ND |-l
15 Male 75 1 0 1 0 Buccal mucosa Left Selective ND Il
16 Female 76 1 0 2 0 Inferior alveolar process  Left Selective ND I-IlI
17 Male 74 1 0 1 0 Tongue Left Selective ND -l
18 Male 7 1 0 1 0 Tongue Right Selective ND I-Ill
19 Female 51 1 0 1 0 Buccal mucosa Right Selective ND I-IlI
20 Male 78 1 0 2 0 Tongue Right Selective ND Il
21 Male 72 1 0 2 0 Floor of mouth Left Selective ND Il + RT
22 Female 63 2 0 1 0 Tongue Right Selective ND IHIl + RT
23 Female 51 2 0 2 0 Tongue Left Selective ND IHV
24 Female 68 1 0 1 0 Tongue Left Selective ND |-V
25 Male 51 1 0 1 0 Tongue Left Selective ND [I-IV
26 Male 57 1 0 1 0 Floor of mouth Right Selective ND II-IV
27 Female 73 2 0 1 0 Inferior alveolar process  Left MRND

28 Male 60 1 0 1 0 Tongue Left MRND + RT

29 Female 59 1 0 1 0 Tongue Right MRND + RT

30 Male 68 1 0 1 0 Tongue Right MRND + RT

31 Female 67 2 0 2 0 Buccal mucosa Right MRND + CRT
32 Male 71 2 0 1 0 Tongue Right MRND + RT

33 Male 66 1 0 1 0 Tongue Left MRND + RT

34 Male 58 1 0 1 0 Floor of mouth Left RT alone

35 Female 69 1 0 1 0 Floor of mouth Right RT alone

36 Female 60 1 0 1 0 Tongue Left RT alone

37 Male 74 1 0 1 0 Tongue Right RT alone

38 Female 62 1 0 1 0 Uvula Left RT alone

39 Male 80 1 0 1 1 Tongue Right CRT

40 Female 60 1 0 1 0 Tongue Right RT alone

41 Male 69 1 0 1 0 Floor of mouth Paramedian RT alone

42 Male 58 1 0 1 0 Buccal mucosa Right RT alone

43 Male 57 1 0 1 0 Floor of mouth Right CRT

44 Male 76 1 0 1 0 Tongue Right No treatment
45 Male 61 2 0 1 1 Floor of mouth Left No treatment
46 Male 70 2 0 2 0 Retromolar trigone Left No treatment
47 Male 81 1 0 1 0 Tongue Right No treatment
48 Male 49 1 0 1 0 Tongue Left No treatment
49 Female 66 1 0 1 0 Tongue Left No treatment
50 Male 57 1 0 1 0 Tongue Left No treatment

51 Male 52 1 0 1 0 Pharyngeal arch Right No treatment
52 Female 60 1 0 1 0 Inferior alveolar process  Left No treatment
53 Female 71 1 0 2 0 Inferior alveolar process  Right No treatment

Abbreviations: 7", 7" TNM classification; RT, radiotherapy; CRT, chemoradiotherapy; ND, neck dissection; MRND, modified radical neck dissection;
SLNB, sentinel lymph node biopsy; FoM, floor of mouth; MFH, Malignant Fibrous Histiocytoma; CIS, Carcinoma in situ.
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History contralateral Lymphatic drainage patterns SLNB postitive Head neck oncology history

No treatment Ipsi and contralateral No TINO Tongue

No treatment Ipsi and contralateral No TINO FoM

SLNB Ipsilateral No TT2NO Tongue

No treatment Ipsilateral No TINO FoM

No treatment Ipsilateral No TINO Tongue

MRND Ipsilateral Yes, micro TIN1 FoM

SLNB Ipsilateral No TINO FoM

SLNB Ipsilateral No T2N1 Tongue

No treatment Ipsilateral No TINO Tongue

No treatment Ipsi and contralateral No (1) TINO Buccal mucosa, (2) TINO FoM
No treatment Ipsi and contralateral No TINO Tongue

No treatment Ipsi and contralateral No T4NO Superior alveolar process

No treatment Ipsilateral No TIN2b Tongue

No treatment Ipsi and contralateral No (1) T2NO Inferior alveolar process, (2) T1Nx Buccal mucosa
No treatment Ipsi and contralateral No T2NO Buccal mucosa

No treatment Ipsi and contralateral No TINO Inferior alveolar process

No treatment Ipsilateral No TINO Tongue

No treatment Ipsi and contralateral No TINO Tongue

Selective ND I-IlI Ipsilateral No (1) T4aNO Buccal mocusa, (2) TINO Tongue
No treatment Contralateral No TINO Tongue

No treatment Contralateral No (1) Retromolar trigone, (2) T2NO Buccal mucosa
No treatment Contralateral No T2N1 Tongue

No treatment Ipsi and contralateral No T2N1 Tongue

No treatment Contralateral No TIN2b Tongue

Selective II-IV Ipsi and contralateral No (1) MFH grade 2, (2) T2N2b Hypopharynx
MRND Ipsilateral No T2NO Tonsil

No treatment Ipsi and contralateral No Tongue

No treatment Ipsi and contralateral No T2NO Tongue

RT alone Ipsi and contralateral No T2N2b Tongue

No treatment Contralateral No T2N2b Hypopharynx

CRT Contralateral No (1) TINO Buccal mucosa, (2) T2NO Inferior alveolar process
Selective ND IV + RT Contralateral No Larynx

Selective ND I-IV + RT No NA T4NT Larynx

RT alone Ipsi and contralateral No TINT Supraglottic larynx

RT alone Ipsi and contralateral No T2NO Supraglotic larynx

RT alone Ipsilateral No T2NO Glottic larynx

RT alone Ipsilateral No T4NO Larynx

RT alone Ipsi and contralateral No T3NO Uvula

No treatment Ipsilateral Yes, itc (1) T4N1 Tongue, (2) TINx Tongue

No treatment Contralateral No T1INO Oropharynx

RT alone No NA T2N1 Tongue

No treatment No NA Myxofibrosarcoma maxillary sinus

CRT No NA (1) T3NO Supraglottic larynx, (2)TINO FoM
MRND Ipsilateral No TINO Tongue

RT alone Ipsi and contralateral Yes, macro T4aN1 Larynx

RT alone Ipsilateral No (1) T2NO Soft palate, (2) CIS FoM

SLNB Ipsilateral No T2NO Tongue

SLNB Ipsilateral No TINO Tongue

MRND + RT No NA T2N2b Tongue

MRND + RT No NA T2NO Tongue

MRND + RT Ipsilateral No T2N3 Tonsil

MRND Contralateral No TINT Inferior alveolar process

Selective ND IHIl + RT No NA T2NO Tongue

Supplementary data 1 is a higher resolution available at: https://www.sciencedirect.com/science/article/pii/S1368837519301423?via%3Dihub
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Chapter 5

ABSTRACT

Background: There is debate if the lymphatic drainage pattern of oral maxillary cancer is
to the retropharyngeal lymph nodes or to the cervical lymph nodes. Insight in drainage
patterns is important for the indication for neck treatment. The purpose of this study
was to identify the lymphatic drainage pattern of oral maxillary cancer via preoperative
lymphoscintigraphy.

Methods: Eleven consecutive patients with oral maxillary cancer treated in our center
between December 01, 2012 and April 22, 2016 were studied. Sentinel lymph nodes
identified by preoperative lymphoscintigraphy after injection of *™Tc-nanocolloid and by
intraoperative detection using a y-probe, were surgically removed and histopathologically
examined.

Results: In 10 patients, sentinel lymph nodes were detected and harvested at cervical levels
, Tor lllin the neck. In 2 patients a parapharyngeal sentinel lymph node was detected. One
of the harvested sentinel lymph nodes (1/19) was tumor positive.

Conclusion: This study suggests the likelihood of 73% of exclusively cervical level I-lll SLNs
in oral maxillary cancer.
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INTRODUCTION

Carcinomas of the oral cavity metastasize predominantly by the route of the lymphatic
vessels to the lymph nodes in the neck. Removal of the lymph nodes by neck dissection is
an important part of the treatment of oral cavity cancer and improves disease outcome [1].
The risk of having metastasis from oral squamous cell carcinoma (OSCCQ) is influenced by
tumor characteristics such as localization, infiltration depth and stage [2,3].

Each region of the oral cavity has a specific lymphatic drainage pattern that is used by
surgeons to plan the patient specific treatment [4]. Oral maxillary cancer is relatively rare
compared with other anatomic subsites of oral cavity cancer (e.g. tongue and floor of
mouth) and is rarely included in studies on oral lymphatic drainage patterns [4-6]. Lack of
evidence on the lymphatic drainage patterns of oral maxillary cancer has led to a variety of
guidelines on the treatment of the clinical negative (cNO) neck; watchful waiting, elective
neck dissection (END) or radiotherapy. ENDs are recommended if the probability of a
lymph node metastasis exceeds 20% [7]. Traditionally, neck dissections were reported to
be uncommon in oral maxillary cancer, which has been based on a low regional failure
rate in a few studies with different definitions of oral maxillary cancer from the previous
century [8,9]. Another reason for restraining neck dissections were a few reports about
parapharyngeal regional failure in a study with oral maxillary and sinus maxillary cancer
[10]. Surgical treatment of the parapharyngeal space is technically challenging and mostly
radiotherapy is given. More recent studies have investigated maxillary OSCC specifically and
found a regional lymph node metastasis rate at least as high as other regions of the oral
cavity, especially in the cervical lymph nodes; overall incidence range regional failure 14
-38% [11-18]. Because of these new insights in regional metastases rates, several authors
recommend an END in case of cT3-4NO tumors and also to consider an END in cT1-2NO
maxillary OSCC [11-14,16-19].

Because ENDs are indicated in maxillary OSCC, these patients might possibly benefit from
a sentinel lymph node biopsy (SLNB), which is accepted as a minimal invasive alternative
for an END in early stage oral cavity cancer [20]. However, as far as we know, no literature is
available for the location of the sentinel lymph node in maxillary OSCC. Better insight into
the lymphatic drainage pattern, especially in the location of the sentinel lymph node, is
needed to make a clear decision in treatment of the cNO neck in maxillary OSCC [18]. We
hypothesized that the sentinel lymph node in patients with maxillary OSCC is located at
cervical levels because retrospective studies have shown that late metastasis of maxillary
OSCC occur in these cervical levels. The purpose of this study was to identify the lymphatic
drainage pattern of oral maxillary cancers via preoperative lymphoscintigraphy which was
executed as part of the SLNB procedure.
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MATERIAL AND METHODS

Patient selection

All consecutive patients diagnosed with oral maxillary cancer at the Department of Oral &
Maxillofacial Surgery of the University Medical Center Groningen between December 01,
2012 and April 22,2016, were included in the analysis if they had a primary oral tumor located
at the hard palate or alveolar bone. Patient characteristics are given in Table 1. Information
regarding patient characteristics, clinical and pathological tumor characteristics and
diagnostic imaging data was collected retrospectively. All patients were treated according
to the Dutch National guidelines for oral cavity cancer [21]. Because SLNB is part of this
guideline, no approval was required from the hospital research ethics board according to
the Dutch ethical regulations [22].

Table 1. Patient and tumor characteristics

Patient Age at Tumor

# Sex treatment morphology Location Tumor cTN pTN

1 Female 75 0SsCC Upper gum right side TINO T2N2b

2 Female 64 0scC Upper gum left side TINO TINO

3 Female 90 0scC Upper gum right side T4aNO T4aNO

4 Female 73 OscC Hard palate right side, close T4aNO T4aNO0
to midline

5 Female 60 0scC Upper gum left side, closeto  T4N2b/c T4NO
midline

6 Male 77 0sCC Upper gum left side, closeto  T4NO T4NO
midline

7 Female 54 Melanoma Hard palate right side, close T4N1 T4N2b
to midline

8 Male 70 0scCC Upper gum left side, closeto  T4aNO T4aN2b
midline

9 Female 88 0scC Hard palate left side, closeto  T2NO T2NO
midline

10 Female 65 0SCC Upper gum, midline and TINO T2NO
right side

11 Male 66 0sCC Upper gum right side T4NO T2Nx*

Abbreviations: cTN; clinical TN classification, pTN; pathological TN classification, OSCC; oral squamous cell carcinoma.

* Patient #11 had no detectable SLNs at the lymphoscintigraphy
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Sentinel lymph node procedure

The SLNB procedure was performed as described earlier [23]. Briefly, 1 day before operation
*mTc-nanocolloid was injected peritumorally at 4 locations; median 100 MBq (range 60-
100 MBq). Slow infiltration of the tracer is required to inject successfully in the oral maxilla
without leakage. Injection was immediately followed by dynamic lymphoscintigraphy for
20 minutes in anterior or oblique views (20 x 60 s, 128 x 128 matrix) and static images (300,
256 x 256 matrix) in 2 directions; anterior and lateral. The static images were repeated after
2 to 4 hours, followed by a Single Photon Emission Computed Tomography (SPECT)-CT
scan of the head and neck using a 2-headed gamma camera equipped with parallel-hole
ultra-high resolution collimators and a 2-slice CT scanner (32 views of 20 s, 128 x 128 matrix;
mAs 30, kV 110, 3.0 mm slice; Siemens, Knoxville, TN). After these images, the position of the
sentinel lymph node was marked on the overlying skin by using a *’Cobalt point-source-
marker and a y-probe. The first focus on lymphoscintigraphy, in any direction of the tumor,
was considered as the sentinel lymph node. All the lymph nodes with their own lymphatic
track directly from the tumor were marked as sentinel lymph node. Neither number nor
neck level were restricted for the sentinel lymph nodes. The lymphoscintigraphy images
used in this study were all revised by a senior nuclear medicine physician (A.H.B.).

Surgical procedure

Patients were operated within 24 hours after the lymphoscintigraphy with resection of
the tumor and staging of the neck by SLNB. In 5 patients, this was combined with a neck
dissection. The SLNB side depended on the location and size of the tumor and prior neck
treatment. In case of a small tumor, a tumor close to the midline, or a tumor crossing the
midline, respectively, an ipsilateral, contralateral, or bilateral SLNB was indicated (Table 2).
All lymph nodes with a high signal on the y-probe at the marked position on the skin were
harvested and marked as sentinel lymph nodes. Because of the conglomeration of lymph
nodes, it is not always possible to separate 1 lymph node with a high signal during an
operation. In that case, more harvested lymph nodes were marked as SLNs at one location.
In several patients, a few additional non-radioactive lymph nodes close to the sentinel
lymph node were also harvested to ensure sentinel lymph collection. These additional
lymph nodes were separated ex vivo from the sentinel lymph nodes by using the y-probe.
Blue dye was not used intra-operatively in our cohort.

Histopathological examination

The histopathological examination of the sentinel lymph node is also described earlier
[23]. Briefly, step-serial-sectioning of the entire sentinel lymph node was performed in our
center with an interval of 500 um. All levels were stained with hematoxyline-eosine and for
immunohistochemistry with pan-cytokeratin antibody (AE 1/3). The additionally harvested
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non-sentinel lymph nodes were investigated by routine histopathological examination
(standard H&E staining, without step-serial-sectioning or additional immunohistochemistry),
or in some cases using step-serial-sectioning and both stainings. The sentinel lymph node
slides were revised by a dedicated head & neck pathologist (B.v.d.V.).

Table 2. Sentinel lymph node biopsy information

Patient Ipsilateral Parapharyngeal No. of harvested No. of harvested
# SLNB side neck surgery SLN* SLNs* non-SLNs
1 Ipsilateral SLNB None 3 1

2 Ipsilateral SLNB Yes, ipsilateral 1 0

3 Contralateral ~ Nonet None 2 2

4 Contralateral ~ END None 1 0

5 Contralateral ~ END None 1 0

6 Contralateral ~ END None 1 1

7 Contralateral ~ MRND Yes, contralateral 4 2

8 Contralateral ~ MRND None 1 0

9 Bilateral SLNB None 2 1

10 Bilateral SLNB None 3 0

118 NA NA None 0 0

Abbreviations: SLNB; sentinel lymph node biopsy, END; elective neck dissection, MRND; modified radical neck dissection, SLN;
sentinel lymph node, No.; number.

* Parapharyngeal SLN detected with lymphoscintigraphy.

T Number of harvested lymph nodes marked as SLNs

*|psilateral treated by END and radiotherapy in the past

Patient #11 had no detectable SLNs at the lymphoscintigraphy

RESULTS

Patients

In total, 11 patients with oral maxillary cancer were analyzed: 10 patients with primary
maxillary OSCC and 1 patient with a primary maxillary mucosal melanoma (Table 1), 3 men
and 8 women aged between 54 and 90 years at the time of treatment. Two patients had
previo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>