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Abbreviations
A.

artery (lat. arteria)

ALT

anterolateral thigh flap

c

TNM classification prefix modifier, i. e., status validated by clinical
diagnostics (according to TNM classification, e.g., cN0, cMx)

cN0

clinically negative neck (no suspicious lymph nodes in the preoperative
staging)

CT

computed tomography scan

CTx

chemotherapy treatment

DGMKG The German Society for Oral and Maxillofacial Surgery (Deutsche
Gesellschaft für Mund-Kiefer- und Gesichtschirurgie)
END

elective neck dissection

ENT

ear, nose, and throat practice

erND

extended radical neck dissection

HNSCC

head and neck squamous cell carcinoma

IJV

internal jugular vein (lat. vena jugularis interna)

LMU
M

Ludwigs-Maximilians University Munich (Ludwigs-Maximilians-Universität
München)
metastasis status (according to TNM classification, see Table 12)

M.

muscle (lat. musculus)

MRI

magnetic resonance imaging

mrND

modified radical neck dissection

mVLF

myocutaneous vastus lateralis flap

N

nodal status (according to TNM classification, see Table 11)

N.

nerve (lat. nervus)

N0, N+/- TNM nodal status (e.g., cN0, pN+, pN0, cN0, cNx)
ND

neck dissection

OR

odds ratio

6

Abbreviations
OSCC

oral squamous cell carcinoma

OTSCC

oral tongue squamous cell carcinoma

p

TNM classification prefix modifier, i. e., status validated by histopathologic
examination (according to TNM classification, e.g., pN0, pT3)

RCTx

combined radio- and chemotherapy treatment

RFF

radial forearm free flap

RKI

Robert Koch Institute

rND

radical neck dissection

RTx

radiotherapy treatment

RX

resection status (according to TNM classification, e.g., R0, R1; see Table
13)

SAN

spinal accessory nerve (cranial nerve XI, lat. nervus accessorius)

SCC

squamous cell carcinoma

SCM

sternocleidomastoid muscle (lat. musculus sternocleidomastoideus)

SLNB

sentinel lymph node biopsy

sND

selective neck dissection

sND

selective neck dissection

SPSS

Statistical Package of the Social Sciences (IBM SPSS, Inc, Chicago, IL)

T

tumor status (according to TNM classification, e.g., T1, T2; see Table 10)

TNM

International classification of Malignant Tumors [Brierley 2016, Sobin 2010]

TUM

Technical University Munich (Technische Universität München)

UICC

International Union Against Cancer

V.

vein (lat. vena)

WHO

World Health Organization

x

no statement possible (according to TNM classification, e.g., cMx)
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Introduction

1. Introduction
1.1. Head and neck cancer
The term head and neck cancer commonly summarizes a group of various malignant
tumors originating from this anatomic region. Most of these tumors emerge from the
local squamous cells making up the moist mucosal tissue of the head and neck.
Because most of these tumors are of a biologically similar origin, they are often
summarized as head and neck squamous cell carcinomas (HNSCC). This group
usually describes malignant carcinomas of the lip, the oral and nasal cavities, the
paranasal sinuses, the pharynx, the larynx, and the salivary glands [National Cancer
Institute 2013]. The composition of the various tumor groups and subgroups is
illustrated in Figure 1. The treatment of this heterogeneous group is divided between
several different surgical disciplines: most commonly, between oral and maxillofacial
surgeons, ear, nose, and throat surgeons, and neurosurgeons. The work in this thesis
focuses on two important sub entities of the HNSCC group, namely on oral squamous
cell carcinomas (OSCC) and on malignant tumors of the salivary glands. The basis of
treatment for these forms of malignant disease is the surgical resection of the primary
tumor, followed by neck dissection (ND) treatment and reconstruction of the primary
tumor defect. The removal of potentially infiltrated malignant lymph nodes by neck
dissection is a key to the oncologic treatment for the various entities of head and neck
cancer. For most forms of head and neck cancer, the indications concerning the
performance of ND treatment, i.e., whether and to what extent, are largely undisputed.
However, cases of disease exist for which this decision is more strongly based on
eminence than on evidence. Therefore, the work of this thesis also focuses on elective
neck dissection (END) treatment and its indications in the treatment of head and neck
cancer, namely for malignant tumors of the salivary glands and of the oral tongue.
These two tumor entities will thus be presented in more detail in the following
paragraphs. An illustrated overview of the research area covered by this work is given
by Figure 1. All of the research described in this thesis has been published previously
in two research articles in peer-reviewed international journals for oral and maxillofacial
surgery by the author of this work. As the two articles represent the foundation of the
work in this thesis, they will be presented in greater detail in the main chapters.
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Figure 1: Overview of the various subgroups of head and neck carcinomas.
The entities focused on in this thesis are highlighted in red font.

1.1.1. Epidemiology
Over 90% of tumors of the head and neck region are squamous cell carcinomas. The
remaining fraction is largely made up by adenocarcinomas, which are usually located
in the salivary glands [Robert Koch Institut 2015]. Concerning malignant tumors of the
pharynx and oral cavity in general, male patients are more often and also much earlier
affected than are female patients. The mean age at disease is 62 years for men and 66
years for women. In German males, malignant tumors of the oral cavity and the
pharyngeal region are the seventh most common tumors, with 9290 new cases in the
year 2012, leading to an infection rate of 17.9. The absolute five-year-survival rates of
2011/2012 were 43% in male and 55% in female patients, whereas the relative fiveyear-survival rates were 48% in male and 61% in female patients. In view of longer
periods of infection, the absolute ten-year-survival rate was 29% male and 40% for
female patients, and the relative ten-year-survival was 36% for male and 50% for
female patients [Robert Koch Institut 2015]. These rates also reflect the differences
concerning patient gender in view of head and neck carcinomas; a concise overview of
the mentioned values for the German population during years 2011/2012 is illustrated
in Table 1.
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Epidemiology of oral cavity and pharynx carcinomas for Germany, 2012
New infections
Incidence rate1
Standardized incidence rate1,2
Mean age at disease onset3
Deaths
Death rate1
Standardized death rate1,2
Five-year prevalence
Five-year-survival4
Ten-year-survival4

absolute
relative
absolute
relative

Male
9290
23.64
17.9
62
4090
10.41
7.7
28700
43
48
29
36

Female
3650
8.87
6.0
66
1.303
3.17
1.9
12400
55
61
40
50

1

per 100,000 people 2 age-standardized after old European population 3 median 4 in percent
Table information adapted from [Robert Koch Institut 2015].
Table 1: Epidemiological key facts for carcinomas of the oral cavity and pharynx in Germany

Salivary gland carcinomas
The clear majority of salivary gland tumors are benign pleomorphic adenomas that can
be treated effectively by conservative salivary gland surgery [Bell 2005]. Malignant
carcinomas make up a proportion of about 5% of all head and neck tumors [Bell 2005],
representing 2.5–3.0 per 100,000 of all tumors per year [Andry 2012]. For Caucasian
populations, studies have reported incidence rates of 1.1 per 100,000 per year
[Bjorndal 2011, 2012]. Salivary gland carcinomas often demonstrate an unpredictable
clinical behavior and course of development, e.g., high rates of locoregional failure and
distant metastasis, which can all occur even after a long time following primary
diagnosis. Survival rates for these kinds of tumors are also poor; the reported 5-year
survival is 37% for high-grade tumors and about 90% for lower grades [Bell 2005].

Carcinomas of the oral tongue
In contrast to the vast variety of different tumor entities regarding the salivary glands,
the situation for tumors of the oral tongue is far more clear. As shown by
histopathology, the clear majority of the tumors of the oral tongue, with an amount of
over 95% of all lingual malignancies, are squamous cell carcinomas (SCC) [Kari 1997,
Moore 2000, Muir 1995, Ramirez-Amador 1995]. The tongue itself is also the most
frequent location of oral cancer. For oral tongue squamous cell carcinoma (OTSCC),
the amount of variation for male incidence per year rates is extremely large, depending
on the local region and ethnicity. Rates from 9.4 in India to 1.1 in the UK have been
reported in various studies. OTSCC is a disease that generally affects more men than
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women; the highest incidence rates are in the sixth to the eighth decades of life,
whereas it rarely occurs below the age of 20 years [Moore 2000, Prince 1999]. The
reported survival rates are relatively similar to the more general rates concerning oral
cancer. The observed five-year survival is 65% overall (82% for disease stages I and II,
49% for stages III and IV) [Franceschi 1993].

1.1.2. Pathology of head and neck carcinomas
The two important forms of head and neck malignancies discussed by this work will be
presented in the following paragraphs.

The OSCC
Carcinomas of the oral cavity are, as already mentioned, squamous cell carcinomas in
95% of cases [Muir 1995]. The SCC is a malignant epithelial tumor that shows
evidence of squamous differentiation. It originates from the surface squamous
epithelium or from ciliated respiratory epithelium that has undergone squamous
metaplasia [Gale 2006b]. The malignant squamous differentiation is defined by the
formation of intercellular bridges and/or keratinization, with keratin pearl formation. The
macroscopic appearance of SCCs can be variable, which means that they can show
(1) flat lesions with a well-defined raised edge, (2) polypoid, exophytic, or papillary
lesions, or (3) endophytic infiltrative lesions. Ulcerations are a frequent feature on the
tumor’s surface. This important fact is illustrated in Figure 2, which shows
photographic images of various OSCC patients. The microscopic appearance of SCCs
is characterized by an invasive growth pattern and squamous differentiation. The
invasive growth pattern is characterized by the interruption of the basement membrane
and the growth of islands, cords, or single/dyscohesive tumor cells in the subepithelial
stroma. In further advanced malignant tumors, an invasion of the deeper structures,
e.g., muscle, cartilage, and bone is common. Perineural or invasion of lymphatic and
blood vessels can be observed and are thus reliable evidence of cancer invasiveness
[Gale 2006b].
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Figure 2: Various images of OSCC, illustrating the large variety of its macroscopic appearance.
Photographic images are the property of Kesting, M. R.

Salivary gland malignancies
Salivary gland tumors are a highly heterogeneous group, featuring many different
benign and malignant variants. The therapeutic management of salivary gland cancers
is therefore highly challenging because of their rarity in conjunction with their large
variety of histologic types and grades [Dias 2007]. The World Health Organization
(WHO) recognizes 24 different malignant entities. This extensive number of different
tumors is given in Table 2 from the WHO [Barnes 2005].
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WHO histological classification of tumors of the salivary glands
Malignant epithelial tumors
Benign epithelial tumors
• Acinic cell carcinoma
• Pleomorphic adenoma
• Mucoepidermoid carcinoma
• Myoepithelioma
• Adenoid cystic carcinoma
• Basal cell adenoma
• Polymorphous low-grade
• Warthin tumor
adenocarcinoma
• Oncocytoma
• Epithelial-myoepithelial carcinoma
• Canalicular adenoma
• Clear cell carcinoma, not otherwise
• Sebaceous adenoma
specified
• Lymphadenoma
• Basal cell adenocarcinoma
o Sebaceous
• Sebaceous carcinoma
o Non-sebaceous
• Sebaceous lymphadenocarcinoma
• Ductal papillomas
o Inverted ductal papilloma
• Cystadenocarcinoma
o Intraductal papilloma
• Low-grade cribriform
o Sialadenoma papilliferum
cystadenocarcinoma
• Cystadenoma
• Mucinous adenocarcinoma
• Oncocytic carcinoma
• Salivary duct carcinoma
• Adenocarcinoma, not otherwise
Soft tissue tumors
specified
• Hemangioma
• Myoepithelial carcinoma
Haematolymphoid tumors
• Carcinoma ex pleomorphic adenoma
• Hodgkin lymphoma
• Carcinosarcoma
• Diffuse large B-cell lymphoma
• Metastasizing pleomorphic adenoma
• Extranodal marginal zone B-cell
• Squamous cell carcinoma
lymphoma
• Small cell carcinoma
• Large cell carcinoma
Secondary tumors
• Lymphoepithelial carcinoma
• Sialoblastoma
Table information adapted according to [Barnes 2005].
Table 2: The various tumors of the salivary glands, as recognized by the WHO

Carcinomas of the salivary glands can be divided into three major categories according
to their histopathologic origin of development. These specific groups are further listed
in Table 3.

The three major categories of salivary gland malignancies
E.g., mucoepidermoid carcinoma, adenoid cystic carcinoma,
• Tumors of
acinic cell carcinoma, malignant mixed tumor, squamous cell
epithelial origin
carcinoma, salivary duct carcinoma, etc.
•

Tumors of nonepithelial origin

•

Secondary
tumors

E.g., sarcomas and lymphomas

Table information adapted from [Dias 2007].
Table 3: The three major histopathologic groups of salivary gland malignancies
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With regard to the overall number of salivary gland tumors, malignant neoplasms only
make up less than a quarter. The clinically most encountered subtypes of this
malignant fraction are the adenoid cystic carcinoma, mucoepidermoid carcinoma,
adenocarcinoma, and acinic cell carcinoma [Bell 2005, Bjorndal 2011, 2012, Malata
1997, Nobis 2014, Spiro 1978, Witten 1990].

1.1.3. Risk factors
A wide variety of different risk factors contributes to oral cancer development, as
presented in Table 4. The carcinomas of the head and neck region all generally have
the same risk factors in common, because about 95% of them are OTSCC. As for most
malignant tumors, advanced age is one of the common risks for tumor development
[Robert Koch Institut 2015], but these specific carcinomas are also highly associated
with risk factors such as chronic smoking or alcohol consumption. Studies investigating
risk factors have provided odds ratios (OR) of 19.8 for smokers compared with patients
never exposed to smoking and 5.9 for alcohol consumption (>55 drinks/week) [Wolff
2012b]. A combined exposure of both tobacco and alcohol leads to a multiplication
effect, with an OR of 177 [Talamini 2002]. The harming effect of alcohol on the oral
mucosa is believed additionally to allow the cancerogenous substances of the inhaled
smoke to penetrate the affected skin more efficiently [Squier 1986]. These studies
illustrate the strong influence of alcohol and tobacco on OSCC tumor etiology. An
elimination of the two lifestyle factors of alcohol and tobacco is estimated to be able to
prevent up to 75% of OSCC [Scully 2011]. Studies have shown that a cessation of
smoking alone might contribute to the risk reduction of OSCC development. A
reduction of 35% might be achieved within 1-4 years and a reduction of 80% within 20
years, ultimately reaching the same level as that of individuals who have never smoked
[Marron 2010]. An additional identified risk factor is poor oral hygiene or consistent
mechanical irritation of the oral mucosa. For this reason, regular dental check-ups are
effective in decreasing the risk of OSCC development [Rosenquist 2005b].
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Overview of risk factors for OSCC development
Lifestyle factors

•
•
•
•
•
•

Alcohol
Tobacco
Paan (Betel quid/Areca nut, mixed with or without tobacco)
Maté (South American tea-like beverage)
Perserved or salted food
Shammah (traditional Arabian smokeless tobacco habit)

Infections

•
•
•
•
•

Bacterial infections (e.g. poor oral hygiene, dental plaque)
Candidiasis
Human papillomavirus (especially HPV-16 and HPV-18)
Herpes virus
Epstein-Barr virus

Genetics

E.g., loss of protective genetic mechanisms, such as genes for the
xenobiotic metabolizing liver enzymes (XME), DNA repair genes,
genes for the repair of damaged growth control or the controlled
death of cancerous cells (TSGs), and genes related to immune
protection

Poor social and
economic status

E.g., deprivation through low educational attainment, low
occupational social class, and low income. These associations are
observed particularly strong for men

Immune
deficiencies

E.g., diabetes, cytostatic medication

Environment

Ionizing radiation (from natural or therapeutic sources)

Oral lesions

E.g., pressure lesions caused by a prosthesis

Table information adapted from [Bagan 2008, Balaram 2002, Conway 2008, Marur 2010,
National Cancer Institute 2013, Rosenquist 2005a, Rosenquist 2005b, Scully 2011, Walker
2003, Wolff 2012b].
Table 4: Overview of the large variety of different risk factors for oral cancer tumor development

1.1.4. Diagnosis and preoperative staging of head and neck cancer
Patients can present with a large variety of different clinical symptoms. In general, the
German guideline for the treatment of oral cancer recommends the presentation of a
patient with any mucosal lesions of unknown origin and of more than two weeks’
duration to be immediately sent to a specialized treatment facility. An overview of
possible symptoms is given in Table 5.
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Common oral cancer symptoms
•
•
•
•
•
•
•
•
•
•
•
•
•
•

White or red spots anywhere on the oral mucosa
A mucosal defect or ulceration
Swelling anywhere in the oral cavity
Loosening of one or more teeth for no known reason, not connected with
periodontal disease
Persistent foreign body sensation, particularly when unilateral
Pain
Difficulty or pain in swallowing
Speech difficulties
Reduced mobility of the tongue
Numbness of the tongue, teeth, or lips
Bleeding of unknown origin
Neck swelling
Fetor ex ore
Altered dental occlusion

Table adapted from the German guideline for oral cancer treatment [Wolff 2012b].
Table 5: An overview of the possible symptoms of oral cavity cancer

After presentation with one of the illustrated symptoms, patients should be thoroughly
examined. The clinical examination should feature a thorough oral and extraoral
investigation.

1.1.5. Current treatment strategies
The treatment of head and neck carcinomas has the goal of removing all tumor tissue
and of lowering the probability of later tumor recurrence as much as possible. All
treatment procedures have to pay great respect to the patient’s quality of life, and
therefore, future esthetic and functional disabilities caused by medical procedures must
be minimized. All strategies should be evidence-based and in accordance with
international research consent. Nowadays, the treatment of head and neck
malignancies is carried out in specialized treatment centers with high expertise.
Treatment is performed by an interdisciplinary team of all involved medical disciplines,
e.g., oral maxillofacial surgeons, ENT surgeons, radiotherapists, radiologists,
pathologists, and oncologists. In oncologic centers, the specialists form an
interdisciplinary board to optimize each patient’s individual treatment procedure.
As for most malignant tumors, the selected treatment depends on the patient’s
prognosis, giving the options of curative and palliative treatment. The curative
treatment features the removal of the tumor lesion, either by surgery alone, by primary
radiotherapy alone, or by combination of both [Fein 1994, Glenny 2010, Murthy 2010,
Olmi 1988, Wolff 2012a].
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The palliative treatment commonly features chemotherapy and radiotherapy as
additional measures. The palliative goal is the improvement of the remaining quality of
live by trying to achieve tumor control and the minimization of symptoms for as long as
possible.
The standard curative treatment procedure according to the German guideline for the
treatment of oral malignancies [Wolff 2012a] will be explained in more detail in the
following paragraphs. An overview of the treatment algorithm used clinically to address
oral malignancies in accordance with the above-mentioned guideline is given in the
following Figure 3.

Figure 3: Clinical treatment algorithm for malignancies of the oral cavity

Primary tumor resection
One of the most important factors in ablative tumor surgery is the achievement of clear
resection margins. In the case of OSCC, a safety margin of 5 mm of healthy uninvolved
tissue around the primary tumor is viewed as an R0 resection status. A resection
distance of less than 1 mm is considered as a positive margin, whereas 1 to 3 mm is
considered as a narrow margin [Loree 1990, McMahon 2003, Wolff 2012b]. This
logically leads to a relatively large volume of tissue having to be resected, which can
be extremely complicated in the detailed and confined anatomic conditions of the head
and neck region. Ideal possibilities for the resection of all the various tumor types in
their whole circumference are therefore rarely present [Kesting 2015]. In consequence,
a huge variety of different surgical techniques has been developed over the years to
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grant access for tumor resection, and because of this large amount, only a few key
techniques will be mentioned in the following. Neoplasms of the pterygomandibular
region, the base of the tongue, and the oropharynx can be approached by different
variations of the lip-split mandibulotomy access, whereas extended neoplasms of the
maxilla, the maxillary sinus, and neighboring tissues can be approached via the socalled Weber-Fergusson-Dieffenbach method. More advanced malignancies of the
maxilla, central midface, or nasal cavity can be addressed by midfacial degloving, and
tumors of the maxilla infiltrating anterior and middle parts of the maxillary sinus can be
addressed by the Le-Fort-I-Osteotomy approach [Kesting 2015].

Elective neck dissection
The primary tumor resection is usually followed by an elective neck dissection with
various forms of extension according to the patient’s individual tumor risk profile.
Because of the high relevance of END treatment for the clinical therapy of head and
neck cancer, a section (chapter 1.2) of this thesis is devoted to it.

Defect reconstruction
The removal of the primary tumor lesion and its healthy surrounding tissue in order to
achieve sufficient safety margins leads to large defect areas. In the head and neck
region with their dense anatomical structures, tumor defects heavily influence function
and esthetics. Therefore, the subsequent reconstruction of functionality and esthetics
after tumor removal is a necessary and complicated goal. The principle for sensible
defect reconstruction follows the so-called reconstructive ladder [Mardini 2005], as
illustrated in Figure 4. Special attention should be given to critical factors for sufficient
surgical wound management, e.g., second-intention healing, primary wound closure,
skin grafting, and reconstruction with local or distant free flaps [Riedel 2005].
Depending on the patient’s status and defect size, the decision for optimal defect
closure treatment is made accordingly.
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Figure 4: Illustration of the “reconstructive ladder” principle for defect coverage
Photographic images are the property of Kesting, M. R.

Small defects without heavy loss of tissue can be closed primarily by appropriate
suture techniques. Larger defects need split or full thickness skin grafts from
appropriate donor sites, e.g., the inguinal region. Depending on the location and size of
tissue loss, larger and deeper defects can be closed by local flap techniques, which
can be escalated up to local pedicled flaps. The final tools for defect closure are the
microvascular free flap transplants. These flaps have become very popular for wound
closure, because of their almost endless range of sizes, donor sites, and pedicle
vessels. The large number of different microvascular transplants offers the possibility of
finding the optimal transplant for each specific patient, according to their specific
advantages and disadvantages. The strengths and weaknesses of the three most
commonly used flaps for facial defect coverage are listed in Table 6.
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Overview of the most commonly used microvascular flaps
Microvascular
transplant
Radial forearm
flap (RFF)

Flap
pedicle
Radial
artery

Available
flap
tissue
Myocutaneous

Some flap advantages and disadvantages

+ In comparison, easier process of flap raising
+ Widely used “workhorse” flap
+ Good modeling possibilities for defect
+
+
+
+
-

Myocutaneous
vastus
lateralis flap
(mVLF)

Descending
branch of
the lateral
circumflex
femoral
artery

Myocutaneous

+ Possibility for the reconstruction of large
defect sizes

+ Flexible variation of thickness and volume
+ Primary wound closure usually possible
+ Normally no significant or functional donor-site
-

Fibula flap

Peroneal
artery with
periostal
branches

coverage
Variability in flap perfusion
High vessel caliber and long vascular pedicle
Easy anastomosis
Possibility to include cephalic vein
Flap raising is only possible if superficial and
deep palmar arch are connected (necessity of
preoperative Allen-Test to validate hand
perfusion after artery loss)
Donor-site defect coverage necessary for
tendon protection (e.g., via full- or split-skinthickness grafts)
Exponent donor-site defect
Reduced strength, extension, and possible
sensitivity reduction of the donor-site hand
Tendency of edema formation

(Osteo-)
myocutaneous

+
+
+
+
+
+
+
+
+
-

impairments
Variations in vascular anatomy (e.g., pedicle
length)
Flap thickness can be disadvantageous for
intraoral defect closure (flap thinning
procedures sometimes necessary)
Substantial hair growth possible on the skin of
the transplant
Bony reconstruction of the mandible
Longest bone flap available
Good stability (high amount of cortical bone)
Similar quality of the thin and pliable skin
paddle to that of the RFF
Good flexibility of the skin island
Long pedicle vessel of high caliber
Easy anastomosis
Immediate possibility of future dental
rehabilitation via implant insertion
Generally low donor-site morbidity (e.g.,
instability of the ankle joint rather uncommon)
Limited skin island size
Low bone thickness
Primary donor-site wound closure often not
possible because of tensions (full- or splitskin-thickness grafts needed)
High variability of cutaneous perforating
vessels and thus unreliability in skin island
supply
Common arteriosclerotic changes of the lower
leg vessels

Table information adapted from [Wolff 2011].
Table 6: Facts with regard to three important microvascular free flaps for defect coverage
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1.1.6. Postoperative care
The necessary postoperative care is decided for every patient individually by an
additional presentation to an interdisciplinary board for head and neck oncology. The
tumor board then decides on the further process of additional therapy and tumor followup with consideration of the latest histopathologic and clinical examinations. In general,
the tumor aftercare features continuous clinical controls every 3-6 months and a
computed tomography scan every year during the first five years. After an absence of
tumor recurrence for this period, CT scans can be performed on a two-yearly basis
from there on, but always in accordance with the patient’s risk for tumor development
or recurrence.

1.2. Neck dissection
The term neck dissection is commonly used to describe the surgical removal of the
lymph nodes of the head and neck, i.e., a lymphadenectomy. In the current treatment
of head and neck malignancies, elective neck dissection is one of the key tools for
addressing malignant tumors. The following sections present an overview of this
important surgical procedure.

1.2.1. History
Surgeons in the nineteenth century were aware that the spread of oral cancer to the
lymph nodes of the patient’s neck would lead to a poor prognosis. Prior to the
beginning of the nineteenth century, almost no serious attempts were made in order to
treat this metastatic lymph node spread. The view from cases that were reported and
that mainly involved just the removal of single pathologic lymph nodes was that this
treatment brought no benefit to the affected patients [Rinaldo 2008].
The first neck dissection is considered to be the one performed by a Polish surgeon
from Warsaw, Franciszek Jawdynski (1851-1896). He performed a radical neck
dissection on patients that had head and neck carcinomas and that were already
showing signs of distant metastasis [Jawdynski 1888]. Probably as a result of
Jawdynski publishing his report in the Polish language only, his work did not become
widely known throughout the academic world of that time.
The first prophylactic or elective neck dissection, as this procedure is usually termed
nowadays, was performed in 1885 by the British surgeon Sir Henry Trentham Butlin
(1845–1912). He promoted removing the neck’s lymphatic tissue through a “Kocher
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incision” and additionally suggested that this kind of treatment should be performed on
a routine basis in the therapy of tongue cancer patients [Butlin 1885]. His idea can be
seen as the first breakthrough in the development of an elective treatment strategy for
addressing regional metastatic disease in head and neck cancer patients and, in
consequence, made him one of the fathers of British head and neck surgery [Rinaldo
2008]. The first report that was based on a greater patient collective and that became
more widely renown was published in 1906 by George Washington Crile (1864-1943)
[Silver 2007]. He described the experiences that he made with a form of radical neck
dissection based on 132 different treatment cases. The next step in the history of the
evolution of this method was the principle of modified radical neck dissection. This was
first reported in 1962 by the Argentinian surgeon Osvaldo Suarez (1912-1972) [Suarez
1962]. As most of his relevant publications were in the Spanish language, his
achievements did not reach the larger research population. About five years later, the
Italian surgeon Ettore Bocca (1914-2003) was responsible for promoting this technique
by publishing, in the English language for the international audience, his experiences in
Argentina [Bocca 1967]. The standard principle of selective neck dissection featured in
these related studies was finally developed and published during the 1980s [Byers
1985] and has since become one of the essential columns of treatment for head and
neck carcinomas.

1.2.2. Various forms and extensions
Surgical neck dissection treatment is usually divided into four different forms, some of
which are used today, and others of which are only of historical relevance. These
include the radical neck dissection (rND), the extended radical neck dissection (erND),
the modified radical neck dissection (mrND), and several different forms of selective
neck dissections (sND) [Robbins 2002]. The removal of all ipsilateral cervical lymph
node groups (levels I to V) in combination with a removal of the SAN, internal jugular
vein, and SCM is called radical neck dissection. The modified radical neck dissection
differs from the radical method by the preservation of one or more non-lymphatic
structures (e. g., SAN, internal jugular vein, or SCM). It is common practice specifically
to name the preserved structures, e. g., a modified radical neck dissection with
preservation of the SAN. The extended radical neck dissection refers to a radical neck
dissection that features the additional removal of one or more extra lymph node
groups, non-lymphatic structures, or both. These do not have to be included in the
radical neck dissection. An example for additional non-lymphatic tissues that might be
resected during extended radical neck dissection is the carotid artery, hypoglossal
nerve, vagus nerve, or paraspinal muscles. A selective neck dissection refers to a neck
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dissection that is performed in accordance with the primary tumor staging [Robbins
2002]. This method is the standard procedure in cN0 OSCC patients [Wolff 2012a]. In
these cases, the technique includes the removal of the ipsilateral lymph node levels IIII. An additional name, because of the anatomic location, is the supraomohyoid neck
dissection. The fact that a ND is often used as a prophylactic form of treatment in
patients with a clinically unsuspicious neck has established the term elective neck
dissection for this procedure. The various forms of neck dissections are summarized in
the following Table 7.
Overview of the different forms of neck dissection
Type

Extension of resection

Indication

Radical neck
dissection
(rND)

Removal of the ipsilateral lymph node
levels I-V, the SAN, internal jugular
vein, and SCM

Mainly historic

Extended
radical neck
dissection
(erND)

Removal of the same as in the radical Mainly historic
neck dissection, but additional
removal of one or more extra lymph
node groups, non-lymphatic
structures, or both

Modified
radical neck
dissection
(mrND)

Removal of the same as in the radical cN+ patients
neck dissection, but instead
preservation of one or more nonlymphatic structures (ie. g. SAN,
internal jugular vein, or SCM)

Selective neck
dissection
(sND)

Extension depending on the
preoperative staging. Usually, the
sparing of one or more lymph node
levels (e. g., ipsilateral sND, levels IIII).

cN0 patients; method often
used as prophylactic
treatment, when it is then
called elective neck
dissection (END)

Table information adapted from [Robbins 2002, Robbins 1991].
Table 7: The most important forms of neck dissection

1.2.3. Classification system for lymph nodes of the head and neck
The system of classification that is internationally the most frequently used is the one
originally published by Robbins in 1991 [Robbins 1991]. It was updated and modified in
2002 [Robbins 2002]. In this classification, the lymphatic tissue of the head and neck
region are divided into levels and sublevels, as illustrated in Figure 5 as taken from the
corresponding publication [Robbins 2002].
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Figure 5: Illustrations of the lymph node levels of the neck (left) and its division into sublevels
(right).
Illustrations are from the corresponding publication of [Robbins 2002].

With regard to the anatomic borders of the levels and sublevels of the neck, level I
consists of the submental and submandibular nodes. The corresponding sublevels IA
are in the submental triangle, and IB in the submandibular triangle. Level II consists of
the upper jugular nodes and can also be divided into two sublevels. Sublevel IIA
features the lymph nodes, which are located medial to the vertical plane defined by the
spinal accessory nerve (SAN), and sublevel IIB in consequence features the lymph
nodes that are located lateral to the vertical plane defined by the SAN. The middle
jugular lymph nodes are in level III, and the lower jugular nodes in level IV. Level V
consist of the lymph nodes of the posterior triangle group and can again be divided into
two sublevels. Sublevel VA features the lymph nodes above the cricoid, and sublevel
VB the lymph nodes beneath [Robbins 2002]. These definitions and anatomic borders
as explained above can also be found below in Table 8.
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Definition and anatomic description of the lymph nodes of the head and neck
Level I

Level II

Submental and
submandibular nodes

Level IA
Level IB

Submental triangle
Submandibular triangle

Level IIA

Lymph nodes located medial to the
vertical plane defined by the SAN
Lymph nodes located lateral to the
vertical plane defined by the SAN

Upper jugular nodes
Level IIB

Level III

Middle jugular nodes

Level IV

Lower jugular nodes

Level V

Posterior triangle group

Level VA
Level VB

Lymph nodes above the cricoid
Lymph nodes beneath the cricoid

Definitions and anatomic descriptions based on the classification of [Robbins 2002].
Table information adapted from [Kesting 2015].
Table 8: Definition and anatomic description of the cervical lymph nodes

1.2.4. The TNM classification of malignant tumors
The TNM classification is an international system developed by the UICC (Union for
International Cancer Control) to classify and stage various forms of malignant solid
tumors [Brierley 2016, Sobin 2010]. These international guidelines for tumor
classification are updated on a regular basis. The original research articles presented
in this paper were based on the 7th edition of the TNM classification [Sobin 2010],
which was the current one at the time that the research was carried out and the results
were published. At the end of the year 2016, an updated 8th version was released by
the UICC [Brierley 2016]; it came into effect on January 1st, 2017. To stay in
accordance with the TNM classification used in the presented original research articles,
the following section is still based on the 7th edition of the TNM classification. The
differences and between these two editions are highlighted in Table 9.
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The differences between the 7th and 8th edition of the TNM classification
Clinical
Pathological
N1,
Unchanged other than specify without
Unchanged other than specify
N2a,
extranodal extension
without extranodal extension
N2b,
N2c
N3a

Metastasis in a lymph node more than 6cm
in greatest dimension without extranodal
extension

Metastasis in a lymph node
more than 6cm in greatest
dimension without extranodal
extension

N3b

Metastasis in a single or multiple lymph
nodes with clinical extranodal extension (a
clinical extra nodal extension is defined as
the presence of skin involvement or soft
tissue invasion with deep fixation/tethering to
underlying muscle or adjacent structures or
clinical signs of nerve involvement)

Metastasis in a lymph node
more than 3cm in its greatest
dimension with extranodal
extension or multiple ipsilateral
or any contralateral or bilateral
node(s) with extranodal
extension

Table information from an update presentation on the UICC website and from both TNM edition
releases [Brierley 2016, Sobin 2010, Union for International Cancer Control (UICC) 2016].
Table 9: Overview of the differences regarding cervical lymph nodes between the 7th and 8th
edition of the TNM classification

As mentioned above, the TNM classification is used to classify and stage malignant
solid tumors. In order to do so, the system uses alphanumeric codes that are
presented in depth by Table 10, Table 11, Table 12, and Table 13. The malignancies
are categorized and assigned to the different tumor stages, according to specific
classification parameters. The main parameters of this staging system are represented
by the capital letters T, N, and M, which stand for tumor, nodes, and metastasis. The
letter T gives information about the size or direct extent of the primary tumor (Table
10), the letter N about the degree of spread to regional lymph nodes (Table 11), and
the letter M about the presence of distant metastasis (Table 12). The capital letter is
advanced by a prefix modifier, which can be an indication of previous therapies or
based on specific diagnostics (e.g., from histopathologic specimens or from clinical
examination). After the capital letter follows a suffix to indicate the degree or extent of
the parameter; this is usually specific to the described malignancy. This notation can
be further edited via the addition of other various coding parameters giving, for
example, further information about tumor grading or about the postoperative resection
status. Some of the more frequently used additional parameters are listed in Table 13.
To illustrate the explanations above, some examples will be given in the following. The
code Tis, for example, is used to describe a carcinoma in situ, whereas the code T4 is
the highest value of the T-stage category and is commonly used for a primary tumor
that is already infiltrating neighboring organs. In combination with the prefix modifier,
cT4 would mean that this diagnosis is based on clinical examinations and not from
histopathologic examinations. The classification is of great importance for clinical
cancer treatment, because tumor stage remains the most significant predictor of
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patient survival. The tumor’s size itself and the presence of regional and/or distant
metastases are themselves independent predictors of survival [Gale 2006a].
The tumor status
c

Clinical status

p

Pathological
status

u Ultrasound
y

Neoadjuvant
therapy

r

Recurrence

a

Autopsy

+

T

+

X

No statement possible

is

Carcinoma in situ

0

No evidence for primary
tumor

1-4

Tumor advancement
(entity specific)

Table 10: Composition of T-status in the TNM classification

The nodal status

N

c Clinical status

p Pathological
status

+

+ (X / X)

+

X

No statement possible

0/-

No evidence for primary
tumor

+

Positive lymph nodes

(sn) Sentinel lymph node
1-3

Nodal advancement
(entity specific)

Amount of positive lymph nodes, e.g., pN1 (3/24)

Table 11: Composition of N-status in the TNM classification

The metastasis status

c Clinical status

p Pathological
status

+

M

+ (OSS) / (HEP) / etc.

X No statement possible

+

0

No evidence for primary
tumor

1

Distant metastasis

Abbreviated location of distant metastasis,
e.g., (BRA) for brain or (HEP) for liver

Table 12: Composition of M-status in the TNM classification
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Other TNM classification variables
L0/1

Invasion into lymphatic vessels

V0/1

Invasion into veins

Pn0/1

Perineural invasion

R0/1

Resection status

G1-4

Tumor grading

C1-5

Factor of certainty for the last parameter

Table 13: Overview of the other commonly found variables in the TNM classification

The exact form of coding with the TNM system varies between different tumor entities.
Individual TNM classifications exist for specific groups of malignant tumors, e.g., for
gastric tumors, head and neck tumors, etc. The T-stage is, for example, often based on
the size and anatomic infiltration of the primary lesion. An example of a specific Tstage coding is given in Table 14 for tumors of the lip and oral cavity. The exact nodal
TNM classification for these tumors is given in Table 15, and the metastasis stages in
Table 16.

T-stages of the lip and oral cavity
TX
Primary tumor cannot be assessed
Tis

Carcinoma in situ

T0

No evidence of primary tumor

T1

Tumor 2 cm or less in greatest dimension

T2

Tumor more than 2 cm but not more than 4 cm in greatest dimension

T3

Tumor more than 4 cm in greatest dimension
Lip

T4a

T4b

Oral
cavity

Tumor invades through cortical bone, inferior alveolar nerve, floor of
mouth, or skin (chin or nose)
Tumor invades through cortical bone, into deep/extrinsic muscle
of tongue (genioglossus, hyoglossus, palatoglossus, and
styloglossus), maxillary sinus, or skin of face
Tumor invades masticator space, pterygoid plates, or skull
base, or encases internal carotid artery

Table information adapted from [Barnes 2005, Wittekind 2015].
Table 14: The specific T-stages for carcinomas of the lip and oral cavity
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N-stages of the lip and oral cavity
NX

Regional lymph nodes cannot be assessed

N0

No regional lymph node metastasis

N1

Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest
dimension
N2a

Metastasis in a single ipsilateral lymph node, more than 3 cm but
not more than 6 cm in greatest dimension

N2 N2b Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm
in greatest dimension
Metastasis in bilateral or contralateral lymph nodes, none more
than 6 cm in greatest dimension
N3
Metastasis in a lymph node more than 6 cm in greatest dimension
Cave: Midline nodes are considered ipsilateral nodes
N2c

Table information adapted from [Barnes 2005, Wittekind 2015].
Table 15: The specific N-stages for carcinomas of the lip and oral cavity

M-stages of the lip and oral cavity
MX

Distant metastasis cannot be assessed

M0
M1

No distant metastasis
Distant metastasis

Table information adapted from [Barnes 2005, Wittekind 2015].
Table 16: The specific M-stages for carcinomas of the lip and oral cavity

A tumor that has been assessed with the TNM system can now be classified further
into disease stages. These are also specific for each individual kind of tumor. The
disease stages are usually numbered from I to IV and are a reflection of the clinical
disease advancement. The distribution into disease stages is based on the patient’s
individual TNM classification. Table 17 illustrates this procedure based on the example
of lip and oral cavity carcinomas.
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Disease stages for lip and oral cavity carcinomas
Stage 0

Tis

N0

M0

Stage I

T1

N0

M0

Stage II

T2

N0

M0

Stage III

T1 / T2
T3

N1
N0 / N1

M0
M0

A

T1 / T2 / T3
T4a

N2
N0 / N1 / N2

M0
M0

B

Any T
T4b

N3
Any N

M0
M0

C

Any T

Any N

M1

Stage IV

Table information adapted from [Barnes 2005, Wittekind 2015].
Table 17: The specific disease stages for carcinomas of the lip and oral cavity

1.2.5. Clinical neck dissection management
For oral malignancies in general, ipsilateral neck dissection from levels I to III is
performed in all previously not operated malignancies (also called supraomohyoid neck
dissection). Bilateral neck dissection from levels I to III is indicated when the intraoral
malignancy extends over the midline. It is helpful to begin the neck dissection with the
dissection of ipsilateral levels II and III. The clinical situs of a ND during surgical
procedure is illustrated in Figure 6 below.

Figure 6: Clinical situs during neck dissection surgery.
Photographic images are the property of Kesting, M. R.
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The acquired lymph nodes from this region can then be sent immediately for frozensection histopathologic examination. The time waiting for the pathologist’s results is
used for the dissection of level I. If the intraoperative frozen sections give positive
results, the neck dissection is extended to levels IV and V on the ipsilateral and levels I
to III on the contralateral side of the neck. In cases of a clinically negative neck, the socalled cN0 neck, a functional neck dissection is performed. Hereby, strict attention
should

be

paid

to

preserving

the

spinal

accessory

nerve

(SAN),

the

sternocleidomastoid muscle (SCM), and the internal jugular vein (IJV). In positive
necks, the anatomic structures mentioned previously should always be preserved,
when clear resection margins to the lymph node metastases are possible. A modified
radical neck dissection is performed if lymph node positive necks show clear
adherence of lymph node metastases to one of the previous structures. The adhered
structure (SAN, SCM, or IJV) now should be included in the dissection. The maximum
extent of neck dissection treatment is the radical neck dissection. It is preformed when,
in a neck with positive lymph nodes, all the three above-mentioned structures show
adherence to metastasis. Notably, an en-bloc resection of the neck dissection
specimen does not show any evidence-based clinical benefit. The presented strategy
of splitting the neck dissection therefore not only saves time, but also facilitates the
discussion at the postoperative tumor board, in which the most exact pinpointing of
cervical metastasis location is required for effective adjuvant radiotherapy [Kesting
2015].

1.2.6. Indications and treatment value of elective neck dissection
In the preceding chapters, the importance of neck dissection treatment in head and
neck carcinoma patients has been thoroughly highlighted. The key to successful
surgical therapy also greatly depends on choosing the right indication for treatment. In
cases of elective neck dissection, some of the cases are clearer than others. Some
clinical situations still miss evidence-based treatment guidelines and are, to date, just
based on subjective experiences made in the specific treatment center. In Germany, a
common guideline for the treatment of OSCC has been published by Wolff et al. for the
DGMKG [Wolff 2012a]. In the case of carcinomas of the oral floor, the S-3 German
guideline suggests an ipsilateral neck dissection of levels I to III in all previously
untreated malignancies. A bilateral neck dissection including the contralateral levels I
to III is performed if the malignancy extends over the midline.
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1.2.7. Disputed cases of neck dissection treatment
The German guideline and the international literature have much in common regarding
the indication of END for intraoral carcinomas below the intercalary line. For many
other entities of malignant head and neck tumors with their specific locations and
extensions, the indications are much more disputed. Two widely viewed examples are
the cases regarding cN0 salivary gland carcinoma and non-advanced lateral OTSCC
patients. The performed neck dissection procedure for the cN0 neck is completely
different throughout the many treatment facilities, and the corresponding literature often
gives, if any, only contradicting recommendations. Concerning the various forms of
salivary gland carcinomas, for example, no concise guideline exists to facilitate the
decision for which entities and to what extent END is necessary. The same is true of
END and its indication regarding unilateral early-stage OTSCCs. Two main concurring
concepts of END treatment are widely prevalent: unilateral and bilateral END. The
different variations of treatment for the above-mentioned cases are, to date, nonevidence-based and are often just eminence-based decisions. The work presented in
this thesis arose from just these discussed disputes concerning the correct forms of
END treatment. The performed research regarding the indications of END in two
different patient collectives, namely containing salivary gland carcinoma and early
stage unilateral OTSCC patients, led to the publication in peer-reviewed international
journals. The two articles, which are the basis of this work, will be presented in the
following chapters.
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2. Materials and methods
In both original research papers, a retrospective cohort study was designed and
implemented. All the research was performed in accordance with the Declaration of
Helsinki, and data analysis was approved by the local ethics committee of the
Technical University Munich, TUM (registration numbers 2777/10 and 383/15).

2.1. Study design
2.1.1. Original research article: “Head and neck salivary gland
carcinomas--elective neck dissection, yes or no?”
To address the research purpose, the study was designed as a retrospective cohort
study based on histopathologic data of relevant patients. Data were obtained via the
university’s interdisciplinary board for head and neck tumors. They were screened for
age, gender, tumor entity, localization, grade, and TNM status [Sobin 2010].

2.1.2. Original research article: “Elective neck dissection in
unilateral carcinomas of the tongue – unilateral vs. bilateral
approach”
To address the raised questions concerning the benefit and optimal extent of END in
patients with unilateral OTSCC, a retrospective cohort study was designed and
implemented. The study was based on the histopathologic data of relevant patient
cases. For the purpose of this research, the patient groups were distinguished from
each other based on the treatment that they had received: the obtained data had to be
acquired from two different institutions, each one performing a different therapeutic
procedure. The Department of Oral and Maxillofacial Surgery of the Klinikum rechts der
Isar of the Technical University Munich performed unilateral END treatment and the
cooperating Department of Oral and Maxillofacial Surgery of the Ludwig-Maximilians
University Munich performed a bilateral END approach. Relevant patient data were
obtained via the university interdisciplinary boards for head and neck tumors and were
screened retrospectively for matching criteria. Additional clinical data of indexed
patients were then acquired via the university clinical file management systems in both
institutes. The gathered data were screened for information concerning patient age,
gender, preoperative staging results, surgical reports, histopathologic findings (e.g.,
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TNM stage [Sobin 2010]), interdisciplinary tumor board recommendations, and
postoperative treatment procedures.

2.2. Study sample
2.2.1. Original research article: “Head and neck salivary gland
carcinomas--elective neck dissection, yes or no?”
The study was based on all patients presenting at the Klinikum Rechts der Isar of the
Technical University Munich for treatment of salivary gland malignancies from October
2006 until October 2012. The patients presented themselves during the mentioned
timeframe either to the university ENT or oral and maxillofacial surgical departments.
To be included into the study population, patients had to have a malignant salivary
gland carcinoma as a diagnosis. Only untreated patients were included, meaning no
previous ND or radiotherapy treatment was performed. All the salivary gland
malignancy cases were presented to the interdisciplinary board for head and neck
tumors. Following this interdisciplinary board discussion, primary tumor surgery and
subsequent ND were performed whenever possible. The ND treatment was carried out
in all patients, i.e., those with clinically negative lymph nodes (cN0) and with clinically
positive lymph nodes (cN+). The standard therapeutic procedure included preoperative
imaging followed by surgical intervention. The surgical procedure started with the
resection of the primary tumor lesion and was performed with the high respect for the
guarantee of sufficient safety margins.

The primary resection was followed by an

ipsilateral ND from levels I to III with rapid-frozen sections being taken for direct
histopathologic examination. If rapid-frozen sections of levels II and III showed signs of
lymph node tumor invasion, the surgery was extended, and level V on the ipsilateral
neck and levels I to III on the contralateral side of the neck were included. The
contralateral ND was omitted in patient cases with positive rapid-frozen sections from
primary tumors of the parotid or submandibular gland, because of the described
infrequent contralateral metastasis. These specific patient cases received thorough
tumor follow-up, which consisted of computed tomographic scans every 6 months
during the first 2 years after diagnosis. After this two-year period, CT scans are
performed once a year for another 5 years. In general, all treated patients received ND
treatment; this was only omitted in patient cases with a poor overall health status (e.g.,
patients at a very advanced age), thus denying surgical or anesthetic interventions. ND
treatment was also omitted if patients declined to give consent for therapy. The
postoperative treatment process was again outlined by another presentation of the
patient to the interdisciplinary head and neck tumor board with regard to the now
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available lymph node and primary tumor results of the final detailed histopathologic
examination. Postoperative radiotherapy was performed if recommended as a
postoperative treatment, but it was not used as primary treatment strategy. The
described tumor surgery procedure is illustrated in Figure 1 of the corresponding
original research article and in Figure 7 of this thesis.

Figure 7: Treatment algorithm and surgical procedure for the management of salivary gland
carcinoma patients
Figure is from the corresponding publication of [Nobis 2014].

2.2.2. Original research article: “Elective neck dissection in
unilateral carcinomas of the tongue – unilateral vs. bilateral
approach”
The study was based on two cohorts of OTSCC patients that were distinguished from
each other in the form of the END treatment performed. All patients presenting to one
of the two departments for treatment of T1-T2 OTSSC were included into the study.
The primary tumor lesion had to be strictly unilateral, i. e., had to be limited to only one
side of the tongue. Thus, the primary tumor lesion was not allowed to cross the
tongue’s midline. All included patients of the first participating department (Department
of Oral and Maxillofacial Surgery of the Klinikum Rechts der Isar of the Technical
University Munich) presented themselves for tumor treatment between December 2006
and July 2015. In the second contributing department (Department of Oral and
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Maxillofacial Surgery of the Ludwig-Maximilians University Munich), the included
patients presented themselves for treatment between February 2007 and April 2015.
The treatment strategy in both departments featured preoperative imaging. At the first
department (TUM), the preferred strategy consisted of surgical removal of the primary
tumor lesion and the following ipsilateral neck dissection of the ipsilateral lymph node
levels I-III. In the second department (LMU), the preferred END treatment protocol
favored the removal of lymph node levels I-III on both sides of the neck. At the
department treating patients with ipsilateral END (TUM), intraoperative rapid-frozen
sections were taken from all patients for direct histopathologic examination. If signs for
lymph node tumor invasion were found in any of the examined lymph nodes, ND was
extended. In this case, the levels IV-V of the ipsilateral neck and the levels I-III of the
contralateral neck side were included in the surgery. Tumor aftercare was again
outlined after a presentation to the interdisciplinary board for head and neck tumors
with the now available final and detailed results of the histopathologic examination of
the lymph nodes and tumors. Aftercare usually featured continuous clinical controls
every 3-6 months and a CT scan each year. The described procedures and the
distribution of patient cases between the two departments is further illustrated in
Figure 8 of the corresponding original research article.

Figure 8: The surgical procedure and distribution of patient cases.
Figure is from the corresponding publication of [Nobis 2017].
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2.3. Statistical analysis
2.3.1. Original research article: “Head and neck salivary gland
carcinomas--elective neck dissection, yes or no?”
The paper’s statistical analysis was performed in order to identify possible predictors of
lymph node metastasis. The two examined lymph node status groups (N+ and N0)
were compared with respect to age by using the t-test for two independent samples.
The statistical comparisons with respect to gender, tumor location, tumor entity,
anatomic region, grade, and tumor stage were carried out by c2-tests with 1, 3, 4, 6,
and 7 degrees of freedom, respectively. Explorative p-values were two-sided, and
SPSS 19.0.0 software (IBM SPSS, Inc., Chicago, IL) was used for statistical
calculations. A p-value lower than 0.05 was considered as being statistically significant.
The statistical analysis was performed with the kind support of the co-author Prof. Dr.
Stefan Wagenpfeil, Head of the Institute for Medical Biometry, Epidemiology and
Medical Informatics, University of the Saarland, Homburg/Saar, Germany.

2.3.2. Original research article: “Elective neck dissection in
unilateral carcinomas of the tongue - unilateral vs. bilateral
approach”
The relevant patient data from both departments was combined, and consequent
statistical analysis was performed in order to obtain information concerning the rate of
positive lymph nodes in the END group and concerning later nodal metastasis during
follow-up. The aim was to identify possible predictors for the rate of occult or future
lymph node metastasis. SPSS 22.0.0 software (IBM SPSS, Inc., Chicago, IL) was used
for statistical calculations. A p-value lower than 0.05 was considered as being
statistically significant. Descriptive and inferential statistics were computed by using the
two-sample t-test, the c2-test, or Fisher’s exact test. Recurrence free survival was
assessed by using the Kaplan-Meier estimator. Differences between ipsilateral and
bilateral neck dissections regarding recurrence free survival were examined by using
Cox proportional hazard models. All analyses were conducted by using the survivalpackage in R version 3.2.4 [R-Core-Team 2015, Therneau 2015]. The statistical
analysis was again performed with the kind support of co-authors Jakob Schöpe, M.Sc.
and Univ.-Prof. Dr. Stefan Wagenpfeil, both from the Institute for Medical Biometry,
Epidemiology and Medical Informatics, University of the Saarland, Homburg/Saar,
Germany.

37

Summaries and reuse permissions of the appended original research articles

3. Summaries and reuse permissions of the appended
original research articles
3.1. Original research article: “Head and neck salivary gland
carcinomas--elective neck dissection, yes or no?”
In the surgical treatment of salivary gland carcinoma patients, the consensus is that, in
cases of clinically positive lymph nodes (cN+), an END should be performed. However,
uncertainty remains regarding patients with clinically negative lymph nodes (cN0).
Because of the uncertainties concerning the extent of lymphatic metastasis of the
various salivary gland carcinoma entities, we clinically advocate a strategy of surgical
resection and subsequent END for all salivary gland carcinoma patients. In order to
address the remaining uncertainties and to achieve evidence-based recommendations
in the future, we tried to evaluate our surgical treatment. We therefore estimated the
frequency of metastatic disease and, in consequence, identified factors associated with
an increased risk for metastatic disease. This retrospective cohort study was
developed and implemented by using patient data obtained from the university’s
interdisciplinary board for head and neck tumors. The acquired data were screened for
age, gender, tumor entity, localization, grade, and TNM status. Subsequent statistical
analysis was performed to identify possible predictors of lymph node metastasis. The
nodal status groups (N+ and N0) were compared with respect to age by t-tests; other
comparisons involved c2-tests. We could identify 94 patients (50% female, 50% male;
mean age, 59.12 years), of whom 87 had an indication for END treatment. In the
postsurgical histopathologic examination, 34 patients (39%; 17 male, 17 female) were
diagnosed with positive lymph nodes (pN+). The statistical analysis for nodal status
produced explorative p-values (age, p = 0.001; gender, p = 0.792; anatomic region, p =
0.114; tumor entity, p = 0.854; tumor status, p = 0.263; grade, p = 0.000). In the study,
we could show that all of the studied malignancies were capable of lymph node
dissemination. After thorough analysis of the acquired data, no reliable preoperative
predictors for lymphatic metastasis were identifiable. Because of these difficulties in
safely predicting lymphatic metastasis in combination with a high rate of pN+ results in
the postoperative histopathologic examination, we strongly advise the performance of
END in all patients with salivary gland carcinomas.
The design, implementation and execution of the research project was the common
effort of all associated authors. As doctoral candidate, first author, and corresponding
author of this research article, it was my duty to do most of the work. Initially, I was
given an introduction into all the details of the necessary research topics and methods,
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e.g., patient indexing, clinical data acquisition, the performance of orienting statistical
analysis, the preparation of a research manuscript, and the skills necessary for the
submission and revision process of a peer-reviewed original research article. Most of
this help was provided by co-author Dr. Dr. Nils H. Rohleder and by the head of my
research group and final author Prof. Dr. Dr. Kesting. Their valuable guidance therefore
enabled me to perform the indexing, acquisition, gathering, and primary analysis of all
of the data by myself. The secondary in-depth statistical analysis was carried out with
the kind support of Prof. Dr. Wagenpfeil. A first draft version of the article was
subsequently written and prepared by myself. Further improvement of the manuscript
was undertaken with the valuable advice and corrections of all the associated authors.
The whole study process was supervised by Prof. Dr. Dr. Wolff as head of department.
Valuable ideas and consideration from the ENT point of view were added by Priv.-Doz.
Dr. Scherer of the ENT department of the Klinikum rechts der Isar, Technical University
Munich. Being the corresponding author of the journal article, it was my further duty to
perform the whole submission and revision process of the manuscript with the Journal
of Oral and Maxillofacial Surgery. All participating authors were involved with final
proof-reading and in providing valuable hints for improvement to the article.

3.2. Elsevier research article reuse permission
Nobis CP, Rohleder NH, Wolff KD, Wagenpfeil S, Scherer EQ, Kesting MR:
Head and neck salivary gland carcinomas--elective neck dissection, yes or no?
Journal of oral and maxillofacial surgery : official journal of the American Association of
Oral and Maxillofacial Surgeons 72 (2014) 205-210.
PMID: 23891016
The article is available online at:
http://dx.doi.org/10.1016/j.joms.2013.05.024
The license agreement from Elsevier is printed on the following pages.
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3.3. Original research article: “Elective neck dissection in
unilateral carcinomas of the tongue – unilateral vs. bilateral
approach”
Following the previously addressed thoughts on END treatment and its specific
indications, we identified another issue with remaining uncertainties concerning the
necessity of END for specific patients. Currently, a dispute remains with regard to the
END extent necessary for treatment of unilateral OTSCC patients. In patients with
strictly unilateral early stage OTSCC (TNM stage 1 and 2), the literature lacks specific
recommendations as to whether it is sufficient just to perform unilateral END or
whether a bilateral treatment would be more beneficial. A logic consequence was
therefore to pick up the work previously carried out on the clarification of END
indication for salivary gland patients and to conduct further investigations into unilateral
OTSCC patients. To address the mentioned uncertainties, we evaluated the two
discussed END variations, unilateral and bilateral, to determine the optimal extent
needed for sufficient oncologic treatment. A retrospective cohort study was therefore
performed on patient data from the two departments of oral and maxillofacial surgery
(as above), each performing a different END extent during routine oncologic treatment.
All previously untreated patients from both participating departments diagnosed with
early stage (pT1-2) unilateral OTSCC were included in the study. The following
variables were collected and analyzed: age, gender, END type/extent, tumor
localization, later nodal metastasis, and TNM status. Statistical analyses were
performed, and a p-value lower than 0.05 was considered as being statistically
significant. Out of the 150 patients identified for the study, 105 received unilateral END
and 45 bilateral END. The rates of postoperative positive lymph nodes were 21.9% for
ipsilateral END and 26.7% for bilateral END (in the bilateral END group: all positive
lymph nodes on the ipsilateral neck). 14 patients of the ipsilateral group developed
nodal metastasis during tumor aftercare (11 patients on the ipsilateral and 3 patients
on the contralateral neck). In the bilateral group, nodal metastasis was later observed 4
times (8.9%; 3 cases ipsilateral, 1 case contralateral neck). The subsequent statistical
analysis could not detect any significant differences between the two END procedures.
As both procedures lead to similar results in the prevention or omission of possible
later nodal metastasis, they seem to be two alternatives of almost equal value. In
conclusion, we recommend bilateral END to be performed on a routine basis in
patients with unilateral early-stage OTSCC, because of advantages regarding
oncologic safety and esthetic outcome. Nevertheless, the decision for END treatment
should always be based on the patient's general health status, comorbidities, and
individual tumor risk profile.
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The design, implementation, and execution of the research project was again a
common effort of all associated authors. As doctoral candidate, first author, and
corresponding author of this research article, it was again my duty to carry out most of
the presented work. The gained knowledge from the previous research article enabled
me to start immediately with the research task. Guidance during the process of patient
data acquisition was kindly given by co-author Priv.-Doz. Dr. Dr. Otto and by final
author and head of my research group Prof. Dr. Dr. Kesting. The data of patients
treated at the Department of Oral and Maxillofacial Surgery of the Klinikum rechts der
Isar of the Technical University Munich were gathered by myself. The prepared
database of the 105 unilateral END cases was extended with the 45 bilateral END
cases of the Department of Oral and Maxillofacial Surgery of the Ludwig-Maximilians
University Munich by Tamara Grigorieva and Mohamed Alnaqbi. The secondary indepth statistical analysis was performed with the kind support of Jakob Schöpe and
Prof. Dr. Wagenpfeil. A first draft version of the article was subsequently written and
prepared by myself. Further improvement of the manuscript was undertaken with the
valuable advice and correction of all the associated authors. Prof. Dr. Dr. Wolff and
Prof. Dr. Dr. Ehrenfeld both supervised the study process as heads of the participating
departments. Valuable ideas and considerations during the preparation of the
manuscript were also given by Dr. Dr. Troeltzsch. Being the corresponding author of
the journal article, it was also my duty to perform the whole submission and revision
process of the manuscript with the Journal of Cranio-Maxillofacial Surgery. All
participating authors were involved with final proof-reading and in providing valuable
hints for improvements to the article.

3.4. Elsevier research article reuse permission

Nobis CP, Otto S, Grigorieva T, Alnaqbi M, Troeltzsch M, Schöpe J, Wagenpfeil S,
Ehrenfeld M, Wolff KD, Kesting MR:
Elective neck dissection in unilateral carcinomas of the tongue - unilateral vs. bilateral
approach
J Craniomaxillofac Surg 45 (2017) 579-584
PMID: 28216228
Available online: http://dx.doi.org/10.1016/j.jcms.2017.01.008
The license agreement from Elsevier is printed on the following pages.
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4. Results
4.1. Rates of lymph node metastasis for salivary gland
carcinomas
The rates for lymph node metastasis were based on the data of 94 patients. Out of this
reviewed study population, 47 patients were female (50%), and 47 were male (50%).
The mean patient age was 59.1 years (standard deviation, 16.5 years; median, 66
years; range, 11 to 89 years). 87 patients (92.6%) received END treatment, whereas 7
patients (7.4%) did not. The postoperative histopathological examination of the
removed lymph node specimen revealed 53 cases (pN0: 60.9%) with tumor-free node
samples and 34 (pN+: 39.1%) with signs of lymphatic metastasis. With regard to this
pN+ subgroup of 34 patients, 16 of them were male (39.6%), and 18 were female
(42.9%). Out of all malignancies reviewed for the study, 41 (43.6%) arose from the
parotid gland, 15 (16.0%) from the submandibular gland, and 16 (17.0%) from minor
salivary glands of the palate; 22 (23.4%) carcinomas had developed in the other minor
salivary glands of the oral cavity. With regard to tumor entities, 30 patients (31.9%)
were diagnosed with mucoepidermoid carcinoma, which was the most frequently
observed; 22 (23.4%) were adenocarcinomas, 19 (20.2%) adenoid cystic carcinomas,
7 (7.4%) acinic cell carcinomas, and 16 (17.0%) were other, less common, salivary
malignancies. In view of positive nodal status and possible influencing variables, the
following observations could be made: a comparison of patient gender and relating
nodal status led to 17 male (50.0%) and 17 female (50.0%) pN+ patients. Comparing
primary tumor location and positive lymph node status, 14 cases (41.2%) showed a
parotid gland primary tumor, 7 (20.6%) a submandibular gland tumor, 2 (5.9%) a tumor
of the minor salivary glands of the palate, and 11 (32.4%) a tumor of the minor glands
of the remaining oral cavity. With regard to positive lymph nodes and salivary gland
tumor entities, mucoepidermoid carcinoma yielded 12 cases (35.3%), adenocarcinoma
8 cases (23.5%), adenoid cystic carcinoma 7 cases (20.6%), and acinic cell carcinoma
1 case (2.9%), and 6 cases (17.6%) were other salivary gland carcinoma entities. A
comparison of the pN+ patients with the remaining TNM categories led to the following
results: 12 (35.3%) pN+ patients were T1, 11 (32.4%) were T2, 8 (23.5%) were T3, and
3 (8.8%) were T4. The grading of tumors was distributed in the pN+ group as follows: 3
(10.0%) were G1, 7 (23.3%) were G2, 1 (3.3%) was G2 to G3, 18 (60.0%) were G3,
and 1 (3.3%) was G4. The performed statistical analysis calculated explorative pvalues in relation to nodal status. These were 0.001 for age, 0.792 for gender, 0.114
for anatomic region, 0.854 for tumor entity, 0.263 for tumor status, and 0.000 for tumor
grade. Moreover, in the subgroup of 11 patients diagnosed with a G1 mucoepidermoid
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carcinoma, none showed lymph node metastasis in the final histopathologic
examination. The results are also given below in the table from the original research
article, in Figure 9.

Figure 9: Characteristics of the salivary gland carcinoma patients
Figure is from the publication of [Nobis 2014].

4.2. Rates of lymph node metastasis in unilateral early stage
OTSCC
The rates of lymph node metastasis are based on the data of a study population of 150
patients who had been diagnosed with unilateral OTSCC and had not received any
previous treatment. 83 patients were male (55.3%), 67 patients were female (44.7%).
The mean patient age was 59.3 years (median: 60 years, SD: 14.5, range: 19-86
years). The location of the primary tumor lesion was on the left side of the tongue in 75
cases (50.7%) and on the right side of the tongue in 73 cases (49.3%). 105 patients
(70%) of the study population received an ipsilateral END from levels I-III (left neck
side: 57 patients, 54.3%; right neck side: 48 patients, 45.7%) and 45 patients (30%)
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received a bilateral END. Later nodal metastasis was observed in 18 patients (12%),
the location being, in 14 cases (9.3%), on the ipsilateral side of the neck and, in 4
cases (2.7%), on the contralateral side of the neck. The mean time until development
of delayed nodal metastasis was 21.6 months (range: 4-79 months; median: 11.5
months). In the postoperative histopathologic examinations, 115 patients (76.7%) did
not show any signs of lymph node infiltration (pN-), and 35 patients (23.3%) did show
positive lymph nodes (pN+). An analysis of the TNM status led to the following results:
105 patients (70.5%) had a T1 tumor, and 44 patients (29.5%) had a T2 tumor. Tumor
grading was distributed as follows: 29 (20.4%) patients G1, 1 (.7%) patient G1-2, 87
(61.3%) patients G2, 4 (2.8%) patients G2-3, and 21 (14.8%) patients G3. The total
study population of 150 patients was divided into two study groups A and B, depending
on whether END had been performed or not. The population of study group A
consisted of 105 patients (70%), all of which had been treated with unilateral END of
levels I-III. 63 patients (60%) of this group were male, and 42 patients (40%) were
female, and their mean age was 60.9 years (median: 61 years, SD: 14.6, range: 19-86
years). The primary malignancy originated, in 58 cases (55.2%), from the left side of
the tongue and, in 47 cases (44.8%), from the right side of the tongue. Out of the 105
included patients in group A, 91 patients (86.7%) stayed tumor-free until the end of the
study (July 2015). A delayed cervical nodal metastasis could be observed in 14
patients (13.3%), and in 11 of them, the nodal metastasis was on the same side as the
primary lesion (10.5%), whereas in 3 cases, it was on the contralateral side (2.9%).
The mean time until the observation of delayed nodal metastasis (of the 14 affected
patients in group A) was 18.43 months (range: 4-79 months; median: 11.5 months).
With regard to adjuvant tumor therapy in group A, 77 patients (73.3%) were released
into tumor follow-up and were not recommended any adjuvant therapy. 23 patients
(21.9%) were advised to undergo further adjuvant radiotherapy (RTx), and 4 patients
(3.8%) were advised to undergo combined radio- and chemotherapy (RCTx). Adjuvant
chemotherapy (CTx) was advised in one single case (1.0%). The ipsilateral END from
levels I-III was performed in all 105 patients of group A, 57 (54.3%) times on the left
side of the neck and 48 times (45.7%) on the right side of the neck. The standard
procedure of END therapy featured a direct histopathologic examination of the
acquired rapid-frozen sections, that were taken during lymph node dissection. If the
examination provided evidence for malignant lymph node infiltration, the END was
extended to levels IV and V on the ipsilateral side and to levels I-III on the contralateral
side. With regard to the 105 treated patients of group A, 92 (93.9%) were found to have
tumor-free rapid-frozen sections, and 6 of them (6.1%) showed tumor-positive sections.
All surgically

acquired

lymph

node

specimens

were

subjected to

detailed

histopathologic diagnostics. In these final examination results, 82 patients (78.1%) did
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not show any evidence for lymph node infiltration (pN-). In contrast, 23 patients
(21.9%) did show malignant lymph node infiltration (pN+). With regard to the TNM
status of group A, 75 patients (72.1%) had a tumor classified as T1 and 29 (27.9%) a
tumor classified as T2. Tumor grading was distributed as follows: 22 (22.4%) were G1,
1 (1%) was G1-2, 63 (64.3%) were G2, 4 (4.1%) were G2-3, and 8 (8.2%) were G3.
With regard to lymph node status in the post-operative histopathologic results and
development of nodal metastasis during the disease, 4 patients with later nodal
metastasis were found to be pN+ (28.6%) and 10 patients pN- (71.4%). Out of the 14
patients with the development of later nodal metastasis (13.3%), 7 patients (50%) were
diagnosed with a T1 and 7 patients (50%) with a T2 primary tumor. The tumor grading
in the 14 later nodal metastasis patients was distributed as follows: 2 patients (14.3%)
were G1, 10 patients (71.4%) were G2, 1 patient (7.1%) was G2-3, and 1 patient
(7.1%) was G3. With regard to the 23 patients (21.9%) with positive lymph node results
in the postoperative histopathologic findings, 12 (52.2%) had a T1 and 11 (47.8%) a T2
primary tumor. The grading in this group was distributed as follows: 1 patient (4.3%)
G1, 17 (73.9%) G2, 3 (13.0%) G2-3, and 2 (8.7%) patients G3. The study population of
group B included 45 patients (30%), all of which were treated with a bilateral END of
levels I-III. 20 of these patients (44.4%) were male, and 25 of them (55.6%) were
female. The mean age of patients was 55.6 years (median: 55 years, SD: 13.9, range:
30-79 years). The primary tumor was located on the left side of the tongue in 17
patients (39.5%) and on the right side in 26 patients (60.5%). With regard to all
included patients of group B, 41 (91.1%) remained tumor-free until the end of the
study. A nodal metastasis in the further course of the disease was observed in 4
patients (8.9%); in 3 times, it was on the ipsilateral, and once, it was on the
contralateral side of the neck. In 3 patients, the nodal metastasis was observed on the
same side as the primary tumor lesion (6.7%), whereas in 1 case, it was observed on
the contralateral side (2.2%). The mean time until the observation of later nodal
metastasis (for the 4 affected patients of group B) was 30.25 months (range: 7-54
months; median: 30 months). With regard to the postoperative tumor treatment, 34
patients (75.6%) were released into tumor follow-up, and no additional treatment was
recommended. 6 patients (13.3%) were advised to undergo adjuvant radiotherapy
(RTx), and 5 patients (11.1%) were advised to undergo combined radio- and
chemotherapy (RCTx). All of group B received a bilateral END including levels I-III. The
final postoperative histopathologic examination gave the following results: 33 patients
(73.3%) did not show evidence of lymph node infiltration (pN-), whereas 12 patients
(26.7%) did show signs of malignant lymph node infiltration (pN+). All positive nodes
observed in the affected patients were on the ipsilateral neck; none was found on the
contralateral side. With regard to the TNM status, 30 patients (66.7%) had a T1 tumor
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and 15 (33.3%) a T2 tumor. The grading was distributed as follows: 7 (15.9%) were
G1, 24 (54.5%) were G2, and 13 (29.5%) were G3. An analysis of post-operative
histopathologic lymph node status and the development of nodal metastasis in the
further course of the disease led to the following observations: 2 patients with later
nodal metastasis were pN+ (50%), and the remaining 2 patients were pN- (50%). In
this subgroup of 4 patients with later nodal metastasis (8.9%), 2 patients (50%) had a
T1 tumor and 2 patients (50%) a T2 primary tumor. The tumor grading was distributed
in this subgroup as follows: 2 patients (50%) were G2, and 2 patients (50%) were G3.
Out of all 12 patients (27.3%) with positive lymph node results, 4 (33.3%) had a T1 and
8 (66.7%) a T2 primary tumor. The grading in this group was: 1 patient (8.3%) G1, 4
patients (33.3%) G2, and 7 (58.3%) patients G3. The data and results are further
shown in Figure 10.

Figure 10: Characteristics of the OTSCC patients
Figure is from the publication of [Nobis 2017].
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5. Discussion
Neck dissection treatment is indisputably one of the main pillars of head and neck
oncologic surgery [Ferlito 2006a, Ferlito 2006b, Robbins 2013]. Following primary
tumor resection, neck dissection treatment is a means of surgical therapy in almost
every form of head and neck carcinoma, depending on the entity and clinical
advancement of the tumor. ND treatment is generally undisputed in patients with
positive lymph nodes in preoperative staging, although determination of the suitable
extent of ND is still crucial. In cases with clinically negative necks (cN0 patients) and for
some malignancies of the salivary glands, ND therapy is still disputed. The high
reported rates of 20-40% for occult metastasis of OSCC to the neck, as reported in the
literature [Clark 2006, Fasunla 2011, Wolff 2012a, Wolff 2012b], highlight the
importance of the ND treatment decision. The right balance must be achieved between
oncologic safety in the light of high occult metastasis risk and the sparing of increased
surgical morbidity attributable to possible overtreatment. The work in this thesis has
therefore been focused on the facilitation of the process of finding these correct
indications and extensions of END treatment in still disputed cases. Clarification of the
indications of END treatment for the various entities of salivary gland carcinomas has
been attempted [Nobis 2014], as has the elucidation of the question of the optimal
extent necessary for unilateral OTSCC [Nobis 2017].
The research performed in both the above-described studies is consistent with the high
rates of occult metastasis for HNSCC; in the salivary gland tumor collective, a rate of
39.5% could be observed, and in the OTSCC patient collective, a rate of 23.3% was
recorded. These data thus stress the overall importance of ND treatment for head and
neck tumors.
Nevertheless, a general recommendation concerning ND treatment for head and neck
tumors is difficult, as this anatomic region is the possible origin of a large variety of
entirely different malignancies (e.g., see Figure 1). Each of the groups must therefore
individually be the focus of attention. In general, ND treatment is considered as an
effective method for the treatment of the lymphatic spread of malignant disease. Its
impact on patient survival is vital, as the regional lymphatic involvement highly
decreases the viability of the patient [Hamoir 2014, Woolgar 2013].
There is not only a lack of consensus concerning the indication of ND treatment, but
also with respect to its specific extent, especially when it comes to subgroup treatment.
As in case of OTSCC patients, a more extensive surgical approach is usually
advocated if the malignancy has begun to cross the tongue's midline. However, for
early-stage tumors, this issue is controversial, with many authors advocating either unior bilateral approaches [Koo 2006, Lim 2007, Lim 2006]. The relevant literature is
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however largely in agreement; because of the mentioned high rates of occult
metastasis for OSCC, most authors do at least recommend an ipsilateral END for all
cN0 patients, as an increase in patient survival rates has been recorded in several
studies [Franceschi 1993, Haddadin 1999, Tankere 2000].
To solve the problem of the correct ND indication, much effort has been extended into
finding possible predictors of lymphatic spread. In OSCC patients, Clark et al. have
stressed tumor thickness as being the most important predictor of occult nodal
metastases and agree with the current procedure of END (levels I-III) being carried out
in the majority of patients [Clark 2006]. The value of countering metastatic disease is
further underlined by the presence of nodal metastasis being found to be by far the
most important prognostic variable that significantly diminishes regional control and
patient survival. Sparano et al. have identified advanced tumor thickness, perineural
invasion, infiltrating-type invasion front, poor tumor differentiation, and the T2 stage as
markers for an increased probability of occult neck disease [Sparano 2004]. Similar
observations have been made by Byers et al., who have suggested depth of muscle
invasion, double DNA aneuploidy, and histologic tumor differentiation as possible
markers [Byers 1998]. The present study data on OTSCC are consistent with the
current literature on markers for increased risk of lymph node metastasis. Age (p =
0.044) and tumor grade (p = 0.012) have been shown above as possible predictors for
occult disease. The study performed on a salivary gland tumor patient collective has
also shown tumor grade (p = 0.000) and advanced age (p = 0.001) to be related to an
elevated metastasis risk. However, these 2 factors have not proven to be sufficient to
serve as safe predictors in the preoperative setting when the indication in favor or
against END is made. In particular, with regard to the many diverse entities of salivary
gland carcinomas, the finding of a safe and reliable predictor of lymph node metastasis
is almost impossible. The marker would have to be entity-specific, but even the
diagnosis of the exact entity is often unsafe in preoperative diagnostics. A high risk for
patients would always remain, and a curative treatment approach could be threatened
by possible lymph node metastasis, if ND is omitted because of errors in preoperative
diagnostics.
Another possible way to address the discussed issues of ND indication and extension
would be an approach based on an examination of sentinel lymph nodes. The need
and extent of ND treatment could be verified preoperatively through a sentinel lymph
node biopsy (SLNB). This method could allow the performance of a more individual
staging in each affected patient and might therefore lead to a more custom-tailored
recommendation regarding further surgical interventions. It could provide the patient
with just the exact individual surgical intervention necessary and spare exaggerated
surgical morbidity. The usage of sentinel lymph nodes as a basis of a decision for
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whether a full lymph node dissection is necessary has proven to be a feasible solution
in other medical fields, such as in breast cancer treatment [D'Angelo-Donovan 2012].
This success has led to many attempts to transfer this concept into the field of oral and
maxillofacial surgery. Studies have suggested that SLNB is useful for the management
of cN0 patients, especially as an optimization of the preoperative staging procedure
[Ross 2004]. An advantage of SLNB is that both neck sides can be staged [Pezier
2012]. Another of the main reasons in favor of this method is the observed better
quality of life and the reduction in postsurgical complications [Murer 2011, Schiefke
2009]. The drawbacks of this low-morbidity approach are the higher false-negative
rates and the lower sensitivity in comparison with classic END. In summary, sentinel
lymph node mapping has shown some efficacy for carcinomas of the oral cavity, but it
is associated with remaining technical difficulties (e. g., the identification of multiple
sentinel nodes, shine-through interferences) [Robbins 2013], making it a treatment
option that should be evaluated and improved further. After a reduction of its
disadvantages, it surely could develop into a valuable staging option in the future.
Another approach for solving the issues of the correct END indication might lie in the
efforts undertaken to predict future metastasis risk by molecular characterization. For
example, Rickman et al. [Rickman 2008] have tried to predict the future metastasis of
HNSCC based on transcriptome and genome analysis by microarrays. Their study
showed that the most significantly altered transcripts between metastasis and nonmetastasis groups were significantly associated to metastasis-related functions, e. g.,
adhesion, mobility, and cell survival. Several genomic modifications could be detected
that were significantly associated with metastatic spread (e.g., gains at 4q11–22,
Xq12–28 and losses at 11q14–24, 17q11). In the current clinical setting, methods such
as these are still in development and under further examination but could advance into
helpful diagnostic tools in the future.
The presented study on salivary gland carcinoma patients had the advantage of
featuring a relatively large number of patients treated in a realistic standard clinical
setting. Unfortunately, the examined number of patients did not prove to be sufficient to
limit the population to a single regional or histologic group. Therefore, no
recommendations on the handling of specific salivary gland carcinoma subgroups can
be given, and uncertainties remain, as no reliable predictors have been established.
This leaves opportunities for future research with larger patient groups, and hopefully
recommendations for subtype handling can be provided in the future with the help of
the contributions made here. The study of OTSCC patients has shown that both END
procedures, namely uni- and bilateral, are of a similar efficiency in addressing lymph
node metastasis. This is also the main drawback of the present research, as no
significant differences could be detected, and thus, the decision could not be narrowed
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down to a more favorable surgical approach. The key question of whether the
observed slight differences between the two procedures would justify a distinct
recommendation concerning all OTSCC patients remains difficult to answer. A further
evaluation with larger study populations will certainly be helpful and might, with
contribution of the presented work, lead to concise guidelines in the future.
As outlined above, many uncertainties remain regarding the extent and indications of
ND in head and neck malignancies. The studies presented in this thesis had the aim of
providing recommendations for ND treatment in specific head and neck tumor
subgroups. These will be discussed further in the following paragraphs.

5.1. Recommendations concerning END treatment
5.1.1. Salivary gland carcinomas
The presented research focusing on the optimal END treatment for salivary gland
carcinomas has led to the conclusion that neck dissection in combination with primary
tumor surgery is a sensible and powerful tool in countering this malignant disease and
in preventing already existing or future lymphatic dissemination. The large variety of
the many different malignant entities, which all showed the capability of developing
lymphatic metastasis in the presented research work, stress the importance of END
treatment. As a conclusion from the patient data, we advocate the strategy of surgical
resection and END for all cases of salivary gland carcinoma. This means that the END
procedure is not only performed in patients with clinically positive lymph nodes (cN+),
but also in clinically negative patients (cN0). The aim of this treatment regime is to
address the uncertainty in the extent and presumably high risk of occult lymph node
metastasis. In our study data, 39.5% of the patients had positive lymph node results,
and in addition, no group could be identified in which this surgical method was
expendable. Importantly, occult metastasis occurred in even low-grade and small
tumors (e.g., more than 30% of patients with positive lymph nodes had a grading of G2
or lower). The probability of occult or future lymph node metastasis is therefore difficult
to estimate. Unfortunately, no reliable predictor for preoperative risk estimation could
be identified. Although grading (p = 0.000) and advanced age (p = 0.001) could be
related to an elevated risk, these variables are not sufficient to serve as reliable
predictors in preoperative staging. Within clinical routine, information on tumor grading
is usually only available together with the final postoperative histopathological tumor
results, and patient age alone is a variable too weak for a sensible decision to be
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made. Furthermore, there is not only uncertainty in the diagnosis of the primary entity,
but also in the estimation of the preoperative clinical lymph node status. In conclusion,
salivary malignancies make up a heterogeneous and largely diverse entity of malignant
tumors. The therapy of this disease remains challenging, not only because of its
relative rareness in the routine clinical setting, but also because of the lack of specific
treatment guidelines and reported patient data of larger study populations. The
continued gathering and analysis of further relevant tumor data are therefore vital, and
future findings have to be compared. This may lead to the achievement of evidencebased recommendations for the treatment of salivary malignancies and ultimately even
to concise guidelines for the therapy of the various individual subtypes. The above
research work has shown, in agreement with the current literature, the overall high
rates of occult lymph node metastasis and the lack of reliability in predicting lymphatic
dissemination spread, making END a highly favorable tool of treatment. The widelypracticed strategy of direct surgical resection of the primary tumor lesion in
combination with END only adds slightly to patient morbidity. The research stresses the
importance of this method for all patients with salivary gland malignancies, and its
omission can be deduced to lead to a possible highly-increased risk of lymph node
metastasis. The failure at an early stage to counter already present and possible future
lymph node metastasis might have a huge impact on the further prognosis of the
patient and ultimately on patient survival.

5.1.2. Early stage unilateral OTSCC
High rates of 20-40% for occult metastasis are not only observed in salivary gland
carcinomas, but also for OSCC patients in general. The current treatment guidelines
therefore recommend the performance of an ipsilateral END in patients, rather than just
careful clinical observation. This method is widely accepted for OSCCs in general, but
as with the different forms of salivary gland carcinomas, uncertainties remain regarding
carcinomas of the tongue. The more advanced malignancies, i.e., those that have
already started to cross the tongue’s midline, are commonly addressed by a more
severe surgical intervention, e.g., bilateral END. This strategy may be advocated in
extended forms of OTSCC as a standard elective procedure, but for less advanced
cases, much doubt and debate remain. One aim of the presented research was
therefore to help facilitate decisions regarding the optimal necessary extent of END in
early stage unilateral OTSCCs, e.g., as to whether unilateral or bilateral END is the
more sensible treatment method in early stage (T1/T2) unilateral OTSCC. The
gathering and analysis of relevant patient data should ultimately contribute to the future
goal of developing evidence-based treatment guidelines for this specific subgroup. To
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achieve this goal, we reviewed the retrospective study data from two individual
departments for oral and maxillofacial surgery, each one advocating a different END
approach.
In general, positive lymph nodes were found in 35 patients (23.3%) from 150
participants in both study groups. 18 patients (12%) developed lymph node metastasis
during the further course of their disease. 14 of these patients (13.3%) were in the
solely ipsilateral END treatment group and 4 patients (8.9%) in the treatment group
with bilateral END. With regard to the unilateral END group, 11 patients (78.6%) had a
later nodal metastasis on the ipsilateral side, whereas in 3 cases (21.4%), it occurred
on the contralateral side. These specific patients might therefore have benefitted from
a more extensive END (e.g., 2.9%; 3/105 patients). In the bilateral END group, positive
lymph nodes were found in 12 patients (26.7%,), all of which were found on the
ipsilateral side of the neck. No lymphatic dissemination could be observed on the
contralateral side. These would probably be patients showing a possible benefit from
the bilateral END approach. Taking a closer look at the 4 patients (8.9%) with later
nodal metastasis from the bilateral END group, 3 had their metastasis on the ipsilateral
neck (75%) and 1 on the contralateral neck (25%). Both END methods were observed
to achieve similar results in all evaluated parameters and variables. In addition, no
statistical differences could be detected, especially concerning metastasis-free
survival. Even with the help of the presented patient data, a clear answer to the
question as to which form of END is more sensible in early stage OTSCC therefore
remains challenging, and further extended research regarding this this topic would
clearly be helpful. However, as a conclusion from our research, we can in general
recommend a bilateral END for strictly unilateral OTSCC. As with the salivary gland
carcinomas, we could observe a high value for occult metastasis of 23.3%.
Preoperatively, they showed only slight clinical tumor progression, and thus, a directly
more extensive treatment approach may be justified. The data clearly establish that a
malignant spread to the contralateral lymph nodes is possible even at early stages. A
patient, being in good general health and most likely not at high risk of predictable
sequelae from the extended surgical treatment might therefore benefit from a direct
bilateral END approach. As the observed differences between unilateral and bilateral
END are only minor, the omission of the additional neck side in medically constrained
patients would in consequence have little harmful impact. In standard patients,
however, the additional possible oncologic benefit might nevertheless justify the
decision to undertake a bilateral procedure, even if the evidence for it only has minor
strength.
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6. Conclusions
The main goal of the presented original research articles on which this thesis is based
was to help clarifying the indication and necessary extent of ND treatment for specific
head and neck carcinoma subgroups. ND in general is viewed as an effective tool for
targeting the high risk of occult lymph node metastasis in head and neck tumors and
improves patient survival. Nevertheless, when the various patient subgroups are
considered, much controversy is still present throughout the literature. Even today,
many surgical ND treatment approaches are not yet evidence-based but are often just
eminence-based with regard to the experience of the relevant department. In order to
help to establish concise recommendations for ND treatment, this work focused on two
HNSCC subgroups: salivary gland malignancies and unilateral early-stage OTSCC. In
cases of the salivary gland malignancies, the aim was to find out which of the various
entities need an END approach and which do not. The presented study showed that all
the examined malignancies were capable of lymph node dissemination, and our
thorough analysis revealed that the detection of reliable preoperative predictors for
lymphatic metastasis was not possible. This finding, in combination with the current
difficulties in safely predicting lymphatic metastasis and the overall high rates of lymph
node metastasis, suggests that END can be advised as a primary treatment for all
patients with salivary gland carcinomas, no matter what the specific tumor entity is. The
study on unilateral non-advanced OTSCC demonstrated that both ND treatment
procedures were of similar capability in preventing later nodal metastasis. The two
methods were both established as being valuable alternatives, with only slight
differences. In conclusion and with recognition of these differences, bilateral END can
be recommended as a standard ND procedure, because of its advantages with regards
to oncologic safety and esthetic outcome. Nevertheless, the decision for the exact END
treatment has always to be made in patient-specific manner, i.e., in accordance with
the general health status, comorbidities, and individual tumor risk profile of the patient.
The two studies presented in this thesis had the goal of facilitating the decisions for ND
treatment of head and neck carcinoma patients and might add to the availiable data
concerning two clinically relevant subgroups. The decision regarding the extent of END
for OTSCC and the necessity of END for salivary gland malignancies can therefore be
made in future with the knowledge gained from more evidence-based background
research.
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