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1. Introduction

1.1 Epidemiology

Head and neck cancers are histopathologic cancers targeting the oral cavity, nasal cavity,
pharynx, larynx, thyroid, paranasal sinuses and salivary glands (Wheless et al., 2010; Bray et
al. 2018). Among all head and neck cancers, more than 90% consist of head and neck
squamous cell carcinoma (HNSCC) (Bray et al., 2018). As the 6™ most prevalent cancer
globally, HNSCC accounted for 250,000 cases and 63,500 deaths in 2012 in Europe (Global
Burden of Disease Cancer et al., 2017). This number increased to over 890,000 newly
diagnosed patients and 450,000 mortalities in 2018 (Bray et al., 2018). Unlike the female
population, male populations are more often affected, with a proportion ranging from 2:1 to
5:1 (Suh & Cho., 2016; Huang et al., 2018). In Asia, cancers located in the oral cavity,
particularly tongue cancer, have been reported in the Indian subcontinent. In southern China
and Hong Kong, nasopharyngeal cancer is the most prevalent HNSCC, whereas pharyngeal
or laryngeal cancers comprise a higher ratio in other populations (Bray et al., 2013; Lambert
et al., 2011; DeSantis et al., 2013). These elements contribute to an overall disproportionate
cancer burden in parts of Asian countries. The African American male population has a
significantly higher (approximately 50%) incidence of laryngeal cancer than white Americans
(Settle et al., 2009). Laryngeal and oropharyngeal cancer-related mortalities are also high in

African American males (Lubin et al., 2010).

1.2 Etiology and risk factors

Alcohol intake and tobacco use are crucial in the development of HNSCC located in the larynx,
hypopharynx, oropharynx and oral cavity (Wyss et al., 2013). One study comparing subjects
who intake alcohol of over 50 g per day with those under 10 g/day reported a 5 to 6-fold
increase in the hazard ratio of head and neck cancers (De Stefani et al., 1998). The risk of
developing head and neck cancer increased to 5 to 25-fold for heavy cigarette smokers

compared to non-smokers (Chaturvedi et al., 2013).


http://www.youdao.com/w/constitute/#keyfrom=E2Ctranslation

The involvement of human papillomavirus (HPV), specifically 16/18 subtype, was also
observed in some HNSCC patients, particularly in cancers occurring at the tongue’s base and
the tonsillar area (Sheikh et al., 2020). In developed countries, the incidence of HPV-related
oropharyngeal cancers is significantly greater among male younger population (<60 years)
than among female population (Sheikh et al., 2020). In the development of nasopharyngeal
carcinoma, which is one of the most common malignancies in South China, Epstein-Barr virus

(EBV) acts as the leading etiopathogenesis (Bray et al., 2013).

Although alcohol intake and tobacco use as well as HPV and EBV infection play significant
roles in the pathogenesis of HNSCC, their pathological mechanisms vary differently. Tobacco
and alcohol-related HNSCC are relevant to p53 gene mutation and TP53 overexpression with
an increased proliferative index i.e., Ki-67 immunohistochemistry (IHC) (Stelow et al., 2010).
In the pathogenesis and development of HNSCC, particularly oropharyngeal cancer,
expressions of HPV E6 and E7 oncogenes inactivate the tumor-suppressor proteins pRb and
p53, hence promoting genomic instability (Ghittoni et al., 2010; Schiffman et al., 2016; Gheit,
2019).

Additional associated risk factors include opium use, immunosuppression, betel quid chewing,
poor hygiene in oral cavity and periodontal disease, genetic factors, radiation exposure,
environmental as well as occupational exposures (Grulich et al., 2007; Guha et al., 2014;
Hashim et al., 2016; Lacko et al., 2014; van der Laan et al., 1995; Becher et al., 2005; Leonel
et al., 2021).

1.3 Clinical presentation, pathology, and staging

Head and neck cancer’s clinical manifestations vary quite differently based on the initial site
and different associated risk factors. Otalgia may be an essential symptom for cranial nerves
(Suh & Cho., 2016; Bray et al., 2013; DeSantis et al., 2013; Settle et al., 2009) that supply
afferents to the middle and external ear, which could indicate the presence of head and neck

cancers. Pain travels through cranial nerves (5, 7, 9, and 10) that supply the ear and the referred
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area, prompting suspicion of head and neck cancers (Suh & Cho., 2016; Bray et al., 2013;
DeSantis et al., 2013; Settle et al., 2009).

Neck mass is a common presenting complaint in roughly 90% of patients with nasopharyngeal
carcinoma due to regional nodal metastases (Mehanna et al., 2010; Johnson et al., 2020). Oral
cavity cancer patients may have symptoms of mouth pain, dry mouth, halitosis, dysphagia,
dysgeusia, weight loss, etc. (Mehanna et al., 2010; Johnson et al., 2020). Oropharyngeal
cancer patients could have manifestations including dysphagia, pain, upper-airway

obstruction, and neck nodes (Mehanna et al., 2010; Johnson et al., 2020).

Hypopharyngeal cancer patients usually manifest non-specifically for a long duration.
Therefore, patients with typical symptoms including dysphagia, otalgia, and neck mass are
often found with advanced disease (Mehanna et al., 2010; Johnson et al., 2020). For laryngeal
cancer patients, their symptoms widely vary according to the primary origin of the cancer.
Patients with glottic cancer might have early complaints of persistent hoarseness and later
symptoms such as dysphagia, chronic cough, otalgia, etc (Mehanna et al., 2010; Johnson et
al., 2020). Supraglottic cancer patients may reveal symptoms of airway obstacle or palpable
nodal metastases of the neck area, which might be later discovered (Mehanna et al., 2010;

Johnson et al., 2020).

We use the tumor, lymph node, and metastases (TNM) staging system from the American
Joint Committee on Cancer (AJCC) and the Union for International Cancer Control (UICC)
for the staging of head and neck cancers. Here, we adopted the 7" edition of AJCC. The 8"
edition was published in 2018, but it was not used in this study because it requires the
identification of the depth in oral cancer patients, a recommended p16 test in oropharyngeal
cancer patients, additionally, both of which were not routinely performed in this study group
which enrolled patients between 2010 and 2011. Tables 1-6 present the TNM staging of
cancers of the lip, oral cavity, and pharynx below. The AJCC Cancer Staging Manual was

referred to classifying other head and neck cancer subtypes.



CLINICAL PATHOLOGIC
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a ;;I““iﬂﬂ-mﬂiﬂﬂ mﬂb’ﬁ LATERALITY: o :ﬁmfﬂ"’gmﬂﬂ mﬂgﬂd
Br Lniant 4 T H BI Naoa 8
mmmqmgn?ﬁﬂ&r Tumor SizEe: Oleft O right O bilateral : Jﬂlrgar:t ey
PRIMARY TUMOR (T)
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O s Carcinoma in sifu O Tis
an Tumor 2 cm or less in greatest dimension amn
QO T2 Tumor more than 2 cm but not more than 4 cm in greatest dimension a T2
O m Tumor more than 4 cm in greatest dimension QT
O T4a Moderately advanced local diseass. O T4a
(lip) Tumor invades through cortical bone, inferior alveolar nerve, floor of
mouth, or skin of face, i.e., chin or nose
(oral cavity) Tumer invades adjacent structures only (e.g., through cortical
bone, [mandible or maxilla] inte deep [extrinsic) muscle of tongue
[genioglossus, hyoglossus, palatoglossus, and styloglossus], maxillary
sinus, skin of face)
O T Tdb Very advanced local disease. O T4
Tumor invades masticator space, pterygoid plates, or skull base and/or
encases intemnal carofid artery
Mote: Superficial erosion alone of boneftooth socket by gingival primary is not
sufficient to classify a tumor as T4.
REGIONAL LYMPH NODES (N)
O nNx Regional lymph nodes cannot be assessed () §
d No No regional lymph node metastasis O No
O M Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest dimension O w1
O N2 Metastasis in a single ipsilateral lymph node, more than 3 cm but not more than O N2
& cm in greatest dimension; or in multiple ipsilateral lymph nodes, none more
than & cm in greatest dimension; or in bilateral or contralateral lymph nodes,
none more than 6 cm in greatest dimension
0O Nza Meiastasis in single ipsilateral lymph node more than 3 cm but not more than & O N2a
cm in greatest dimension
O Nz2b Metastasis in multiple ipsilateral lymph nodes, none more than & cm in greatest 0 N2b
dimension
0 Nz Metastasis in bilateral or contralateral lymph nodes, none more than 6 cm in O N2e
greatest dimension
O w3 Metastasis in a lymph node more than & cm in greatest dimension O N3
DisTANT METASTASIS (M)
O ™o No distant metastasis {no pathologic MO; use clinical M to complete stage group)
a w1 Distant metastasis O

Table 1: Cancer of lip and oral cavity TNM staging

(from AJCC Cancer Staging Manual Seventh Edition, page 37)
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Table 2: Cancer of lip and oral cavity anatomic stage

(from AJCC Cancer Staging Manual Seventh Edition, page 38)
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Table 3: Cancer of pharynx T staging

(from AJCC Cancer Staging Manual Seventh Edition, page 51)




REGIONAL LYMPH NODES (N)
Nasopharynx
The distribution and the prognostic impact of regional lymph node spread from
nasopharynx cancer, paricularly of the undifferentiated type, are different from
those of other head and neck mucosal cancers and justify the use of a different
M classification scheme.

Regional lymph nodes cannct be assessed

No regional lymph node metastasis

Unilateral metastasis in lymph node(s), 6 cm or less in greatest dimension,
above the supraclavicular fossa, and/or unilateral or bilateral, retropharyngeal
ymph nodes, 6 cm or less, in greatest dimension®

Bilateral metastasis in lymph nodel(s), 6 cm or less in greatest dimension, above
the supraclavicular fossa”

Metastasis in a lymph node(s)” =6 cm and/or extension to supraclavicular fossa

Greater than & cm in dimension

Extension to the supraclavicular fossa™

* Midline nodes are considered ipsilateral nodes.

**Supraclavicular zone or fossa is relevant to the staging of nasopharyngeal
carcinoma and is the triangular region originally described by Ho. It is defined
by three points: (1) the superior margin of the sternal end of the clavicle, (2)
the superior margin of the lateral end of the clavicle, (3) the point where the
neck meets the shoulder (see Fig. 4.2). Note that this would include caudal
portions of Levels IV and VEB. All cases with lymph nodes (whole or part) in
the fossa are considerad N3b.

Oropharynx and Hypopharynx

Regional lymph nodes cannot be assessed

Mo regional lymph node metastasis

Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest dimension

Metastasis in a single ipsilateral lymph node, more than 3 cm but not more than
& cm in greatest dimension, or in multiple ipsilateral lymph nodes, none more
than & cm in greatest dimension, or in bilateral or contralateral lymph nodes,
none more than & cm in greatest dimension

Metastasis in a single ipsilateral lymph node more than 3 em but not more than
& cm in greatest dimension

Metastasis in multiple ipsilateral lymph nodes, none more than & cm in greatest
dimension

Metastasis in bilateral or contralateral lymph nodes, none more than & cm in
greatest dimension

Metastasis in a lymph node more than & cm in greatest dimension

* Metastases at Level VIl are considered regional lymph node metastases.

Mo distant metastasis (no pathologic MO; use clinical M to complete stage group)
Distant metastasis

Table 4: Cancer of pharynx N and M staging

(from AJCC Cancer Staging Manual Seventh Edition, page 52)
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CLINICAL PaTHOLOGIC
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Table 5: Cancer of nasopharynx anatomic stage

(from AJCC Cancer Staging Manual Seventh Edition, page 53)
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Table 6: Cancer of oropharynx and hypopharynx anatomic stage/prognostic groups

(from ACC Cancer Staging Manual Seventh Edition, page 53 )




1.4 Diagnosis and methods of treatment

The diagnosis of HNSCC depends on a comprehensive history combined with palpation,
inspection, and/or direct/indirect flexible/rigid endoscopy as well as imaging approaches
(Johnson et al., 2020). An inspection is crucial to define the degree of cancer and biopsies for
a further pathological examination. Imaging approaches such as sonography, computed
tomography (CT), Fluorine-18 fluorodeoxyglucose positron emission tomography/ computed
tomography ('*)F FDG PET/CT), and magnetic resonance imaging (MRI) are critical to
assessing the level of tumor penetration, metastases of regional nodes and distant metastases
or recurrence (Pfister et al., 2020). PET/CT can be conducted to evaluate local lymph nodes,

distant metastases and their viability following treatment (Pfister et al., 2020).

Initial assessment of HNSCC involves a comprehensive history and inspection, palpation,
and/or direct/indirect flexible/rigid endoscopy as well as imaging scans (Pfister et al., 2020).
Visual and/or palpatory examination of the nasal and oral cavities, as well as the floor of the
mouth, anterior two-thirds part of the tongue, tonsillar fossae and tongue base (optimally
observed via mirror inspection or flexible laryngoscopy) (Pfister et al., 2020). Also, palate,
buccal and gingival mucosa, and posterior pharyngeal wall should be examined as part of the

physical evaluation (Pfister et al., 2020).

A metastatic evaluation with appropriate imaging modalities is strongly suggested for newly
diagnosed HNSCC patients, specifically at regional lymph node spread (De Bree et al., 2009;
Pfister et al., 2020). Imaging scans of lungs are often carried out with locoregionally advanced
HNSCC for metastases check. Additionally, patients who have a carcinoma in situ with intense
smoking, alcohol intake, or family cancer history might as well profit by a more extensive
examination for metastatic diseases or a second primary cancer such as chest CT (De Bree et

al., 2009; Pfister et al., 2020).

Imaging modalities including sonography, CT, PET/CT, and MRI play an important role in

evaluating tumor penetration level, regional nodal metastases, as well as distant metastases or
9



recurrence (Richards & Peacock, 2007; Zoumalan et al., 2010; De Bree et al., 2009). Notably,
PET/CT can be carried out to evaluate regional and distant metastases as well as their viability
post-treatment. Cacicedo suggests PET/CT be performed on routine basis as imaging work-

up of advanced HNSCC (stage III-IV) (Cacicedo et al., 2015).

Treatment for HNSCC necessitates sufficient consideration of the location and stage of the
tumor, also the expected clinical outcomes, morbidity related to different treatment strategies
as well as patient-oriented aspects such as their overall health status, comorbidities, and the
type of treatment preferred by patients (Marur & Forastiere, 2016). Generally, a
multidisciplinary approach including all associated clinicians with adequate expertise is
critical in terms of the treatment and management of HNSCC patients. Early-stage (stage I
and stage II) HNSCC patients normally undergo treatments such as surgical removal or
receiving primary radiotherapy. A multidisciplinary approach of both (chemo-) radiation
combined with surgery with functional organ-preservation strategies is suggested for

advanced patients (stage III to [IVB) (Marur & Forastiere, 2016).

Regarding the treatment of recurrent or metastatic HNSCC patients, the management
approach is generally based upon previous treatments, performance status, comorbidities,
tissue PD-L1 combined positive score (CPS), the rapidity of tumor progression, related
prognostic factors, etc (Cohen et al., 2019). Several systemic agents are actively available,
such as chemotherapy, immune checkpoint inhibitors (ICIs), as well as targeted therapies like
cetuximab. Clinical trials could also be a good alternative for selected patients during their
disease course. Patients who have severe comorbidities and/or poor performance status could
consider supportive care, without initiating systemic treatment (Marur & Forastiere, 2016;

Cohen et al., 2019).

1.5 Prognosis
The prognosis of HNSCC predominantly depends upon the TNM stage during initial diagnosis,
surgical resection margins, and HPV status (Budach & Tinhofer, 2019; Saroul et al., 2022).
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Early-stage (stage I and 1) HNSCC patients have a better prognosis and overall survival than
patients at advanced stage (stage III or stage IV) (Budach & Tinhofer, 2019; Johnson et al.,
2020). Additionally, the prognosis of HNSCC patients who are HPV positive appears to be
remarkably better than those who are HPV negative. Moreover, according to AJCC, the depth
and extent of invasion in oral cancer patients, extracapsular nodal extension, overall health
status (e.g., performance status), consumption of tobacco and alcohol, HPV status and EBV
status are closely associated with their prognosis (Budach & Tinhofer, 2019; Johnson et al.,

2020).

Saroul and team concluded TNM stage was a major prognostic factor (hazard ratio =3.34, p =
0.002, for stage T3-4). The RTOG 0129 trial demonstrated a significant decrease (58%) in
terms of the risk of mortality (HR 0.42; 95% CI 0.27-0.66) among HPV-positive HNSCC
patients compared to HPV-negative patients (Ang et al., 2010). Referring to the US National
Cancer Database in 2018, Li et al. similarly discovered that HPV status acts as the strongest
indicator for prognosis of overall survival in 41950 out of 175,223 patients (Li et al. 2018).
Additional studies also suggest that radiomics, which are different attributes extracted from
diagnostic radiographic scans including CT, MRI, and PET, could potentially act as non-
genetic prognostic indicators for HNSCC (Budach & Tinhofer, 2019). Additionally, depth of
tumor invasion, EBV status together with consumption of tobacco and alcohol are related to

the prognosis in HNSCC patients (Almangush et al., 2013; Boffetta et al. 2007).
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2. Purpose of study

Imaging modalities including sonography, CT, PET/CT, as well as MRI are generally applied
in clinical practice, particularly for lymph node analysis and clinical staging. Nevertheless,
studies comparing the diagnostic accuracy of these modalities from a cross-sectional
perspective are limited. This study was conducted to emphasize evaluating cervical nodal
metastases among HNSCC patients through comparing these four radiographic modalities and
exploring the imaging modality with better accuracy and could provide clinical value.

We also sought to assess the diagnostic accuracy, sensitivity, specificity of each modality and
the Kappa consistency test and ROC Curve utilising histopathology as a gold standard for

comparisons.

12



3. Material and Methods

3.1 Patient enrollment

This retrospective study enrolled 26 patients who were diagnosed with HNSCC at the
Department of Otolaryngology-Head and Neck Surgery, Technical University of Munich from
2010 to 2011. All patients were newly diagnosed and had not received any previous anti-
cancer treatment approaches including surgery, radiotherapy, and chemotherapy. Before
confirming the pathological diagnosis, all patients were subjected to all the radiographic

modalities including sonography, CT, PET/CT, and MRI.

3.2 Methods
3.2.1 Morphological methods
This study used imaging studies including sonography, CT, PET/CT, and MRI, which are

common in clinical practice.

3.2.1.1 Sonography

Neck sonography, also known as ultrasound (US) is a readily accessible, cost-efficient, secure,
and precise modality, which is broadly used for assessing suspected nodal assessment in
HNSCC (Heusch et al., 2014). Notably, B-scan as well as color-coded duplex imaging (CCDI)
forms the basis of sonography diagnostics for cervical lymph nodes (LNs) (Kiinzel et al.,
2022). The use of sonography has enabled possible assessment of the size of LN, cystic
configuration, hyperechoic lesions, the loss of fatty hilum as well as extracapsular extension
and peripheral vascularization, which constitutes major criteria for LN malignancy (Wendl et

al., 2012; Kiinzel et al. 2018).
Sonography is important in diagnosing HNSCC for visualizing local nodal metastases and
detecting pathological changes as well as lesions of the salivary and thyroid glands (Richards

& Peacock, 2007).
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Herein, diagnosis with sonography was carried out by specialists in otorhinolaryngology with
adequate clinical experience in sonography. Sonography scan was performed in high-
resolution B-mode using the Siemens S2000 (linear transducer, 9-14 Mhz, Tissue Harmonic

Imaging) (Siemens Medical Solutions, Erlangen, Germany).

3.2.1.2 CT scan

CT scan acts as an extended use of the X-ray procedure and is one of the most important
radiological techniques. The X-ray beam scans from several different directions by rotating
the X-ray tube. The use of CT scans is important in ear, nose, and throat medicine for
evaluating nodal metastases and diagnosing sinusitis and temporal bone fractures. The CT
scan analysis description for lymph node contained: the specific volume and size, the
existence of central necrosis, and the presence of nodal cluster within cancer region and its

drainage pathway (Zoumalan et al., 2010).

A CT scan can help in detecting malignancy based on anatomic distortions or specific
tumor enhancement in HNSCC. It allows greater spatial resolution, faster acquisition times,
and better evaluation of bone destruction compared to MRI (Feldhaus et al., 2019). Modern
multidetector CT machines can be used with slice thickness less than 3mm, even 1 mm
(Zoumalan et al., 2010; Feldhaus et al., 2019), hence providing optimal spatial resolution for
radiologists. The CT scan analysis description for LN assessment includes specific volume
and size, the existence of central necrosis, and the presence of nodal clusters within the cancer

region and its drainage pathway (Zoumalan et al., 2010).

For this study, the CT images were evaluated by certified radiologists. Low-dose CT

techniques were performed with further administration of an intravenous contrast medium

(100ml Imeron 300, Bracco Medical, Germany).
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3.2.1.3 PET/CT scan

A PET/CT scan is combined of positron emission tomography (PET) and CT. PET/CT uses
injected radionuclides that emit positrons to visualize metabolically or functionally active
tissues (Rudmik et al., 2011; Suenaga et al., 2016). Images of PET/CT are generated by
detecting positron emissions and subsequent use of reconstruction techniques for constructing
a 3-D image. Fluorodeoxyglucose is a commonly utilized agent, with varying uptake levels in
cells based on respective tissue metabolism (Rudmik et al., 2011; Suenaga et al., 2016). In
PET/CT scans, PET and CT scans are sequentially carried out under the identical imaging
session via a hybrid PET/CT scanner, hence product-integrated PET/CT imaging. With the
help of fusion software, the PET images are subsequently integrated with the anatomic CT
imaging to help localize the physiologic parameters (Abgral et al., 2009). In the HNSCC field,
a PET-CT scan plays an important role in evaluating local lymph nodes and remote metastases

as well as second primary malignancies (Suenaga et al., 2016).

Assessment of the PET/CT scan images is conducted by specialists in radiology and nuclear
medicine. We used a Biograph 64 PET/CT scanner (Siemens Medical Solutions, Erlangen,
Germany). Once the venous infusion of '*F FDG (5 MBg/kg body weight) was complete, the

PET/CT associated data could be recorded after 90 minutes.

3.2.1.4 MRI scan

MRI offers superior soft tissue definition unlike CT scan and is superior in assessing
perineural spread, skull base invasion as well as intracranial extension in HNSCC (Kuno et
al., 2018). MRI can bring extra benefits in evaluating the tongue base and parotid glands, too
(Pfister et al., 2020). The NCCN guidelines recommend that skull base erosion be evaluated
with an MRI scan for nasopharyngeal cancer (Pfister et al., 2020). In HNSCC, an MRI is
generally carried out to provide complementary information to a CT scan based on these

reasons.

In this work, radiology specialists evaluated the MRI images. A Magnetom Verio 3T scanner
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(Siemens Medical Solutions, Erlangen, Germany) was used to create magnetic resonance
tomography (MRT) images. We performed T1, T2-weighted short tau inversion recovery (T2-
STIR), and contrast agent T1 sequences. The Magnetvist ( 0.2 ml/kg body weight) (Bayer-

Schering, Berlin, Germany) was used as a contrast agent.

3.2.1.5 Imaging template

After obtaining all imaging data, we analysed and compared the same lesions with different
modalities from axial, sagittal, and coronal dimensions. In addition to CT, PET/CT, and MRI,
we also compared the morphology and positive findings of sonography, which was applicable
in a paper format. All patients in this study had available imaging data including sonography,

CT, PET/CT, and MRI and pathological reports as gold standards.

For staging and treatment of head and neck malignancies, cervical lymph nodes are often
separated into a minimum of six anatomic neck lymph node levels (Robbins et al., 2002;
Robbins et al., 2008; Grégoire et al., 2014). Conclusively, Level I is the submental and
submandibular area, Level 11 is the upper internal jugular (deep cervical) chain area, Level 111
is the middle internal jugular (deep cervical) chain area, Level IV is the lower internal jugular
(deep cervical) chain, Level V is the posterior triangle and Level VI is the central (anterior)
compartment area (Robbins et al., 2002; Robbins et al., 2008; Grégoire et al., 2014) (Fig. 1).
Nonetheless, this study did not enroll patients with level I and level VI nodal metastases;
therefore, we modified LNs levels into 4 levels, level 11, 111, IV and V, either ipsilateral or
bilateral. We subsequently compared the nodal positivity detected in these 4 imaging

modalities to the histopathological report for statistical analysis.

The images (Fig. 2 to 4) below are from a random patient in our study, using a template here
for clarification. Red arrows below marked suspicious lesions identified by CT, PET/CT, and
MRI scans. Sono report of this patient stated suspicious lymph nodes are in levels I, II, and
III right side and level II left side (classification N2c), which was concordant with the other

three imaging modality findings.
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Lymph node levels ¢G4

Fig 1: Cervical lymph node levels
(from 20" US. edition of Gray’s Anatomy of the human Body)
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Fig 2: Imaging template acquired by CT
(nodal lesion targeted by red arrow)
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Fig 3: Imaging template acquired by PET/CT
(nodal lesion targeted by red arrow)
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Fig 4: Imaging template acquired by MRI
(nodal lesion targeted by red arrow)

20



3.3 Histology
A total of 25 out of 26 enrolled patients had histopathological reports from the pathology

department. The certified pathologists provided the histopathological results.

3.4 Statistical analysis

As mentioned above, the cervical LN levels were modified into 4 levels, level II, 111, IV, and
V, either ipsilateral or bilateral. Subsequently, we compared the nodal positivity detected in
these 4 imaging modalities based on cervical lymph node levels to the histopathological
results (which is the gold standard) for statistical analysis. The MedCalc software was used
for data analysis. MedCalc software is a broadly used statistical software package for
biomedical research, particularly for diagnostic evaluation tests (MedCalc, 2015). First, we
analysed the demographic distribution of patients enrolled. Sensitivity, specificity, Positive
Predictive Value (PPV), Negative Predictive Value (NPV), and overall accuracy as well as
receiver operating characteristic (ROC) curve analysis were computed for each imaging
method. Of note, a ROC curve is a plot of the true positive rate (sensitivity) in the function of
the false positive rate (100-specificity) for different cut-off points of a parameter; the closer

area under the curve (AUC) is to 1, the better the model (DeLong et al., 1988).

McNemar test was also performed using MedCalc to establish if the overall diagnostic
accuracy differed between sonography, CT, PET/CT, and MRI in cervical nodal metastases
evaluation. The McNemar Test is broadly performed to decide if the proportions of categories

in two related groups significantly differ from each other.

Lastly, the kappa statistic through the MedCalc software was utilized to analyse interrater
reliability of the 4 imaging modalities. Notably, the kappa statistic is commonly utilized to
evaluate interrater reliability in academic research to select and indicate the most accurate
representations of the measured variable (McHugh, 2012). For instance, a kappa value with
different ranges represents different levels of interrater agreement and consistency, a kappa

value of 0-0.2 signifies a poor agreement, a kappa value of 0.2-0.4 signifies a fair agreement,
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a kappa value of 0.4-0.6 signifies a moderate agreement, a kappa value of 0.6-0.8 signifies a
substantial agreement and a kappa value of 0.8-1.0 signifies a nearly perfect agreement

(McHugh, 2012).
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4. Results

4.1 Demographic characteristics of enrolled HNSCC patients

As shown in the demographic table (Table7), this study enrolled 26 HNSCC patients. Their
median age was 54 years, ranging from 28 to 71 years. More than 70% of patients were male.
The primary sites of cancer mainly included cancer of the oral cavity and oropharynx, 5 cases
of hypopharyngeal cancer included, too. Based on the 7" edition AJCC staging, nearly half of
the patients (46.2%) were early-staged (stage I and II) and another half of patients (53.8%)
were at the advanced stage (stage IV) with no patients at initial stage III. Regarding treatments,
42.3% of patients received surgery alone, 53.9% received surgery combined with radiation

therapy (RT) or radiochemotherapy (RCT) and one patient received radiation therapy only.
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Features N (%)
Age 54.0 (range: 28-71)
Gender
Male 20 (76.9%)
Female 6 (23.1%)
Primary Site of Cancer
Oral cavity 9 (34.6%)
Oropharynx 12 (46.2%)
Hypopharynx 5(19.2%)
Initial T-stage
T1 13 (50.0%)
T2 5(19.2%)
T3 5(19.2%)
T4 3 (11.5%)
Initial M-stage
MO 23 (88.5%)
M1 3 (11.5%)
Treatment
radiation therapy 1 (3.8%)
surgery only 11 (42.3%)
surgery-+tradiation therapy 8 (30.8%)
surgery-+radiochemotherapy 6 (23.1%)

Table 7: Demographic characteristics of HNSCC patients (n=26)
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4.2 Diagnostic accuracy and comparison among sonography, CT, PET/CT, and MRI
scans in evaluating cervical lymph node metastases in HNSCC patients

4.2.1 Diagnostic accuracy of sonography in detecting cervical lymph node metastases
All the detected cervical lymph nodes were compared through sonography with the lymph
node levels confirmed by histopathological results. We used bilateral LN levels II, III, IV, and
V of each patient to make final analysis; one patient had a missing histopathological report.
We found an overall 96.0% accuracy in the detection of lymph node metastases with
sonography. The sensitivity and specificity were 85.7% and 97.7%, respectively, with 85.7%

positive predictive value (PPV) and 97.7% negative predictive value (NPV).

. . ) Total cervical
Categories Histopathology + Histopathology -
lymph nodes
Sonography + 24 4 28
Sonography - 4 168 172
Total 28 172 200

Table 8: Number of lymph node levels detected by sonography and histopathology

Metrics Sonography
Sensitivity 85.7%
Specificity 97.7%

PPV 85.7%
NPV 97.7%
Accuracy 96.0%

Table 9: Diagnostic accuracy of sonography

4.2.2  Diagnostic accuracy of CT scan in detecting cervical lymph node metastases

Similarly, all the detected cervical lymph nodes were compared through a CT scan with the
lymph node levels (bilateral LN level 11, III, IV) confirmed by histopathological results. One
patient had a missing histopathological report. The overall accuracy of the CT scan was 93.5%.
The sensitivity, specificity, PPV, and NPV were 85.7%, 94.8%, 72.7%, and 97.6%,

respectively, for CT scans.
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Total cervical

Categories Histopathology + Histopathology - lymph nodes
CT+ 24 9 33
CT- 4 163 167
Total 28 172 200

Table 10: Number of lymph node levels detected by CT and histopathology

Metrics CT
Sensitivity 85.7%
Specificity 94.8%

PPV 72.7%
NPV 97.6%
Accuracy 93.5%

4.2.3 Diagnostic accuracy of PET/CT scan in detecting cervical lymph node

metastases

Further, all the detected cervical lymph nodes were compared through PET/CT scans with the
lymph node levels (bilateral LN level II, III, IV) confirmed by histopathological results for
statistical analysis. With one patient missing a histopathological report, the overall accuracy

for a PET/CT scan was 97.0%. The sensitivity, specificity, PPV, and NPV were 92.3%, 97.7%,

Table 11: Diagnostic accuracy of CT

85.7% and 98.8%, respectively.

. . ) Total cervical
Categories Histopathology + Histopathology -
lymph nodes
PET/CT + 24 4 28
PET/CT - 2 170 172
Total 26 174 200

Table 12: Number of lymph node levels detected by PET/CT and histopathology
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Metrics PET/CT
Sensitivity 92.3%
Specificity 97.7%

PPV 85.7%
NPV 98.8%
Accuracy 97.0%

Table 13: Diagnostic accuracy of PET/CT

4.2.4 Diagnostic accuracy of MRI scan in detecting cervical lymph node metastases

Furthermore, all the detected cervical lymph nodes by MRI with the lymph node levels
(bilateral LN level II, I1I, IV) were compared with histopathological results. We had 4 subjects
with missing MRI data and 1 subject with missing histopathological reports. The overall

accuracy of MRI detection was 72.0%. The sensitivity, specificity, PPV, and NPV were 96.0%,
67.8%, 34.3%, and 99.0%, respectively.

) . . Total cervical
Categories Histopathology + Histopathology -
lymph nodes
MRI + 24 46 70
MRI - 1 97 98
Total 25 143 168

Table 14: Number of lymph node levels detected by MRI and histopathology

Metrics MRI
Sensitivity 96.0%
Specificity 67.8%

PPV 34.3%
NPV 99.0%
Accuracy 72.0%

Table 15: Diagnostic accuracy of MRI
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4.2.5 Diagnostic accuracy and comparison of sonography, CT, PET/CT, and MRI
scans in detecting cervical lymph node metastases

4.2.5.1 Diagnostic test results comparison of sonography, CT, PET/CT, and MRI scans
in detecting cervical lymph node metastases

Furthermore, we compared the diagnostic accuracy of sonography, CT, PET/CT, and MRI.
Sensitivity was highest for MRI (96.0% compared to 92.3% for PET/CT and 85.7% for
sonography and CT). Specificity was comparable with 94.8 % for CT, and 97.8 % for
sonography and PET/CT, but only 67.8% for MRI. Whereas the MRI showed the least PPV
(34.3%) unlike all other methods (85.7% for sonography and PET/CT, and 72.5% for CT), the
NPV was comparable in all methods (97.6-99.0%). The overall accuracy of detecting cervical
lymph node metastases was comparable for sonography, CT, and PET/CT with 96.0%, 93.5%,
and 97.0%, respectively, whereas MRI had only 72.0% accuracy (Table 16).

Metrics/Modalities Sonography CT PET/CT MRI
Sensitivity 85.7% 85.7% 92.3% 96.0%
Specificity 97.7% 94.8% 97.7% 67.8%

PPV 85.7% 72.7% 85.7% 34.3%
NPV 97.7% 97.6% 98.8% 99.0%
Accuracy 96.0% 93.5% 97.0% 72.0%

Table 16: Diagnostic accuracy of sonography, CT, PET/CT and MRI

4.2.5.2 ROC curve analysis of sonography, CT, PET/CT, and MRI scans in detecting
cervical lymph node metastases

Through ROC curve analysis by the MedCalc software, we calculated the AUC of sonography,
CT, PET/CT, and MRI were 0.896, 0.920, 0.933, 0.819. In the assessment of cervical nodal

metastases, all four imaging modalities had a good performance.
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4.2.5.3 Significant difference in comparison of diagnostic accuracy of sonography, CT,

PET/CT, and MRI scans in detecting cervical lymph node metastases

We found no statistical difference between sonography and CT, sonography and PET/CT, as

well as CT and PET/CT in evaluating cervical nodal metastases. Nonetheless, sonography and

MRI (p<0.001), CT and MRI (p<0.001) as well as PET/CT and MRI (p<0.001) had

remarkable differences in cervical lymph node metastases assessments.



4.2.5.4 Interrater agreement (kappa) statistical analysis of sonography, CT, PET/CT,
and MRI scans in detecting cervical lymph node metastases

The level of interrater agreement was good between sonography and CT, sonography and
PET/CT, and CT and PET/CT, with a kappa rate of 0.68, 0.74, and 0.83, respectively. However,
kappa value was lower in sonography and MRI (0.37), CT and MRI (0.49), and PET/CT and

MRI (0.35). This indicates a lesser level of interrater agreement between these groups.

Modalities Kappa value
sonography and CT 0.68
sonography and PET/CT 0.74
sonography and MRI 0.37
CT and PET/CT 0.83
CT and MRI 0.49
PET/CT and MRI 0.35

Table 17: Kappa value of different imaging modalities

4.3 Overall diagnostic accuracy comparison between sonography, CT, PET/CT, and
MRI scans in detecting cervical lymph node metastases

To further investigate the differences in diagnostic accuracy between sonography, CT, PET/CT,
and MRI in cervical nodal metastases identification, also to determine the preferred imaging
methodology in clinical practice, the McNemar test via the MedCalc software was performed

to compare the diagnostic significance between 4 imaging modalities.

In summary, our statistical analyses reported significant differences in overall accuracy in
detecting cervical lymph node metastases between MRI and CT, MRI and PET/CT as well as
MRI and sonography. Based on these statistics, only the accuracy of MRI in evaluating
cervical lymph node metastases was significantly different compared to other modalities; we

found no significant difference among other groups.
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Modalities/MRI CT PET/CT Sonography
Difference -20.67% -25.60% -26.19%
95% CI -27.4% t0 -13.93% -32.59% to-18.6% -33.04% to -19.34%
P value p<0.001 p<0.001 p<0.001

No significant difference among sonography, CT and PET/CT (p>0.05).

Table 18: Comparison of diagnostic accuracy among different imaging modalities
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5. Discussion

5.1 Comparison of the diagnostic accuracy of sonography, CT, PET/CT, and MRI scans
in the detection of cervical lymph node metastases in HNSCC patients

5.1.1 Diagnostic accuracy of sonography in the assessment of cervical lymph node
metastases in HNSCC patients

Nodal metastases are one of the most relevant prognostic factors for HNSCC patients and
could influence the choice of treatments. In addition, post-operative follow-up examination
of cervical lymph nodes ought to be conducted for assessment of prognosis (Pfister et al.,
2020). Sonography is the first-line method for thyroid disease assessment and also commonly
used for paediatric neck malignancies being motionless and avoiding radiation (Kiinzel et al.
2022; Junn et al., 2020). Several factors have made ultrasound a preferred alternative for
detecting cervical lymph nodes in clinical practice. Ultrasound offers distinct advantages: it's
readily available, cost-effective, and non-invasive. This combination makes it a highly

valuable tool for doctors (Heusch et al., 2014).

The application of sonography can detect and evaluate the metastatic status of cervical lymph
node efficiently and precisely (Kiinzel et al. 2022). This spotlights the necessity to assess the

diagnostic accuracy of sonographic evaluation in clinical practice.

A prior study involving 100 surgical patients compared physical exams, ultrasound, and
histology to assess cervical lymph nodes. This study highlighted the value of ultrasound in
detecting subclinical disease. Ultrasound achieved an impressive sensitivity of 92.6% and
specificity of 91% for identifying lymph node metastases (Bruneton et al. 1984). In 1993,
Baatenburg de Jong et al. explored the performance of ultrasound and its combination with
ultrasound-guided fine-needle aspiration biopsy (UGFNAB) during the evaluation of nodal
metastases. They also compared the diagnostic accuracy among patients who have metastatic
neck diseases including HNSCC (Baatenburg de Jong et al. 1993). They reported a sensitivity
of 96%, specificity of 32%, PPV of 84%, NPV of 72%, and accuracy for lymph node
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metastases of 83% (Baatenburg de Jong et al. 1993).

In 2007, Richards et al. investigated the accuracy of ultrasound to assess local nodal
metastases in clinically NO HNSCC. They obtained a sensitivity of 63% and specificity of 92%
when the minimum axial diameter (mm) as measured on ultrasound was set as 10 mm
(Richards & Peacock, 2007). However, the study by Richards et al. only included clinically
NO HNSCC patients, this implies that when combing all N level HNSCC patients, sonography

might exhibit better sensitivity and specificity in assessing cervical lymph node metastases.

Shetty et al. evaluated the accuracy of palpation, ultrasound, and CT in assessing metastatic
cervical lymph nodes in oral squamous cell carcinoma patients. They reported that the
sensitivity, specificity, PPV, NPV, and overall accuracy for lymph node metastasis detection
were 54.5%, 85.71%, 60.0%, 82.75%, and 76.92% by ultrasound, respectively (Shetty et al.,
2015). Comparably, Wang et al. compared the diagnostic capability of palpation and
ultrasound for cervical nodal metastases among hypopharyngeal cancer patients and obtained
a sensitivity of 86.76% and specificity of 80.95%, with 93.65% PPV and 65.38% NPV. Based
upon these studies, we summarize that the sensitivity of ultrasound was significantly higher

than palpation (Wang et al., 2019).

This study obtained an overall accuracy of 96.0% for lymph node metastases detection by
sonography, with a sensitivity of 85.7%, specificity of 97.7%, PPV of 85.7% and NPV of
97.7%, which were moderately higher than those reported in previous studies. This
discrepancy might be associated with variations in clinicians’ experience in specialized head

and neck cancer center and also the small patient number.

5.1.2  Diagnostic accuracy of CT scan in the detection of cervical lymph node
metastases in HNSCC patients
CT scans are a mainstay in clinical practice for cervical lymph node status evaluation. There’re

several reasons for this preference: CT scans can image all the tissues in the neck in a single
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scan, CT scanners are readily available in most hospitals and clinics, and compared with MRI
scans, CT scans are generally less expensive (Zoumalan et al., 2010; Junn et al., 2020). The
CT diagnostic accuracy is a key factor affecting diagnosis and treatments. The following
discussion focuses on the CT diagnostic accuracy in terms of cervical nodal metastases

evaluation.

Early in 1996, Wong et al. validated the clinical significance of CT among 30 HNSCC patients
(Wong et al., 1996). They found a 97% tumor detecting rate for CT. However, they did not

investigate cervical lymph node metastases status.

Several researches have investigated the effectiveness of different imaging modalities in
detecting lymph node metastases in HNSCC. Yoon et al. compared four methods: ultrasound,
CT, PET/CT, and MRI. They found CT scans to be highly specific (99.4%) for identifying
cervical lymph nodes. More recently, Kim investigated the use of CT, MRI, and PET/CT to
detect metastases in retropharyngeal lymph nodes in 123 HNSCC patients (Kim et al., 2020).
Sensitivity, specificity, PPV, NPV, and overall accuracy in detecting RPLN metastases of CT
were 65%, 94%, 85%, 83%, and 84% in their study, respectively (Kim et al., 2020). Another
study suggested that CT should be applied together with MRI or PET/CT due to its limited

sensitivity (Kim et al., 2020).

Salman et al. enrolled 200 HNSCC patients between 2015 and 2016 to assess the detection
accuracy in occult cervical nodal metastases using multislice CT scan (Salman et al., 2017).
They found a % sensitivity of 100, specificity of 93%, NPV of 93%, PPV of 100%, and overall

diagnostic accuracy of 96.2% (Salman et al., 2017).

In this study, we concluded that the sensitivity, specificity, PPV, NPV, and overall accuracy

were 85.7%, 94.8%, 72.7%, 97.6% and 93.5%, respectively for CT. Our findings align well

with aforementioned studies (Wong et al., 1996; Yoon et al., 2009; Kim et al., 2020; Salman
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et al.,, 2017). This further confirms the established role of CT scans as a valuable

morphological imaging technique in clinical practice.

5.1.3  Diagnostic accuracy of PET/CT scan in the detection of cervical lymph node
metastases in HNSCC patients

PET/CT is a crucial functional and morphological approach for cancer staging and evaluating
cervical lymph node metastases. Several researchers have proved that PET/CT may be more
effective than CT and MRI for regional nodal metastases assessment, second primary
malignancies, and distant metastases (Johnson & Branstetter, 2014; Escott, 2013; Xu et al.,

2012; Lonneux et al., 2010).

While previous studies showed promising results for this technique in detecting nodal
metastases, with high sensitivity ranging from 92% to 98%, their specificity varied
considerably (77% to 93%). We, however, note that these studies primarily focused on uterine
cervical cancer and breast cancer. Our understanding of this technique's effectiveness in other
cancer types, like head and neck cancer, may be limited (Monteil et al., 2011; Song et al.,
2012). Yutaka et al. enrolled 26 HNSCC patients to investigate the diagnostic capability of
PET/CT in assessing cervical nodal metastases compared to CT (Yamazaki et al., 2008). They
obtained sensitivity, specificity, PPV, NPV, and overall accuracy of 74%, 92%, 94%, 65%,
and 80% for PET/CT, while those of CT were 78%, 58%, 78%,58%, and 71%, respectively
(Yamazaki et al., 2008). Moreover, PET/CT could detect all lymph nodes with metastases >10
mm, intranodal tumor deposits with a percentage>75% and also intranodal tumor deposits >9

mm (Yamazaki et al., 2008).

Lee et al. in 2011 reported a sensitivity, specificity, PPV, NPV, overall accuracy of 69%, 89%,
62%, 92% and 85% for PET/CT in assessing cervical nodal metastases in HNSCC patients
(Lee et al., 2012). A meta-analysis published in 2018 comprising 18 studies (1044 patients)
investigated the diagnostic capability of PET/CT in evaluating nodal metastases in clinically

node negative HNSCC, presenting a sensitivity of 58% and specificity of 87% (Kim et al.,
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2019). Elsewhere, Veit-Haibach et al. reported an improved diagnostic accuracy of 76% (CT
alone) as well as 84% for PET/CT among HNSCC patients (Veit-Haibach et al., 2007).

A meta-analysis, involving 2247 PET/CT scans from 23 studies (Sheikhbahaei et al., 2015),
investigated the effectiveness of detecting recurrence of head and neck cancer after definitive
treatment. These findings suggested PET/CT scans were highly accurate, with a combined

sensitivity of 92% and specificity of 87%.

In this study, we obtained a sensitivity, specificity, PPV, NPV, and overall accuracy of 92.3%,
97.7%, 85.7%, 98.8% and 97%, respectively, for PET/CT, which were comparable to findings
in previous studies. Considering previous studies and our results, we infer that PET/CT can
not only facilitate primary tumor staging but aid in evaluating regional nodal metastases in

HNSCC patients.

5.1.4 Diagnostic accuracy of MRI scans in the detection of cervical lymph node
metastases in HNSCC patients

MRI, similar to CT scans, is frequently used to assess cervical nodal status. MRI offers two
key advantages over CT scans. First, it can bring detailed messages about the morphology of
the lymph nodes. Second, MRI is more effective at visualizing soft tissues and detecting
cancer metastasis into the bone marrow, which can be challenging for CT scans (Vishwanath

et al., 2020).

Vandecaveye et al. analysed diffusion-weighted (DW) magnetic resonance (MR) images and
compared with those from turbo spin-echo MR imaging in detecting nodal metastases in
HNSCC patients (Vandecaveye et al., 2009). The study found that the technique was very
effective in detecting lymph node spread (metastasis) at each individual lymph node level.
The results showed 84% sensitivity, 94% specificity, and 91% accuracy. Similarly impressive
results were obtained when examining all the lymph nodes in the neck together (each neck

level in total). In this case, the sensitivity was 94%, specificity was 97%, and accuracy was
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97% (Vandecaveye et al., 2009). Yoon et al. in 2009 compared the diagnostic performance
among four morphological methods - sonography, CT, PET/CT and MRI in evaluating
cervical nodal metastases with a sample of 67 HNSCC patients (Yoon et al., 2009). The study
exhibited a sensitivity of 77.0%, specificity of 99.4%, and an overall accuracy of 95.3% for
MRI, indicating that MRI’s diagnostic value was quite comparable to CT’s diagnostic value

(Yoon et al., 2009).

A previous meta-analysis analysed 12 studies to compare different imaging modalities
(sonography, CT, PET/CT and MRI) to assess cervical nodal metastases in clinically NO
HNSCC patients. Their pooled estimates showed a sensitivity of 65% and specificity of 81%
(Liao et al., 2012). This meta-analysis found no statistical difference in sensitivity or
specificity between the different approaches used to assess lymph node status. However, it's
critical to notice that the results may be lower in comparison to previous studies (Yoon et al.,
2009; Liao et al., 2012). This is likely because this study focused specifically on head and
neck cancer patients with clinically NO status. Evaluating lymph node metastases among these

patients is inherently more challenging.

In 2020, Kim et al. assessed the diagnostic accuracy of MRI, CT and PET/CT in assessing
PRLN metastases (Kim et al., 2020). The study exhibited a sensitivity, specificity, PPV, NPV,
and overall accuracy of 74%, 94%, 87%, 87%, and 87%, respectively, for MRI (Kim et al.,
2020).

In this study, we found a sensitivity, specificity, PPV, NPV, and overall accuracy of 96.0%,
67.8%, 34.3%, 99.0% and 72.0%, respectively, for MRI. Our study identified lymph node
metastases with high accuracy (96.0% sensitivity and 99.0% NPV). However, the test also
produced a substantial number of false positives (indicated by a lower positive predictive
value of 34% and specificity of 68%). This could be due to two limitations. First, our study
might have identified more lymph nodes as cancerous (positive) that actually were not (false

positives). Second, the relatively small sample size (n=26) might not be sufficient to draw
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generalizable conclusions. Our findings could also be interpreted by the fact that no newer
imaging protocols such as DWI imaging based on the ADC map were employed to classify

the lymph nodes.

5.2 Advanced imaging techniques in HNSCC
In addition to the aforementioned imaging modalities, more and more advanced imaging

techniques are under development to satisfy the needs of clinical practice.

Among recent advancements in CT technology, multidetector CT (MDCT) scans using thinner
slices can significantly reduce artifacts caused by metal implants. This makes MDCT a strong
candidate for becoming a standard CT scan option depending on the specific clinical needs
(Junn et al., 2020). Some postprocessing techniques based on CT, including the iterative metal
artifact reduction technique, can outperform conventional filtered back-projection in

facilitating oral cavity tissue assessment (Diehn et al., 2017).

Among MRI methods, diffusion-weighted imaging (DWI) which’s routinely applied to
conduct brain scans can also help to differentiate malignancies in staging as well as residual
or recurrent disease assessment by employing the apparent diffusion coefficient (ADC) map
(Choure et al., 2019). An ADC value cutoff of 0.9*10* mm?/s was proposed to differentiate
malignant lymph nodes from benign ones on a 1.5T magnet (Vincent et al., 2009). Moreover,
Perfusion-weighted imaging (PWI), a quantitative decisive technique of delivering blood to
tissue, carries high potential for identifying subtle tumor recurrences from granulation or scar

tissue due to increased blood flow (Davis et al., 2018).

Researchers have been exploring other relatively innovative techniques such as multi-

modality network learning machines in HNSCC (Liao et al., 2020).

The rapid development of advanced imaging technologies offers promise for more accurate

and earlier detection of HNSCC. However, the impact on the overall accuracy of detecting
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lymph node metastases remains to be fully established due to limitations in the current study,

such as a small sample size and the need for more clinical evidence.

5.3 Summary and limitations

This study retrospectively compared and assessed the diagnostic accuracy of four imaging
approaches including sonography, CT, PET/CT and MRI in the detection of cervical lymph
node metastases in HNSCC patients. The results showed that the modalities except MRI
exhibited good diagnostic accuracy (>90%) in assessing cervical lymph node metastases
among HNSCC patients while MRI only presented a 72.0% accuracy. MRI was the only
imaging technique that demonstrated a difference of statistical significance in accuracy for
detecting lymph node metastasis in the neck in comparison with other methods. There were

no significant differences in accuracy among ultrasound, CT scans, and PET/CT scans.

This study has some limitations that should be acknowledged. Firstly, we enrolled a small
sample size with only 26 patients involved, which may cause bias in the results. Secondly, the
imaging machines used for examination from 2010 to 2011 might be outdated and may not
reflect the most updated detection efficacy of modern imaging modalities, especially in MRI
imaging. Thirdly, this was a retrospective study which may carry some inherent bias.
Therefore, prospective studies with a large sample size should be advocated, thus increasing

the robustness of our findings.
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6. List of Abbreviations

HNSCC head and neck squamous cell carcinoma
HPV human papillomavirus

EBV Epstein-Barr virus

IHC immunohistochemistry

TNM tumor, node, metastases

AJCC American Joint Committee on Cancer
UICC Union for International Cancer Control
CT computed tomography

18F-FDG PET/CT

Fluorine-18 fluorodeoxyglucose positron

tomography/computed tomography

emission

MRI magnetic resonance imaging
EUA examination under anesthesia
EGFR epidermal growth factor receptor
PD-1 programmed cell death protein 1
PD-L1 programmed cell death-ligand 1
CPS combined positive score

ICI immune checkpoint inhibitor
uUS ultrasound

CCDI color-coded duplex imaging

LN Lymph node

PET positron emission tomography
MRT magnetic resonance tomography
T2-STIR T2-weighted short tau inversion recovery
PPV positive predictive value

NPV negative predictive

ROC receiver operating characteristic
AUC area under the curve
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RT radiation therapy

RCT radiochemotherapy

RT radiation therapy

RCT radiochemotherapy

PRLN retropharyngeal lymph node

DWMRI diffusion-weighted magnetic resonance imaging
MDCT multidetector computed tomography

DWI diffusion-weighted imaging

ADC apparent diffusion coefficient

PWI Perfusion-weighted imaging

41




7. References

Wheless, S. A., McKinney, K. A., & Zanation, A. M. (2010). A prospective study of the
clinical impact of a multidisciplinary head and neck tumor board. Otolaryngol Head

Neck Surg, 143(5), 650-654. https://doi.org/10.1016/j.0tohns.2010.07.020

Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., & Jemal, A. (2018). Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin, 68(6), 394-424.
https://doi.org/10.3322/caac.21492

Global Burden of Disease Cancer, C., Fitzmaurice, C., Allen, C., Barber, R. M., Barregard, L.,
Bhutta, Z. A., . . . Naghavi, M. (2017). Global, Regional, and National Cancer
Incidence, Mortality, Years of Life Lost, Years Lived With Disability, and Disability-
Adjusted Life-years for 32 Cancer Groups, 1990 to 2015: A Systematic Analysis for
the Global Burden of Disease Study. JAMA Oncol, 3(4), 524-548.
https://doi.org/10.1001/jamaoncol.2016.5688

Suh, J. D., & Cho, J. H. (2016). Trends in Head and Neck Cancer in South Korea Between
1999 and 2012. Clin Exp Otorhinolaryngol, 9(3), 263-269.
https://doi.org/10.21053/ce0.2015.01123

Huang, W. B., Chan, J. Y. W., & Liu, D. L. (2018). Human papillomavirus and World Health

Organization type III nasopharyngeal carcinoma: Multicenter study from an endemic

area in Southern China. Cancer, 124(3), 530-536. https://doi.org/10.1002/cncr.31031

Bray, F., Ren, J. S., Masuyer, E., & Ferlay, J. (2013). Global estimates of cancer prevalence
for 27 sites in the adult population in 2008. Int J Cancer, 132(5), 1133-1145.
https://doi.org/10.1002/ijc.27711

Lambert, R., Sauvaget, C., de Camargo Cancela, M., & Sankaranarayanan, R. (2011).
Epidemiology of cancer from the oral cavity and oropharynx. Eur J Gastroenterol

Hepatol, 23(8), 633-641. https://doi.org/10.1097/MEG.0b013e3283484795

DeSantis, C., Naishadham, D., & Jemal, A. (2013). Cancer statistics for African Americans,

2013. CA Cancer J Clin, 63(3), 151-166. https://doi.org/10.3322/caac.21173

42


https://doi.org/10.1016/j.otohns.2010.07.020
https://doi.org/10.21053/ceo.2015.01123
https://doi.org/10.1002/ijc.27711
https://doi.org/10.3322/caac.21173

Settle, K., Posner, M. R., Schumaker, L. M., Tan, M., Suntharalingam, M., Goloubeva, O., . . .
Cullen, K. J. (2009). Racial survival disparity in head and neck cancer results from
low prevalence of human papillomavirus infection in black oropharyngeal cancer
patients. Cancer Prev Res (Phila), 2(9), 776-781.
https://doi.org/10.1158/1940-6207.CAPR-09-0149

Lubin, J. H., Gaudet, M. M., Olshan, A. F., Kelsey, K., Boffetta, P., Brennan, P., . . . Hayes, R.
B. (2010). Body mass index, cigarette smoking, and alcohol consumption and cancers

of the oral cavity, pharynx, and larynx: modeling odds ratios in pooled case-control

data. Am J Epidemiol, 171(12), 1250-1261. https://doi.org/10.1093/aje/kwq088

Wyss, A., Hashibe, M., Chuang, S. C., Lee, Y. C., Zhang, Z. F., Yu, G. P,, . . . Olshan, A. F.
(2013). Cigarette, cigar, and pipe smoking and the risk of head and neck cancers:
pooled analysis in the International Head and Neck Cancer Epidemiology Consortium.

Am J Epidemiol, 178(5), 679-690. https://doi.org/10.1093/aje/kwt029

De Stefani, E., Boffetta, P., Oreggia, F., Fierro, L., & Mendilaharsu, M. (1998). Hard liquor
drinking is associated with higher risk of cancer of the oral cavity and pharynx than
wine drinking. A case-control study in Uruguay. Oral Oncol, 34(2), 99-104.
https://doi.org/10.1016/S1368-8375(97)00062-6

Chaturvedi, A. K., Anderson, W. F., Lortet-Tieulent, J., Curado, M. P., Ferlay, J., Franceschi,
S., ... Gillison, M. L. (2013). Worldwide trends in incidence rates for oral cavity and
oropharyngeal cancers. J Clin Oncol, 31(36), 4550-4559.
https://doi.org/10.1200/JC0O.2013.50.3870

Sheikh, M., Shakeri, R., Poustchi, H., Pourshams, A., Etemadi, A., Islami, F., . . . Malekzadeh,
R. (2020). Opium use and subsequent incidence of cancer: results from the Golestan
Cohort Study. Lancet Glob Health, 8(5), €649-¢660.
https://doi.org/10.1016/S2214-109X(20)30059-0

Stelow, E. B., Jo, V. Y., Stoler, M. H., & Mills, S. E. (2010). Human papillomavirus-associated
squamous cell carcinoma of the upper aerodigestive tract. Am J Surg Pathol, 34(7),

el5-24. https://doi.org/10.1097/PAS.0b013e3181e21478

Ghittoni, R., Accardi, R., Hasan, U., Gheit, T., Sylla, B., & Tommasino, M. (2010). The

43


https://doi.org/10.1158/1940-6207.CAPR-09-0149
https://doi.org/10.1093/aje/kwq088
https://doi.org/10.1093/aje/kwt029
https://doi.org/10.1016/S1368-8375(97)00062-6
https://doi.org/10.1200%2FJCO.2013.50.3870
https://doi.org/10.1016/S2214-109X(20)30059-0

biological properties of E6 and E7 oncoproteins from human papillomaviruses. Virus

Genes, 40(1), 1-13. https://doi.org/10.1007/s11262-009-0412-8

Schiffman, M., Doorbar,J., Wentzensen, N., de Sanjosé, Silvia, Fakhry, C., & Monk,
B. J. , et al. (2016). Carcinogenic human papillomavirus infection. Nat Rev Dis

Primers, 2, 16086. https://doi.org/10.1007/10.1038/nrdp.2016.86

Gheit, T. (2019). Mucosal and Cutaneous Human Papillomavirus Infections and Cancer

Biology. Front Oncol, 9, 355. https://doi.org/10.3389/fonc.2019.00355

Grulich, A. E., van Leeuwen, M. T., Falster, M. O., & Vajdic, C. M. (2007). Incidence of
cancers in people with HIV/AIDS compared with immunosuppressed transplant
recipients: a meta-analysis. Lancet, 370(9581), 59-67.
https://doi.org/10.1016/S0140-6736(07)61050-2

Guha, N., Warnakulasuriya, S., Vlaanderen, J., & Straif, K. (2014). Betel quid chewing and
the risk of oral and oropharyngeal cancers: a meta-analysis with implications for

cancer control. Int J Cancer, 135(6), 1433-1443. https://doi.org/10.1002/ijc.28643

Hashim, D., Sartori, S., Brennan, P., Curado, M. P., Wunsch-Filho, V., Divaris, K., . . . Boffetta,
P. (2016). The role of oral hygiene in head and neck cancer: results from International
Head and Neck Cancer Epidemiology (INHANCE) consortium. Ann Oncol, 27(8),
1619-1625. https://doi.org/10.1093/annonc/mdw224

Lacko, M., Braakhuis, B. J., Sturgis, E. M., Boedeker, C. C., Suarez, C., Rinaldo, A., . . . Takes,

R. P. (2014). Genetic susceptibility to head and neck squamous cell carcinoma. Int J

Radiat Oncol Biol Phys, 89(1), 38-48. https://doi.org/10.1016/].ijrobp.2013.09.034
van der Laan, B. F., Baris, G., Gregor, R. T., Hilgers, F. J., & Balm, A. J. (1995). Radiation-

induced tumours of the head and neck. J Laryngol Otol, 109(4), 346-349.

https://doi.org/10.1017/s0022215100130117

Becher, H., Ramroth, H., Ahrens, W., Risch, A., Schmezer, P., & Dietz, A. (2005). Occupation,
exposure to polycyclic aromatic hydrocarbons and laryngeal cancer risk. Int J Cancer,

116(3), 451-457. https://doi.org/10.1002/ijc.21049

Leonel, A. C., Bonan, R. F., Pinto, M. B., Kowalski, L. P., & Perez, D. E. (2021). The

pesticides use and the risk for head and neck cancer: A review of case-control studies.

44


https://doi.org/10.1007/s11262-009-0412-8
https://doi.org/10.3389/fonc.2019.00355
https://doi.org/10.1002/ijc.28643

Med Oral Patol Oral Cir Bucal, 26(1), e56-¢63.
https://doi.org/10.4317/medoral.23962

Mehanna, H., Paleri, V., West, & C., et al. (2010). Head and neck cancer--part 1: epidemiology,
presentation, and prevention. Bmj British Medical Journal.

https://doi.org/10.1136/bmj.c4684

Johnson, D.E., Burtness, B., Leemans, C.R. et al. Head and neck squamous cell carcinoma.

Nat Rev Dis Primers 6, 92 (2020)._https://doi.org/10.1038/s41572-020-00224-3

Pfister, D. G., Spencer, S., Adelstein, D., Adkins, D., Anzai, Y., Brizel, D. M., ... & Darlow, S.
D. (2020). Head and neck cancers, version 2.2020, NCCN clinical practice guidelines
in oncology. Journal of the National Comprehensive Cancer Network, 18(7), 873-898.
https://doi.org/10.6004/jnccn.2020.0031

De Bree, R., Castelijns, J. A., Hoekstra, O. S., & Leemans, C. R. (2009). Advances in imaging
in the work-up of head and neck cancer patients. Oral oncology, 45(11), 930-935.
https://doi.org/10.1016/j.oraloncology.2009.07.011

Noor, A., Stepan, L., Kao, S. S., Dharmawardana, N., Ooi, E. H., Hodge, J. C., Krishnan, S.,
& Foreman, A. (2018). Reviewing indications for panendoscopy in the investigation
of head and neck squamous cell carcinoma. The Journal of laryngology and

otology, 132(10), 901-905. https://doi.org/10.1017/S0022215118001718

Golusinski, P., Di Maio, P., Pehlivan, B., Colley, S., Nankivell, P., Kong, A., Hartley, A., &
Mehanna, H. (2019). Evidence for the approach to the diagnostic evaluation of

squamous cell carcinoma occult primary tumors of the head and neck. Oral

oncology, 88, 145—152. https://doi.org/10.1016/j.oraloncology.2018.11.020

Richards, P. S., & Peacock, T. E. (2007). The role of ultrasound in the detection of cervical
lymph node metastases in clinically NO squamous cell carcinoma of the head and neck.

Cancer Imaging, 7, 167-178. https://doi.org/10.1102/1470-7330.2007.0024

Zoumalan, R. A., Kleinberger, A. J., Morris, L. G., Ranade, A., Yee, H., DeLacure, M. D., &
Myssiorek, D. (2010). Lymph node central necrosis on computed tomography as

predictor of extracapsular spread in metastatic head and neck squamous cell carcinoma:

pilot study. J Laryngol Otol, 124(12), 1284-1288.

45


https://doi.org/10.4317/medoral.23962
https://doi.org/10.6004/jnccn.2020.0031
https://doi.org/10.1016/j.oraloncology.2009.07.011
https://doi.org/10.1017/S0022215118001718
https://doi.org/10.1016/j.oraloncology.2018.11.020
https://doi.org/10.1102/1470-7330.2007.0024

https://doi.org/10.1017/S0022215110001453

Cacicedo, JonFernandez, Iratxedel Hoyo, OlgaDolado, AinaraGomez-Suarez,
JavierHortelano, EduardoSancho, AintzanePijoan, Jose 1. Alvarez, JulioEspinosa, Jose
M.Gaafar, AymanBilbao, Pedro. (2015). Should pet/ct be implemented in the routine
imaging work-up of locally advanced head and neck squamous cell carcinoma? a
prospective analysis. European Journal of Nuclear Medicine and Molecular

Imaging, 42(9). https:/doi.org/10.1007/500259-015-3071-0

Marur, S., & Forastiere, A. A. (2016). Head and Neck Squamous Cell Carcinoma: Update on
Epidemiology, Diagnosis, and Treatment. Mayo Clinic proceedings, 91(3), 386-396.
https://doi.org/10.1016/j.mayocp.2015.12.017

Masuda, M. , Wakasaki, T. , Toh, S. , Shimizu, M. , & Adachi, S. . (2011). Chemoprevention
of head and neck cancer by green tea extract: egcg—the role of egfr signaling and

“lipid raft”. Journal of Oncology, 2011, 1-7. https://doi.org/10.1155/2011/540148

Swanson, M. S. , & Sinha, U. K. . (2015). Rationale for combined blockade of pd-1 and ctla-
4 in advanced head and neck squamous cell cancer—review of current data. Oral

Oncology, 51(1), 12-15. https://doi.org/10.1016/j.oraloncology.2014.10.010

Cohen, E. E. W., Bell, R. B., Bifulco, C. B., Burtness, B., Gillison, M. L., Harrington, K. J.,
Le, Q. T., Lee, N. Y., Leidner, R., Lewis, R. L., Licitra, L., Mehanna, H., Mell, L. K.,
Raben, A., Sikora, A. G., Uppaluri, R., Whitworth, F., Zandberg, D. P., & Ferris, R. L.
(2019). The Society for Immunotherapy of Cancer consensus statement on
immunotherapy for the treatment of squamous cell carcinoma of the head and neck
(HNSCC). Journal for immunotherapy of cancer, 7(1), 184.
https://doi.org/10.1186/s40425-019-0662-5

Budach, V. , & Tinhofer, 1. . (2019). Novel prognostic clinical factors and biomarkers for
outcome prediction in head and neck cancer: a systematic review. The Lancet

Oncology, 20(6), e313-e326. https://doi.org/10.1016/S1470-2045(19)30177-9

Saroul, N., Puechmaille, M., Lambert, C., Hassan, A. S., Biau, J., Lapeyre, M., Mom, T.,
Bernadach, M., & Gilain, L. (2022). Prognosis in Head and Neck Cancer: Importance

of Nutritional and Biological Inflammatory Status. Otolaryngology--head and neck

46


https://doi.org/10.1007/s00259-015-3071-0
https://doi.org/10.1016/j.mayocp.2015.12.017
https://doi.org/10.1155/2011/540148
https://doi.org/10.1186/s40425-019-0662-5
https://doi.org/10.1016/S1470-2045(19)30177-9

surgery : official journal of American Academy of Otolaryngology-Head and Neck
Surgery, 166(1), 118-127. https://doi.org/10.1177/01945998211004592

Ang, K. K., Harris, J., Wheeler, R., Weber, R., Rosenthal, D. 1., Nguyen-Tan, P. F., Westra, W.
H., Chung, C. H., Jordan, R. C., Lu, C., Kim, H., Axelrod, R., Silverman, C. C.,
Redmond, K. P., & Gillison, M. L. (2010). Human papillomavirus and survival of
patients with oropharyngeal cancer. The New England journal of medicine, 363(1),

24-35. https://doi.org/10.1056/NEJMo0a0912217

Li, H., Torabi, S. J., Yarbrough, W. G., Mehra, S., Osborn, H. A., & Judson, B. (2018).
Association of Human Papillomavirus Status at Head and Neck Carcinoma Subsites
With Overall Survival. JAMA otolaryngology-- head & neck surgery, 144(6), 519—
525. https://doi.org/10.1001/jamaoto.2018.0395

Almangush, A. , Bello, I. O. , Harri Keski-Santti, Laura K. Mékinen, Kauppila, J. H. , &
Pukkila, M. , et al. (2013). Depth of invasion, tumor budding, and worst pattern of
invasion: prognostic indicators in early-stage oral tongue cancer. Head & Neck.

https://doi.org/10.1002/hed.23380

Boffetta, P. , Hashibe, M. , & Consortium, O. B. O. L. . (2007). Alcohol drinking in never-
tobacco users and cigarette smoking in never drinkers: pooled analysis in the
International Head and Neck Cancer Epidemiology (INHANCE) consortium.
https://doi.org/10.1093/jnci/djk179

Heusch, P., Sproll, C., Buchbender, C., Rieser, E., Terjung, J., Antke, C., . . . Handschel, J.
(2014). Diagnostic accuracy of ultrasound, 18F-FDG-PET/CT, and fused 18F-FDG-
PET-MR images with DWI for the detection of cervical lymph node metastases of
HNSCC. Clin Oral Investig, 18(3), 969-978.
https://doi.org/10.1007/s00784-013-1050-z

Kiinzel, J., Brandenstein, M., Zeman, F., Symeou, L., Platz Batista da Silva, N., & Jung, E.
M. (2022). Multiparametric Ultrasound of Cervical Lymph Node Metastases in Head
and Neck Cancer for Planning Non-Surgical Therapy. Diagnostics (Basel,
Switzerland), 12(8), 1842. https://doi.org/10.3390/diagnostics12081842

Wendl, C. M., Miiller, S., Meier, J., Fellner, C., Eiglsperger, J., Gosau, M., Prantl, L.,

47


https://doi.org/10.1056/NEJMoa0912217
https://doi.org/10.1001/jamaoto.2018.0395
https://doi.org/10.1002/hed.23380
https://doi.org/10.1093/jnci/djk179
https://doi.org/10.1007/s00784-013-1050-z

Stroszczynski, C., & Jung, E. M. (2012). High resolution contrast-enhanced ultrasound
and 3-tesla dynamic contrast-enhanced magnetic resonance imaging for the
preoperative characterization of cervical lymph nodes: First results. Clinical
hemorheology and microcirculation, 52(2-4), 153—-166.
https://doi.org/10.3233/CH-2012-1593

Kiinzel, J., Strieth, S., Wirth, G., & Bozzato, A. (2018). Ultrasound in the Re-Staging of
Cervical Metastases after Chemoradiotherapy for Head and Neck Cancer. Ultraschall
zum Re-Staging cervikaler Metastasen nach primérer Radiochemotherapie von Kopf-
und Halskarzinomen. Ultraschall in der Medizin (Stuttgart, Germany : 1980), 39(6),
659—666. https://doi.org/10.1055/a-0573-0908

Feldhaus, F., Boning, G., Jonczyk, M., Kahn, J., Fehrenbach, U., Maurer, M., Renz, D., Hamm,
B., & Streitparth, F. (2019). Metallic dental artifact reduction in computed tomography
(Smart MAR): Improvement of image quality and diagnostic confidence in patients
with suspected head and neck pathology and oral implants. European journal of

radiology, 118, 153—160. https://doi.org/10.1016/j.ejrad.2019.07.015

Rudmik, L. , Lau, H. , Matthews, T. , Bosch, J. , Kloiber, R. , & Molnar, C. . (2011). Clinical
utility of PET/CT in the evaluation of head and neck squamous cell carcinoma with an

unknown primary: a prospective clinical trial. https://doi.org/10.1002/hed.21566

Suenaga, Y., Kitajima, K., Ishihara, T. et al. FDG-PET/contrast-enhanced CT as a post-
treatment tool in head and neck squamous cell carcinoma: comparison with FDG-
PET/non-contrast-enhanced CT and contrast-enhanced CT. Eur Radiol 26, 1018-1030
(2016). https://doi.org/10.1007/s00330-015-3902-1

Abgral, R., Querellou, S., Potard, G., Le Roux, P. Y., Le Duc-Pennec, A., Marianovski, R., ...
& Salaun, P. Y. (2009). Does 18F-FDG PET/CT improve the detection of
posttreatment recurrence of head and neck squamous cell carcinoma in patients
negative for disease on clinical follow-up? Journal of Nuclear Medicine, 50(1), 24-29.

https://doi.org/10.1016/s1041-892x(09)79494-6

Kuno, H. , Sakamaki, K. , Fujii, S. , Sekiya, K. , Otani, K. , & Hayashi, R. , et al. (2018).

Comparison of mr imaging and dual-energy ct for the evaluation of cartilage invasion

48


https://doi.org/10.3233/CH-2012-1593
https://doi.org/10.1016/j.ejrad.2019.07.015
https://doi.org/10.1002/hed.21566
https://doi.org/10.1007/s00330-015-3902-1
https://doi.org/10.1016/s1041-892x(09)79494-6

by laryngeal and hypopharyngeal squamous cell carcinoma. Ajnr American Journal of

Neuroradiology, ajnr;ajnr.A5530v1. https://doi.org/10.3174/ajnr.A5530

Robbins KT, Clayman G, Levine PA, Medina J, Sessions R, Shaha A, Som P, Wolf GT. Neck
dissection classification update: revisions proposed by the American Head and Neck
Society and the American Academy of Otolaryngology-Head and Neck Surgery. (2002)
Archives of otolaryngology--head & neck surgery. 128 (7): 751-8.
https://doi.org/10.1001/archotol.128.7.751

Robbins, K. T. , Shaha, A. R. , Medina, J. E. , Califano, J. A. , Wolf, G. T. , & Ferlito, A. , et
al. (2008). Consensus statement on the classification and terminology of neck
dissection. Arch Otolaryngol Head Neck Surg, 134(5), 536.
https://doi.org/10.1001/archotol.134.5.536

Grégoire, Vincent, Ang, K., Budach, W., Grau, C., Hamoir, M., & Langendijk, J.
A.,etal. (2014). Delineation of the neck node levels for head and neck tumors: a 2013
update. dahanca, eortc, hknpcsg, ncic ctg, ncri, rtog, trog consensus guidelines.
Radiotherapy & Oncology Journal of the European Society for Therapeutic Radiology
& Oncology, 110(1), 172-181. https://doi.org/10.1016/j.radonc.2013.10.010

MedCalc. (2015). MEDCALC easy-to-use statistical software.
DeLong, E. R., DeLong, D. M., & Clarke-Pearson, D. L. (1988). Comparing the areas under
two or more correlated receiver operating characteristic curves: a nonparametric

approach. Biometrics, 44(3), 837—-845. https://doi.org/10.2307/2531595

McHugh M. L. (2012). Interrater reliability: the kappa statistic. Biochemia medica, 22(3),
276-282. https://doi.org/10.11613/BM.2012.031

Junn, J. C. , Soderlund, K. A. , & Glastonbury, C. M. . (2020). Imaging of head and neck
cancer with ct, mri, and us. Seminars in Nuclear Medicine.

https://doi.org/10.1053/j.semnuclmed.2020.07.005

Bruneton, J. N., Roux, P., Caramella, E., Demard, F., Vallicioni, J., & Chauvel, P. (1984). Ear,
nose, and throat cancer: ultrasound diagnosis of metastasis to cervical lymph nodes.

Radiology, 152(3), 771-773. https://doi.org/10.1148/radiology.152.3.6463260

Baatenburg de Jong, R. J., Knegt, P., & Verwoerd, C. D. (1993). Assessment of cervical

49


https://doi.org/10.3174/ajnr.A5530
http://dx.doi.org/10.1001/archotol.128.7.751
https://doi.org/10.1001/archotol.134.5.536
https://doi.org/10.1016/j.radonc.2013.10.010
https://doi.org/10.11613/BM.2012.031

metastatic disease. ORL; journal for oto-rhino-laryngology and its related specialties,

55(5), 273-280. https://doi.org/10.1159/000276438

Shetty, D. , Jayade, B. V., Joshi, S. K. , & Gopalkrishnan, K. . (2015). Accuracy of palpation,
ultrasonography, and computed tomography in the evaluation of metastatic cervical

lymph nodes in head and neck cancer. Indian Journal of Dentistry, 6(3), 121.
https://doi.org/10.4103/0975-962X.163032

Wang, Li, Li, Liu, Sun, & Zhang, et al. (2019). Clinical value of ultrasonic imaging in
diagnosis of hypopharyngeal cancer with cervical lymph node metastasis. Oncology

Letters. https://doi.org//10.3892/01.2019.10939

Wong, W. L., Hussain, K., Chevretton, E., Hawkes, D. J., Baddeley, H., Maisey, M., &
McGurk, M. (1996). Validation and clinical application of computer-combined
computed tomography and positron emission tomography with 2-[18F]fluoro-2-
deoxy-D-glucose head and neck images. Am J Surg, 172(6), 628-632.
https://doi.org/10.1016/S0002-9610(96)00313-3

Yoon, D. Y., Hwang, H. S., Chang, S. K., Rho, Y. S., Ahn, H. Y., Kim, J. H., & Lee, 1. J. (2009).
CT, MR, US,18F-FDG PET/CT, and their combined use for the assessment of cervical

lymph node metastases in squamous cell carcinoma of the head and neck. Eur Radiol,

19(3), 634-642. https://doi.org/10.1007/s00330-008-1192-6

Kim, J. H., Choi, K. Y., Lee, S. H., Lee, D. J., Park, B. J., Yoon, D. Y., & Rho, Y. S. (2020).
The value of CT, MRI, and PET-CT in detecting retropharyngeal lymph node
metastasis of head and neck squamous cell carcinoma. BMC Med Imaging, 20(1), 88.

https://doi.org/10.1186/s12880-020-00487-y

Salman, R., Hussain, M., & Adil, S. O. (2017). Diagnostic Accuracy of Multislice CT Scan in
the Detection of Occult Cervical Lymph Node Metastasis in Head and Neck Cancers.
J Coll Physicians Surg Pak, 27(5), 275-278.
https://pubmed.ncbi.nlm.nih.gov/28599687

Johnson, J. T., & Branstetter, B. F. t. (2014). PET/CT in head and neck oncology: State-of-
the-art 2013. Laryngoscope, 124(4), 913-915. https://doi.org/10.1002/lary.23942

Escott, E. J. (2013). Role of positron emission tomography/computed tomography (PET/CT)

50


https://doi.org/10.1159/000276438
https://doi.org/10.3892/ol.2019.10939

in head and neck cancer. Radiol Clin North Am, 51(5), 881-893.
https://doi.org/10.1016/j.rc1.2013.05.002

Xu, G., Li, J., Zuo, X., & Li, C. (2012). Comparison of whole body positron emission
tomography (PET)/PET-computed tomography and conventional anatomic imaging

for detecting distant malignancies in patients with head and neck cancer: a meta-

analysis. Laryngoscope, 122(9), 1974-1978. https://doi.org/10.1002/lary.23409
Lonneux, M., Hamoir, M., Reychler, H., Maingon, P., Duvillard, C., Calais, G., . . . Gregoire,
V. (2010). Positron emission tomography with [18F]fluorodeoxyglucose improves
staging and patient management in patients with head and neck squamous cell
carcinoma: a multicenter prospective study. J Clin Oncol, 28(7), 1190-1195.

https://doi.org/10.1200/JCO.2009.24.6298

Monteil, J., Maubon, A., Leobon, S., Roux, S., Marin, B., Renaudie, J., . . . Tubiana-Mathieu,
N. (2011). Lymph node assessment with (18)F-FDG-PET and MRI in uterine cervical
cancer. Anticancer Res, 31(11), 3865-3871.
https://doi.org/10.1371/journal.pone.0027955

Song, B. I, Lee, S. W., Jeong, S. Y., Chae, Y. S., Lee, W. K., Ahn, B. C., & Lee, J. (2012).
18F-FDG uptake by metastatic axillary lymph nodes on pretreatment PET/CT as a
prognostic factor for recurrence in patients with invasive ductal breast cancer. J Nucl

Med, 53(9), 1337-1344. https://doi.org/10.2967/jnumed.111.098640

Yamazaki, Y., Saitoh, M., Notani, K., Tei, K., Totsuka, Y., Takinami, S., . . . Kitagawa, Y.
(2008). Assessment of cervical lymph node metastases using FDG-PET in patients
with head and neck cancer. Ann Nucl Med, 22(3), 177-184.
https://doi.org/10.1007/s12149-007-0097-9

Lee, S. H., Huh, S. H., Jin, S. M., Rho, Y. S., Yoon, D. Y., & Park, C. H. (2012). Diagnostic
value of only 18F-fluorodeocyglucose positron emission tomography/computed
tomography-positive lymph nodes in head and neck squamous cell carcinoma.
Otolaryngol Head Neck Surg, 147(4), 692-698.
https://doi.org/10.1177/0194599812443040

Kim, S. J., Pak, K., & Kim, K. (2019). Diagnostic accuracy of F-18 FDG PET or PET/CT for

51



detection of lymph node metastasis in clinically node negative head and neck cancer
patients; A systematic review and meta-analysis. Am J Otolaryngol, 40(2), 297-305.
Vishwanath https://doi.org/10.1016/j.amjoto0.2018.10.013

Veit-Haibach, P., Luczak, C., Wanke, 1., Fischer, M., Egelhof, T., Beyer, T., ... & Antoch, G.
(2007). TNM staging with FDG-PET/CT in patients with primary head and neck
cancer. European journal of nuclear medicine and molecular imaging, 34(12), 1953-

1962. https://doi.org/10.1007/s00259-007-0564-5

Sheikhbahaei, S., Taghipour, M., Ahmad, R., Fakhry, C., Kiess, A.P., & Chung,
C. H.,etal. (2015). Diagnostic accuracy of follow-up fdg pet or pet/ct in patients with
head and neck cancer after definitive treatment: a systematic review and meta-analysis.

Ajr Am J Roentgenol. https://doi.org/10.2214/AJR.14.14166

Vishwanath, V., Jafarieh, S., & Rembielak, A. (2020). The role of imaging in head and neck
cancer: An overview of different imaging modalities in primary diagnosis and staging
of the disease. Journal of contemporary brachytherapy, 12(5), 512-518.
https://doi.org/10.5114/1¢b.2020.100386

Vandecaveye, V., De Keyzer, F., & Vander Poorten, V. (2009). dirix P, Verbeken E, Nuyts S,
Hermans R. Head and neck squamous cell carcinoma: value of diffusion-weighted MR
imaging for nodal staging. Radiology, 251, 134-45.
https://doi.org/10.1148/radi0l.2511080128

Liao, L. J., Lo, W. C., Hsu, W. L., Wang, C. T., & Lai, M. S. (2012). Detection of cervical
lymph node metastasis in head and neck cancer patients with clinically NO neck—a
meta-analysis comparing different imaging modalities. BMC cancer, 12(1), 1-7.

https://doi.org/10.1186/1471-2407-12-236

Diehn, F. E., Michalak, G. J., Delone, D. R., Kotsenas, A. L., & Fletcher, J. G. .
(2017). Ct dental artifact: comparison of an iterative metal artifact reduction technique
with weighted filtered back-projection. Acta Radiologica Open, 6(11),
205846011774327. https://doi.org/10.1177/2058460117743279

Choure, A. A., Khaladkar, S. M., & Jain, S. . (2019). Differentiation of benign and malignant

cervical lymph nodes on mri with special emphasis on dwi. Comprehensive

52


https://doi.org/10.1007/s00259-007-0564-5
https://doi.org/10.5114/jcb.2020.100386
https://doi.org/10.1148/radiol.2511080128
https://doi.org/10.1177/2058460117743279

Publications(2). https://doi.org/10.33545/26644436.2019.V2.12B.46

Vincent, Vandecaveye, Frederik, De, Keyzer, & Vander, et al. (2009). Head and neck
squamous cell carcinoma: value of diffusion-weighted mr imaging for nodal staging.

Radiology. https://doi.org/10.1148/radiol.2511080128

Davis, A. J. , Rehmani, R. , Srinivasan, A. , & Fatterpekar, G. M. . (2018). Perfusion and
permeability imaging for head and neck cancer: theory, acquisition, postprocessing,
and relevance to clinical imaging. Magn Reson Imaging Clin N Am, 26(1), 19-35.
https://doi.org/10.1016/j.mric.2017.08.002

Liao, X. , Qian, Y., Chen, Y., Xiong, X. , & Heng, P. A. . (2020). Mmtlnet: multi-modality
transfer learning network with adversarial training for 3d whole heart segmentation.
Computerized Medical Imaging and Graphics, 85(2), 101785.
https://doi.org/10.1016/j.compmedimag.2020.101785

53


https://doi.org/10.33545/26644436.2019.V2.I2B.46
https://doi.org/10.1148/radiol.2511080128
https://doi.org/10.1016/j.mric.2017.08.002

8. List of Tables and Figures

8.1 Tables

Table 1: Cancer of lip and oral cavity TNM Staging..........cccceevueerieeriienieeniienieeieesieeiee e enees 4
Table 2: Cancer of lip and oral cavity anatomic stage/prognostic Sroups..........ceceeerveeerveennne 5
Table 3: Cancer of pharynX T StaAGING.........c.cccueeriieiiiirieeiieeie ettt sre s 6
Table 4: Cancer of pharynx N and M Staging.........cccccuveeriiieriieeiiieeiee e eeveeeereeeevee e 7
Table 5: Cancer of nasopharynx anatomic stage/prognostic SroUPS.........c.eeeveerreerveerueesveenanens 8
Table 6: Cancer of oropharynx and hypopharynx anatomic stage/prognostic groups ............... 8
Table 7: Demographic characteristics of HNSCC patients (n1=26) ........ccoceeveervenerneeneeneenne. 24
Table 8: Number of lymph node levels detected by sonography and histopathology............. 25
Table 9: Diagnostic accuracy of SONOZIaAPNY.......cc.eevuieeiiierieeiieieeieeee et 25
Table 10: Number of lymph node levels detected by CT and histopathology.............ccccu..... 26
Table 11: Diagnostic accuracy 0f CT.........coouiiiiieiiiiiieeiieiie ettt 26
Table 12: Number of lymph node levels detected by PET/CT and histopathology................. 26
Table 13: Diagnostic accuracy of PET/CT.....ccccooouiiiiiiiiiieeieeeeee e 27
Table 14: Number of lymph node levels detected by MRI and histopathology...................... 27
Table 15: Diagnostic accuracy of MRIL.........ccciiiiiiiiiiiieiectee e 27
Table 16: Diagnostic accuracy of sonography, CT, PET/CT and MRI............ccceeervrennnnnnne. 28
Table 17: Kappa value of different imaging modalities............ceceriererieniininienieneniesiees 30
Table 18: Comparison of diagnostic accuracy among different imaging modalities............... 31

54



8.2 Figures

Figure 1: Cervical lymph node [eVelS..........ccoeiiiiiiiiiiiiiiieeeee et 17
Figure 2: Imaging template acquired by CT..........cccuvveiiiiiiiieeieeeeeeee e 18
Figure 3: Imaging template acquired by PET/CT.......c.ccccooiiiiiiiiiiiiieeeeeeeee e 19
Figure 4: Imaging template acquired by MRI..........ccoooiiiiiiiiiiiieeeeeee e 20
Figure 5: ROC curve of SONOGIaAPNY.......cccuieruiiiiiiiiieeiieiieeie ettt ettt sene s snee e 29
Figure 6: ROC curve of SONOZIAPNY.....c..eieiiiieiiieeiiieeiee ettt vee e e e e 29
Figure 7: ROC curve Of PET/CT .....oooiiiiiieieeeeee ettt 29
Figure 8: ROC curve Of MRI........cooiiiiiiiee ettt 29

55



9. Acknowledgments

The 3-year Dr. med period in Germany is coming to an end for me. I really appreciate the
great help and guidance from my current supervisor PD. Dr. Markus Wirth and my previous
supervisor Prof. Dr. Anja Pickhard and my mentor Dr. Maria Buchberger as well as all

colleagues from head and nose department.

First of all, I’d like to thank my supervisors PD. Dr. Markus Wirth and Prof. Dr. Anja
Pickhard. PD. Dr. Markus Wirth is responsible to his students and also super knowledgeable
and professional in clinical practice, and I sincerely appreciated his efforts and kindness when
he took over the role of my supervisor. Prof. Dr. Anja Pickhard is also a very responsible and
patient person not only in clinical affairs but also in scientific research. She always encourages
me and provides me with a wonderful platform and a comfortable working environment. She
also helps with cooperation with the team of Prof. Dr. rer. nat. Gabriele Multhoff at
TranslaTUM, department of radiation immune oncology, where I have learnt a lot of

experimental skills.

Secondly, I would like to thank my mentor Dr. Maria Buchberger. She is not only a good
mentor but also a close friend to me. She has helped me a lot with my scientific research. And
whenever | met some difficulties, she would always support me and give me some practical

advice.

Then I would like to thank all the colleagues and friends from the head and neck department
and our laboratory, especially Michael Siegl and Benedikt Schmidl. I couldn't implement my

project without their assistance.

Finally, I want to thank my family for their precious company and support. They always
support and encourage me, which makes me more determined and motivated to finish my
study in Germany. I really appreciate these three years study and happy memories in Germany.

56



	1. Introduction
	1.1 Epidemiology
	1.2 Etiology and risk factors
	1.3 Clinical presentation, pathology, and staging
	1.4 Diagnosis and methods of treatment
	1.5 Prognosis

	2. Purpose of study
	3. Material and Methods
	3.1 Patient enrollment
	3.2 Methods
	3.2.1 Morphological methods
	3.2.1.1 Sonography
	3.2.1.2 CT scan
	3.2.1.3 PET/CT scan
	3.2.1.4 MRI scan
	3.2.1.5 Imaging template


	3.3 Histology
	3.4 Statistical analysis

	4. Results
	4.1 Demographic characteristics of enrolled HNSCC patients
	4.2 Diagnostic accuracy and comparison among sonography, CT, PET/CT, and MRI scans in evaluating cervical lymph node metastases in HNSCC patients
	4.2.1 Diagnostic accuracy of sonography in detecting cervical lymph node metastases
	4.2.2 Diagnostic accuracy of CT scan in detecting cervical lymph node metastases
	4.2.3 Diagnostic accuracy of PET/CT scan in detecting cervical lymph node metastases
	4.2.4 Diagnostic accuracy of MRI scan in detecting cervical lymph node metastases
	4.2.5 Diagnostic accuracy and comparison of sonography, CT, PET/CT, and MRI scans in detecting cervical lymph node metastases

	4.3 Overall diagnostic accuracy comparison between sonography, CT, PET/CT, and MRI scans in detecting cervical lymph node metastases

	5. Discussion
	5.1 Comparison of the diagnostic accuracy of sonography, CT, PET/CT, and MRI scans in the detection of cervical lymph node metastases in HNSCC patients
	5.1.1 Diagnostic accuracy of sonography in the assessment of cervical lymph node metastases in HNSCC patients
	5.1.2 Diagnostic accuracy of CT scan in the detection of cervical lymph node metastases in HNSCC patients
	5.1.3 Diagnostic accuracy of PET/CT scan in the detection of cervical lymph node metastases in HNSCC patients
	5.1.4 Diagnostic accuracy of MRI scans in the detection of cervical lymph node metastases in HNSCC patients

	5.2 Advanced imaging techniques in HNSCC
	5.3 Summary and limitations

	6. List of Abbreviations
	7. References
	8. List of Tables and Figures
	8.1 Tables
	8.2 Figures

	9. Acknowledgments

